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U. 8. OOMMISSION OF FISH AND FISHERIES, 
I'lrashington, March 6,  1896. 

The Bulletin of the United States F h h  Commission for 1895 mas  completed during 
the early part of the year 1896, and subsequent to the death of Commissioner Marshall 
McDonald, which occurr'ed in Washington on September 1,1895. As the investigations 
covered by the papers appearing in this volume were mostly made under the adminis- 
tration of Mr. McDonald, and during his occupancy of tho Commissionership, it is 
deemed right that he should be credited with the same by the reteiitiou of his name 
on the title page of the volume, although nono of the papers included WRS issued prior 
to his death. 

IIEIEUERT A. GILL, 
Acting Commissioner. 
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“ ” 1 6 ~  x a k d v  x o v p i 6 o v ,  3 8  xup&pwv ,  i a e  qila. 
Bd6at p&v &S BpvOpai s’dvsi M a ?  A~iorpr~i&,bat .”  

I‘ Behold the dainty oourides, my friend, 
And see these lobsters; ace how rcd they itrcj, 

How smooth and glossy itro their hair and coats.” 
Sophron, quoted by d t h e n m s .  

“La Nature a toh,jours de quoi p:iyer.les soilis cle 
ceux qui l’exeminent ; il n’est point de si potit cOttS oil 
elle ne soit indpuisrtble.” 

Maauniur. 

‘ l  Wir findon %war bey elleu Scribentcn der natiir- 
lichen Iiistorie eino Reschruibung dos Fluskreliscas, 
wenn man ober alles was sie VOII selbigum gowrgct 
zciaommnimmt, so korumt so mcnig heraus, dsss auch 
hier clas Spriohwort, (Juotidiana vilesount, was wir 
taglich vor Augen haben, achten wir nicht, nllerdings 
einxutroffen scheinet.” 

Hoesel von Ifoaenhof. 
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L-THE AMERICAN LOBSTER: A STUDY OF ITS HARI'TS AND DEVELOPMENT. 

.INTRODUCTION. . 
1. 

While working on the embryology of Alpheus several years ago, I decided to study 
the developnient of the lobster for the purpose of comparison. An opportunity was 
offered in the suiiimer of 1889, which I spent at the laboratory of the United States 
Fish Oomlnission n t  Woods Hole, Mussachusetts. In  the spring of that year I had also 
received, through the kindness of Dr. G. H. Parker, a considerable quantity of embryo- 
logical material of the lobster, representing particularly its later stages of development. 

In the spring of 1890 I was invited by Hon. Marshall McDonald, United States 
Commissioiier of Fisheries, to prepare as complete A work 9 8  possible upon the habits 
and devolopinent or general biology of the lobster. Accordingly during the past five 
Years I have devoted all the time which could be spared from professional duties to 
this research. For a pert of each summer, from June t o  the latter papt of August, I 
have eqjoyed the excellent facilities for study which the laboratory of the Fish Com. 
missiorl at Woods Hole affords, and in the autumn of 1893 I was enabled to carry my 
observations into the field by a journey along the coasts of Massachusetts and Maine 
and iuto the Province of New Bruiiswick. 

The materials, therefore, upon which this work is based have been gathered from 
a large iiumber of digerent points, although the most systematic and prolonged 
observations have been made at Woods Hole. In this pleasant task I have been aided 
by the friendly efforts of many who have made collections, particularly of eggs, at 
widely separated parts of the coast and at dieerent times of the year. These I have 
gratefully acknowledged in the pages of this work. 

To everyone at the Woods Hole station I am indebted for maiiy kindnesses, but 
Particularly to Eon. l\larshall McDonald, whose aid and eucouragemeiit I have con- 
stantly received, aud to Mr. Richard Rathbun, of the United States Fish Uommission, 
who has forwarded my plans in every possible way. 

11. 

During tile course of this study I have published several papers embodying the 
results of my researches (91-93, 96-202),' but these should not be consulted without, 
reference to this final revision of my work. Whatever errors this may contaiii I must 
leave for other na tu ra~s t s  to rectify. 

~~ 

.' Italic figlires in parentheses refer to the iiiimbers of publioatious in the Bibliography at the end 
of this paper. 
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The lobster, though it may be rightfully called tlie King of the Crustacea8, in 
consideration of both its size arid strength, its abuiidauce and economic mlue, had, 
until recently, been singularly neglected by iiaturalists. Even its breeding habits 
were riot understood, and so little was our knowledge of many phases of its geueral 
biology that I determined from the first to devote ample time to this important subject. 

Ratlibun, who brought together what was known concerning the habits of the 
lobster in a contribution to tlie Natural History of Useful Aquatic Animals, published 
in 1887 ( I S S ) ,  spoke as follows: 

Although the lobster is one of the most important of our food invertebrates, careful observa- 
tions regarding its natural history, and especially its breeding habits, rate of growth, eto., have been 
strangely neglected. This fact is greatly to  be deplored, cousicleriiig t!mt the lobster has recently 
become the mbject of important legislation by the several States which it inhabits aud that  its culti- 
vation by artificial nieans has been frequently attempted. * * The success attending the artificial 
breeding of several of our food-fishes has iuspired the hope that  similar methods might succeed with 
regard to  the lobster, and many persons are iiow awaiting with interest the results of experii~ieiit in tlmt 
direction. It is very certain, however, that  the breeding of lobsters can never be succcssflllly carricd 
on until we have become acquain ted with at  least the maiu features of their natural history. The 
artificial cultivation of animals can only progress through the fultillment of‘ natural laws, wliich 
must bo thoroughly understood before they can bo properly applied. As i t  is, however, the woiild-be 
experimenters in  the matter of lobster breeding iuust still follow a very uncertain pathway, meeting 
with niiinero~~s failures which previous studies might have arrested (p. 781). 

Many facts relating more particularly to the larval developmeiit and reproduction 
have important ecorioiiiic bearings, and for the benefit of those who have neitlier the 
time nor inclination to read the details of this paper I have added a careful summary 
of the principal observations and conclusions a t  the end (Uhapter XIV). 

Under the subjects discussed in tho various chapters I have given all the impor- 
tant Iiistorical references, and have added a full bibliography. There has grown up 
around every well-lr~iowii animal like tlie lobster n coiisicler;ible inass of popnlar 
psendo-scieiitific literature, which is of no value eitlier as literature or science. and 
may well be ignored. 

111. 

Tlie lobster is singularly free froin commoii names, in t8his country a t  least. It is 
rarely confused with any other anima1 unless i: be with tlie Palinurus of the I’acific 
Coast ant1 tlie West Indies, and with some of the larger species of crayfisli, all of which, 
however, are very distiiict, the latter being inhabitants of fresh water. 

Patrick Brown tells us in his u History of Jainaica,” published iii 1‘789, that the 
Palinurus was then commonly called tlie 1‘ horned lobster or great crayfisli.” The terms 
rock lobster and spiny lobster are still applied to it in this country and hi Europe, 
but the eiitire lack of large claws-one of the most striking cliaracteristics of‘ the 
lobster-its spines, brilliant coloring, and enormous anteiiiiz, sliorild prevent the 
most inobservant person from confusing it with so distinct a form. 

The lobster, as I have explained in Ohapters 11 and 111 (pp. 66,82) ,  has acquired 
riumerous epithets while carrying eggs or passing through the various phases of 
the molt. 

The old generic name Astacus (ifaraxo: or Baraxor) was used by Aristotle and 
the older iiaturalists down to tlie present century to embrace the crayfishes niicl the 
lobsters proper. Aristotle tlms speaks in tlie fourth book of his IIistory of Auiinals 
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of the small astaci, which are bred in the rivers" showing that the reference is 
undoubtedly to the crayfish. 

Atheweus frequently lneutions the Astacus in the third book of The Deipnosoph- 
ists, where, as in the passage quoted below, he undoubtedly had iu mind the lobster. 
This is from a famous poem of Archest ratus, wherein, as Athenzus remarks, he aever 
once mentions tlie crab by the name of xoipupog, yet does speak of the iioruxog. 

But passing our trifles, buy an astacus, 
Which has long hands and heavy, too, but feet 
Of delicate siua11ness, and  which slowly wallrs 
Over the earth's face. 
Of such, and those of finest flavor whero 
Tho isles of 1Jipar:b do gem the ocean : 
And many lie deep in the broad Hellespont. 

A goodly troop tliere are 

(The Deipnosophists; Bk. xu, tr. by C. U. Yonge, 1854.) 

Atbenrcns then quotes from another author, Epicliarxnus, to show that, 
mentioned by Archestratus is the same as the x d p ~ p ~ :  

Thoro are astnci and colybdtcntr, both equipped 
Witli little feet imd long Iinnde, both coining under 
The 1 1 ~ 1 1 1 ~  of KtipfLf iOC.  

Tlie English word lobster is from the old English Zopystre,2 which is 
corruption of the Latin Zocusta--Euglisli, locust-a ireme used by Pliny in speaking of 
the lobster in his Natural History. Thus, in tlie niutli book, he says: "The lobsters, 
being of that kind wliicli waiit blood, are protected by a weak shell."3 In the next 
soctiou of the same chapter t,here is a sentence,4 in which tho astsci are mentioned as 

the &TTUxflg 

probably a 

one of the genera of crabs. It is possible that lobsters are liere referred to, but the 
luoaniiig is doubtful. 

Cesuer, whose remarkable History of Animals was published at Zurich between 
1551 and 1587, speaks of the lobster under the Aristotleaxi iiaiiie of Astacus, and adds 
8 very interesting synouymy. 

The English call the Avtaciis a creuyee os the ~ C U , ~  for tmhe lopstar of the English is the looust, not 

130 says: 

the :bstaolls j althotigh Eliot in differelit pliices has trrtnslatetl ustuous, locust, aud leo a8 a lopster." 

1 Toig ciaramiq pcpoiq,  oi yiyvovrn~ ~ a l  Lv r o i ~  nompois. 
2 Lollgusta or laiignsta, Ztc law/ousta of the Frouch, the Palinurus, probably has the R ~ I M  origin. 

'Phi8 was corriiptod to LLlong oystor" iu the  West Indies. (See The Natiircll History of Jaintiica, by 
I k i s  Sloaue, vol. 11, p. 271.) 

Lateut inenaibus qiiinis, 
siiniliter caiicri qni eodoni tempore occnltautur, e t  ambo veri8 priiicipio sonoctutoiu aiiguium iiiore 
exueriiut runovatione tergorum. 

4 Cancrorum genera carobi, astaci iuaeae, pagnri, hcracleotici, leones e t  alia ignobifiora. Ibid., 
8ec. 51. 

6 Creuyae according to Skeat, is probably a variation in tho spelling of tho Middle English for 
Crayfish (cmyf-ish), - wevia, ol'ez?cn, wev iae ,  or oret*cys; Old French, orceisse, or rsn*etiissr; Modern 
$'rench, dcreaisse; Old High German, c r e / m ;  Middle High Germau, krebez; German, Krebe, nllied to 
Krabbe. 

"Aiiglis astaciis est a cwuysr of tlrr a m ,  nain lopstar Anglorum, lociista est, non aatcmus; qnam- 
Wall1 Eliota dirersis locis astacniii lociisttiin st leonein iiiterprctatns n Lopttn.  (75, De dafnco ,  pp. 
113-121). 

A .  1% 4. 4. 

'1 Locustto criista fragile mnoiinitnr in  eo gonere quod caret sangiiine. 

Lib. IX, C:ip XXS, ROC. 60. 

[Eliotii is Sir Thomas Elyot, who pnblished a Lath-Ihgl ish dictioiiary in 1638. J 
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Some light is thrown upon this passage by the German translation of Gesner’s 
Itistoria Animalium, published a t  Frankfort in 1598, where the lobster is spoken of 
as Humer oder grossen Meerkrebx. A 
paragraph, which I did not find in the original, is as follows: 

These sea-crabs nientioned above, are called ljy Pliuy sea-elophauts, on acconut of their size and 
strength. They arc also regarded by some as sea-lions, and by such names are commonly known at 
Montpelier. 

The lobster was also called by the Greeks xoippapoq, Latin pmnturus, probably from 
its arched back, from which Spanish, camaron, and the Italian gambaro are derived. 
Gesner tells us that the crayfish, waR often called simply gambaro, to distinguish it 
from the lobster gambaro di mari; t ha t  to the French and Normans the lobster was 
known as Homnr; to the Germans as Humer. In Norway, Sweden, Denmark, and 
Germany it is now called Hummer.2 This in French became Homard (Homar, Latin- 
ized form Homarus). It has been suggested by Boeck that the name may possibly 
have come from the Norse verb homa, meaning to go backward. 

Gesner adds that the lobster was called by the Venetians ustase vecari andio; by 
the Illyrians, larantola (or ca,ranthola), and by the Swiss, Zangroit or escrevice de mer. 
Tlie Dutch ea11 the lobster Zeekruft or sea-crayfish, while it is known to the Turks of  
Constantinople as licxuda or liohuda. 

According t o  Boeck there are numerous poetical allusions to the lobster in the 
Eddas and Sagas. Thus the sea is described as “the path of the lobster” in Olaf der 
Heilige’s Saga, and in Olaf Tryggvason’s Saga, i t  is said that 66 the wave-horses run 
over the fields of the lobster,” meaning the ships that sail on the waves. “TO be a t  
the bottom with the lobster” is to drown, as in the song of Snigly Holle. “In the 
Selkolle Songs of Einar Gilson, in Bishop Gudmunt17s Saga, the term “the light of 
the lobster,” equivalent to  the fire of the sea or gold, is used. In  the some place the 
expression, the horse of the lobster mountain,” meaning tlie ship, is used. Finally 
there is found in the poem Liknar-braut, the expressiori “laud lobster,” meaning R 
serpent or dragon. 

IV. 

The Latin name Astacus is also given to it. 

(20, p. 224.) 

Excluding from oiir consideration the Palinurus or langouste and the Norwegian 
lobster, Nqhrops norvegicus, two species belonging to this genus are now known, 
namely : 

HOMARUS, Milne Edwards. 

( 1 )  Homarue gammarue (Linn.); 

(2) 1Pomarue americauue (M. Edw.) American Lobster. 
A third form, H. capensis, has been imperfectly described from the  Cepe of Good 

=Cancer gan~marzte (Linn.) ; 
=Homarue vulgaris (M. Edw.) European Lobnter. 

Hope, but I t  is doubtful if it belongs in this genus. (See 202, p. 754, note 4.) 
- 

I Diese obgenandte Meerkrebsz nennet Plinius Meerhelffant von wegen irer griisse und st%rcke 
werden sonst auch von etliclien Meerliiwen geachtet sind mit solchem Namen von mennigliclien R I I  
Mompelier genennt worden . . . . , Fie~hbuch; tranelated from the original of Conrad G‘eener into 
German by Conrad liorer; p.  125; Franckf urt, 1598. 

Tho animal described oncl figured on the next page of this work and called tho Small Lobster or 
Small Sea-crab--Betaaue n~arinue parvue-is probably a species of Gialatea. Palinurus is described as 
the Mcerstiifcl. Synonyms are: A Species of Lobster; A Kind of Large Sea-orab; Locusta; Carabna. 

2 The old Norwegian and Danish writers, Pautoppidans (1752, 152), Str ih  (1762), Roinurcs (1767), 
and Leems (1767) speak of the lobster as Bummer, while by Olafssens and Povelsena (1772) it is called 
Uttnbar, according to P’obricins. l‘lieso datcs refer to works. For bibliography Bee Otlio and J. C. 
Fabricius (63-6‘4). 
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I mill nom add a fuller synonymy of the t~eclrnical names wlrich have I)een appliecl 

to the T3uroposii and American lobsters. 

ICTIIIOI’ICA S RPKCIES, 

Astacus . . -. -. . -. ~ . ~. . . . . -1551. Rondelot (16‘7). 
Sstacm I c r n x .  . . . . . . . . - ~ ~ ~ 1G18. Aldtovandus (Z). 
Astncus naavinurr c o n ~ n i ~ t t i i ~ .  1G57. Jonston (107). 
dstacits nant61LtLx . . . -. . . . . -1553. 13elou (15).  

1758. Seba (179). . 
1762. Bmter (8). 
1777. Pennant (251).  
1792. Fabricius ( 6 4 ) .  
1811. Olivier (249). 
1838. L a m a I’ e k (213) 

1825. Dosinarest (.5,’2). 
1826. Risso (1C6). 
1842. Rutlilro ( E O ) .  

p(i ea.]. 

Cnnrw gancniarit~ . . . . .1701. Linnb (22<?). 
17‘76. Miiller (139). 
1795. HerbRt (88) [2d cd.]. 
1829. Latroille(126)[2d ell.]. 

Belacits etcroperts.. -. . -1837. Coooh ( 4 5 ) .  
ZIonbuvns awlgnvis. - -. ~ 1837. Milne Edwrrds (JS). 

1853. Bell (14). 
1863. Heller ( S 7 ) .  

Hottinrua mavinus. . -. - 1868. 1Jate (10). 
~4stacws fpncniavus . -. -1819. Leach (117). 

1857. White (2OoJ). 
1893. Stobbirig (186). 

AMRlllCAN SPECIRS. 

Astacus mariuits nnwica- 

Aatacrs uraviiiux . - - -. . . -. -1817. I, a 6 r e i  1 1 e (115) 
nus - - - __. . . . . - __. . -. - - -1708. Seba (179). 

[lst od.]. 
1817. Say (277). 

lfoniavns a?tiericaiws. .1837. Miliicr Edw~rds  (K?) 
ant1 inoetsnbsequrnt 
writers. 

Astacus asiwicanns . -. 1893. Stebbing (186). 

Latreille,’ in 1510, designated as the type of tJlc old geiliis Astacw the species 
A. Jluviatilis Fabricius (=Cancer astucus LinnB), which is the Europe:tn crayfish. 111 

1815 Leach began to dismember this genus by giving to  the Norwegian lobster the 
name Nephrops. Later, in 1819 (227),2 110 proposed tlie geueric term Potaneobius to 
embrace the true crayfishes, leaving the lobsters alone in possession of the Aristoteliaii 
name. This division would transfer the type species of Astacus (A.;RuviatiZis) to  tho 
genus Potamobius, which is contrary to the rules of zoological nomenc!ature, mid caii 
not be accepted. In  1837 the lobsters mere placed by Milne Edwards in a distinct 
genus, Homarus, while the elder iiame was retained for t’lie crayfishes. Spence Bate 
was in favor of uniting the generic name of Milne Edwards to  the specific name of 
Fabricins, calling the European species Homarus marinus (Fabr.). The proposal of 
Leach “to use Astacus for the lobsters and to  give R new generic name (Potamobius) 
to the fresh-water crayfishes,” would, in the opinion of Huxley, u have had the advan- 
tags of retaining the primitive signification of haiaxcic. But POtamObizi8 had ah3ady 
been used in another sense, and the/change introduced by Milne Edwards is so gen- 
erally adopted that i t  would be confusing to attempt any further alteration” (202). 
Previous to  1819 the name Potamobie had been used by Leach3 in a list of the Irnown 
genera of Crustacea. It was, however, a nomen nudum, which mould hrtve permitted 
the use of the name Potamobius for the crayfishes had the genus bee11 correctly formed. 
8 tebbing (286), apparently unaware of Letreille’s restriction, proposed to restore the 
old terwinology of Leach. 

Accordiug to Milne Edwards’s classificajtiou, which L have adopted, the common 
.European orayfish should be called Astaciis astacus (Linn.), the European lobster 
Homarus gummarus (Linu.), and the American lobster Homarzts americanus (M. Edw.). 

I Coneidhations Ghdvales SILT l’Oi*dve A’atuvel des Aninaaibx compoeant les Classes des Cmtsltacds. tlcx 
Srachnidea, et des In8CCtC8, p. 422. Paris, 1810. 

_-  - - _ _  __c _. 

George Samouelle’a Entotnologist‘s FsefrtI Conapendiunc, 1). 93. 
Dictionnaire des Scicnces .iiaturclles, XII, 1).  75, 1818. 

London, 1819. 

&’or tho preeedirig ref‘oroncos I ani indebtoil t o  $110 lcindness of I h .  WTultor lhnx-011 clnil hfisH MWg J. 
bthl , i in,  and I dosire to ack~iowledge tho uitl I lmvo receirucl from thcm on tho iioiironclatureilisciissc~tl 

the lmt t\\ o paragraphs of this pago. 
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V. 

Rlthougli the lobster has a place in the literature of tlie Old World, i t  is seldom 
nientioiied hy Aniericnn writers. Ratlibuii, who was tlie lirst to give a history of the 
Aaiericon lobster fisheries, says that the great abundaiice aud rare flavor of the 
lobster 6‘nr.e iiot infrequently mentioned in the early anuals of New England, aud i t  
probably formed an importaut elemoii t in the food-supply of the seacoast i~ihabitauts 
of colonial times. As a separate industry, ho\vever, the lobster Asliery does not dahe 
back much, if any, beyond tlie begiriniiig of the present century, mid it appears to 
]lave been first developed 011 the MiIssZtchusetts coast, iu the region of Oape Cod and 
&ston, although soine fishiiig w i i s  done as csrly as 1510 antoiig the  Elizabcitli Islands 
and on tlie coast of Connecticut. Straiigely enough this industry \viis iiot extended 
to the coast of Maine, wliere i t  subseqnently attained its greatest proportions, uutil 
about 1540.” (156.) 

In an account of insrlreting in Bostou in 1740, among various lriiicls of ineats and 
gallie, “oysters and lobsters” are nientioneil “in course, the l:LttJer in large size a t  
3 half-pence each.” (200, vol. IT, 1). 540.) 

Kalni, the Swedish traveler, writing i i i  1771, thus speaks of the abnirdaiice of sea 
food on the shores of Long Islaiid : 

The soil of tho southern part of the islnntl is very poor; but tliis cloficiencyiq inode up by o vast 
quontity of optera, lobsters, o r o h ,  H(>wr: i I  kinds of lisli, :uid ~m~iibers of w:Lter fowl, all of wl~ic l i  ore 
there fhr more :Lbuudaiit tlmi 011 tlie riorthcrii h1iorc.s of tho islnntl. Tliareforo tlio Iirdiuns fioriticrIy 
C ~ O H O  tho southern port to hve iu, bccnnsc tlmy siibaiHted 011 oyL)terH nild other proiliictions of tho sea. 
(IOS, V O ~ .  2, PI). 226-227.) 

The older writ,ers hnd little to say of the fie% and its p’oducts in New Eiigl~iid, 
yet niany interesting facts c:oiiltl ])rob;~bly be gatliered by i I  cnrethl c:sairii~intio~i of a11 
:~~aiIable sources. 

VI. 
Lobsters are mught in pots or traps made of laths, nailed t0.a wooden frame, 

with a, funnel-shaped opening a t  each end. The traps are comrnoiily 4 feet long, 2 feet 
wide, and 15 iiiclies high. The ftinnela are usually iiettecl out of ma~ilii twine. The 
pots are weiglitetl with stoiies or bricks, and set either il l  single warps or in trawls of 
from 8 to 40 pots each. Each pot bas a buoy line to which a wooden spindle-shaped 
buoy is attached. The latter bears the owner’s mark or staiup, and shows the position 
(tf the t r a p  The traps are baited with fish, such as Iierrings, soulpi~is, or flouiiders, 
niid the lobster, when oiice induced to come iiiside the pot, seldom escapes, uriless siriall 
enough to crawl between the slats. It has been estimated that lialf a inillioii lobster 
traps have been i l l  use iri the M;rritiine Provinces duriug a single year. 

The old-fashioned hoop iiets fornierly in use consisted of a siiigls iron ring or Iioop 
to which a net with cord was attaclied. When baited they lir~d to be closely m:Ltclied 
mCt pulled up from time to time, in order to secure the lobster before Ire could get out 
of the net. 

The lobster fishery is conducted chiefly in the spring and smnmer months. The 
pots a13 tended from sinall boats, and the catch is kept in floating cars moored in 
some protected spot iiear the sliore. Welled fishiiig smacks, or more rarely welled 
steamers, gather up the lobsters from tlie fishermen and ctir1-y them to the canneries 
ant1 to tlic markets in the large distributing ceiiters, suo11 as Portland, TZoston, a1ld 
New Yorlr. Lobsters arc sliippetl alive i n  baiwls, \vitli ice in siiiiiirier, to  I I I ~ I I ~  parts of 
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the country. The winter sliipnient is :d80 very considerable. Large iiutnbers are 
immediately boiled for home coilsumption, while many are kept alive ill floatiiig cars 
a t  the market until required. The impounding o f  lobsters, or placing tliciii in  Inrge 
iuclosiires of salt Tvater, called pounds, where they can be kept duriiig the wiriter, 
is ~ i o w  successfully practiced on a 1:irge scale. 

VII. 

We have witnessed in the lobster fishery for many years past the anomaly of a 
decliuing indimtry with a yearly iiicreasiiig yield, but with the gradiinJ dimi~iution in 
tlie size of the lobsters caught aid : L I ~  uiidue increase in the iiuiriber of traps :md 
fishermen. “How much longer,” writes the inspector of fisheries of New Brunswiclr, 
‘( an increased catch can be made out of a diminishiiig sapply is a problem of some 
interest to those who have watched the rise, progress, and decay of this iiidustry.” 

In 185G fully 90,000,000 lobsters were captured in  Canada,2 priiicipally in Nova 
scotia, New Brunswick, Prince Edmnrd Island, and Quebec. Out of this vast iiumber 
nearly 34,000,000 were taken in New Brunswick aloue, aid 22,000,000 in Prince 
Edward 1sI:~nd. These numbers are extraordinary, when we  consider, as in the last 
iiistaace, tlle siiiall extent of the coast a i d  the narrow h i i t s  of the fishing season. 

In regard to the catch of lobsters in New Brunswic.1~ for 1S50, the illspector of 
fisheries says iu his report 3 that tlie average size is diminishing, and to fill a pound 
can now requires rather more than an average of six lobsters-about 24 ounces of 
meat per fish. The returns show 4,661,812 cans preserved, %lid 4,200 tons of fresh 
lobsters. I f  to these we 
add the number exilortecl fresh, allowing 18 pounds to eacli, which is a large average, 
the iiiiinber killed during the season will be 33,720,000.’’ 

In 1887 :h&t 70,000,000 Iobstcrs were talien in Canada, aud in 1893 upward of 
68,000,000 lobsters (estimated as above) mere captured, valued a t  llearly $B,OOO,OOO.5 

In 1854 tlle c:~tch of lobsters in New Brunswick aniounted to 5,GG3,072 cans and 
1,709 tons, valued at $900,550, the iiuiiiber of traps in 1188 being 106,054. In 1893 tlie 
number of traps had illcreased to 172,022, an increase of over GO per cent, while tlie 
Product had decreased by nearly the same alirount, being 3,204,320 cans and 1,132 
toils, valued at only $493,504.6 

The average an1iunl yield of the Norwegiali lobster fishery Sroni 1879 to 1584 is 
estim&ed to llave beell 1,175,000 lobsters, valued at  $107,46S, the greater Iiumber 

1 W. H. Venlling, inspector of fisheries of New Rriinawiclr. (Annual Report of tho Dep:irtment of 

‘This estilllate is based upon t]le oflicial stntifltical rotllnl of tho hbHteI’ fishorg, dlOwiIIg five 
l‘he yield iii 

(Rtaport 0x1 
Snpplemout to tho Twenty-fifth Amual Report of the 

In order to  fill these cans, 28,000,OOO lobsters were killed. 

_ _  -_ ______ ___I____ - - - ~  --- -- 

FishcrieR, Dominion of C:inada, 1886, p. 146.) 

lobster8 to a polllld can of meat, nud a trifle over 2 pouiids in weight to t~nc.11 lobster. 
1892 W:LB 16,434,431 pounds in o:hns, and 8,662 tons of fresh IOl)SterB, \ r & l l l d  : I t  $2,638,394. 

Department of Marine and Fisheries, No. 10d, Ottawa, 1893.) 
Lobster Iudllstry of Cana& for 1892. 

* Annual Report of the Department of Fisheries of tho Dominion of Canailn, 1886. 
Ibid. 
It should bo remembered that these estimates, large as they seam, arc Imsed upon Rtatistics 

which are genera~ly reliable, probably fall far below the niinbor of animals a n ~ l ~ a l l y  Idlotl; for 
t h y  (IO not inclutle the number of undersized lobstels iUega1Iy used for c:inning, nor those lisetl 

88 food by fishermen and their fanlilies. 
&nnually fall n prey to other eneinies than man. 

Report of the l)ep:>rt1xle,lt of ~rnl*i11e :,11,1 P?sIieri(~s, No. 1 O d ,  ( )tNtalv:h, 1893. 

Tllon there is, besides, tho \wit number Of 101)s 

“Report O I L  tllc Lobster IlldIIstTY of c‘:iiinda, 1892, Snpploment to t l lu  ‘I’we~lty-iiftli Annual 
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being shipped to Eiig1atid.l About 3,000,000 lobsters are said to be taken in the 
British Isles in a year, while the total number captured 011 the North Atlantic coast 
of America has undoubtedly in some years reached close to 100,000,000. 

The total quantity of lobsters taken in the United States in 1880 was 20,238,683 
pounds, valued at $488,432; of this quantity, 19,946,733 pounds, worth $477,484, were 
taken in tlie New England States, and 291,950 pounds, valued at $10,948, in the 
Middle Atlantic States. In 1887 the United States lobster catch was 28,882,180 
pounds, with a market value of $799,717, of which 28,627,GOO pounds, worth $784,238, 
were caught in New England and 254,580 pounds, valued at $15,479, in the Middle 
Atlantic region. The output of the New England lobster fishery in 1889 was 
30,449,603 pounds, valued a t  $833,736; of this catch, 25,001,351 pounds, worth 
$574,165, were takeu in Maine. 

The division of tho United States Fish Commission concerned with statistics and 
methods of fisheries took a complete cemus of the lobster fishery of New York, Nevi 
Jersey, and Delaware in 1892,2 and in 1893 canvassed the lobster fishery of the New 
England States. Through the courtesy of Dr. H. M. Smith, the assistant in charge of 
the division, I am able to present in the following table the results of these inquiries. 

The total number of persons engaged in the lobster fishery of tlie United States 
in 1892 was 3,7613; of these, 2,628 mere in Maine and 616 in Massachusetts. The 
vessels employed hi lobster fishing numbered 58, valued a t  nearly $75,000. The 
iiuriiber of boats used was 3,976, having a value of $325,000. Over 200,000 traps, 
worth $221,000, were operated. The total investment in tlib fishery, including the 
value of live cars ($25,835), was $648,065, distributed among the different States as 
shown in the table. The quaiitity of lobsters talien and sold by United States 
fishermen in 18!)2 was 23,724,525 pounds, for whicli $1,062,392 was received. Of tliis 
output, 17,642,677 pounds, valued a t  $6G3,043. were caught in Maine and 3,182,270 
pounds, mortli $205,G38, i n  Massachusetts. 

Vessels, bonts, an11 trnlitr iised. 
-__- Number _ _ _  - 

StatQU. Boats. 

_______ 
Maine ................ 2,028 7 $7,050 2,888 $242,029 133,043 $143,709 
New Hnmpshire . ____. '  20 .............. 20 504 1,393 2,780 
&faaHWhU"3ttH ........ 010 1 2 1,710 730 47,162 26,192 38,479 
Rhode T~laiid.  ....... 145 i !2 8,455 80 15,320 1 0,041 10,090 
Connecticut ............ 258 1 J4 40,205 183 17,585 10,105 22,178 
New Pork.. ........... 2 9,880 34 1,140 2,240 3,409 

Delaware .............. 2 .............. 1 40 
New Jersey.. ......... 5; 1 I 1,475 I0 

---__-- 
Total 3,760 1 58 74,835 3,970 1 ............ 

____-____ 

Between 1887 and 1892 the decline i i i  the lobster fishery of the United States was 
over 5,000,000 pounds, although the value of' the catch was more than $2G0,000 greator 
in the latter year. When tlie yield and value of the fishery in the New England 
States in 1892 are compared wit11 the results of the fishery in  1889, we find a falling 

I Hillletin of the United States Fie11 Commission, vol. VI; also Report of tho TJni6ed States 1Pish 

p See :I Statistiwl Report ou the Fisheries ofthe Middle At1:mtic States, by Hugh M. Smith, M. D., 

-- - __ - __ - -. __ - - - - __ - - - - - 

Commissioner for 1889. 

Ihilletin of tho IJnitod Statea Fish Commission for 1894, 1mg0 455. 
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off oC uiore tliau 7,000,000 pounds, or over 23 per cent, but an increase in the market 
value of the output of over $200,000, or nearly 25 per cent. These figures iIIustrate 
very forcibly the decline which, unless speedily checked, thrmtens to destroy this 
valuable fishery. 
, Five attempts to transport 1obHters dive across the coutirient and plant them in 
the Pacific Ocean have been made by the United States Fish Commission (257), in 
1875-1889, and all but the first have proved Huccessful. No evideuce has, however, 
yet appeared to show that the lobster has multiplied aud thriven in its new environ- 
meut. More recently attempts have been made, with some degree of success, to ship 
lobsters across the Atlantic, and deliver them alive in the markets of London and 
Paris. 

England, Prance, and Germany are the principal iriarkets for tlie export trade 
outside of the IJnited States, but, like other preserved meats, the canned lobster is 
shipped to all pasts of the world. 

. 

VIII. 

Oivilized man is sweeping oft' the fac>e of the earth oue after another some of its 
most interestirig and valuable animals, by a lack of foresight and selfish zeal unworthy 
of the savage. If man had as ready access to the submarine fields as to the forests 
and plains, i t  is easy to imagiue how much havoc he mould spread. The ocean indeed 
seems to be as inexhaustible in its auimal life as it is apparently limitless in extent 
and fathomless in depth, but we are apt to forget that  marine animals may be as 
restricted in their distribution as terrestrial forms, arid as nicely adjusted to their 
environment. Thus, as we shall see, the American. lobster occupies only a narrow 
strip along a, part of the North Atlantic coast, aud while it is probably not possible 
to exterminate such an animal, it  is possible to so reduce its iiumbers that its fishing 
becomes unprofitable, as has already been doiie in many places. 

The only ways open to secure an increase in the lobster are to  protect the spawn- 
lobsters, or to protect the immature until they are able to reproduce, or to take the 
eggs from the lobsters themselves and hatch them artificially. The latter is the 
method which has been adopted and is now in use in the British M%ritime Provinces, 
and less extensively in the United States. 

In  an earlier paper, published in the United States Fish Commission Bulletin for 
1893 (pp. 75-86), I have discusmd the question of the artificial propagation of the 
lobRter, and have called attention t o  what seem to me ths weakest points in the 
present method and what the most promising field for future experiments. 

ADELBERY COLLEGE, CLEVELAND, OHIO, 
Jme, 1895. 



C h a 1) te I’ I. - H A R ITS AND E R V I RO N M E NT. 

DISTRIBUTION OF THE LOBSTER. 

The Americ:aii lobster iuhabits the coastal waters of the Atlantic Ocean from 
Labrador to Delaware, and occurs iti depths of from less than 1 to more than 100 
fathoms. It is thus confiiiecl to a strip of the Rtlaiitic Ocean about 1,300 miles long, 
and at some points (ss 011 the coast of Maine, where there is a11 extensive fishery in the 
outward islands) from 30 to upward of 50 miles wide. Its geographical range covers 
about 20 degrees of north latitude, from tlie thirty-fifth to the fifty-second parallel; 
but owing to tho extreme irregularity of the coast, the actual area of distribution IS 
much greater. A t  present the lobster is most abuiidaiit aiid attaius the largest size 
in the northern half of its range, that is upon tlie coasts of Maine and the British 
Maritime Provinces. 

‘‘ The rocky shores,” 
’he says, ‘‘ exposed to surf from the gulf, did not seem to harbor any animal life, but a 
narrow, iiiterrupted belt of s m d  and Inud flats i l l  Salmon Bay ” (near Caribou Island) 
supports a feeble assemblage of’ littoral forins (244) .  Under tlie rocks and seaweed the 
lobster was occasioiially seen. A t  Henley Harbor, a little above the Straits of Belle 
Isle, it is inentioiled as “rare.” This seems to be the iiortherii limit of the lobster. 
A t  Hopedale, 200 milos above this point,, he showed a picture of tho lobster to oue of 
the native Eskimos, who signified that it was not found there (248). 

The lobster was comiuou at Aiitieosti and Mingen islands (245) ,  wliere collections 
were made by Verrill, Hyatt, and S h a h  in 1861. Stearns (285), who asserts that 
‘ 6  lobsters were found everywhere aloiig the  coast of Labrador,” is doubtless in error. 
He probably liacl in iriinci the L L  Gulf coast,” or ‘( liiiior Labrador,” as the territory of 
the Provirice of Quebec which stretches southwesterly from the Straits of Belle Isle 
is often erroneously called. 

The lobster was recorded from Labrador by Packarcl in 1863. 

In speaking of the habits of lobsters in “Labrador,” Stearns says: 
Very ofton the beacli is covered with rocks, largo and small, interspersed with holes and pits 

filled with wiiter a t  low tide. The se:iweed grows over those places, thus &fording capital hiding- 
places. One can ofteu procurc 100 lobsters i t i  an aftornoou from a strip of the beach hardly as many 
yards long. The sinall boys huiit them with long poles 011 tho ends of which are tied large cod hooks. 
With those the bogs r e d l  in and feel abont in tho holes and uuder tho rocks until lliey feel the shell 
of a lobster, when ib sinart or careful haul, :LY tho case may require, generally brings the animal out of 
its snug quarters. [These lobsters] are scltloui very large, while the very young ones appear not to  
come iushoro among the rocks to  any groat extent (185). 

Dr. W. Wakeharn, to whose kindness I am iudebted for much interesting infor- 
mation on the northerly range of the lobster, writes as follows: 

My own oxperieiice of tho Labrador coast docs not go beyond Chateau Bey at the nor thc i~s te r~~ 
entraiice to  tlie straits of Belk Isle. From this poiut west dong the Labrador :md north shore of 
Quebec, I have found the lobster everywhere fairly :il)undaut up to  Menicouagan in the river St. 

14 
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1,awrencc. I havo itiquircd of Gasp6 wh,zlcrs who arc iii thc habit of going :LR far as C:q)o H:brrison, 
011 tllo coast of IJnl,r;itlor, but thoy all tell xi10 that thoy havo iiovor talton :I lolmter below St. Cliarlos- 
th:rt is, o few milos north of Chateau Boy. Wcst of Chotcau Boy, as I havo said, t h y  iwe found all 
alorlg tho co:ist, bnt not in paying quantities. Suvoral attempts liavo boon nrado to oporatc canneries on 
tliis coast, but they have ono nftor ouothcr boon abandonocl. ‘l’he lobsttm souru to givo out suddcnlg. 
They are all caught up whcn tlie traps ore first sot. Of  courso the water is too deep for any general 
tishcry, and it is ouly in slioal bays and harbors that traps can be used. 

In reply to a letter of inquiry from Dr. Wakeham, Mr. P. M. Nclhneie, one of 
the chief factors of the Iludson Bay Coi,npany, says that he has been on the Labmdor 
coast auci eutrance of I-Iixdson Straits for fourteeu years! awl has ‘‘iiever seen a 
lobster or hoartl of siiy beiiig caught between Grady Harbor (longitude W. 5G0 25‘, 
latitude 830 46‘) arid Cape Ohudleigli.” ne says further, trhnt he does not thiuk they 
occur between Gr:~ily Harbor aad tlie straits of Belle Isle, but “all along the Gulf 
from Seven Islands to St. Augustine thoro are it  great many a t  certain points.” 

Mr. W. H. Whitely, overseer of .fisheries a t  the straits, writes to the same cEect: 
JAobstertl arc not found below [i. e . ,  owt of] thc iiarrowy of tho straits of Bo110 Isle [tho lowent 

Soirie :we f b 1 ~ ~ 1  011 tho soiithcrii or Ncwf’ound1:md sitlo of the 
Thoy IWO not plenty :It :my p1:~c.c witlini 100 niilcs wcat of tho north side of tho straits of 

I have ncver 

point, a place called Urotloru Bay]. 
straits. 
]Je& Isle, but a fcw arc fouiitl in p1aoc.r slioltoroci froiri rough water aut1 drifting ioo. 
heard of any lobsters being seeu at any point on the Lnbrador c:mt of tho straits. 

From tlie character aid :tbundance of this testiniony we may safely conclude that 
the lobster is not found 011 the coast of Lnbrador very far beyond the  straits of Belle 
Isle, or not many miles north of Iieiiley Harbor (about 820 north latitude). From tlie 
straits northward the temperature is sibid to r:q)idly, owing to the arctic curreiit 
which flows south, and the presence of ice, which is carried along with i t  close to the 
h i d .  Wc should uot, therefore, cxpact to meet with the lobster, except as a very rare 
straggler, nortli of the straits. 

It is interesting to fiiid, on thc? other liaiid, tliat Fabricius (b3) includes the lobster 
(Cancer gummarus L.) in his Fmii:~ Grtmlaiicl?ca. Tfe is particular to state, however, 
that he docs so upon tlie authority of others, :LS he liad never seeii the lobster in 
Qreetilarid liiiuself. He says that the lobster is fouitd uiidor the iiamc of Pekkuk in 
the Greenlaiidish dictionary. IIo had heard tlio iiatives distinguish tlie smaller 
Squillas by the name of Pekkungoit, from a much larger form (Calzcris), called Pek- 
kuit or Pekkurksoit, arid very similar to the “Gamniari.” This nauic iiiay have been 
derived from the Esquimaux of tlie southerii Labrador coast or from Iceland, where, 
according to M o W s  ‘6 Islandske Naturhistorie,” tlie European lobster “has been found 
by Dr. I’oulseii in Griindevig, but i t  does not exteiid to Gremlaud or Spitzbergen” (20). 

De Kay, writing in 1844, reinarks that while the lobster was taken in compara- 
tively small quantities oil tlio New Jersey coast, “two years after building the break- 
water in Delawnre Bay, lobsters made tlieir appesraiice there iu quantities.” 
He also says that in about tho year 1S14 Geiieral Piiickiiey “caused a ear full of 
lobsters to be cinptied into the harbor of Cliai~lestoii, South Caroliiia. A few of their 
survivors, or tlieir descendelits, were captured about toil years since, but, as I am 
informed, they were tlie Inst.” (52 ,  1). 26.) 

The stonework of Delaware Breakwater, says Rathbuii (155), may be considered 
the southern boulid;iry of the lobster, it1 though he has recorded several instsnces of 
its ~~~eurre i ice  soiitli of tliis point. Tlius it has beeii said that lobsters lime beeu Reon 
alo11g the beach iii the surf riear Indian River Inlet, Delaware. Two or three have 
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been recorded at .Johnstown, in the northeastern corner of Virginia, “and in October 
1884, the United States Fish Commission steamer Albatross obtained a single specinien 
of good size 08 Cape Hatteras, North Carolina, from a depth of about 30 fathoms, by 
means of the beam trawl” (255). Coues (49) also records the capture of a single lobster 
a t  Beaufort, North Carolina, in the summer of 1870. 

Dr. Wakeham writes that lobsters are abundant around the island of Anticosti 
and that a large number of canneries have been in operation 011 this island for some 
years. He says that lobsters are more abundant on the southern side of the island, 
and concludes that this is “due to the fact that the water deepens gradually on the 
southern side, while on the north site of the island you go abruptly into deep water. 
The lobsters taken at Anticosti and on the north shore of the Gulf are of large size. 
This may be explained by the fact that they have not been overfished to the samc 
extent there as elsewhere. At  any rate we do not find any small lobsters in the traps. 
The largest lobster that I have seen taken on the north shore weighed 18 pounds.” 

Sars (276) considers it remarkable that lobsters on the southern coast of Norway 
never become as large as those farther north. It seems to me that the explanation of 
this fact is simple, and applies to both European and American species. The northern 
parts of the range of the lobster have been the last to be fished, and consequently the 
average size is  greater than in the south, where the fishery began. 

The bathymetrical range varies with the season and is influenced largely by the 
temperature of the water. It may be also governed in some measure by the abun- 
dance of food and by the reproductive and molting periods. 

Lobsters are occasionally seen close to the shore in very shallow water and they 
are sometimes even stranded on the beach. This was the case with the large lobster, 
weighing upward of 20 pounds, the mutilated shell of which is nom preserved in 
the land office of Boothbay Harbor Village, Maine (see p. 114). This great lobster 
was discovered on the beach of Boothbay Harbor, at low tide, about twenty-five years 
ago. 

Professor Vemjll relded to me his experience with a large lobster at Grand 
Manan, Maine, in 1859. This lobster, which he thinks must have weighed at least 
20 pounds, had established himself so securely under the projecting side of a large 
bowlder that it was not an easy matter to dislodge him, even at low tide; but with the 
aid of a boat-hook this giant was at last drawn out and captured. When it  was finally 
taken to the settlement i t  attracted very little interest, the fishermen saying that i t  
was worth only a penny, 2 cents being then the regular price of lobsters, whether of 
5 or 20 pounds weight. In  those days lobsters were never weighed and sold by the 
pound. 

Lobsters, on the other hand, stray out to great distances from the shore, and have 
been recorded on the fishing-banks of’ Nova Scotia from the fishing-banks and ledges 
of the Gulf of Maine, such as Jeffrey’s Ledge and Cashe’s Ledge, and from the more 
southern offshore banks. They have also been taken from the stomachs of cod caught 
on George’s Banks.” (Rathbun, 255, p. 787.) 

Lobsters are also sometimes driven by severe storme; on the beach, where they 
perish in great numbers. In March, 1888, thousands of lobsters were washed ashore 
on the south side of Marthas Vineyard during a south and southwest gale. 
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CHARACTER O F  T H E  ENVIRONMENT. 

Wliero there IS great diversity of natnrid conditions throughout the geograph- 
ical range of an anima1 we iiiay expect to find its habits varying in a proportionate 
degree. Prom Labrador to Maiiie the Atlantic coast is rocky, and often precipitous, 
with deep bays and harbors, aiicl with large islands, some like Grand Manan pre- 
seiiting sheer perpendicular walls to the sea. The coast of Maine, in its middle aiid 
easterii sections, is essentially bold and I’.oeky, slid diversified to ail extraordinary 
degree by channels cut by large fresh-water rivers, by long deep inlets, studded with 
islands large and small, by bold rocky promontories, and by groups of larger islands 
farther from shore, such as the Viual Haven or Fox islands. These are masses of gray 
graiiite, scarred arid cut up by glacial. forces into an archipelago of smaller islands, 
abounding in long granite basins and inlets, into which pure sea water is driven 
witli every tide. Thus are forined the most admirable breeding-grouiids for the 
lobster, for fish, and other marille auimals. In the region of Cape Cod me meet with 
extensive shoals, which resemble 011 a sinaller scale those of North Carolina. The 
northern 1mrt of the Massacliusetts coast is rocky, while tlie southern section is 
greatly diversified, abounding iii submerged ledges, sandy and weedy bottom, and a 
great variety of bays and channels in the viciiiity of tlie Elizabeth Islands, where 
lobsters used to abound until their iiurribers were depleted by overfishing. 

Under the variety of coiiditions which I have liinted at, we shonld not only expect 
to find lobsters larger and more abundant iu some localities than elsewhere, a condition 
greatly influenced by the number and persistence of fishermen, but also to meet with 
variations hi the time of laying and hatching of the eggs, in tlie seasou of molting, in 
the time wheii the semiaiinual niovemeiits are undertaken, in color, aud in a variety 
of other details. 

The habits of the lobster as aflected by the chaiiges of season aiid other causes 
in the various stages of its life will be described, as we have beeu able to iiiterpret 
them, i l l  different parts of this work. Certaiii habits, however, are ofteii so closely 
interrelated that the mere meiition of one requires a consideration of others also. 

INTELLIGENCE O F  T H E  LOBSTER. 

Since tlie lobster belongs to a less speaialieed CliMS thau the crab, it is not surprising 
to find tllat its intelligence is of a lower order. Sluggish iLS it ofteii appears when out 
of water an(l  partially exhausted, it is quite a different aiiiwal wlieii free to move a t  
Will ill its natural eiiviroiilneiit on the sea bottoni. It is very cautious and cunning, 
capturing its prey by stealth, and with weapons which it knows how to conceal. 
Lying liidden in a bunch of seihweecl, in  a crevice among the rocks or in its burrow in 
the mud, it waits uiitil its victim is mitliin reach of its claws, before striking tho fatal 
blow. The selises of sight and lieariiig :ire probably far from acute, but it possesses 
a keen seIiye of touch, and of smell, atnd probably also a seiise of taste. We have, 
moreover, seen that it is quite seiisitive to chaiiges in temperature. 

All aniinals which play the part of scavengers have strong powers of soeiit, and 
the lobster is no exceptioii to the rule. This is i1lustr:btecl by the way i n  which i t  can 
be enticed into t,lio traps. T ~ L I S  it is asserted that where traps are set on a trawl 
Placed aoross tho tide, the catch is greater than when the trawl is set in the direction 

F. C. U. 1805-2 
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of the current, sitice iri the former case the scerit, or fine ~);hrticles coining froin the 
biiit, is inore widely diEused. Lobsters are sometimes wary and shy of entering 
t,lie trap, and have been seen to cr:iwl about it several times and exaiiiiiie it cautiously 
oti all sides before, too weak or too hungry to resist temptation, they ii1i;tlly eiiter. 
When the pots are hauled, lobsters soiiietitiies escape by diJrting b:ickward tlirougli tlie 
narrow opening of one of thc futuIIiiels, but this seldom happens and iiiay be set down 
to accident. 

Many facts will be given in  the course of this work which il1ustr:tte either directly 
or indirectly the intelligence of the lobster. 1 will add here oiily tlie followirig account 
of a lobster which was kept a t  the Liothsay aq iiariutn, in Englarttl (Nature, xv, p. 415, 
M:~rcIi 8, 1877). A flouuder was utiititeiitionally left hi one of the aqiiaria, in wliicli 
tliree lobsters were placed. Tlie largest lobster iinmedii~tely alqn-opriated the fish, 
which was theri dead, and buried i t  beiieath :t licnp of‘ shingle, on which lie mounted 
guard. Five times within t8wo hours was the fish une:trthed, mid :ts often did the 
lobster shovel the gravel over i t  with his huge claws, each tiino ascendiug tlie pile 
arid turiiiug liis bold, defensive front to his companions. 

T H E  LOBSTER’S POWERS O F  MOVEMENT. 

Tlie adult lobster lives atid feeds exclusively upon the sea bot~toiii, whicli it  tiever 
leaves of its own accord in SUY coitsideriible degree. 111 trilveli~ig over the bottoui 
in sesrcli of its prey, the lobster walks nimbly ul)on tlie tips of its slender legs. The 
large claws are extended forw;trd iu  iront of the Iiead, a position wliioli olYers the least 
resistance to the water, while the two liincler piiirs of walking legs, which otid in hsrtl 
spur-like joints, serve as picks to steady tho ~uove~neiits of the :mirnal. In thus going 
:hoiit it has the constant aid of the delicate switntiierets, attached vertically to tlie 
uutler surface of the “tail,” each of wl~ieli consists of a sliort sl;:tllc ;uid two very 
flexible blades. By the inoverneiits of tlie swimmerets tlie lobster is irripelletl slowly 
forward without the aid of tlte walking legs. The braiiclies of tlie swimming feet :we 
g;iruished with Ioug, chitinous setil: or hairs, to which, as is well liiiowii, the eggs ifi 
the female are attached. Thus tliese, :ippeii(lages are not o~i ly  natiltory, but play a i 1  

iiiil)ortitnt part in reproducttioil, and by their almost iucessaut beatiiig IUoVelUCIJtS 
serve to keep the developing eggs well aer:tted :ind clcaii. 

When takeu out of tlie wibter tlie lobster c;iu oiily crawl, in its vaiil :itteitipts to 
w;blli, owing to the heavy weight of the body aiid cl:~ws, wliioh tlie slcndcr wallciiig 
legs are iiow iuinble to sustain. If turiicd over on its back the :tninial is usually able 
to right itself wlieit out of tlie water, but tiot witliout great efYort. If placed near 
the salt water atid left to its owti devices, I t  will aliiiost imtiiediately strike out by tlie 
nearest p t l i  for tlie sea with :LS kcen a sc’iise of direction as tlie Sei% tiirtfle will sho\v 
when upon land. Its po~ver of crawling on land is, liowever, limited t o  sliort distances, 
; ~ n d  the lobster never fors:ikes the salt water of its o w i  accord and, as lias beeu saiil, 
never willingly leaves the sea bot,tom. 

In exploriiig its feeding-grounds, where au oiicmy is lilrely to be encountered, tlie 
legs which carry the long claws ure extended forward i i i  froiit of the liead, or csrried 
somewhat obliquely, their tips resting on tlie bothm, slid the long sensitive ‘ c  feelers” 
are waved c:oiist:tutly l):Lc:k aud Ibrtli to give wiirniiig of :uiy foe or other objec*ts wliicli 
the eye niay fail to detect. These are exclusively orgalis of touch. li‘the anticipated 
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enemy makes his appearacucc or if the n,uiinsl is surl)rised, as wlieu it is suddenly 
touched with the blade of an oar or cornered, it will immediattely strike :in attitude 
of defense. It now raises itself on the tips of i ts  walking legs, aud lifts its powerful 
claws over the head after the iiiaiiner of a boser, mid strikes with one of its claws at  
the offending object, tryiug to crush it or tzar it in pieces. I have several times pulled 
lobsters partially or completely out of tlicir burrows with an oar. You have only to 
thrust the oar-blade iuto their holes, when, if a lobster is present, it will immediately 
seize it with a firm grip; but it ofteii s:]io\vs.its iiitelligeiice by ralasiiig its hold before 
becoming completely exposed. By far tlie iiiost powerful orgau of locomotiori in the 
lobster is its “t;til.)’ I3y the fexioii of this, ilided by the extended tail-fau, the aiiimal 
is able to slioot backward through tlie water with astonishiiig rapidity, somethies 
going, according to one observer, 25 feet in less than a second. If tossed into the water 
back or head first, tlie aiiimal, uiilcss exhausted, iinruedistely right’s itself and, with 
one or two vigorous iiexioiis of tlie tail, shoots 0% obiiquely toward the bottom, as if 
sliding down an inclined plane. 

The lobster, though less active aiid keen-witted than tlie liiglicr crabs, can not be 
regarded as a sluggish aiiiinal iii :my sense. In the water its Iiioveiwiits are graceful; 
it is wary, resourceful, pugnacious, ca1)able OS defending itself itgaiiist oricruics which 
are often larger then itself, aud, if the occasion requires it, of ruiiniiig about with the 
greatest agility aiid speed. 

On ci~lm cveliings in summer a t  about suutlowii 1 have seeii lobsters very close to 
shore lying 011 little patches of saiid, surrou~idcd by eelgrass, probably \vihitiilg their 
opportunity to seize a 1)assing fish or crab. If approached iii a boat on such an ocu;t- 
sion, they so011 become a,w:tre of your presence atnd put themselves in :in attitude 
of defense, but press them too close, or attempt to pin tliein down with a11 oar, thoy 
immediately dart backward into deeper water among the seaweed. If still pursued, 
tphe lobster rises ztucl fies iii aiiotlicr direction, thus zigzagging its Wihy over tlic bottom 
until it finds safety in soiiie denser tangle or rocky crevice. 

Of the English lobster, Travis rcmarlis : 
In tho water they oaii ruu uiuibly upon thoir lugs or s n i ~ l l  olaws autl, if  ~~lariiiotl, (’au syiiig tail 

forwarti to ’1’110 fi~h01.111o11 hoo thorn prss about 30 foot, 
i b l l c l  by tho swiftness of thoir motion suppose that thoy go luucli f:wthor. ht1iou:uus roniarlts this 
oircurnstanoe, and says that incarvatod lobstors will spring with the activity of dolphins. IVlioii 
frightened they will spring froiri D ooi1sidor:ible distanoo to  thoir 11010 in  tho rock, and, what is iiot loss 
surprising thnu true, will throw thornsolves into their hole in that ~liiiuiier, through im oiitroiice barely 
Wf&ioient for their bodios to pass; as is frequently seeu by tho people who oudoavor to tdio thou at 
Filey-bridge (191). 

When a lobster is surprised it seems to disappear with a single leap or bound as a 
locust or grasshopper might, do. This habit, added to their appearance, explains why 
lobsters were called by Pliiiy and the ancient writers Zocustm, or “locusts of the sea.’’ 
The lobster, however, iievei’ rises more than a few inches or a t  most a few feet above 
tlm bottom, aiid it is evident that swimming a t  the surface wouM be impossible on 
account of the great weight of the body. The (‘traveliiig lobsters,” or fcurd-kununer, 
which Norwegian fishermen, as Sars tells us (ITO‘), have described as swimming at  
tho surface of tho occtm in liirge schools, often iiiaiiy iililes from the coast, were, 
Without doubt, some large species of surface-feediiig shrimp. 

Lobsters kept iii an aquarium oSton thrive well, aiid will live for a loug period if 
are properly cared for. In the hatchery of the CTuited States Fish Commission 

surprising (1istrtnco BH swift t1,8 D bird can fly. 
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a t  Woods I-Iole, Massachusetts, sea water is kept rutiiiiug tlirougli tlie tanlrs, iii the 
larger of which we have kept lobsters and watclied their liabits for several months at  
;I, time. If the tank is provided with a pile of stones the lobster very soon investigates 
this with care, seeking out the most attractive holes. I f  several individuals are 
l)laced in the same aquarium, each will select its own hole or corner over which it 
establishes a sort of proprietary right. Iu these they lie duriug the greater part of 
the day with their antenna and a part of the body and large claws projectiiig, ready 
when a good chance otfers to strike at a fish, or if ail enemy should approach, to retire 
at a safer distance into their retreats. If the occupants of the same aquarium are of 
about equal size, ;md if they show no weakness, they usually live in peace; but if nile 
has been disabled in any way, as by the loss of :I claw, he is attacked by tlie strong 
and fortliwitli destroyed. 

As tlie lobster lies in its corner of the aquarium-always with its tail folded, if a 
female in berry”-it slowly sweeps the mater with its long, seiisitive antenrm, which 
it now holds erect, now lowers until they lie horizontal and extend almost directly in 
front of the body. The suialler pair of’ antenna are elevated, while the larger outer 
branch of’ each is constantly beating with a slight up-and-down movement; this branch 
supports the delicate filaments which have been regarded as the terminal organs of the 
sense of smell. If oiie watches this lobster he may see it deliberately lower the branolics 
of the first pair of autennze and clean them by drawing them through the bunches of 
stiff bristles of the third pair of maxillipeds, tlie large proniiueti t appendages which 
project forward at the sides of the mouth immediately in front of the chelipeds. The 
large claws are held in readiness for use, their tips resting close together 011 the bottom 
and their opposite ends raibed obliquely upward. 

PERIODICAL MIGRATIONS A N D  THEIR RELATION TO CHANGES IN T H E  
ENVIRONMENT. 

The adult lobster never moves up and down the coast like the migratory fishes, 
but is of a far more sedeiitary disposition. In the spriiig ~nonths of April aiid May, 
howuver, large numbers appear to move from deeper water toward the shore. In  tho 
fall they retire to deeper water agaiu. 

The movements of such anadromous fish as the mackerel and the menhaden arc 
iiiflueiiced by tlie spawriiug period, by the teuiperature conditions, and by the abun- 
daiice of food. The nit~ckerel is said to thrive in a water-temperature as low as 
400 3’. or even less. The same causes, of which the influence of teinperature may 
sometimes be the most potent, proba,bly determine the migration of both fish and 
crustacean. 

When the qiiestion of food is paramount, the lobster will remaiii in considerable 
numbers in the relatively sliallow water of harbors, but only on a rocky bottom, where 
food is most abundant. Tlie extent of the migration is also naturally influenced by 
the depth of the water and tlie general character of. the bottom, being more extended 
011 a gradually sloping bottom where deep water is less readily accessible. Tlie exact 
period at which tlie seniiaiiiiual inigrations of the lobster occur varies a t  different points 
on the coast and also at the same point for dieerent seasons. 

In the vioiiiity of’ I~oclrlaiid, Maine, : ~ u d  to the eastward as far its Eastport, the 
summer fishery begins in the latter part of May and lasts until tlie first of November, 
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During this time, lobaters are caught in from 3 to 10 fathoms of water. For the rest 
of thc year the winter fishing is conducted it1 35 to 40 fat’homs. In general, the spring 
migration along the entire coast of Maine and in the Ma’ritime Proviuces is accom- 
plished in April and May, and the fall inovemept into deeper water ixi October and 
November. 

When the spring is late and the water cold, the lobster keeps away from the shore. 
Thus tho spring of 1854 was a month ltt,ter than usual in Prince Edward Island, says 
the inspector of fisheries in his annual report (N), I‘ and tlic ice hung long about the 
coast.” “Tlic hands about the 
factories had been idle for fully four weeks, but tlie first batch or run of lobsters came 
iu quite as fast as they could be utilized. I liave noticed this to havc been the case in 
previous years, as if when ice rcmained long the lobster congregitted in large bodies 
on the outer edge of tlie frozen belt ready to run for the shore as soon as i t  was clear 
and the temperature suited. Subsequently tlie batches fell off to a little less than the 
average.” Ice is said to remain SO long on this coast tliatt few lobster fisherinen begin 
work until the firstar secoud week in May. In 1892 the ice left early, and somelobsters 
were landed on the north side of the island the 29th of April. Packiug mas begun 

(Fishery Stateinents, 1891,p. 97.) 
A t  Cape Breton, in late seasons, very little lobster fishing is done before the 1st 

of June, or even later. Lobsters probably do not, as a rule, move in schools, but 
approach and leave the shores gradually with the change of temperature, yet a sudden 
cold snap seeins to cause them to disappear promptly from any locality. It is probable 
that their disappearance under such circumstances rnay be explained by their burrow- 
ing in the mud. Mr. M. B. Spiniiey,of Cliffstone, Maine, informed 
me t h a t  in May or .June in 1869, at Prince Edward Island, wliile sailing in R small boat 
from Georgetown into Graiid River, lobsters were wen for tlic distance of several 
miles crawling over the bottom in very large numbers and often very close $ogether, 
the water being 10 or 12 feet deep. 

Mr. Adolph Nielson writes, in reply to certain questions, that as t’he coast of 
Newfoulidland is affected by the polar current, a spurt of uortlieast and easterly 
winds often brings down the temperature of tliu water, and this causes the lobsters to 
move off into deeper water or bury tliemselves in the sand or mud in the midst of 
the season. 

Th6 sudden appearance of lobsters in the spring jn relatirely shallow water leuds 
color to the ~llppositioii that they sometimes move in large iiunibers together. Thus, 
Mr. A. C. Smith says t,hat in 1884 the proprietor of a lobster factory in New Brunswick 

set his traps on tlie 20th of April, keeping them bttitcd, but caught nothing till the 
lliglit of the 5th of May, when the lobstcrs suddenly ‘ struck in ’ as plentiful as at any 
time of tlie season.” 

It is certain that lobsters do not indulge in m y  considerabln nortliwercl or south. 
ward migretioiis. This is proved, as Rttlibun lias pointed outl (Ish’), by tlic depletiou 
Of the lobster fishery at certain points on the coast, as at  Provincetown, Cape Cod, 
Massachusetts. He states that  tho fisliery mas begun liere iii 1800, and t h a t  between 
l845 and 1880 New York City received nearly its entiro supply of tliese crustaccalts 

A iiiarlrcd decrease in  their abnnd:mco  vas noticed 
1866, and tljis ]vas followed by a, gradual mmual dimitintion, until in lSS0 tliere were 

but eight inen ellgaged i l l  tlle busiiiess. If tliero were any consider:il)le coastwise 

The first lobster was caught on the 3d of June. 

* as early as the 10th of May. 

(See pp. 2G n1ic120.) 

A t  such times the fisherinen can not take them in their traps. 

d i  

tlie Provii1csto\vn region. 
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migration, it is evident that regions once depleted moiilil in tiino be restored naturally 
by accessions from neigliboriug sections. This does not uppear to be the case, and 
we may looli upon each geographical regiou on the coast as inhabited by a distinct 
school of lobsters, which hold their ground fiairly constantly, so that if their numbers 
are depleted by overfishing they would under natural conditions be stocked but 
slowly. I f  this argument is souud, sild it certaiuly looks as if the Cape Cod region 
were a case in point, it must follow that tlie young are not widely distributed, but I 
cilll hardly accept this a6 1)robable. It would seein as if the young, which, to be sure, 
hove little powers of locomotion, would always teiid to find an extra local distribution 
by tides, winds, aud currents. Furthermore, if this mere tlie case, it would follow that 
restockiiig under natural conditions is a slow process at best. Writing ifi I)ecember, 
1885, Rathbuii says (258) : 

The Cape Cod lobster fishery has been at a low standing for many years and, altl.ougli but few nien 
have engageil in the fishery of that region for a iong time, thero are, as yet, 110 signs of improvement. 

That lobsters move up arid down the coast to some extent is inevitable, although 
such a migxitioii may be regarded as accidental ratlier than clelib&ate or instinctive, 
They may also return suddenly, as some believe, to places wliere they have not beeu . 
seer1 for years. Thus a correspondeut wrote to the United States Fish Commission 
from South Amboy, New Jersey, February 15, lSSG, that lobsters had made an apiiear- 
mice there after an absence of about twelve years. “1 discovered them late in October, 
and captured a hundred before the cold weather set in, after which I could not catch 
any.” (Bull. U. S. I?. C., vol. VI, p. 407.) Stttternents of this kind must, however, be 
received with iiiuch caution, since what appears to be a sudden arrival may be due 
to desultory observations. 

The subject of the schooling of lobsters is one about which i t  is very di@cult to 
get accurst? information, and we need to use much caution in dmwiiig coiiclusions 
from too slender data. The only region which I have beeii able to study for a number 
of eonsecutivc seasons is that about Woods Hole, Mnssachusctts, iiicluding Marthas 
Vineyard, No Man’s Land, and the Elizabeth Islands, and I will give in soiiie detail 
the observations which I have been able to makc in this limited area, believing that 
they will shed some liglit upon this interesting and perplexing question. 

The fishermen of a part of this region set their traps from the last of April to the 
iiiiildle or last of June on rocky bottoni in the viciiiity of Gay Head and No MRII’B 
Land, while from the middle or last of June until September they generally fish upon 
the sandy bottom of the Sound in mucli shallower water. A few lobstermen fish 
during September upon the rocks. They distinguish “rock from what they 
call “scl1001 lobsters.” The latter are also called “sand77 or June lobsters,’? and are 
considered more migratory tlian t h e  “rock lobsters 77 or ‘‘ ground-holders.” “School 
10bsters’~ are most abundant in suuimcr from the middle of Juue to the middle or last 
of July on a sandy bottom in Viiieyard Sound in 5 to 10 fathoms of water. 

On June 28,1890,I found tlie fishermen at Mcnr?msh:il settiiig their traps both off 
Gay Head on a rock bottom and on the sandy bottom of the Sound. The difference 

Menenisha is a Hmall iishiug settlement io the town of Chilmark, Marthm Vinoyarrd, about 2 
miles duo east froin Ony Ilead, on Vineyard Bouricl. Gay Hoiltl, the rcniarltablo promontory forming 
the western extremity of Marthas Vinoyard, is 14 miles southwest of Woods Hole Harbor and 6 miles 
north of No M;in’e Land. 
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Another strilring fact \vhich tlie fislieriiicii noticed wm tlie persistence ~ v i t l i  wliich 
the lobsters at this tiiiie of the year d u n g  t o  the rocky areas. Wlien set 011 a rock 
bottom the traps were certain to  ca8tcli lobsters in abunclt~nce, but wlieii sunk upon a 
sandy or muddy bottoni, tliongli hit a few feet away, not a lobster was trapped. In 
fishing oil trawls, ~ I i e r e  :I, long line of t r a p  was put out, i t  sometimes happened tImt 
Sonm of these would strijie a s;~iiti bottom, often not inore than a 1i:brrow streak or b:~r, 
hit they were always fou~td empty. Mr. Edwardr systemntically fished for lobsters 
iu Woods Uole Harbor from I)e(wnber, 1593, to tlie Julie following. 1Te foulid theill 
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ip the winter montlis abundant on tlie rocks, but when the traps were placed on the 
mud not a lobster was taken.’ 

The disproportion of the sexes noticed a t  No Man’s Land is due, I believe, to the 
fact that tlie females find i t  more advantageous to remain on a rocky bottom while 
they are encumbered witli tlieir old eggs. As soon as these hatch, tlie female lobsters 
press on in large numbers toward. the shore, coming up into the sounds and bays and 
on to sandy bottoms during the summer. The lobster can probably protect I~ersclf and 
eggs better while 011 the rocks, but almost immediately after the hptching of the eggs 
the niolt occurs, for some time after which the female is helpless. Now tlie molting 
lobster seems to prefer the sandy bottom while in this critical state, probably 
because it can shield itself better from its enemies. On the saud the molting lob- 
ster may hide in tangles of seaweed, or scratch a hole and partially bury itself, as it 
often does, and remain tolerably secure, but let the soft lobster try to conceal itself 
among the rocks, and what is the result? There are hosts of bottom-feeding fish which 
h u n t  the rock-piles, none of whicli are probably more troublesome than the cunner, 
which can go alniost anywhere, and would soon surround tlie soft lobster in its retreat 
and nibble a t  its legs, or snip off‘ its eyes, which means death. The cunners, eels, and 
other fish may attempt to pick off tlie eggs, but tliese are on the under side of the body 
and except in extraordinary cases, where the ova are excessively numerous, the lobster 
can fold them between the segments of its tail and thus rest tolerably secure (seep. 
34). This theory is supported by the fact that  the “school 1ot)sters” caught on the 
sand bottom of Vineyard Sound rarely have old eggs and very commonly possess 
soft shells. Rocky bottoms furnish food i n  greater abundance, at certain seasons, 
which explains their preference for these areas in winter. Where on the other hand, 
as in tlie region aborr 1; Provincetown, Cape Cod, the bottom is nniforinly sandy, the 
lobster has little or no choice of environmenf. 

To sum up tlie preceding observations, what seems to take place a t  the western 
end of Viiieyard Sonud during the season of migration is as follows: The general 
movement of lobsters toward the shore is liere modified by the fact that  lobsters witli 
old eggs find i t  advantageous to remain on tlie rocky ledges until the young are 
hatched, while the males press on in tlieir inward movement. After the liatching 
period the females make their appearance in large niinibers in the Sound toward the last 
of June or first of July, and form a large part  of what fishermen call u school lobsters” 
or “buckle shells.” Their appearance is probably not as sudden as i t  often seeins. 
Fishermen, aa a rule, work only one set of traps, putting them down now liere, now 
there. I n  order to follow the movements of these animal8 systematically, i t  would be 
necossary to set traps simultaneoiisly in diEerent places and on different bottoms, and 
to keep them there for a considerable time. 

Some females with old eggs come into the Sound before the young are Iiatched, but 
the majority do not. It must  be borne i u  iiiind also that many lobsters remain in tlie 
Sound and liarbors the year round, and that tliese observations refer only to the move. 
mmts of tlie larger number. Toward. tlie latter part of August the pendulum begins 

Speaking of tho lobsters captnrod in Febriinry, Mr. Edwards says: “The lobsters taken this 
montlihnve been caught on rocky bottom in five lobster pots. I have set five others in deep water 011 

sandy bottom, and ~ H O  on tho mid, but find none. 1 11:tvo tried in  slionl vator iu eelgrass, bnt there 
are none there. I also tried for them in tho mid& of Vineyard Sound and in Hiizxards Ray, but 
foond none.” 

- - - - - -  - - __ - _ _ _ _ _ _  - -- ____ - - - ___ - __ - 



THE AMERICAN 1,OBS’l’EIC. 2 *5 

to swing the other way, :iud the lobsters move into deeper water or to a rocky 
bottom. This outbound nioveinen t is contiiiued diiring the months of September aud 
October, but, as dre8dy pointed out, it is by 110 nieaiis general and is probably inore 
pronounced in colt1 than in mild seasons. 

- - I -  - 
Jniiiinry ............................... 
I‘obririirg .............................. 
Mnrcli ................................. 
April .................................. 
May ................................... 
Jiiiio ................................... 
,July ................................... 
August ................................ 
Suptornlwr ............................. 
Ootobor ................................ 
Novoinbur ............................. 
Deconlbor .............................. 

OF. 
30. 9 
32.1 
35.0 
42. 7 
66. 0 
03.3 
OR. 7 
70. 0 
07. 1 
55. 3 
49. 9 
43.0 

Yearly iiienii.. ..................... 

1890. 

OF. 
38. 8 
30.9 
30. II 
43. 2 
53.2 
02. 0 
09. :3 
71. 1 
08. 5 
59.0 
46.0 
30.7 

52.2 
__ 

OF. 
33. 0 
34. 7 
35.3 
44.3 
52.4 
G1. 1 
04.8 
70.9 
61.1 
59. 0 

43.5 
--_____I__ 

50.01 60.81 60.51 ....... 

The mean temperature of the mater a t  Woods Hole, Massachusetts, was 52.680 F. 
for MAY, froin 1881) to 1893 (v. table 2 ) ,  tlie extremes of montbly averages varying from 
810 in May, 1892, to 55.W in May, 1889, and the range was siinil&r for the latter pa’rt of 
October (luring the same period. Tlie gi-estest heat is reached in August (‘iO.GO, 1889, 
to 73.30, 1892), while the temperature of the wster in September is but little lower 
than that of July. In tlie latter part of October tlic water beconics cooled to 
about the same degree it had roached during the latter half of M L ~ .  We nmy 
therefore conclude that the optimum temperature for the lobster lies between 500 and 
600 F. When the temperature of the sea mater marks 500 to 55O in spring large 
numbers of these animals have already begun t’o creep nearer the shores into 
shallower and marmer plitces, and i*ga,in i n  the fa,ll, mlien the temperature II:IS fallen 
to this point, many liave already been impelled to recede to greater depths. Many 
lobsters, however, remain in the relatively s1lal~om mater of liarbors all winter, t fact 
Which lias already been emphasized; so it is certain that temperature is not the only 
influence at work in directing these semiannual moverneuts. The questicui of food 
may be of equal or even greater importance. 

The winter catch of lobsters in relatively shallow water is often considerable. 
Thus, on December 13,18SS, Mr. Etlivarcls set two 1ol)ster pots * in tlie harbor of Woods 
IIole, in about 25 feet of mater, and hauled them fifteen times during the month, 
taking an average of 15 loljsters to a liau~, or 223 in all. In December, 1889, 54 
lobsters were taken in a fylre net a t  the  liead of tlie harbor, 36 were captured in 
Jammy, wl1ile none were caught in February. 

In  Deceniber, 1893, Mr. Edwards brgan t o  collect more systematically facts relat- 
illg. to tlie winter habit8s of’ the lobster, the results of which are discussed in anotlrer 
Place (see pp. 30,31,44,45,79, SO). Five traps mere set in tlie harbor of Woods Hole 
in 25 to 29 feet of mater on rockybottom (it being irnpossiblo to get m y  lobsters on the 
mud); 224 were taken in December, ti01 in January, 24G in February, anti 3.1-8 in 
------_ - - ---___- 

‘In these alii1 lr11 other trails I I H O ~ ,  tho ~ ~ : L O O  botwecw tho 1:iths varied froin 1 i o  1% iiiches. 
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March. Only 6.1 per cent of the total catch were egg lobsters, and wliile this nuniber 
would have been increased if the traps had been scattered instead of kel’t i n  definite 
spots, it would contrast markedly with the results a t  No M:1117s Land, wliere more than 
hidf of the total catch were lobsters with external eggs (table 1). 

Iu severe winters lobsters are driven into deeper water or forced to protect them- 
selves by burrowing in the mud. The egwt of sudden or extreine cold upon these 
siiimals may be witnessed in lobster pounds, where they are kept in large numbers 
to supply the minter market. On the Viiial Haven Islands, iiew llockla8nd, Maine, 
there is a large pound belongiug to Messrs. Johnson and Young: of Boston, of 12 to 
16 acres in area,. It is said to have an average depth of 18 feet a t  low water. In 
January, 1593, during a cold snap, ice was formed over this pool to the thickness of 31 
inches. At this time mauy of tlie lobsters died. All the pollock also, which had been 
placed in the pond, were Irilled, some of tliem being 24 feet long, and large iiumbers 
of hake a t  tlie same time succumbed.’ 

Lieut. W. M. Wood (207), while transporting live lobsters from New Yorlr City to  
Chesapeake Bay, tried some experiments upon the effect of reducing the te.mpernture 
of the water. Lobsters placed in water a t  the freezing.point were just alive after 
one liour’s immersion. He was of the opinion that lobsters could be kept alive for a 
number OS days in zl cold chest, with a temperature of from 400 to 500 F. The practice 
of transporting lobsters by tlie aid of ice is now gciierally adopted. 

The annual range of teinperature throiigliout the stretch of coatst inhabited by 
the lobster is less thsu miglit be supposed. The temperature of the surface mater of 
Winter Quarter Shoal, Virginia, ranges from 350 to 7GO F.; at Five Fathom 13:~nk, 
New Jersey, the range is 370 to 760. Dolamme Erealcwater, which is practically the 
southern limit of the lobster, is situated between the light-ships anchored upon these 
two slioals. A t  Sandy Hook light-ship, north of the Five F:bthom 13aiik, New Jersey, 
we have an annual raiige of 330 to 740; a t  Bartlett Reef niid lrartforcl Shoal light- 
ships, 011 Long 1sl:ind Sound, i t  is 330 to 700. Tlie middle portion of Vineyard 
Sound, farther east, has a similar range, while at the Brenton Reef : L I I ~  Vineyard 
Sound light-ships, the region of Block Islaud, the Elizabeth Islautls, aiid Marthas 
Vineyard, the temperature varies from about 320 to G90. The range a t  Woods Hole 
(see table 2 )  is about 290 to 730, taking the means for each month, while the actual 
extremes are greater. At Pollock Rip light-ship, a t  the southern end of Cape Cod, 
the mean raiige is 32” to G W ;  in the Gulf of Maine the same range is obtained by 
combining the results of observations a t  all stations. In  some places tlie inaximuin is 
oiilg 540. The precediug data are extracted from n paper by Mi,. ltathbuu (257). 

Mr. J. H. Duvar says that from 1878 to 18S0 tlie average temperature on the north 
shore of Prince Edward Island was 56.560 in Juue, G3.400 in July, and 62.270 in 
August. The temperature of the mater a t  bottom in G to 8 fathoms he estimated 
roughly a t  550. Lobsters spawn in July on the north shore; in August 011 the south 

~ -__ 
‘Tho inspector of fisheries of Prince Edward I~1:ind has an interesting note on the capturc of 

lobsters through tho ice in his annual report fir 1882 (210). He says that on March 10 of that year 
thoro wcro brought to him “a niimber of lobster8 of a uniform length of body [probably moaning 
carapace or shell of the back] of 4 inches, and onc weighing 3 pounds that had beer] takon throllfill 
the ice by tho scoop of a muddigging ~n:whine in a creek o f f  Cascixmpcqiie I h y .  They scorlled r:htllor 
sliiggish, bnt not torpid.” It  is evident that these lobsters proferred to burrow in the mud rather 
than migr:ate into deeper water. 
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shore. This is explained! lie thinks, by the curretit ant1 by tlio rise of the tides hi the 
straits of Northumberland, wliicli ~ u a k e  the soutliern water coolur, aid heuce delay 
the spawning (209, p. 233). 

Nielseii finds that tlie tempcraturo of' the water along the coast of Labrador raaiges 
very low and clocs not exceed 40.050 P. on the warmest sutiimcr (lays. Tho lobster js 
thus debarred from this coast north of Henley II:ubor, where i t  comes inore directly 
uutler tlic itiiiueucc of ice mid tho wctic current (seo 1'. 15). 

SENSIBILITY TO LIGHT. 

The lobster is essentially a nootwnal airimal, exploring the bottom in the quest of 
food iiiaiiily i i i  the ]light,, when it is far more active tlim during tlie day. This can be 
proved by :ruyoiie who watches their habits in aqutLrii1 or in lobster poilus or c:irs. It 
is true that they sliow soiiie activity in the diiytime, especially if they are fed, but at 
iiiglit they become very restless. Moviiig nimbly about,, they explore every part of tlie 
car or iiivestigato anew the resources of tlia aquariuiii. 1: believe tli:t,t the eggs :$re 
laid a i i c l  that tlic p:biring t&es place a t  tliat t h e ,  and this iiiferoiico i s  streilgtlteticcl 
by the fact that this is the cotnrnoii habit of slirirnp slid mmiy ot81icr crustacea. The 
crayfish, aocordiiig to Ohantran (%), usudly lays its eggs  iri the night. 

Accoriliug to Porel, light, can not] peiietra to in  the ooe:ui below :I rlept>h of 400 ineters 
of tolerably clear water, but eveu iti 60 fathoms ofY tlic Atlaiitic coast tho difference 
betweell day aud ]light caii uot be very consit1er;~blc. This is not) tlie case in shallow 
bays or sounds with saudy bottom, which lobsteins freqnent iii summer, mil wliere we 
may expect to fiiid the greatest difl'erence bet\veeii their diurnal mid ~ioctunid habits. 
Tho lobster, like inmy otlier marine invertebrates, is very sensitive to tho extremes of 
Beat mid cold. If exposed to direct sutiliglit out of the water, or to tlie iiipping air 
of a wiiitor's day, i t  weakens and succuiiibs ill a short tinio. 

The large floating cars in which lobsters arc geiierally stored alive, in readiness 
for market, i1re a1w:tys kept closed. Wlien they are particularly sliallo\v slid the 
lobsters are exposed to the glare of tho sun t h y  dwayys su&r and sotnotimes die in 
coiisequence. The mqjority of lobsters probably spciid tlio greater part of the year 
in depths where the effect of sunlight is but very slight, atid during the course of it3 
evolution the eye of this a1lirniLl lias bocotiie seiisitive to a minininm quantity of light 
For this reason aloiio we slionld expect tli a t  tlie ndult>s ~voultl atvoid intense sunlight, 
The eiYect of light upon tho colors OS tlic: shell is considered i i i  aiiotlicr 1)lacc. (See 
111). 135, 13G.) 

DIGGING A N D  BURROWING H A B I T S  O F  T H E  LOBSTER. 

The lobster not, only digs up the sea bottom iii its search for shelliisli :u~d covers 
itself with mud in cold weather, h i t  burrows, uutler so1110 cotitlitions n t  least, as . 
cxteusively as the muskrat. I have observed this irr toresting 1i:ibit oiily i t i  lobsters 
confined ill poiiritls where they iire obliged to adapt tliernselves to  new couclitious, it 
is true, but since they burrow while in these inclosures in suinIner as well as i n  winter, 
wo may iiifer that the habit is oiic which is oft,eii ]m,cticwt mliem the animal is free to  
romn nt will. Tliis 1i:is beeti observed, ~ i ~ o r ~ o v e r ,  by fishermeii wlio have fi.e~lUeUt~ly 
takoii lobsters froin their holes. 
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The lobster pound at the Vinal Haven Islands is a granite basin with a clay or 
mud bottom, and with low mud banks in certain parts of the sltore. A t  low tide it 
has an averege depth of 3 fathoms, while the diflercnce between tides is 10 feet. On 
the 26th of August, 1803, I explored this pouud in a boat, in company with Mr. Thomas 
Barton, an intelligent lobster fisherman, and had an excellent opportunity to observe 
how lobsters behave under such conditions on a bright summer afternoon. It was 
quite common t o  see these animals partially buried i n  the mud in shallow water, 
their antenntc, eyes, aud part of the shell projecting from t h e  muddy surface. We 
could rely upon finding lobsters in tlie holes which they excavete beneath stones, and 
rarely failed to discover one or more individuals in every good-sized chink among 
the rocks. Others lay at the mouths of burrows which they had dug straight into the 
banks. Comparatively few lobsters were seen lying upon the bottom or crawling 
actively over it. Occasionally two or three lobsters could be dislodged from a common 
place of retreat, and Mr. Barton said that in the spring, when the ice was breaking up, 
ho liad taken five lobsters from a single hole in the mud. Some years ago the lobsters 
made their way out of this pound, as 1 was told by an old fisherman formerly employed 
there, by excavating a submarine passage beneath the dam. In order to eflect their 
escape, they had dug down beneath the stones to a depth of from 2 to 3 feet. 

At oue of the pounds in Southport, Maine, I had a still better opportunity to 
study the burrowing habits of the lobster. The larger pound at  this island is under the 
charge of Mr. A. P. Greenleaf, a mau of much expcrience in fishing the lobster and 
a very intelligent observer of its habits.] He finds that the lo%ster burrowB most 
extensively in winter, when it is far less active in the pounds than a t  other times, 
When the water is drawn off from the pound in winter the lobsters often remain in 
their holes, tlio mouths of which are then exposed along the banks, but in  summer 
they are more careful under these conditions to forsake their burrows and crawl illto 
deeper water. 

In  digging, lobsters probably malm use of their large claws and walking legs, and 
possibly the tail-fan may be brought into service as a scoop or shovel, but 1 ]lave 
no observation in support of this latter supposition. I n  some cascs, however, I liave 
noticed the under side of tlle tail-fan to be scratched and scarified and tlie marginal 
fringe of hairs worn down in such a way as to  suggest the probabilityof such a uw.3 

That lobsters transport stones with their large claws, Mr. Greenleaf had the oppor- 
tunity to observe, while watching a lobster one day in thc pound. The animal was 
maneuvering about a hole, in 3 feet of water. It was sccn to crawl up to the burrow, 
possibly one wliicli had been dug by another lobster, and cautiously put in first 0110 

claw and then the other. Fiually i t  went in so as to conceal about half the length of 
~- 

I Mr. Greenleaf is  tho only fisherman whom I hare met wlio has independently ilotermiiied the 
period chiring which the female lobster rogularly carries her eggs. 

“he procoss by which the hole is mid to bo excavated solely by means of the tail has been 
describedby a writor on the habits of tlielobster (181). This papcr nboiiiids iii errors, and loads one 
to Ruspect that tho author has drawn too largely upon the acconnts of others;  till, this fact neod not 
discredit this parti(w1nr obscrvation. 110 says: “TI10 tail is slowly drawn np at first, taking :IR much 
of tlieniiid as possible on its under side; then, whon well under tho body, a final powerful jerk sends 
tho mud or sand from out in front, and at tho same time draws tlie lobster farthcr back into the cavity 
thus made, enabling him to  get n better grasp for repeating the procoss over and over again, till by 
degrees I I A  dis:Lppows frorn Sight.” ‘Hie 8t:itcmont that “ttierre lioles arc for the shelter of t,hc lobster 
during the period oL‘ osuviation,” however p1:msible it may I w ,  is contrary to obswvetl f:ictR. 
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its body and brought out in its large “club claw 77 a siiiall stoiic, wliicli it  deposited 
near the mouth of the burrow. Having thus removed this obstructiou, it faced about 
and “baclted,” tail first, into its iiewly acquired shelter. 

The east pound at this place lias 18 feet of water a t  half tide and an average depth 
of about 8 feet. On onc side are low rocky cliffs, tlie talus of which gives shelter to 
niaiiy lobsters, while the low clay banks of the opposite shoro are so completely under- 
lniiicil by their borrows as to agord, iu some places, a very insecure foothold. I 
esaluined these banks carefully from a boat, ; h i i d  had the opportunity of satisfying 
iiiyself of the extent to wliicli tlie tunlieling operations had been carried on. The holes 
were driven horizoritally into the inuil bauk to a distance of from 1 to 5 feet, aud in 
each a lobster could eitlier be seen, the tips of its large claws and its autenna? standing 
out, or could be felt by ilisertiug the eiid of an oar, tlre lobster fixing its large claws 
on the blade and sometirues allowing itself to be dragged out clear. 

The holes had sometiiues a relatively large opening of 8 to 10 inches in diameter, 
which allowed of their being readily probed and ineasured with an oar blade. 1 did 
not observe that they ever had an upward or downward curve, but they sometimes 
swerve to the right or left, which is explained, perhaps, by the preselice of some obstacle 
in tlie path. I11 soiiie cases the holes were inade beneath rocks, ant1 the entrance .was 
often mucli larger than that described, owing, perhaps, to the unioii of the mouths of 
two originally distinct burrows. The pile of dirt aud the brokeu clam shells which 
are sometinies seen near t h e  hole of tlie lobster recall the excavations of the muskrat. 
It is exceptional to see a lobster with its tail projectiug from the burrow. I saw one 
or two uuder these circumstances, niicl when touched they immediately disappeared. 
I thought tlist possibly trhey might be engaged iu digging mliile in this position, but 
this was evidently not the case, as the water about tlie hole was very clear. These 
pounds are often iiiuch roiled, so energetically do the lobsters turn over the bottom 
aud dig into the banlcs. On this account it is not easy to watch the process of 
excavation, which in all probability is carried on a t  uight. 

I was informed by one fisherman, who had hunted lobsters quite extensively along 
the iiortli Atlantic coast, that he had frequently taken lobsters out of holes in the 
mud and eelgrass, while wading in sliallow water. Et has been observed in pounds 
that a cold snap in winter will cause the lobsters to burrow suddenly in the mud, so 
that they can not be talreri in traps for several days. We 1ia.ve already noticed the 
probable occurrence of the same thing in Newfoundland, when the temperature of the 
water is abruptly lowered. (See pp. 21, and 26, note 1.) 

The burrowing habits of certain species of crayfish are well known, wliile’those 
of the Stomatopods, which have been described by Professor Brooks, (268) atre equally 
chcracteristic. We uieet with the same habit in inany shrimp, such as Alpheus, 
expressed in a grceter or less degree; in crabs, and in a great nuniber of the lower 
crustacea. 

THE FOOD OF THE LOBSTER AND HOW IT IS PROCURED. 

The food of tlie lobster consists priiioipally of tish, alivo or dead, aiitl of iiiverte- 
brates which iuhabit ihc bottom and coiiic within its reach. I t  is iiot uuusual to find 
bits of l t lgz ,  such as the conimon eelgrass, in its stoiiiacli, aut1 sometimes in suoh 
quantities as to show that i t  is iiot aii accidental oocurrence. Vegetable matter, 
bowever, foruis, a t  most, but a sinal1 p a h  of its diet. Fregnieiits of dead shells are 



30 I3ULLETIN 01” TI-11.: UNITED STATES PI813 COBIRIISSION. 

frequcrttly met with, and i i i  lobsters from 3 to 4 iiiclies long, uiider very peculiar cir- 

as c~ucli shot, iuny also be fonrIc~ in tlie stomach, but wit11 no m;tr1;ed regularity. 
These are not iiecessary for griuditig the food, as in tlie gizzards of fowls, since the 
malls of the lobster’s stomach are furnished with a11 i1dmir:iblo masticatory upparatus; 
still, whether of accidentid occurreuce or itot, they c m  hardly fail to serve a useful 
purpose. 

In the course of this investigation of the habits of tlie lobster, tlie stomachs of 
large iiuinbers of these animals were carefully preserved during a period of seven 
inontlis (December to June). They were all capturcd iii the limbor of Woods IIole, 
Massachusetts, under the conditions described on 1,. 25. A considerable number 
of these stomachs were empty; inore thtiii half contained reninsuts of recently devoured 
fish, 21, mass of scales aiid bones, iiiixed with fragnieiits of tlie indigestible parts of 
otlicr organisms. In many cases it was quite evident that the bait of the traps 
formed tlie only food found i n  tlieir stomachs. 

The lobster uiidoubtodly regurgitates tlie irisoluble aiid indigestible parts of 
its food. That the erayfish possesses this power wits showii by the experiments of 
Lc~noiue (118). When tho buccai cavity was stimnlstod by electricity, aiiti1)eristaltic 
movements were set up in the rcmairiiiig parts, uiitil the contents of the stoiniicli 
escaped by the mouth. It was thus proved that the wsophagus was cap:ible of two 
k i d s  of nioveirieiits-i)eristaltio and ailtiperistaltic. Some such outlet for waste 
matter is absolutely necessary i i i  AU animal where the fluid or finely divided and 
digestible parts of the food only caii pass into tlie delicate intestine. The hard parts 
of fish, mollusks, and crustscea ap1)ear to be rctsined uutil they have given np a good 
deal of tlieir liuie, thus contributing to the calcareous supply of the exoskeleton. 

The stomaclis examined coutained rernuaiits of the following organism 1)lacod in 
the order of their relative abundance : fish (procured iiiclependeiitly of tho traps) ; 
crustacea, einbraciug chiefly isopods and decapods j molluscs, consisting largely of 
sinal1 univalves j nlgrr:; cchirioderms arid hydroids. The bones of fish showed them 
to beloiig, as a rule, to small iriclividuals or species. Aiiioiig the crustacean reinailis 
parts O S  tlie small Iiiud-crab, 1’auop:ws (P. sayi ant1 1’. dqwesszcs, the co~l inon  species 
i n  Vineyard Sonid) were almost invariably recogiiized, :tiid it \vas not unusual to find 
1)iirts of tlie skeletoiis of small lobsters. Tlie isopod, Civolana conncliaruw?, is frequently 
eaten by tlie lobster, ol‘teu in large numbers. This species is a scavenger, aiid 
devours the bait used in the traps, which explains its coininon occurrence in tlie 
stoiiiaclis of lobsters recett tly caught. In  one case? that of a female captured iii January, 
the stornacli was filled with fresh lobster eggs in ail advanced stage of development. 
These were riot taken from siiy lobsters in the trap, but under what circumstances 
they were obtained one can easily conjecture. Tlie egg-lobster is undoubtedly a shining 
Inark, not only for outside eiiemies, but eve11 for members of its OWII species. The 
larger mollusks tire eaten by crushing the shells and picking out the soft parts, while 
many of the smaller species ;&re swalIo\~cd entire, and afterwards pulverized in the 
gastric mill. ICchinotlerms probably enter largely into the diet of the lobster, wher- 
ever they abound. Parts of the coiiitnoii starfish (Aster.iasfo~besii)  iind rarely a fern 
sljines of tlic sea-urchin ( Arbaoia pz~~zzctubta) were tletected, but it trtiglit be that the 
latter were swallowed together with other c:iloareous fragments. Very little change 

ct1Ilistances. (See 1111. 89 ;ind ‘30.) Oolirsc saut1 : i ~ d  gpvel-stoiies, occitsioiially iis large 
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in the food was Iioticed duriiig tlio wiiiter slid spring niontlis, arid tliere was little 
evidence that the a1)petites of these i ~ i ~ i ~ i i a l ~  seiisibly abated duriug tliu d c l  weather, 
yet i t  is probable that food is less abundant aiid less necessary iu wiiiter. (See pp. 

That lobsters catch fish alive tliere is 110 doubt, but few 1i;~ve ever Heen this feat 
performed. Fish wliich iiiliabit the bottom, like the flounder, would ~i:~turally Fall an 
easy prey to tlieir powerful claws. They are said to catch the sculpin, and I have 
Iriiown e lobster which was coiifiiicd in.  an ayuariuiii a t  the United States Fish Com- 
mission statioii iii the suiiiiiier to seize and devour tlie sea-robin (Z’rionotus evolnns). 

The coiiiiiion bhie crab (Callincctea hastatus) is said to ca1)ture fish, and fishermen 
report having talien 1i:rildock 011 trawls with tlie lieads almost nipl)ed oK7 as if cut by 
the claws of the lobster. 

The sirialler of tlio large claws is essentially B pair of toothed nippers, the hard 
ti1)s of which are iucurved so as to euable the auiuial to sucure i~nd hold every 
object which it can fiairly seize. This is sometimes ca~lleil tlie “fish claw 77 or the “quick 
0la,w7~ by fishernieii in Maim, while tlie heavy crushing-claw is called tlie “club claw,77 
atid according to Travis (g91) it mas kiiown i i i  England in the last century as the 
6‘ k ~ ~ b b e d ~ ~  or ‘‘ iiuiiib e l ~ w . ~ ’  

Wliilc lobsters are grwt  scavwtgers, i t  is probable that they always prefer fresh 
foot1 to stale. Sonic: lislieriiieii iiiaiiiti~iii that tliere is iio better bait than fresh Iierring.* 
Eresli codfish-hends, tliittish, scull)ins, sea robiiis, iiie~iIiade~i, iind liacldocli arc also 
uml, as well as salted iisli. The flesli of the shai*Ii is occasioiiadly utilized by the Gay 
lleiid fisheriiieii oii ~ICCOUII  t of its ririniiess mid IiLstiltg qualities. 

111 the lobster poiind at Southport, Maine, the lobsters are fed chiefly upon Iierring 
and sculpiii. They stop 
feeding tlieiri after the 1st of IJeceinber, uiid the fall stock is taken out for the winter 
iriarket i i i  Jaiiunry, Pebriiary, and M;trcli. 

In tlie 1:irge lobster pouiid a t  tho Viiial Haven Islands I have seeii the rnuddy 
bottom scored in (111 directioiis-the work of lobsters in their s ~ i ~ c l i  for clniiis. One 
is there reiiiiiided of a 1)astiire in wliich t l iu  soil lias been rooted up by pigs. As a fish- 
erman reniai*ked, if you lmt lobsters iii :L l)ouiid :uid do iiot feed tlieni, they will soon 
turii over tlis bottoiii as eff‘ectively ils i t  conltl be tloiio with a plow. Some of the holes 
wliich the lobsters I ~ i i ~ l  ~tiade hi diggiiig clams were Y feet in diaiiieter a ~ d  G inches 
or niore in deptli. Here they l i d  dug 111) tlie eelgr‘i~ss, or looseiierl i t  SO that it l i d  
floated to tho sui~fi~ce, slid (tartloiuls of i t  Itad bee11 east ashore. We have already 
seen that lobsters soiiietiines eat 1)urts of’this p l a ~ i t , ~  but they had plainly rooted it up 
in this c w e  with :t~iotlier ol)ject iii view. The broken and often cornmiiinted sliells 
of the long-necked clim (Mya ccrei~aria) could be seen strewn everywhere about tlieir 

The lobster probebly ott:wlrs sncli largo :~nd poiverful iiiollusks as  the conchs, 
An illustra- 

24, 11ote 1, Slid 25.) 

Tlie fish are scattered around tlie shore nntl over the pond. 

exc:~~i t t io~i~ .  

whicli live up011 liiird bot toiii, i 11 tlcep water, iincl devours theii. soft parts. 
- - . -~ _ _  - - - -- 

‘1 i i i u  toltl Ity MY. M .  11. Spiiiiioy, of Cliffktoiio, Miiiiic, thtt IIIR~IJ’  ycibrs ago, \vhon IobHtera were 
Fish, snob :LS the ~~iackorol,  were 

‘I’hon, :tb lobthr6 cuiiiu Ilocking froin 011 dirootions aboiit the  boiit, 

~‘?‘llc grass-wi ack, or oolgr iw~ (%oa/cwx wictrirta), bclonginji to tlic poiid-wood family (Yaiadacen.), is, 
with 0110 or two oscc~ptioiis, tho only floweriiig plant fouiid growing snbiuerged in wlt water on tho 

vcry ilbimduut, 110 a i d  I l k  (ilthor iiaotl I ‘  WUHIL h i t , ”  i n  taking tlioiii. 
miuai:tl i i p  :iiiil  piit ovurbourtl. 
Ll1ey a.oulll gafl’ thCll1. 

Kew Elljilillld coast. 
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tion of' this was afforded in mi aqiiarium a t  Woods Hole in the suiuiiier of 18'32, when 
a conch (Sycotypus ca~raliculutua) was placed in the sa~ne tank with a female lobster 
which was nearly 10 inches long end which liad been in captivity about eight weeks. 
The conch, which was of the average size, was not iiiolested for several days, but a t  
last, when hard pressed by hunger, the lobster attacked it, broke.oE its shell, piece by 
piece, and made quick work of the soft ineat. 

On many parts of the coast tho lobster does not fiiid any lack of dead fish for 
food. This is notoriously the case where seining is conducted on a large scale, as on 
the coast of' Maine. One of the great evils attending this method of taking fish is 
the destruction wrought upou the young. In seining mackerel the catch is hoisted 
upon deck, where the fish are sorted, the larger, which are marketable, being saved 
while the smaller fry are thrown overboard. Owing to the rough treatmelit which 
they receive, and especially the exposure to the SUII, the smaller fish are thus said to 
be destroyed by thousands. The lobsters in the vicinity profit by this evil, playing 
the part of scavengers. 

Lf a, lobster which has fasted for a number of hours is fed with a little fresh meat, 
such as a piece of clam or fish, the process of feeding will be found to be one of no 
little interest. The lobster eagerly seizes a piece of food with the chela: of the third 
and fourth pairs of walking legs, and passes it up to the third pair of maxillipeds, 
which are held close together, each being bewt a t  the fourth joint and folded on itself. 
With the third inaxillipeds thus pressing against the mouth, the food is kept in 
contact with the other mouth parts, all of which are in niotiou, and their aotion is thus 
brought to bear upon it. By means of the cutting spines of the appendages external 
to the ~iiandibles-maxilla: arid first and second pairs of maxillipeds-the ineat is as 
finely divided as in a sausage iliachine, and a stream of fine particles is passed con- 
stantly into the mouth, being previously submitted to the action of the mandibles. 

If one wishes to watch the movements of the complicated mouth parts iuore 
closeIy, he has only to take a lobster out of the water, place tlic animal upon its baek, 
and when it has become sufficiently quiet stimulate the luaudibles or tfhe broad plate 
of the large maxillipeds with the juice of a clam or the vapor of ammonia, which can 
be squirted with a pipette. Masticatory movements are immediately set up in the 
appendages, those belonging to the side stimulated usually working independently. 
The two small chelate legs are also drawn up rapidly to the mouth, as if to hand 
up pieces of food. 

When stimulated in this way the plates of the first pair of maxilla come together 
over tho lower posterior half of the mandibles. The movements of the masticatory 
parts of the second maxilla &re synchronous with the beating of the scaphognathite. 
These project somewhat obliquely over the convex surfaces of the appendages in front, 
inward, and slightly upward. The large plates of the first maxillipeds work up and 
down, and at the same time inward toward the middle line, describing ai1 ellipse. The 
second pair of maxillipeds move alternately or together, inward and outward, with 
slighf up-and-down movement. The large inaxillipeds move together, the toothed 
margins meeting like the edges of a nutcracker (compare fig. G8, pl. 30), while the 
three terminal joints are bent iiiward and soiriewhat downward, 88 in the case of tho 
secoiid maxillipeds, so as to meet ou the middle liue below and hold the food up to 
the mouth. 



Chapter 11.-REPRODUCTION. 

T H E  REPRODUCTIVE ORGANS. 

The breeding habits of an animal are not only of great scientific interest, but of 
the utmost practical importance, in view of any experiments which we may under- 
take in its artificial propagation. When this mork mas begun the breeding habits 
of the lobster were very imperfectly understood, and until now no exhaust.ive study 
of the subject has been attempted. In questions of this kind, one may be led to 
draw conclusions from too slender data, since an abundance of carefully attested 
facts gathered from a sufficiently wide area can be attained oiily with great difficulty. 

In the summer of 1891 I mode as full a study as the time would allow of the 
reproductive organs and habits of‘ the lobster a t  Woods Hole, Massachusetts, and in 
the summer and fall of 1893 I was able to add to niy knowledge of this subject by 
materials gathered a t  diiiterent points aloug t h e  northern Atlantic coast. 

The reproductixre organs mill now be briefly considered, reserving a description of 
their structure and development for auother part of this paper. (See Uhapter X.) 

The ovaries, or “coral” as they are sometimes called, consist of two cylindrical 
rods of tissue united by a transverse bridge in the upper part of the body, and are 
immediately exposed upon opening the dorsal body wall. The uniting bridge of tissue 
probably represents the first trace of a fusion, which is expressed in various degrees 
iu diiitereut Decapods. The ovarian lobes extend over about two-thirds the length of 
the animal, from behind the head to the third, fourth, or fifth segments of the “tail,” 
and when approaching maturity are of a rich, dark-green color (plate 36, fig. 123; see 
also plate 38). The ripe ovaries are so much swollen that they fill all the available 
space in the upper parts of the bodycavity. The bead-like eggs are clearly seen 
through the thin ovarian wall, and when this is cut they flow out, if perfectly ripe, in 
an uninterrupted stream. When the congested ovary is uot mature the loosened eggs 
stick together and can not be easily diseiigaged without i~ijury. A female with eggs 
approaching maturity can be readily distinguished by extending the translucent 
membrane between the “tail” and campace, through which the deep-green color of 
the ovary is a t  once apparent, but since the eggs can not be pressed from the unyield- 
ing body of the animal, there is no way of telling when these are ripe short of actual 
dissection. 

The secondary organs of reprodiiction in the female arc: (a)  The oviducts, two short, 
nieinbranous tubes, which lead from the ovaries to the exterior, and open, one on each 
side, upon the basal segments of the second pair of walking legs; ( b )  the copulatory 
pouch or seininal receptacle, for storage of sperinatozoa (plate 7, and plate 38, fig. 130), 
situated between the bases of the third pair of walking legs; ( c )  cement glands, which 
secrete the material by which the eggs are fixed to the smiminiug legs (plate 40, fig. 
144, and plate 49, figs, 211, 213); ( d )  the first pair of abdoiniual appendages, which 
are so reduced in size and modified as to be useless for swimming. 

3.. u. E. 1 D D L - 3  
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Tliv male reproductive organs arc the testes (plat(! 36, fig. 180), the t iucts  of which 
open at the base of the last pair of malliiiig legs. The sperm which is inclosed in 
gelatinous ca1)sules or spermatophores, the secretion of the seiiiiiial ducts, is t81ius 
qjected in packets. There is no penis or tubular extension of'the integument from the 
opening of the duct, as is the case with the Bracliyura. 

The first pair of legs of the tail are also modified in a peculiar way in the male, its 
if, they served for conducting tbe spermatophores through the elastic, slit-like orifice of 
tlre seminal receptacle. 

There are ~~unierous secondary sexual distinctions, the most striking of which is 
seen in the abdomen. The latter is conspicuously broader iii the feniale, a variatioii 
which is *correl:tted with the greater size of the ovary as compared with the testis; 
its lateral plates are deeper and it  is inore conspicuously hollowed below to form an 
incubatory pouch for the ova. A discriminative fisherman can thus distinguish the sex 
a t  a glance. The Ii%rge claws arc more voluminous in the 
male thau in the female, and tlie male attains the grwakest size. This would imply 
that the male niolts oftener than the female, which, according to the observations of 
Brook (26),  is actua(l1y the case. 

In addition to these distinctions Gouriet (82) found tbat in the crnyfisli tlie 
aiitennz were longer in the males than in the females; that while the length of the 
abdol~ier~ of the male was relatively shorter, it was heavier than in the fernitle. He 
found the length of the abdomen, compared with that of the carapace, to be in the 
proportion of 7 to G in the female, while in the inale t h i s  difference in length did not 
exceed -& inch. 

In the male lobster the second pair of swimmerets carries a small spur on its inner 
blade, the fuiiction of which is obscure. Tlic reduction of the first pair of abdomiual 
:&ppendages in the fern:& is in all probabilit,y correlated with their use in reproduction. 
If they were of the normal size they would catch SO many eggs at the time of oviposi- 
tion that i t  would be nest to imp.ossible for the female to completely flex the abdomen. 
Locomotion would thus be interfered with, and the eggs would be constantly exposed. 
As it is, it sonietinies liappeiis in very large females, where the ova are excessively 
abundant, that i t  is iinpossible to completely fold the abdomen. (See fi. 54.) 

Each testis consists of a slender, grayish-white, sacculated tube filled with devel- 
oping sperm cells (fig. 120, p h t e  36), and its coiled duct usually contains sperm in 
abundance. The spermatophore can be easily pressed from the duct, when the latter is 
dissected out. The sperm cells have a characteristic shape (fig. 129, plate 37) and are 
absolutely immobile in tlie conditions under which they are ordinarily observed, but 
i t  is impossible to suppose that this is always the case. Their coiiip1ic:ited form, 
recalling that of the bell-shaped medusa, leads one to suspect that  under the i~iAuence 
of some subtle and unlznown stimulus, possibly of a cliemical liatiire and coming from 
the cement glands or some other organ, they are able to execute independent and 
rapid movements through the water.' 

Maia. Sco observations cpoted on 11. 49. 

(Compare plates 4 and 6.) 

. - - 
1 Can0 8tetes that lie once detectcvl anicnboid rnovexrientb i n  the myed slJorui-uellfl of tho cwb 
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THE PAIRING O F  T H E  LOBSTER A N D  O F  OTHER CRUSTACEA. 

‘1’110 oopulatiou of the lobster has mvcr beeu seen, as far as I a m  awiwe, iu m y  of 
the species, brit we know that it talres place in spring arid siiiniiier a t  least, if not a t  
other times of the yesr. If ripe feinales, or feiiinles even with newly laid eggs, are 
examiued iii Julie or July at  Woods Hole, the semiiial receptacle is found to be almost 
invariably cliarged with spermatozoa, atid i t  is evicleii t that copulation takes place, 
certainly fn many cases, nMiout immediate reference to  the condition of the animal. 
Thus on August 19 I exaiiiinetl a female lobster which was 9 inches long and found 
lier seminal receptacle loaded with spenn. The ovaries were of a light, greenish-yellow 
color, and iii a very immature conditiou. This lobster had been impregnated a t  least 
two years before her eggs would be ripe. 

I was surprised to fiiitl the seminal pouch of another lobster, which was examined 
about the same time, to be charged with freshly deposited sperm, UZllbough it had just 
hatched a brood a i d  was preparing to molt. It therefore seems probable that the 
inale lobster Iias no means of discrimiiiating the sexual condition of the female. This 
lobster, in the ordinary course of nature, would soon have lost in the molt the sperm 
with which she had beoil so recently supplietl. The first copulation, which had occurred 
either before or shortly after the liatching of the brood, must have been followed by a 
second union in order t o  securo the fertilization of the next batch of eggs. These 
would riot be due, moreover, until one year from this time. It is thus evident that  
the female lobster is not impregnated once for a11 and compelled to take the chances 
of fertilizing her eggs, but is approached niore than once by the male. The molting 
of these aiiimals. although subject to less variation in the adult female than in the 
male, renders this itecessxry. Females usually molt shortly after the hatching of a 
brood. Where the iiioltiiig is accomplished just before the eggs are laid, which 
Iisppe~r,g very rarely-I liavo noticed oiily two cases in the, lobster-(see p. SO),  copu- 
lation can precede the act of extrusion by a few days a t  tho most. 

A lobster wliich had been Irept iu  an aquarium for upward of two months in the 
summer, without access to the male, laid eggs which were ioriiially fertilized. This 
and other facts which have just beoii mentioned show that the female lobster iiiust in 
some cases be impregnated inoro tlian OIICO before each reproductive period, and also 
that the spermatozoa retail1 their vital activities for a long tinie, perhaps, ‘1s Bixmpus 
suggests (30), from one to two years. This is not so remarkable, when P, ;onsider 
the longevity of spermatozoa recorded by Sir John Lubbock (Weismann’s Essays; 
vol. 1, p. 52),  who succeeded in keeping a queen ant until she was 15 years old, 
during which time slie continued to lay fertile eggs. Fertilization must havo taken 
place at the latest in the season when the insect was captured. “There has been no 
male iu the iiest siiice then,” writes Lubbock, 1‘ and, nioreover, it is, I believe, well 
established that queen auts and queen bees are fertilized once for all. Hence, the 
spermatoeoa of 1874 must have retained their life atid energy for thirteen years, a 
fact, I believe, unl>nsalleled in physiology.” 

Observations on the copnltbtion of the. crayfidi (Potanzobizts $ztaiatiZis) have been 
made by (ferbe (43 ) ,  Ohautrxn, mid other naturalists. Tho latest and most detailed 
account of Chantran, published in 18‘72 (39),  is as follows: 

_- - ______. _.__ 

1 In quotation8 frotn works ill forcigti ltutguagc~s, 1 shall givo, for cotiveniencw, the Eiiglisli trans- 
lation. Tho oxtract C:LU bo verificd by refuroiroo to tho original. 
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The male crayfish deposits its fertilizing matter in the form of spcrtiiatophorcs upon the plates 
of the tail-fan and upon the  plastron of the female. The time of egg-hying varies from two to  
forty-five days after copulation. Wheu the time comes for the extrusion of tlic eggs, the female raises 
herself upon her feet, and then the abdominal appendages secretc for a number of hours a grayish, 
somewhat viscous mucus. She thereupon lies upon her back, bends her “ ta i l”  toward the opening 
of the oviducts, so as to  form a kind of cistern or chamber, as described by Lereboullet, into which 
during the lollowing night the eggs are rcceived as fast as they are expelled from the genital organs. 
This expulsion lasts from one to several hours. These eggs, which are always turned so as to  present 
their whitish spot or cicatricula uppcrmost, in order to be fertilized the more reaLtlily, are thus found 
engnlfed in  the grayish muciis which fastene, in  some degree, the swimmerets aud the borders and 
extremity of the “tail” to  the thorax, This also helps to  bound the pocket or chamber, in  which there 
is a certain amount of water imclosed with eggs a i d  niucus. Immediately after egglaying we can 
find in the water and mucus spermatozoids exactly like thosc contained in  the spermatophores which 
are attached to  the plastron, and from which, in  fact, the sperm-cells proceed. The spermatozoids are 
thus in direct contact with the eggs and are iu thepresence of a vehicle which assists them to penetrate 
the ova. Fecnndntion is effected in  this chamber, that  is, outside of the genital organs of the female. 

The spermatozoids found mixed with the eggs and mucus in the egg-chamber are like those 
found in  the spermatophores and male sexual organs. In the coiiree of the first thrce days after 
egg-laying these spermatozoids become spherical, palc, and continue immobile. After this they wither 
and become smaller, darker, and more irregular. Finally, when, after the fixation of tho eggs, the 
excess of mucus has completely dieappeared by means of pressuro exerted by the inccssant coutractions 
of the abdomen, which takes place in from six t o  eight days after ogp-extrusion, those sperrnatophores 
which still remain attached to  the plastron consist of small white coriaceous filaments. The latter 
are either isolated or composed of s’everal adhering together. They have nothing to  show biit a 
central cavity, in which the microscope can dctect nothing biit a few spermatozoids, more or less 
withered. The wall of the spermatophores prcserves its thickness and remains, as before, composed 
of a hard, striated, tenacious mucus. 

On the 10th of October a small species of Cambarns copulated in an aquarium, in 
the following manner: The animals lay mi tlieir sides, and the sternal surface o f  the 
thorax of the male was pressed closely against that of the female. The abdomen of 
the female was folded beneath that of the m:ile. The imle grasped with his great 
claws the large pincers of the femalle, atid thus held her securely, briughig also into 
service the walking legs. According to Anclrews (Johiis Hopkins Univ. Circ., vol. 
XIV, p. 74), the spermatophores, which I did not observe, are deposited in  the annulus 
of the female, and the animals are firmly adherent by means of definite hooks and 
ridges on the appendages of the male arid female respectively. 

The followiiig notes are interesting as sliowing how popular errors in regard to 
the breeding habits of lobsters have arisen. Some of  these statements, mixed with a 
iiiinimuul of accurate observation, have been repeated so many times that they have 
almost assumed the semblance of truth. 

Travis (291)  writes to Thomas Pennant, in a letter 011 the habits of Ifowzurus gam- 
naurus, published ill 1777, that lobsters “begiu to breed in the spring and continue 
breeding most of the summer; they propagite more Inmano and are extremely prolific. 
Dr. Baster says he counted 13,444 eggs under the tail, besides those that remained 
in the body unprotruded. They deposit these eggs in the sand, where they are 8oon 
hatched.” This curious contradictory statement is repeated by Rerbst (N8), who says 
that “they lay their eggs in the sand, where they are hatched by the sun.”’ 

Thus, Herbst says: "Tile 
688 crabs do not show so much cacc for their young as the crayfish. They t ry  to  deposit their eggs 
either on theshore in the sand or they commit tliem to the sea, which washes thesc eggs thus extruded 
in on the beach, wliere they are 80011 hatched by the sun, and the young eeelc again their proper 
element.” Of tholaud crabs, lie says: “They carry their cggs to  the sea, where tlie fenlales wash thml  
off from their tails. They are then cast up by tho sea 011 the beach, where they are hatchsd by the sun.” 

- - - _ _ _  - ___ - ______ _ - -  _ _  
*The same notion existed in  rcgard to the breeding habits of crabs. 
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Boecli: asserts (90) in his history of the Norwegian lobster fishery, that a real act of 
copulation takes place, the male placing its double male member (modifid appendages 
of the first abdominal somite) into the outer geiiital openiiigs 03 the female, and that 
the eggs are impregnated while they are yet in the ovary. 

Fraiche (70) says that the union of the sexes tekes place in the fall of the year 
(October and November) for the common and Norwegian lobsters, ant1 in the case of 
the former species extends into winter: 

As with the crayfish, the sexual act iH iiocomplishecl belly to belly, and 80 closely and firmly do 
they clasp each other, that, if taken from the wnter :It this pcriod, it is with difficulty that they (*an 
be tlepnrated. 

He thinks tha8t the seminal fluid is introduced directly into the oviducts, and 
says that the sides of the abdomen secrete viscous substance wliicli incloses the 
eggs and attaches them to the body of tlie female. 

The question, Eow is the fertilization of the eggs effected in crustacea? is one 
which bas been asked by naturalists from the days of Aristotle down to the present 
oentury, and it has received the most varied and contradictory answers. A brief 
account of the history of opinion on this  subject has been given by Hrocchi in his 
thesis on the male organs of the decapod crustacea, published in 1875 (2-5). One 
source of difficulty lay, as recent studies have proved, in supposing thnt the process 
was essentially the sam0 in both Macrura and Brachyura. 

Porzio’ and Cavoliiii (3Ql among the older writers, as Brocclii ~hows, had clearer 
ideas upon this question than their imrnediato successors. Thus the Ne:rpolitau 
physician, Porzio, says, in his study on the lobster: 

rationem qua maris semen, in femina corpus ejaculari, infundi, vel introiri possit. 
Organa autem propagationis ot generationis sic constructa aunt, ut facilerri 11011 iiiveuiein 

Oavolinj also remarks in his memoir on generation, 1mblislied in 1787, that- 
The crustaoee copulate face to face, with the penis on the outside of the body; therc is no intro- 

mission, for the papilla which we have shown to be preseut on the base of the lest pair of legs cnn 
scarcely aerve to make a passage for the semen; the eggs are glued to the hairs of the female and :we 
bathed in the semen (96). 

Milne Edwards (58) in his Histoire Naturelle des Crustacds, published in 1834, 
expressed some true ideas upon the reproductive processes in the crustacea which were 
not comprehended by mauy subsequent writers. A t  the same time he falls into errors 
in regard to certain o r p i s  and their functions. Ha says that the first two pairs of 
abdominal appendages in the male, which me ofteu 80 dift’erent from the following 
pairs, seem to serve as exciting organs in the act of reproduction, but that naturalists 
have been mistaken in regarding them as represeiit’ing the penis. I n  many cases, as iu 
Gegarcinus, their size would ineke it impossible for them to penetrate into the vulva, 
and lie says ‘6 we have proved, by direct observation, that in others it is the lower end 
of the efferent canal which is alone introduced into the body of the fenlalo.” These 
appendages apparently assist in dircctiug tlie penis toward the vulva, am1 possibly in 
exciting th0 latter. (Seo note 1, p. 39.) He calla attention t o  the importint filct that 
iii the Anomura and Macrura there is 110 copulatory pouch such as lie had discovered 
__.I_____ ____- __- --_ - -. - 

1 I hnve h e n  unrrble to consiilt t11c origin;iI \\.orlie of tliew writers, mid givu tllo qllot9:htiolin l i0111 

tlieni oil the iutthority of Urocclii nucl Cano. 
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in the Brachyura. In the Brachyura he found that a tnie copulation took place : “The 
wands of the male penetrate into the copulatory pouches situated below the vulva of‘ 
the female, and deposit tliere the semen, whicli is so held and preserved in that part 
that it may be turned over the eggs as fast as they pass 011t.’~ On the coasts of Brittany 
Milne Edwards found a female Cnncerpagurw, whicll was fertilized, ‘6 and in which the 
extremities of the wands of the male were broken off after copulation, as happens in  
many insects; these organs remained inclosed in the copiilatory pouolies.7’ A s  
Brocchi (2:j) observes, Milm Edwards seems to have foreseen the presence of‘ sperma- 
tophores, for in a subsequent work (5.9) he says, in reference to this observation, that 
sirice his attention has been directed to spermatopliores it has seemed possible “that 
t,lie sort of stopper in question left in the vulva may have been a body of that nature 
ratlier than a fragment of the penis.” 

In  regard to the reproduction of the Macrura, where tliere is no internal seminal 
receptacle, the fecundation of’ the eggs, says Milne Edwards (G8), is less easily under- 
stood : 

It is generally admitted that  in  all these snirnals there is a trne copulation, in  contieqneuce of 
which the seminal fliiid is introduced iiito the interior of the generative org:~us of the fernale. It’ it 
were uot so, it would be clifTiciilt to  understand horn the eggs, which fill the entire ovary, tlic first of 
which :we la ida long time before the lest arc clevelopod, conic in  contmt with this fluid, as a necessary 
condition of their fertilization. Hut thoro is not, SO far as I know, any direct observ:ition which provc’s 
tho cxistonco o f  sucli :L copulation, and tlie a1)senco of a copulatory pouch loads 11s t o  snppose that  in 
these animals the eggs are fertilized a9 in tho crickct, or very shortly :sftor they lii~vo left tho body of 
tlic motlier. After being recoived into the cavity of the ovary, the c g g  is ilirocted little by littlo 
tow:ml the external orifice of o m  of the oviducts, the ~vnllr; of which secrete in spring a ratlier tliiclc, 
nlliuminous liquid, which, hardening aftcr tho oggs are h i d ,  forms a second extcnml envelope. 

This error of attributing the viscous secretion to the oviducts has been repeated 
by subsequent writers, notwithstanding the fact that it was corrected by Millie 
Edwards (GO) in a subsequent work. He says in a note following a reca$tulation of 
tho observations of Lereboullet, that the glue by which the eggs are attached does not 
come from the walls of the oviduct, but is secreted by subcutaneous glands situated on 
the under side of the abdomen, between the bases of the appendages. A Inembranolzs 
penis is said to be formed by the subdermal portion of the seminal tube, which is here 
enlarged and has thickeried walls. This dilated portion of the canal, the “vecteur” of 
the sperm, “is capable of evaginating and passing outside beyond tlie genital opening, 
to the borders of which it is inserted. It thus forms a tubular appendix, having the 
function of a penis.” 

Milne Edwards was undoubtedly mistaken in supposing that the large glandular 
segment of the vas deferens of the Macrura was evaginated in copulation. This, as 
Grobben remarked, would be mechtmically impossible (53). 

Duvernoy (57) in 1850 again raised the question whether fertilization in Decapod 
Crustacea took place at the moment the eggs were laid, and comes to the coiiclusioii 
that in Mecrura and some Brachyura, where there is no seminal reservoir, fecundatioii 
takes place without a true copulation. He says: 

Tho mag in which the oviducts are stuffood like ssusages with large niimbers o f   egg^ arranged in 
line, when they have reached maturity, would not admit of an internal fertilization, except for tllosc 
eggs which were brought near the orifice, unless there WM a copixlatory poi1011 or a seminal resorvoil*, 
liefore the mouth of which thcy must successively pass at the  time of egg-extrusion, in order t o  lie 
fertilieed, as is the case with insects. 

He supposed that in all cases where interiid fecundation was impossible, tlle pggs 
fertiliged at the iiionieiit they were h i d ,  a s  o(:ci~i*s i ~ i  the tailless 13etr:Lclliuus; he 
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had also the notion that the mule helped the female to place her eggs under the 
abdomen and glue them to the swimmerets. 

Apart from the physical impossibility of an internal copulation and f&tilization, 
in the way which many have conjectured, tlie absence in the MiLcrura of two iinportaut 
accessory reproductive orgms, the vagina and intemtal seminal receptacle, points a t  
once to the fact that the eggs are fertilized outside of the body. With the discovery 
of an external seminal pouch in the lobster, tlie function of which had been curiously 
overlooked or misuuderstood until Bulnpus called attentioil to it in 1891 (30), this is 
still further emphasized. 

As Brocchi and, more recently, Can0 (32) have pointed out, the vagina and inter- 
nal seminal receptacle always occur in the Brachyura in relation to the presence of a 
male penis (the terminal portion of the eferent duct which is said to be capabie of 
evagination), and imply a different method of copulation. 

The common green crab (Careinus mamas), the pairing of which bas been repeat 
edly observed, illustrates tliis process among the Brachyurs. A pair of these crabs 
was brought into the laboratory at the United States Fish Commission at  Woods 
Hole on the 27th of July. They were adherent solely by the intromittent organs’ 
of the male, which were introduced into the orifices of the oviducts of the female. 
The male had a hard shell; the female, which was smaller, a soft shell, conditions 
which seem t o  be necessary for copulation, as Cavolini (3G) loug ago showed, and as 
Bouchard-Chantraux ( 2 2 )  aud Lafresnaye (222)  indepeiirlen tly observed (25). 

Oano gives the following account of the copulation of Maiu (33) : 
Tho male orab runs to meot the female, lifts hor up and places hor beneath him, embraces hor 

closely with his feet, and his claws hold hor by the margin of the orbits or in the region of the 
antennm. In other cases the male turns upon its back, catohes hold of the female and draws hor 
upon his belly. The whole actiop lasts about au hour. 

It is undoubtedly true, as Cano lias remarked, that in :dl the M:umm and Ano- 
inurs, which liave no internal receptaculum seminis, penis or vagina, there is no internal 
copulation sild the sperm is never found in the ovary or its ducts. 

THE LAYING OF EGGS. 

In order to determine the time and limits of the breeding season of the lobster, it 
is necessary to  collect and examine a large number of their egge at different places 
and a t  different times of the year. The examiliation of the winter or summer eggs 
done will not sufice to solve the problem, AS I have learned by my o m  experience, and 
this explains why the question lias been the subject of so rnatiy coutlicting statements 
and has remained unsettled down to the present-day. (For a review of this question 
see Nos. 98 and 202 of Bibliography.) 

The following quotations illustrate the confusion which has surrounded this 
important subject. Verrill (196) remarks : 

Thore is a great difference in the breeding ~cason on different parts of the coast. The lobsters 
from New London and Stoniugton often lay tliuir eggs as oarly as tho last of April or first of May; 
while at Halifax Mr. Smith found females with recuntly.laid eggs in Septotnbor. At E:istport, Maine, 
the females carry their egg8 in midsummer. 

1 The only intromittent organs noticed ill this case wcre tlicr ctlendor wniitl-like appcrrdngos of the 
Tho penis is probably iutroduocd aftor tho foriiier have been withdrawn. first abdominril somito. 

(Compare p. 37.) 
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At  the time this was written it was not known that the lobster usually carries 
her eggs for a period of ten or eleven months. It was, therefore, quite natural that 
Verrill should misconstrue the discriminative statement of Smith (l82), who says : 

The season at which the female lobsters carry eggs varies very much on different parts of the 
coast. Lobsters from New London and Stonington, Connecticut, are with eggs in  April and May, 
while a t  Halifax, Nova Scotia, I found them with eggs, in which tho embryos were just  beginning to 
develop, early in September. A corresponding variation is noticed in thelobster of the  European coast. 

Verrill further says (196, p. 745) : 
Subsequent observations have shown that  the breeding season of the lobster extends over a large 

par t  of the year. * Mr. Vinal N. Edwards has forwarded two living females, of medium sine, 
taken iu Vineyard Sound, December 12, both carrying an abundance of freshly laid eggs. He states 
that he finds about one in  twenty carrying eggs a t  tha t  season. 

Wheildon says, in a paper published in 1875 (202), that the assumption that the 
lobster has a definite annual spawning season is an error, and that in February of that 
year he had obtained “spawn in several stages of development from newly laid eggs 
to the swimming larva%” 

The following statement of a member of the local government of Prince Edward 
Island expresses an opinion upon the breeding habits of the lobster, which is as 
misleading as it is common : 

I feel certain that the close season has not, and can not sccomplish anything toward the  first 
object [protection for lobsters while spawning], as i t  is now admitted by everyone who has had any 
experience in packing, that  lobsters in  spawn are caught at all seasons of the year and that they 
have no particular season for spawning. 

Bnmpus concludes that- 

I( 

The eggs are notwkally deposited during the  months of July and August, and develop rapidly so 
long as the water is relatively warm. * * * Large numbers of eggs collected during the winter 
months, both from the colder waters of Nahant as well as from tho warmer waters of Woods Hole, 
were almost invariably in the  same advanced stage of development-the eyes large and bright,, the 
appendages well outlined, and the yolk occupying but a fraction, perhaps one-third of the  surface 
exposure. 

Out of hundreds of lobsters found “in berry” in May, 1890, at Woods Hole, (6 not 
a single one had eggs in  early stages of development.” (30) 

After fluctuating from one view to another, I came t o  the conclusion that the 
breeding season was limited as defined in the paragraph just quoted, but as my obser- 
vations had been restricted to the summer months and to the region about Woods 
Hole, I determined to extend them to other points of the coast and to other seasons 
of the year. The results of these inquiries I will now give in detail. They may be 
summarized as follows : 

For the majority of lobsters there is a definite breeding season, which is the 
summer, July and August being the months in wliioh the greatest number of eggs are 
laid. A minority, od the other hand, perhaps 20 to 25 per ceut of the entire number 
of spawuers, lay their eggs a t  other times of the year, in the fall aud winter a t  least, 
if not a180 in the spring. The fall arid winter eggs are uorinally extruded, and do not 
appear to be necessarily the product of the first reproductive period. A glance a t  
table 12 shows that while the average size of the females is small, i t  is fully up to the 
average of all females captured during the same time. 

I received an “egg-lobster,” which is not recorded in the following tables, from 
Woods Hole early in December. It was 124 inches long, and its eggs were .just past 
the egg-nauplius stage. If laid in July or August, they wonld have reached this stage 
in about 18 days. 
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SUMMER EGGS IN VINEYARD SOUND. 

The following tables illustrate the time of spawning of the lobster in the vicinity 
of Woods Hole, iu Vineyard Sound, and about Gay Head. The date of tlie extrusion 
of the eggs is, of course, only approximately determinable. It is estimated from obser- 
vations on tlie rate of developwent of embryos at  Woods Hole. The parent lobsters 
were confined in floating latticed boxes, which were exposed to the wash of the waves, 
in oiie instance, for nearly a year. (See table 18, 1). 5G.) 

T A m g  3.-Time of spawning of the lobstei* i n  Vineyard Sound and vicinity in  188!l. 

_. _____ . ! ~- ~~ 

Woods Holo Harbor.. 
Menemsha.. .......... 
..... do ................... do .... .. Junn 20 .... .do .................. ........ ................................... .......... Do. 

1 Woods Hole Harbor.. .. do ........ do ......................................... do .......... Do. ..... do ................. .do .... Clotlo of yolk sogiriontation.. ............. 3 days .......... July 8 
Meneuish a. . .  ............ do.. .. Yolk segiiiontation: 60 to 100 soguionts. .. It days ......... July 9 ... ..do .................. .do ........ .do ........................................ .do .......... Do. ... ..ti0 .................. .do ........ .do ......................................... (10 .......... u,,. 
Woods Hole Harbor.. .. .do ....... . .do .................................... do .......... Do. 

Do. 
.... .do ................. .do .... Early egg niniplius : second antunna, nljt 10 days ......... July 1 

..... do ................ July 16 Eggnauplius, later stnge: second anten. 14 to 15 i l a p . .  .. Do. 

..... do ................... do .... Close of yolk sopentat ion. .  ............. 3 days .......... July 13 

.... .do ......... .......I.. .do .... Thoracic abdominal plate beoomiiig proiii- 0 days .......... July 10 

..... do ................... do ......... do .................................... 1 :::::do .......... 
bilubed. 

urn bilobed. 

I Date ol' I ~ g e  of eiiibryo. rxtrusioi 
I of e m s .  

Strige of development. 1 Date of ! 
cap tore. No. 1 Loculi t.y . 

1 
2 

3,4 
5 

6-14 
15-17 

18 
10 
20 

21-26 
2 7 4 5  
40-51 
52,53 

54 
55 

58-00 
61 
62 
63 
04 
65 

60-68 
OQ, 70 
71-73 

74 
75 

78-61 
82-84 
85,R6 

70,77 

_-- 

Menemsha ............ July 'i ..... do ................ July I ..... do ................ July 2t 
.do .do 
do .do .... .do .................. .do ... .... .do .................. .do ... 

_ _ _ . _ d o  ................ July 3C ..... do ................ July30, 
1.45p.m .... .do ................ July 3C ..... do .................. .do ... 

.do .do .... .do .................. .do 

.do .do 
do Bog. 1 ..... do ................... do ... .... .do .................. .do ... 
do do 

WoodsHole Harbor.. . Aug. 5 
do Aug. 11 

Gay Head.. ............. .do ... 
... ..do .................. .do ... .... .do .................. .do ... .... .do .................. .do ... 
WoodsHoleHarbor ... Ai]*. 14 

Meneinsha ............ Bug. 20 
.... .do .................. .do ... ..... do ................ Aiig. 21 

.... .................. ... ..... .................. ... 

.... .................. ... ... 

.... .................. ... ..... ................ 

..... ................... ... 

..... ................ 

..... .................. ... do .do" ..... do ................ A U ~ .  18 

I 

inent. 
16 I.. ... a0 .................. I .do .... 1 Yolk s e p m t a t i o n :  60 to 100 eeginoiits. .. l b  daw ......... Julv 14 
17 ..... do ................ Ju ly  18 Large t ioraeic abdominal plate. Pit ob- 1 8 to $days.. ... .I .Jirl) 9 

Yolk segmentation probably n o t  begmi.. . 
Yolkunse meuted ........................ 
E e pi ment jimtvisible ................. 
C%so o f  yolk segmentation ............. 
Invagination stage, small pit.. ........... 
Yolk segmentation: 16 t o  GO seginenttl.. ... 
Yolk unsegmented ...................... .. ..do .................................... 

~'06t.llaupfiUS Stage.. ..................... 

18 ..... do ................ July 20 

19 .... .do ................ July 28 ................ Bug. 3 

24 hours.. ...... July G 
Wuwliours ...... July 9 
21 days ......... July  7 
27days ........ Ju ly  1 
3 days .......... July 25 
4 to 5 day8 ...... July 24 
24 to 30 hours .. July 27 

About 8 liours .. Do. 
A few hours .... July 30 

.......... scured. 
July 16 

..... .do .......... July 7 

surface. ................... 27days ......... July 1 

Egg bnpl ius . .  .:. ........................ 15 diys ......... 
Eye pigment formed. .................... [ 27 daw ......... 
E rg nauplius.. ........................... 15 d&ys ......... 
Cfoso of yolk segmontntion.. ............. 3 d n p  .......... 
Yolk eegmuntation: 16 to 60 segruouts .... 24 to 30 lioum.. . 
Thoraoio abdominal plate formed.. ...... 8 t o  0 days. ..... 
Invagination.. ............................ 5 days .......... 
Egg nauplius :. 
Eye pigment formed.. .................... 27 days ......... 

.................. ......... 15aays ......... 

TABLE 4.-l lme of spawning of the lobster in Vineyard Souiid and wicinity in 1890. 

Jul: j a  
July 3 
July 17 
Jlily 29 
July 31 
July 23 
July 31 

July 15 
Jnly 27 

- _ ~ -  - - 
Date o 
capture No. 1 Locality. 

Iuvagination.. ........................... 
Thoracic abdoriiiniil plat,o t'ornied.. ....... 
Egg nauplius.. ........................... 
Invagination. 
Fost-nai1plius stage.. ..................... 
Invagination( 1 ) .  .......................... 
Post.liauplius stage.. ..................... 

............................. 

Egg nauplius.. ....................... :. .. 

5 days .......... Bug. 6 
8 to b days. ... ..I Bug. 2 
15 days ........ . ' July 27 
5 days ........ ..! Bug. !I 
20 da,ys .......... Jnly 25 
5 days ..........I Bug. 13P 

5 
21 days ......... I Ja lv  31 
15 diiys ........ .' Ang 

Date of 
Stage of development Ago of cmbryo. extrusion i of eggs. 

Early segmentation of yolk.. ............. 24 to SO hours,. Jnly 20 
Close of yolk segmentntion.. ............. 3 days .......... Ju lv  27 
Invagination stago ........................ 6 days .......... Julb 25 

I I .......... - -- 
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Tmm 6.-TinLo os q)awninq of the lobeler in Tineyard Sound una V i O i l l i t ~  in 1691. 

1 1  QayHead ........... 1.1 July 19 
2 I . . .  .. do ................ \ July 23 
3 hloiienrslra ............ July 28 ! !  4 .... .do ............... .I.. .(lo .... 

Date of 
Stage of development. Ago of eml~ryo. ortrusioi 

capture. Of eggs. 
Locality. 

Yolksogmontation ........................ I&dlrvs .......... July 17 
Olosool y?lk segnieiitation.. ............. 3 d a f ~  ........... July 20 
Inv:r,oinntion ............................. 411ays ........... July 24 
I a t o  nt,nae with me niament.. ............ I '  ~ ( 1 a v s . .  ........ I ~ U n e  29 

8 
I), lo 
11-13 

1 14-113 

................ ... .............. ........... 
............. ..... .................................... .......... 

7 1.. ... do ................... .... Eye pigiuoiit formed ...................... 27clay~ .......... Ju ly  2 

.~ 
5 1 .  _ _ . . d o  '. ..do C'loeeuf~olk ~eg&e$t%5ion. Yclafs Ju ly  25 
6 I Gay IIcad / July 29 do 3days. July 26 

.... .(lo ................ ;. . .do ... .I B ~ g ~ n ~ i i p l i u s . .  ........................... 15days.. ........ Ju ly  14 
Meiiornaha. ........... I Aug. 5 Iuvnginntion ( 1 ) .  ......................... 4days.. ......... Ang. 1 

.... .do ................ do.. .. CloPe of yolk ~eginentation.. ............. 3dayH.. ......... ?lug. 2 

.... .do .............. . . I _ .  .a0 ........ .do .................................... 4days.. ......... DO. 

... 

Locality. 

_~._~_________---- 

........... 
................ 

.. ........ 

~~ 

:U Gay ~ o n i l . .  / 34 / . . . . .do 
I :i5,3ti 1 .  __..do 1 37,38 1.. . ..do .... ............................. ......... 

__ __ . --__-____I__. 

Date of 
waptiire. Stngo of developmeut. Ago of' embryo. extru~ioi Datu of' 

of eggs. 

ingz. 
.. ............................. ......... 1 Wooills llole IIarbor 4 dsyH 

2 .... .do ................ ................... .... 15 t l ay~  .... , .... 

..... do ................ 

..... .... Before eye pigmoiit is fiiriiioil. ............ 20 cloy13 .......... Jiilv 8 

Closgof yolk sug~iieiitatioii.. ............. 3 da>s .......... Jul? 31 
.... . d o .  .do .... l?oHt-naUpliUB Ht,;L&! ...................... 20 daJ" ......... July 14 

July 25 
July 15 

... do . . . . . . . . . . .  .( Bug. ti 1 Polkunsegmentod.. ..................... .) A h &  1 thy ..-.I Aub;. B 

June  1-15.. 
16-30 ......................................... 

July 1-15 ......................................... 
10-31 ......................................... 

August 1-15 .............................................. 
16-31 ...................................................... 

Number of iucliriduds examined.. ........... 

......... I.. .......................... .. ............... About 
Aue. 10 

....................................................................................... 
5 ........ 1 ................ 0 

14 11 0 :I ........ 34 

1 2 34 
1 ................ 1 

20 86 38 H 3 165 

1 02 12 4 1 no 
13 18 

-------I- 

..... do ................ 

.... .do 
Close of yolk ~egniontat.iom.. ......... ....I 3 days .......... BUG. 12 .... Five pai& of ap )eliil:iges bullind rri:nidi- , P3 days ......... July 23 

I 
bles; no eye pfgment. 

TAIWC 7.- l'urialion i n  time of apnioning of lobsters in Vineyard Sound and v ic in i ty  in the yeare 1889-93. 

The data afforded by the preceding tables lead us  to  conclude that the summer 
eggs ere produced in this region during 8 period of about iiitic weeks, exteiidiiig from 
the middle of' JUUC to the middle or last of' Aiignst, the largest iiuinber bciug hid  
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1 
2-3 
4-8 

11-16 
17-21 
22-23 
24-25 
- 

during the latter half of July nnd the first two weeks oi August. The summer 
spawning of each year lasts about six weeks, but may fluctuate from year to year, 
backward or forward through an interval of a fortnight. 

The observations for the years 1890 and 1891 only, are large enough to make a 
comparison of much value. Of the 86 lobsters with new eggs examined in July and 
August, 1890, 85 per cent extruded eggs in July and 15 per cent in August, while in 
the following year, out of 38 females, one-half had laid in July and half in August. 
I n  1890, however, 72 per cent of the eggs were laid in the latter half of July a8nd 15 
per cent in tlie first half of August, while in 1891 47 per cent were extruded iii the 
tirst part of August and 31 per cent iu the latter half of July. The season of 1891 
thus appears to have been somewhat later than that of the formor year. 

The record of ocean temperatures given in table 2 (p. 25) shows that the water 
was cooler in 1591 than in the lweceding year, tlie difference of the mean annual 
temperatures being 1.60. This dieerenee is slightly raised by eliniinating the month 
of June, when the smallest number of lobsters carry eggs. It is possible that so sniall 
a variation as is here recorded in the mean allnuel temperature of the sea water mould 
sensibly afl'ect the reto of development, yet a larger number of observations mould be 
required before this could be satisfactorily shown. 

There are undoubtedly other causes t,han the temperature changes which influence 
the growth of tlie ovarian eggs, which it must be remembered require at least two 
years to reach maturity. Anything which affects the individual during this interval 
may affect also the time of spawniug, and this atiords a partial explanation of the fact 
that  eggs ar0 sometimes produced at other seasons of the year than the summer. 

1893. Days. 
Soutbport, Me ........ 7 Telson in front of optic lobos: Eympots oviil.. .... 01 ..... do .................. ... lyo-spots lenticuliir or rioerly neiniciwiilnr.. ....... 35 
..... do ................ do .... Eye-spot narrowor tlian iu h'os. 2-3 ................ 33 ... .............. .... Eye-spot, suinll orcsoout ............................ 
..... do  do .... _ _ _ . _ d o  .............................................. 29 ..... do ................ 1.. .do .... Eyoqot, l inonr. .  ................................... 27 .... .do ............. .-.I.. .do .... lMim3 fornietiou of eye pigiiieiit ................... 2-5 ..... do ................... do .... Egg iiiiiipliii~, letu ~ t a g a .  ........................... 18 ' _  

SUMNIER EGGS ON THE COAST O F  MAINE. 

Tables 8, 9, and 10 throw more light on the time of spawning upon the coast of 
Maine, where the water is somewhat cooler than at Woods Hole. The range of tem- 
perature in the Gulf of Maine is about the same RS that  obtained at Pollock Rip 
light-ship, o b  the southern end of Cape Cod, namely, 3 2 O  to G2O P. 

TABLE 8.-ltme of apaiotiing at Southport, Maino. 

[1Iany of the lobstem wort) oi~ptoreil in Nova Scotia nnd brought to Soutliport before laying their egp.1 

l)et,e of 
extrusion 
of eggs. 

July 8 
Bug. 3 
Bug. 6 
Aug. 8 
Aug. D 
Bug. 11 
Aug. 13 
Aug. "0 
--_ 
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T A I m G  9.-Time of 8pa?ii?ii?i!/ of tho lobstw at differsiit pointx on the coa8t of Mwiikc. 

I 1893. 
1-2 1 Vinal Haveil.. ........ Bug. 26 

3 I.. .. .(IO ................ A U ~ .  28 
4-7 . . . . . .do ................ dug. 31 

8 North Havoii ......... Bug. 28 
9 Vinal Have11 .......... Bug. 26 

10 ..... do ................ Bug. 31 
11 .... .do .................. .do 

12-13 .... .do ................... do ....... 
14-17 _ _ _ . _ d o  ................ Sept. 2 

19-20 ..... do ................ Bug. 6 
21 ..... do ................ Bug.  31 

23 Millbridge.. .......... Bug.  26 
24 Vinal Himen. ......... I Supt. 2 

25-26 ... ..do ............... .I Bug. 31 

18 ..... do ................ Bug. 26 

22 ..... do ................ sept.  1 

1 age 
stage of clevelopment. ot em- 1 bryo. 

b a y s .  
Eye-spot. small crescent.. .......................... 29 
Lite ~eginentntion of yolk.. ........................ 3 
...................................................... 33 
Eyo.apot, a small crosoeut ........................... 29 
..... do ............................................. 29 .... do .............................................. 29 

......... do .............................................. 28 
..do .............................................. 28 

..... do .............................................. 29 
Post-nau lius stage 21 
Eye-spot?inear .... .: 1 ::I: : 1:: 1: 1: i::;:: ::::I: 1:: 1:: 27 
Post-nauplius stage..  ............................... 21 ..... do .............................................. 21 
Egg nauplius.. ..................................... 15 
..... do .............................................. 16 
Segiuentatiou of the yolk.. ......................... 14 

Date of 
extrusioi 
Of eggs. 

July 28 
Bug. 25 
July 30 
July 31 
July 29 
Bug. 2 
Aug. 3 
dug. 2 
Bug. 4 
Aug. 6 
July 10 
Bug.  10 
Bug. 11 

D O .  
d u g .  18 
Bug. 29 

The results given in tables 8 and 9 are combined in table 10, which may be 
compared with table 7. In the first column, taken from table 8 (in which some of 
the lobsters were brought from Nova Scotia to Southport, Maine), all but three 
individuals extruded eggs during the first half of August. In the second column 
46 per ceut laid eggs during the same period. Combining the results of the obser- 
vations at Woods Hole for five years, 1880-1893 (table 7), we find that 82 per cent of 
eggbearing lobsters, in all cases observed, laid in the latter half of July, while about 
21 per cent spawned during the first half of July and an equal number in the first half 
of August. We find that 66 per cent of the iiidividuals recorded in table 10 laid eggs 
during the jirst half of August. These results tend to show that the summer spawning 
season in  the middle and eastern districts of Maine is about two weeks later than in 
Vineyard Sound. 

TABLE lO.--Tinbe of 8pawning of the lobster on ths coast of Mainej'or the stcmrner of 1893. 

Jnly 1-l5 ................... i 
July lC31 ................... 1 0 
August 1-15 ............... I 22 
AllgllHt 16-31 .............. 1 2 

Niuuber examined.. ........ . '  25 1 
~~ ~ ~ 

PALL AND WINTEE EGGS AT WOODS HOLE. 

The catch of egg-bearing lobsters in the harbor of Woods Hole for seven consecu- 
tive months is given in table 11. Out of a total of 168 captured, 21 per ceiit were 
taken in January, G per cent in February, and 20 per cent in April. Of the entire 
number, 25.5 per cent bore eggs which had been laid during the fall and winter months. 
This fact was determined in the following way. Some of the eggs of every lobster 
captured were preserved and carefully examined. Where 110 eye pigment was present 
it was at once evident that the eggs hac1 been laid at a comparatively recent date. In  
all other cases the pigmented areas of the eyes were drawn to scale and compared with 

'&'or the collection of eggs at various points on the coast alid hhl1dS Uorth of blassackubetts I 
am particularly indebted tu  Messrs. F. W. Collins of Rockland, M. 13. Spinney of Cliffstone, .J. W. Fisher 
of Eastport, aud also to Mr. Greenleaf of Viunl Haven, Mninr. 

.- __ 

c 
i 
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a series of similar drawiiigs of embryos developing wider iioriiial conditions from 
mminer eggs. 

The eye pigment furnishes the most convenient scale for tho mertsuremeut of the 
rate of development of the embryo as D whole, siuce it appears enrly, is clearly defined, 
and since the development of the eye is correlated with that of the other organs of the 
body. Where the ocular pigment forins a thin cresceut in eggs taken in January, 
the embryo will be found in a stage of development similar to that reached in the 
summer eggs four weeks after fertilization. In such a case, it is a safe inference that 
the ova have been laid in the fall. Again, when in May or early June the area of 
ocular pigment is not greater or is less than that observed in summer eggs by the first 
of September (cut 36, pl. J), we may be confideut that such eggs were extruded later 
than tho previous sumnw. 

TABLE ll.--Nicmber of eg!j-lobsters iakeii at Woods Hole. (See table 2.2.) 

1893. 
Deo. 20 

Doc. 23 

Tiino. I 

IO& 

Db 

1803. 
Doceiubor . . . . . . . . 

1894. 

Doc. 25 

1894. 
Jan. 1 
Jan. 2 
Jac. 3 

Jnn. 9 
Jan. 11 
Jan. 12 
Jan. 13 
Jan. 20 
Jan. 27 
Jan. 81 
Bob. 19 
Feb. 5 
Mar 10 
Mar: 13 

Doc. 21 28 

Jan. Jan. 4 

,January . . . . . . . . . . 
Fobruriry . . . . . . . . . 
hfaroli . . . . . . . . . . . . 

8 

114 
9& 

114 

10 
101 
10 
10 
9 

10 
i o  
y 
9 

:$ 

7 

April . . . . . . . . . . . . . 
May . . . . . . . . . . . . . . 
Juno.. . . . . . . . . . . . . 

22 

3ti 
11 
12 
33 
34 
20 

Folonloa 
with eggs 

lnid 111 
July nnd 
Auguet. 

17 

24 
9 
9 

20 
20 
13 

Bomn1o.q 
with o g g ~  
lnid out 01 'orcontago 

of' a to b .  

22: 7 

;P 
25 
21 
23.5 
35 

Table 18 shows the stage of developineut of the eggs of 44 lobsters taken uuder 
the conditioiis described (p. 25) and compared with the norinel condition of suinmer 
eggs shown in table 18, lobster No. 3 (1) to (20).  These comparisous are rendered 
clearer by a series of drawings (cuts 23-38) made from the eggs of this lobster. 

TAULK 12.-Stage of development of eggs laid it& f a l l  and wititer at Woods Hole. 

No I 
- 

1 

2 

3 
4 
5 

G 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
- 

Lougtl 

inchos 
Date. in 

No oyo pigmont. Liko stage 3 
(I) tablo 18. 

~ o r d o d  to~soii ovsrlnns brnin. 
Liko pr&odiiig. 

Like 3 (11) tiiblo 18. 
Liko 3 (I), 'tablo 18. 
Triflo M o r  tliaii 3 (9), tnblo 18. 

Liko 3 (9) tabla 18. 
Like 3 (lOj tnblu 18. 
Liko 3 (9), 'tablo 18. 
Like Y ( l l ) ,  tiiblu I R .  
Eyo pigment j u s t  visible. 
Llko 3 (ti), tnblo 18. 
Like 3 (lo), tablo 18. 
Like 3 (lo), tablo 18. 
Liko 3 (O), table 18. 
Like 3 (lo), tnlilo 18. 
Liko 3 (10) tnblo 18. 
Liko H (9), inblo 18. 
Likc 3 (11) tnblo 18. 
Liko 3 (9) 'tablo 18. 
Like 9 (11; table 18. 
Liko 3 (11); tablo 18. 

22 
23 
24 
25 
2ti 
27 
28 

I :; 
:13 
34 

j 35 
3ti 
37 
38 
39 
40 
41 
42 
43 
44 

- 

Date. 

1894. 
Mar. 15 
Apr. 16 
Apr. 17 
Apr. 17 
Apr. 18 
Apr. 10 
Apr. 20 
Bpr. 21 
May 1 
May 1 
May 3 
Mny 8 
May 9 
May 10 
Mdy 11 
hfn) 12 
Jiino 7 

Juuo D 
Juno 8 
Juno 11 
Juuo 12 
Juno 14 

Jltiic i 

Longtl 
iu 

inolios 

- _ _ _  

Stage of dovolopmont. 

Like 3 (ll), tablo 18. 
Littlo onrlior than 3 (lo), tab1018 
Like 3 (D), tnble 18. 
Littlo oarlior tliau 3 (IO), table 18 
Little oarlior thnn 3 (9), tablo 18 
Liko 3 (O), table 18. 
Like 3 (lo), tnblo 18. 
Little oarlior tlinir 3 (O), tablo 18 
Littleenrliw tlinn S (lo), tnblel8 
Liko 3 (IO),  Liblo 18. 
Littlo enrlior tlinn 3 (Q), tal110 18 
Like 3 (9) tiiblo 18. 
Like 3 (9)' table 18. 
Littlo I:& thnu 3 (O), table 18. 
Litt,lo lntor thau :I (9), table 18. 
Little earlior thnn 3 (e), table I8 
Like 3 (ll), tablo 18. 
Like 3 ( I l ) ,  tnblo 18. 
Liko 3 (l l) ,  tnblo 18. 
Littlo onrlior than (I]), table 18. 
Like 3 (ll), table 18. 
I i k o  Y (11). tablo 18. 
Liko 3 ( l l ) ,  tnblo 18. 
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&'ALL AND WINTEII. XGGS 1N O'J'HICR PLACIGS. 

Tho conclusion that t h e  procluetion of eggs in tlie fall and winter is of general 
occurrence throughout the entire range of the lobster is supported by the obserrations 
recorded in table 13. Here w e  cggs, none of them h i d  during the suinnier months, 
coming from a wide area from thcl middle and eastern parts of the Maine coast, from 
the outward islands, and froiri the province of New Brunswick. They are compared, 
as before, with tho rate of development of sunimcr eggs observed a t  Woods Hole 
[lobster No. 3 (1) t o  (20), table 181. I n  one instance, No. 20, the yolk is unsegmented, 
though taken in February; in others the egg nau1dius, which ill suinriier appears at 
about the fourteenth day, is barely outlined. 

27 

h'o. lhto. 

Cranberry Islo. ....... 
Cranberry 1810.. ...... 
North Haven.. ....... 
Is10 nu Hauto ........ 
Miitinioiis ldund ..... 
York Island.. ........ 
Cranbcrr 9 Isle. -:. ..... 
Hagwd slnnd _.____ 
POX?HlaUd. ........... 
Mntiniciis I8lriiid .... 
Brimstono Island ..... 

-. 

1 
2 

3 

4 

5 

G 
7 
8 
9 

10 

11 

12 
13 
14 

15 

16 

17 

18 
I9 
"0 

- 

Like 3 (9). 
Like 3 (10). 
Like :I (5). 
Like 3 (IO). 
Like 3 ( D ) .  
Like 3 (9). 
Like 3 (0). 
Liko :i (9). 
L/kO 3 (9). 
Liko 3 (9). 
Liko 3 01). 

1893. 
Nov. IO 
Nnv. 15 

Nov. 25 

Doc. 11 
1894. 

Jan. 11 

Jan. 13 
Jan. 1.5 
Jan. 17 
J n u .  18 
Jan. 18 

Jnn. 19 

Jan. 20 
Jan. 20 
Jan. 21 

Jnn. 22 

Jan. 24 

Jan. 27 

Tau. 29 
Jnii. 17 
Feb. 1 

- 

froni Idastport. 
En8tyI.t. .  ............ 
Isles oro ............ 
Green I~lnnrl . .  ....... 
Matiniciis Island.. ... 
E%rk 1d:inrl .......... 
Viiial Hrivon.. ........ 
High Island _ _ _ _  ._. ._. 

Locality. 

Liko 3 (11). 
Like :I (11). 
Liko 3 (11). 
Liko :i (9). 
Like 3 (9). 
Liko 3 (IO). 
Liko 3 (11). 

1810 nil Haute.. ...... 
York Island ......... 

~ i l i e 3  (IO). ' 
Liko3(4).Lnte 1 

MatiiiiouH I H h d  .... 

Beaver IIarbor, Uay 

Mount D e k r t  ....... 
Cranberry 1x10.. ..... 
Isle nu Hnuto. ....... 
Eastport ............. 
Musquash Ba 

enat of Ensi$!5tp1. 
Seeloy Basin, 24 In. 

from Enstport. 
Baker Island. ........ 
Otter Creck. ......... 

10 m i l o s  from St .  

18 ~ i i i l e s  froni  St. 

Brimstono 1x10.. ..... 

of Fiindy. 

EaHtDOlt.. ........... 

John. N. 13. 

John, N. 11. 
45 
4F 
47 

Isle nu >Tauto.. ...... s 0011 Island ........ 2 .  atinicus Islnnd ... 

Liko 3 (9). 

Liko 3 (9). 60 

-'/ 
nionted. 

I)ate. 

1894. 
Feb. I Fob. E 
Fob. I (  
Bob. R 
Fob. 14 
Eob. 17 
Web. 21 
Feb. 2? 
Mar. I 
Mar. 1 
Mar. ID 
Mar. 13 
Mar. 15 
Mar. 2U 
Mar. 22 
Mar. 27 
Mar. 28 
Mar. 30 
Apr. 1 
Apr. 5 
Apr. I O  
Apr. I5 
Apr. 24 
Apr. 20 

Apr. 30 
Apr. 30 
May 1 
Ju& 1 0  
Jnnc 8 
JUIIO 1:i 
June XI 

Mat.iiiicus Island ..... 1,iko :I (IO). 
1L:tgged I~ la i id .  ...... Liko 3 ( 8 ) .  
Islo au Haute.. ....... Liko 3 (10). 
Isle ai1 Haute. ........ Liko 3 10) .  
Long lHk311d .......... Like 3 iJj. 
MiitiIiioiis IHllllld.. .. Like 3 (IO). 
MountDosert.. ....... Likc 3 (8). 

Eastport.. ........... Liko 3 (TO;. 

Mr. N. F. Trefethen, of Portland, who deals extensively iu lobsters, and who has 
a lobster pound in South Bristol, 35 miles east of Portland, believes that some lobsters 
in that vicinity spawn in Jane. I n  support of this view ho cited the following case: 
In the latter part of May, 1893, he plticed 20,000 lobsters in his pound and took them 
all out at intervals in the Inonth of July, beginning the first of tlie month. All the 
lobsters had been examined before they were placed in the pound, and none of thein 
were known to be with spawn. A t  the most only a relatively few egg-lobsters could 
have been put into the pound by accident. When talcen out about one-third of the lob- 
ster# had spawn attached to the body. It is thus evident that some of these feniales 
must have laid their eggs in June or in the first part of ,July. No td ly  was kept of 
the proportion of egg-lobsters taken out during the first part, the middle, and the 
latter part of July, and it is possible that the great iiumber o€ egg-lobsters, wliich 
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citllsed surprise, may liave laid their eggs during tlic last half‘ of ,July, and that very 
few in redity extruded their eggs during the first, part of this month. It is not 
probable that any eggs were laid in June. 

In  the second week of August, 18‘33, a vessel came into I’ortland, Maine, bringing 
lobsters from Seguiu Island and Georgetown. Very few lobsters were at this time 
(August 13 to 20) with s p w n .  

I have been told by fishernren iLIld others that lobsters are sometimes taken oub 
of the wells of smacks iu  winter with.very dark, external eggs, wlieii it had been the 
rule to carefully exclude every egg-lobster iii loading the boat, the inference beiug 
that lobsters had laid while in the well. Allowing a wide loophole for error in such 
cases, i t  is very evideiit from the facts already recorded that this is quite likely to 
happen. 

Mr. Nielsen gives the spawning period for lobsters in Newfoundland as extending 
from the 20th of July to the 20th of August (Annual lteport of the Newfoundlmd 
Fisheries Commission, 1892), but also states, in reply to certaiii quedtions which J 
eudeavored to have answered, that lobsters were taken with newly laid eggs up to 
the latter part of Septeinber. 

The spawning mouths for the lobster in Prince Edward Island are said t o  be July 
and August. We have no data whatever upon the spawriing habits of the lobster on 
the coast of Labrador, or hi the extreme southern parts of its range. 

Considering the fact that the lobster is distributed through 20 degrees of latitude. 
tliore is less variation in the time of spawning than might be expected. 

THE LAYING O F  TIIE EGGS AND THE ABSORPTION O F  OVARIAN OVA. 

I have not seen the process of egg extrusion and consequently have no direct 
observ:ktions to record. It hns, however, been witnessed in other crustacea mliere it is 
undoubtedly similar. In two instances lobsters have laid eggs while kept in small 
aquaria in tlie laboratory of the United States Fish Commission. Since these animals 
were under constant surveillance during the day, i t  is almost certain that the eggs 
were deposited in the night or early morning, as is the well-known habit of many 
decapods. 111 each ease the mother lobster scratched off nea,rly all of lier eggs in the 
course of a few days.’ In other attempts to observe this process, where tlie eggs seemed 
to be overdue, I dissected the animals and fouiid that the ova were retained and partially 
absorbed. This led to other atteiiipts with similar results. 

Two ‘(ripe” female lobsters, ineasuriug 11.5 and 9 inches, respectively, were cap- 
tured July 30 in Woods Hole Harbor, and placed in a large floating car, which was 
kept covered so that tlie lobsters were iiot exposed to direct sunlight. Fifteen days 
later, August 14, their ovaries were examined. In  the smaller individual niore than 
half the ovarian eggs, which were overdue, mere in various stages of degener:ktion, 
thus giving the ovary a remerkable sppearaiice. Instead of the urniforin dark g r w i  
hue, it was of a light yellow or straw color flecked with darker green areas, where 

1 Ehrenbaum (61, p. 287), who mentioils a single cam o f  IL female lobster which was found lying on 
its baok shortly after the oggs had boen extrndcd from the body, Rays: “The inass of oggs lay in tho 
niold formed by tho folded abdomen without being fixed, sinco tho cement hnd not a8 yet hmrdencd. 
Whou the animal, in consequence of n di&urbriucc, soon mnde moveinents :%nil tried t o  get npon its 
feot, most of the eggs were left at the bottom of the :iqiiitriiixu, nncl only II sninll uuirtber wero already 
so frrmfy fixed that they clung to tho swiiuming fcet.” 

-I___ .______-_ - .  - __  __ 
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the eggs had uot yet broken down. The ovary of the larger lobster \vas similar to 
this, but the process of histolysis had not advanced quite so far. 

The eggs are sometimes absorbed under natural conditions, but why this happens 
is not understood. A very interesting illustration of this fact came to hand on July 
16, 1894, when, on account of its very dark color, my attention was directed to a 
hard-shell female lobster, about 11 inches long. The membranes of the joints of the 
limbs and under surface of the body were of a dull-green color, very unlike the 
appearance which these parts assume in a molting lobster. Examination showed 
that the ovarian eggs were almost completely absorbed and that the blood of the 
animal had a very distinct greenish tinge. The ovary was of a bright lemon-yellow 
tint, the color of the degenerated eggs, flecked lightly with green, where an egg had 
not lost its normal appearance. The ovarian lobe had shrunken to less than one-half 
its former size. The green pigment which was dissolved i n  the blood had undoubtedly 
come from the eggs, and had been taken up into the blood faster thaii i t  could be 
eliminated from it. I W B S  told by Professor Ryder that the ovarian eggs of the 
sturgeon are sometimes absorbed in a similar way, and the same phenomenon is 
probably met with throughout the animal series. 

In the lobster there are always a few ripe ovarian eggs which fail of extrusion at  
the proper time, which are invariably absorbed and give to the mature ovary a t  the 
next reproductive period a cliaracteristic appearance. (See p. 69 and plate 38, 
fig. 136.) 

One of the females which laid eggs had been kept by herself for several weeks. 
When discovered, 011 August 24, the ova were in au advanced stage of yolk segmen- 
tation. They were somewhat undersized and of a peculiar light-grayish color, The 
eggs were fertile, although the segmentation was generally abnormal. The lobster, 
which was placed in an aquarium on July 30, was found to have external eggs on the 
11th of' August, in a very early stage of development. They had probably been 
extruded during the previous night. These eggs were rapidly attacked by fungi aid 
tlieir development was retarded in consequence. Long fungoid filamen ts grew over 
the surface of tlie eggs, and diatoms attached themselves in great numbers to the 
egg-capsule. The eggs of lobsters taken under natural conditions are i h a y s  clean 
and, so far as I have observed, free from vegetable growths of every kind. 

The eggs are fertilized after ejection from the oviducts by the spermatozoa, a 
supply of which is always stored up  in the seminal receptacle of the female. There ie J ~ O  

internal copulation, and 110 possibility of an internal fertilization in either the ovaries 
or their ducts, as already explained (p. 39). The ova are probably immersed as soon as 
they are extruded, in R liquid cement substance, which is secreted in special glands 
situated in the swimmerets of the female. The LLtai177 is folded so as to form a closed 
pouch or chamber, as has been observed in the crayfish and other decalpods (see 
note 1 ,  p. 47), and the eggs received within it arc mixed with the liquid cement and 
sea water. Fixation to the hairs of the swimmerets i8 finally effected by means of the 
cement, which gradually hardens. How the sperm cells are conveyed from their 
receptacle to the eggs, whether through the medium of the sea water or the glue, or 
whether or not by a motion of their own, is not definitely known. (Page 34, note 1.) 

That tlie cement is incapable of fixing and holding the eggs until after exposure 
to sea water for some time (perhaps a few hours) was shown in the case of a lobster 
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taken from the well of a fishing smack, after extrusion had been partially accomplished, 
a t  Bockland, Maim, August 6, 1893. The lobster, I mas told, was t:Lkcn out and laid 
on the deck, when the soft: dark-green mass of eggs began to flow away from the body 
from their own weight. 

Cano (32) gives the following detailed account of the laying of the eggs in the 
crab Maia: 

The time that intervenes between copulation and tho deposlt of tho eggs may bo eight, ten, fifteen 
days, or even longer, and can not bo fixed, siuoe copulation happens bofore tho eggs mature in the 
ovary. The eggs, at tho time of ovulation, pass the opening of the recoptaculuin seminis, and are here 
invested with a coat of cement, which 1s secreted and hold in tho receptacle. The eggs then revolve 
on their axes in the vaginal canal, and arc expolled, one at a time, by means of the valvular apparatus. 
This is formed by a prolapsus of tho vaginal canal. 11 * Bcsides tlie proper muscles of this caiiiil 
there exist special muscles which, by loworing the membranous covering, provoke the expulsion of 
the eggs through the valvular orifice. The eggs thus ejected fall into the sbbdominal chamber. The 
female beats them about with repeated bloB-s of the tail, while the pleopods, keeping them in 
continued agitation, make them converge toward tho center of the abdominal pouch. The deposition 
of oggs is efyected in Maia in  tho course of twenty-four hoi~rs, but sometinios in  Lissa it takes a longer 
time. On the next day all the eggs adhero in groups, by means of one or two peduncles, to the liairs 
of the internal branches of the pleopods, whilo tho external branch agitates them continuously. 
This movcment, besides renewing tho surrounding water, probably assists in rupturing the egg shell, 
whon the embryos are ready (io hatch. Fixation could not be explained without the iutornction of 
the sea water. The cement at first becomes more viscous, then hardens and forms a vory thin pelliolo, 
which, with tho growth of tho embryo, becomes quite hard and resistant. It would scorn that  tlio sea 
water might explain the chemical change which the cement undergoes, a change analogous to that  
which is observed in the exoskeleton after the molt. Tho cement may be regarded as a substance 
very like chitin, both being of ectodermic origin. The cement serves not only for h a t i o n ,  but 
unquestionably as the vohicle of the seminal clements toward tlio eggs. 

I f  we examine the zone of cement which invests the eggs at the moment the latter traverse the 
short vaginal canal, thoro is seen a large quantity of sominal eorpusclcs, some of these still in  the 
spermatophoral envelope, others freu and swimming in the homogeneous mucus. These vory both in 
shape and dimonsions. All tho elements are immobile, but  oncc I noticed that  some of these cells, 
etlpocinlly thoso with radial prolongations, wore endowed with ammboid inovexuents. Whetlior these 
moveliients are the same as those which iinpol the sporiii into the egg 1 can not say from direct observa- 
tion. The question then remains open as t o  when and how the spermatozoa pass into tlie eggs, which arc 
unprovidod with a micropylc. If they are able to  penotrato through tlie poral cands of tho chorion, 
and if this penotration can happen during the very brief passage of the ogg through tlio vaginal 
cmal  or a t  the moment of doposition of tho oggs, as in tho hIacrura, thcn the sea wntor lriutlt exert 
unknown pliysico-chemioal actions on the cement, which niakes the  egg itself adhero later to tho hairs 
of the pleopods. 

The typical phenomona of fecuudation-Lho expulsiou of the polar bodies and formation of 
pronuclei-I have not been able to obsorve directly. 

When the oggs have reached the roooptaculum seminis the nuclous has become invisible. Tho 
first sepontu t ion  nuclei arc found in  tho central part of the eggs and move toward the puriphory. 
Segmentation begins almost as soon as the eggs are fixed. 

Carlo (33) observed cases in Caucinus and Portunus where the eggs mere laid a t  
different periods, one-third of the eggs being in the morula stage and tho rest rea'dy 
to hatch. Again, it  was rarely found that the eggs were laid just before the molt, In 
which case they were cast off and destroyed. This anomalous condition was first 
noticed by Lo Bianco in Palinurus (18). 

(Compare note 1, p. 47.) 

F. C .  B. 1805-4 
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1 stago of dovolopniont of oggn ..................... Late sogmon. Post-nau iliue; 
tntion. about t ire0 

wookn old. 

NUMBER OF EGGS LAID AND T H E  L A W  O F  PRODUCTION. 

The production of ova among animals is directly correlated with the condition of 
the young a t  the timc of hatching. Where eggs are very small and present in largo 
numbers, as in some of the crabs, we may look for a long larval period; when the ova 
attain a mucli greater size and are at the. same time very ikbundant, as in the lobster, 
we find the larval period abbreviated; in other cases, as in some shrimps, where eggs  
are relatively very large and few, the young hatch with the external characteristics of 
the adult. 

The production of a large number of eggs always means great destruction under 
natural conditions. In  such cases, however, the opportunity is afforded of increasing 
the supply of‘ adults, provided we are able to tide the larvz over their earlier stages 
of development. The number of eggs produced by the lobster is thus a subject which 
deserves careful attention in view of its economic bearings alone. 

The numbers here recorded are based upon the records kept a t  the United States 
Fish Commission station. The eggs of each individual were carefully removed from 
the “tail77 of the female lobster and measured in a graduate (having sloping sides), 
and the whole number of ova was estimated on the basis of the number contained in a 
fluid ounce. Mr. Edwards found the number of new eggs in one fluid ounce to be about 
6,440 (in one ounce 6,461, in another 6,419), and the number of old or well-developed 
eggs in an ounce to be 6,090. This is a relatively rough inethod of determination, and 
the results are of course only approximately accurate. 

I estimated by weight the number of fresh eggs carried by a lobster 13 iriclies long 
to be 17,623; total weight of eggs, 54.0 grains; nuiriber of living eggs to the gram, 321. 
These eggs were in ;bn early stage of development. 

The number of eggs borne by a large and a small lobster, carefully determined 
both by the wet aud dry methods by my assistant, Mr. F. 0. Waite, is given in tlic 
following table: 

Observations. 

. _  
........................ Longth of lobster in inches 1 8:;’ I 1,009 O b  

Number of eggs to tlio &ram ( a ) .  .................. 
Woiglit of 1.000 ogga in grams ( b )  ................ 1.2255 0.0803 
lotnl  woidit  of om0 in era~iis .................... 68.8092 10.4029 I .  

................. YII ................ 6,248 6,992 I 10. 507 

Number of eggs dotorminod b? the 
I I ~- ~. _ _ _ . _ _ _ _ _ ~ -  

Mr. Waite estimated tho number of eggs in a fluid ounce (on the basis of 2,110 
to 10 c.c., t h e  numbcr obtained by count) to be 6,992. These eggs had been in strong 
alcohol for upwards of three years. They were about three weeks old when preserved, 
and in alcohol had an average diameter of 1.626 mm. (1.56, 1.69 mm.) 

In the met lnethod (e) employed, the riiimber of eggs mas estimated upon the 
actual number, obtained by counting, in 10 c. c. In  the dry method the number was 
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13 iiiclics.. ... 0,090 
13& iiichca.. ... 24,360 
134 iIlCI1GL). .... 6, 090 
l3$inchoa ..... 42, 030 

l4& inchcs.. ... 21,315 
15 iuohos ..... 12,180 

151 inches.. ... 24,300 
162 iiiohcs.. ... 48.720 

14 inolios.. - -. 6,090 

1st innhcs.. ............. 

10 inolios.. -. . 24,360 

determined either (a) 011 the basis of the number of eggs to the gram, or ( b )  by the weight 
of 1,000 eggs. The iiumbers obtained by the last two methods agree very closely, and 
it is plain that the dry inetliod is the most reliable. The wet method gives a nuiiiber 
which is from 3 to 4 per cent greater than that obtained by the dry method. There 
is probably a constant error of this sniouiit in the wet method,' aiid this slight error is 
due to the presence of the stdlr of the secondary egg membrane, which has a tendency 
to keep the met eggs apart, but which slirivels a n d  cracks off when dry. It increases 
the buoyancy of the fresh eggs and is the cause of the bunching coniinonly observed. 
The excess due to the bunching of the eggs is about 0.3 per cent. This source of error 
was eliminated in No. 69 of the table, where the eggs were separated with needles 
before measuring. 

THE LAW OF PRODUCTION. 

28, 010 
33,495 
32,858 
42, 630 
30,960 
42, 908 
40, 524 
54.810 
83,795 
50.760 
57, 140 

In table 15 I have reduced the results of a very large number of observations 
made upon lobsters varying from S to 19 inches in  length. TIi(1 total auzuber ex:imined 
is 4,645. Of these, 1,678 were taken on the ledges 35 iniles southwest of No Mau's Laud 
1sl;tnci from April 20 to June 16,1804. The romaiiiing 3,967 were captured in Viueyard 
Sound and in the vicinity of the Elizabeth Islands froiii April to June, 1S89-94. A 
smaller iiumber were taken in February during the saiiie years. The eggs weut to 
supply the hatchery of the United States Fish Commission. 

lo& iiiclies.. 
16b iiiclins.. ... 
17 inchoe.. __. 
171 inches.. ... 
18 inohus.. ... 
19 inohus ...... 

TABLE IB.-Productiols of egga. 

...................... 06,900 
96,540 85.21i0 06, 053 

60,900 , 91.350 ' 77. GI0 i 7 

12 1 X l i  85,200 D3, 330 
00; 900 ' 79.080 ' 64, 960 

5i .  810 ~ 91,350 ' 77,047 : 4 

___ 

E& iiicliea.. .. 6,090 
8b i I l G l l e H . .  .. 4,045 
83 i~ ic l ios . .  .. 6,090 
9 inolios.. .. .I. 065 
9& inohon.. . .I 0. 090 
9$iii&cs .... 3,045 
9 ~ i i i o l i o s  ....I 3,045 

10 iiiolins.. . .I 3,045 
l0&iiiclic8 .... 6,090 
101 iiiolius.. . .i 8,045 
loa  iiiclios.. ... 6,090 

114 iiidics .... I 3,045 
Ilpiiiches .... j 12,180 

124 iiiohc8.. ... 18,270 

11 i i ic l ics  ....i 3,046 
l l & i n d i e n . . - . ~  6,090 

12 inchns ....i 3.045 

12hinclias .... 1 9,195 
123 inclios.. ..I 18,270 

I 

Lnrgost 
iiiini bur 
of tggs. 

9,135 
7. 012 

12,180 
9,135 

18,270 
12,180 
20, 792 
15, 225 
24, 300 
22,838 
30,540 
24,300 
48,720 
25,882 
$2) 630 
24,900 
54,810 
27,405 
42,030 
42, 630 

__.. 

lvorngo 
lllrlnbor 
Uf eggd. 
.___ 

4,822 
0,851 
0,035 
7,105 
7,902 
9, 0x3 
9,297 
9. 047 

10,555 
11. 622 
12, 905 
14,007 
15,410 
17,102 
18, 668 
17,099 
21,351 
23,3!JG 
24,812 
26,390 

.__ 

0 '  
2 
9 
3 

143 
35 

24 I 
55 

514 
61 

532 
45 

568 
43 

307 
11 

414 
8 

150 
12 

u f  eggs. 

48,720 
48, 720 

42.030 
85,260 
60, 900 
97,440 

97,440 
51, 810 
97.440 

54,810 

......... 

of oggs. 

Yiimbor of 
lobntors 

sxirmiued. 

321 
5 

146 
2 

420 
90 

280 
I 

45 
3 

103 
1 

I 3  
30 
,I 

The average iiuuiber of eggs of 8 lobster of ;t given leugtli has little value unless 
obtained from a large number of iiitlividuals. While tho smd1 number of eggs 
occasionally recorded for lobsters over 12 iuclies long may be tlie result of loss, i i i  

lobsters under this size i t  is probably more often due to belated sexual maturity. 

numbers given in  table 15 do not therufore require oorroction on this ecoount,. 

. 

The 
-~ . __ _ ._ - - 

I This excess will probably about offsot the  slight loss of oggs which must always occur. 
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111 casting the eye down the columu of averages in table 15, we are immediately 
struck by the fact that a 10-inch lobster bears aboiit twice as many eggs as one 8 
inches long, and that a 12-inch lobster has double the number borne by one whjch 
measures 10 inches. 

It is therefore suggested that in the early years of sexual vigor there is a general 
I;.%m of fecuudity or production which may be formulated in this way: The numbers of 
eggs produced by jkmale lobsters at each reproductive period vary in a geometrical series, 
while the lengths of the lobsters producing these eggs vary in an a~rithnetical series. It is 
safe to assume that the avearge number of eggs laid by a lobster S inches long is not 
above 5,000. If such a law prevails we would have t h e  following: 

Series of lengths in i n c l w . . I  

8 I 10 1 12 1 14 1 16 

Series of eggs _.._.. . . . . .. . . 5,000 10, 000 20,000 40,000 80,000 160,000 
18 1 __ ~ . _ _  

An examination of table 15 shows how closely the first four terms of this series 
are represented in nature, and that when the 14 to 16 inch limit is reached, there is a 
decline in sexual vigor. Yet the largest number of eggs recorded for lobsters of' 

1 division on ordinate corresponds to 2 inchoa in length of lobster. 1 srualler division on abscissa represonts 1,000 cggs. 
aa, curve deduced from law of production as tlieoreticdly stated. 
bb, curve of fecundity deduced from observations recorded in tablo 15, for lobstrrs 8, 10,12,14, and 16 inches long. 

this size shows that there is a tendency to maiutain this high standard of 1)roduction 
even a t  a,u a,dvar~ced stage of sexual life. 

_ _  -_ 
' I t  is :I conspiciioiis fact that in the  fifth coliuiin of t:tblo 16 tho lugest  numbers refer to 

This is of coiirse tlie result indivitluals whose leiigth is expressod in eve11 iuchcs or half inclies. 
of inaccuracy 111 t:rking rrieasrireiiients : tlio qiiart(w8 h:tw bccii somcwliat neglected. 
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A graphic represeutation of the fecundity of the lobster tells more forcibly- than 
words or figures can liow closely i t  is in conformity with the law just enunciated. If 
a curve is constructed in accordance with the latter, we obtain, as iu. cut 1, the curve 
uu, which is the wing of a) 1)arabola. Neglecting for the present all data in table 15 
but those corresponding to the arithmeticel series of lengths, 8,10,12,14,16 inches, we 
obtain the curve of fecundity represented by the dotted line bb, cut 1. This curve is 
parabolic and follows the curve aa with remarkable uniformity up to the region of tlie 
fourth term, where tlie ratio of production is distinctly lessened. This becomes still 
more marked in the fifth and sixth terms. 

In cut 2 the details of the curve bb are given, including all the data of the table. 
We see in tho line bbl the same remarkable conformity to the parabolic curve required 
by the law. Beyoiicl the fourth term (length 14 inches) the irregularities in the curve 
become greatest, owing to the small number of individuals represented. 

I believe the law above formulated expresses the propagative powers of the lobster 
during the height of its sexual activity, although it  must iiot be supposed that the 
latter conforms uniformly to any arithmetical staudard. 

4 smaller divisions on ordinate corr8spond to 1 inch in length of lobster. 

a d ,  ciirvo dadiiceil from law of production atl tliooretically stated. 
bbl, curvc of fecundity doduoud from all tho dutu contninod in tablo 16, or from numlior of eggs prodncod by 4,045 

1 trmallcr division on abscissa. reproserlb 
1,000 eggs. 

lolistars. 

After the lobster has reached a certain age, determined by its early or late sexual 
maturity, its reproductive energy tends to decline, as is the case with the higher 
aniinals, and the ratio of increase, nmint.ained at an earlier period, begins to fall. 
Whether the highest poiut of production is over reached a t  14 or 16 inches i t  is 
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dificult to say, and whether the sexual decline is gradual or not i t  is impossible to 
decide from the data a t  hand. In this connection, Boivcver, it  is interesting to recall 
the fact that the male lobster attains greater size than the female. The large lobsters, 
weighing upward of 20 pounds and measuring upward of 20 inches in length, are 
invariably males, so far as my observation extends. 

The largest egg-bearing lobsters of which I have any record were taken 16 miles 
southwest of No Man’s Land, Jrzne 9,1894, and examined by Vinal N. Edwards. One 
19 inches long, carried 91,350 eggs, which weighed 15 ounces; another, 16 inches in 
length, bore 97,440 eggs, which measured 16 fluid ounces and weighed nearly a 
pound. Mr. Edwards said that the mass of eggs was in these cases so great that the 
animals were unable to completely fold their “tails.” A lobster with 
external eggs was taken at Green Island, Maine, in November, 1892, which, accor(1iiig 
to Mr. F. W. Collins, weighed 184 pounds. 

(See p. 34.) 

fndividuak 

1000 5000 
CUT 8.-Curve ahozving the relative fecunditv of 658 lobsters, each 10 inches long. 

Number of iudividuals laid off on ordinate. 
Number of eggs laid off on abaeiase. 

The No Man’s Land lobsters seemed to carry rather more eggs than those of the 
same length captured elsewhere. Thus 234 lobsters, 13 inches long, from No M a i h  
Ltwd produced on the average 29,526 eggs (extremes 6,090-48,720), while for 79 
lobsters ca,ught elsewhere the average production was 26,518 (extremes as above). 
The small number examined in the last instance shows, however, that  the comparisou 
lins little or no value. 

The variation in the number of eggs borne by lobsters of the same length is often 
very great, and is as marked in large as in small individud8. Thus in 152 cases tlie 
average productioii of 10&incli lobsters was about 11,000 eggs (tlie average in  632 
cases, table 15, is nearly 13,000); 32 per cent of this nuiiiber bore froni 12,000 t o  13,000 
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eggs; 15 per cent carried from 15,000 to 16,000; 6 per cent had 18,000 to 19,000; one 
individual carried upward of 21,000, while 4.0 per cent bore oiily 3,000 to 4,000. This 
is further illustrated by cut 3, which shows the variation in fecundity of 352 lobsters 
each 10 inches long. In this case 20 per cent laid 9,000 eggs, 30 per cent 12,000,not quite 
1 per cent 18,000. The curve drops nud keeps well tlowii after the 12,000 limit is 
reached, which possibly implies a loss of eggs in those lobsters having more than the 
average number. 

8 inches.. . . . 
inches.. . . . 

8iincbes ..... 
84inchoa .... 
9 iuclies ..... 
9aiiiclies ..... 
9a i n c h s . .  . . . 
93 inches.. . . . 

LO inohes.. . . . 
103 incliee.. ~ ~. 
I O $  iuchos.. . . . 
10% inches.. . . . 
11 inclies.. . . . 
l l & i n c h ~ s  ..... 
114 inches.. - -. 
11% inches.. . . . 
12 inclios.. . . . 
l2finchos ..... 
12t iuehes.. -. . 
L2g inchee . . . . . 

TABLE 16.-Produotion of eggs by eolume. 

t 
1 
t 
1 

-4 1 
I 

t 
1 
b 
1 
b 2 
t 3 
lt 
3 

13 inches ..... 
13f inohes.. . . . 
13binuhes ..... 
13i illcl10s . . -. . 
14 inclios.. . . . 
1q inellea.. -. . 
15 inchos.. . . . 
154 inchon.. . . . 
15b inches.. - -. 
15% inches.. . ~. 
10 inches . . . . . 
14 inchos.. . . . 
lob inohea . . . . . 
17 inches.. . . . 
176 inoliea.. . . . 
18 illchee ..... 
19 inches.. ~ -. 

Smallc?st 
number 

1 
4 
1 
7 
1 

;t . -. . . ._ - - 
4 
8 
4 

. . . . ._.._ 
0 
2 
10 
10 
9 

1-1- I 

01 
632 
46 
508 
43 
307 
11 
414 

.78 
1.12 
1.14 
1.17 
1.30 
1.50 
1.53 
1.03 
1.73 
1.91 
2.12 
a. 31 
2.53 
2.79 
3.00 
2.95 
3.61 
3.84 
4.07 
4.34 

I 
I 

9 il 
:g 55 I 
51.1 I 

Largest 
niuuber 
of’ fluid 
o11nees. _- 

8 
8 
9 
7 
14 
10 
16 

10 
9 

. . . . . . - -. 
10 .__...--- 
14 
14 
12 
15 
15 

..... 

Average 
number 
of fluid 
OUIICBS. 
. _- 

4.70 
5.50 
5.39 
7.00 
0.07 
7. 05 

9.00 
8.83 
8.41 
9.38 
11.00 
10.85 
10.40 
10. 07 
12.71 
12.76 

7. 04 

..-. ..._.. 

Number 
of lobstere 
examined. 

321 
5 

140 
2 

420 
90 

280 
1 
46 
3 

103 
1 
18 
30 
8 
I 
4 

4,046 

The data collected in table 16 will show in still another way the variation in the 
quantity of eggs produced by lobsters of different sizes. The average weight of a, 
108-inch female lobster with eggs is 13 pounds (table 31), tlie eggs Geighing about 
2 ouuces. A 15-inch lobster which weighs upward of 4 pounds (table 31), sometimes 
carries a burden of a pouud of eggs. As already remarked, a fluid ounce of fresh 
eggs weighs about 1 ounce avoirdupois. 

PERIOD O F  INCUBATION AT WOODS HOLE AND RATE O F  DEVELOPMENT. 

The freshly laid eggs are somewliat irregular in shape, but soon pliimp out and 
become nearly spherical. Some, however, have the form of eloilgated spheroids (plate 
17, fig. 24). They measure approximately -& iuch in dia’meter, or 1.5 to 1.7 mm. In 
color they are dark olive-green,’ sometimes almost black, hence the use of the term 
“black egglobster,” commoii among fishermen, to distinguish the “new egg-lobster” 
from the ‘iold” or the “light egg-lobster,” in which the dark-green food yolk has 
been more or less absorbed by the growiiig embryo. In Eiiglaiid tho female lobster 
with external eggs is spoken of as being (‘in berry,” or is sometimes called a berried 
11011.” 

The rate of development of the summer eggs at Woods Hole is illustrated by 
tables 17 and 18, and by cuts 2338 (plates G to J). 
.____ _ _ _ _  - - . - - --__--__-- - 

1 For variation in tho color of‘ the egg, 6 m  p. 137, and plate 17, figs. 23 and 24. 
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TABLE 1'7.-The Tale of derelopmsnt of the embryo at JJTood8 Hole. 

Hour. 

-- 

'emper: 
ture of 
water. 
__ 

017.  
72 
72 
72 
52 
72 
72 

72 

I 2  

12 

68 

08 

09 
09 
88 
88 

Age 
of egg. Stage of developmen Remarks. D,iy. 

1890. 
July 30 .. . d o . .  . 
..ti0 . -. 
July 31 
. .do ... 
. .do.  -. 

1.45 p. m. 
0.00 p, 111. 

10.00 :L. m. 
1o.unp. 111. 

Polkunsrpncntrd.. 
... .do .............. 
... .do .............. 
Sepmenlatiou of $011. 
... 110  .............. 
... .do .............. 

2 e0 4 calls present. 

l b w  O G ~ H  ouly, with yolk unsognientod. 
Very low cgga atill with yolk iinsegmontoil. 
Several atngcs of yolk sejpioiitntion, soino 

2.00 11. in. 
8.00 p. m. 

eggs with-about 30 sogmEnts; others with 
verv small and numerous cells: in a few 
eggs yolk still nnacbmented. 

Ma,lority of eggs with nt least180aepents; 
Homo with irregular Hogmentation; sorue 
with yolk nou-sopentad. 

Majority of eg B with perilhered layer of 
very stud1 ce&; rarely an egg with nnseg- 
mented yolk. 

Mqjority of eggs in this stage. 

Late stage about cquivalent to 1 (7) above; 
cells not h u i t e  so eriicia]. 

Protoplasm gencra5y a t  burface, and cell* 
moat numerous on one side of egg. 

Bug. 1 

dug.  2 

9.30 a. 111. ... .do ............... 

12.00 m. .. ..do ............... 

Ang. 3 
1889. 

July 11 

11.00 a. in. 

5 . 3 0 ~ .  m. 

9.30 n. rn. 

l.OOp.m. 
5.451'. m. 
9.50 a. in. 

1 2 . 2 0 ~ .  m. 

Tnvaginat,ion ........ 

Segmeutation of yolk 

.... do ............... 
Invugiuation ........ 
... .do ............... ... .do ............... .... do ............... 

July 12 

July 13 
Xulb 14 

July 19 
J11l.i 18 

Pit at surface. 
Depression on surface very marked. 
Nauplius embryonot yot outlined. 

TABLE 18.-Rate of developnient of tho cmbryo at Food8 Hole. 

NO. Dny. Hour. 
!eiupcra 
turo of 
water. 

Age of cgg. Stage of devcloy 
meiit. 

1890. 
July 9 
July 11 
July 15 

July 17 
J d y  22 

. . ( IO ... 

J d y  27 
July 29 

Bug. 3 

Bug. 12 

Sopt. 1 
Oct. 1 
Nov. 1 
Dcc. 1 

1891. 
Jan. I 
Peb. 1 
Mar. 1 
Apr. 1 
May 1 
Jlllle 1 

O F .  
71 
tin 
63 

70 
70 

89 

70 
71 

72 

72 

......... 

......... 

3.45 p. m. 
12.45 p. 111. 
,1030 a. Ill.  

12 111. 
1 2  Ill. 

Iiivngination .... 
.. ..(lo ........... 
.... (IO ........... 

l'.g:fi-nni~pliiia.. . 

Post-nanpliiis ... 

Pit  nt surface very conspicuous. So0 cut 25. 
In some eggs second antenns not budded. 
Second antednit! bifid; thoracic abdominal 

fold formed. See cut 31. 

a 
10 
14 

16 
21 

24 

20 
28 

33 

42 

01 
91 
(22 
162 

I 83 
311 
242 
373 
I03 
134 

. .  
dcaks lobular. Ciit 34. " 

10.30 a. in. Optic lobes very large; telson ovarlaps 
brain; 8 or 7 pairs of postmandibular 
nppondagas; antenna, and telson tipped 

.................. 
.. 

with rudiinontary setre. 

c u t  35. 

ovorlaps bases of optic 10b.c~. 

optic lobos. 

Telson reaokerr base of optic lobes. 
Eye pigment preseut for about 24 hours. 

Bye.spota creecentic or semicircular; telaon 

Eye-spot8 oval; telson conaiderably behind 

See clrawing, cut 30. 

See drawing, out 37. 

........... 
5 p. 111. 

10.30 a. in. 

12.30 p. in. 

.................. .................. 

.................. 

.................. 
........... 
.......... 

.................. 

.................. .................. .................. ........... 
........... 
........... 
........... 
........... 

........ 

......... .................. .................. 
.................. 
.................. .................. .................. 
____I 

See drawing, cut 38. ......... ......... 
......... 
......... Lnrvm l~atoliing out. 

The lobster (No. 3, table 18) which laid egg8 about July 2,1890, was kept under 
observation at the Fish Commission station at Woods Hole for 8 period of 11 months 
or 334 days, until June, 189L, when, as we see, the eggs had begun to hatch. Under 
natural conditions the period of iticubation of the summer eggs at Woods Hole is 
nearer 10 months-(froiu ,July 16th-August 15 to May l6-Junc 16). 
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The very fresh eggs can be usually detected by examination with a hand lens. 

The transpasent egg capsule closely invests the yolk, which then presents a uniform, 
finely granular texture. The external segmentation of the yolk follows in .twenty to 
twenty-five hours after oviposition, and the large yolk-segments can be easily distill- 
guished by tlie naked eye. A t  the close of this process, or after the invagination lias 
begun, the living egg, when examined with 2 low power, resembles the fresh egg, 
exceptiog that the yolk lias now a coarser and more irregular texture. The embryo is 
distiiictly iriarlied off in the egg-nauplius stage in about ten days, and when from 
twenty-six to  twenty-eight days old the eye pigment can be seen at the surface. 

T H E  HATCHING O F  T H E  EGGS. 

THE HATCHING O F  LOBSTERS AT WOODS HOLE. 

We have seen that the period of incubation or fosterage lasts from ten to elevei; 
moiitlis iu the case of the summer eggs. As yet nothing is known about tlte hatching 
of the fall and winter eggs. The bulk of the eggs which are taken for the Woods Hole 
hatchery complete their development in the McDonald jars iu June, as shown in the 
following table : 
TAI~LE 19.-Tinw of C O l l e C t i O n  and hatohing of t110 eggs of the lobster at the u3tiled States Fish ~omniiss ioa 

atation, ir700d8 Hole, ~ a s a u o ~ k t ~ s c t t s ;  coiiipik?d fi'onk vecovde Of ihs statio?&. 

1890. Apr. 16 to June 13; maority taken May 17. ..................... Juuo 23 June. 

1891. Apr. 28 to  June 29 ................. May 2: (ogga talion Apr. 28). Juuo 15 June. 
1891-1802. DBO. 1, 1891, to Apr. 28,1802.. . May30 (ogp tn1cosApr. 26) . JUIW 29 Juno. 
1899. Apr. 10 to  June 26. ................ Juno 16 ..................... July 15 . Juno 15 to  30. 

in May. 

These results agree with what takes place in nature when the lobster is permitted 
to keep her eggs for the full time. The eggs from several lobsters are usuallyplaced in 
a single jar, and the jars are replenished while the hatching goes on.' The dates in 
the second and third columris of table 19 therefore indicate the general range of the 
hatching period, iiot that of the hatching of a single brood. 

Lobsters with light eggs, or eggs of the previous summer, were last caught in 
Vineyard Sound and vicinity iu the summers of 1890 to 1893, at the following dates: 
1890, July 9, One female lobster talcen in Woods Hole Ihrbor with eggs hatching; several hundred 

eggs not yet hntched. 
1891, July 16. Six fernale lobstcrs, with niue-tenths of the eggs hatched, talcen at Menemsha. On 

July 11 a lobster was talcen at that place with eggs in process of Iiatching, and or1 June 
30 two lobsters with old eggs vere caught in Woods Hole Harbor. In  one of these tl1e 
eggs hnd beguu to  hatch; in tho eggs of the other there was still cousi~er~bleunabsor~ed 
yolk. 

1892, Jiiiie 28. Four lobsters with old eggs mere taken. 
1X!)3, Jiiue 30. No lobsters with old eggs t e r o  tnkeii at Menemsha after June 30. At this tirne they 

hnd in the past fuw days obtoiiiod 16 lobsters with old uggs, and in half of theso the egg6 
had itiesutinio hatched. 

1894, .July 14. A lobstor was broiight from ilfenumsha. having beoil Caught s0111c time bofore, with eggs 
about four-fifths b:itclictl out. 

I_-___ __._ - __  ___ - __ _-_-- .- - - - 
1 The teiiiperature of the wator i n  the hatcliiiig ,jars iii siiiiiinw in  bout 0110  tlogrou l~iglier th:L11 

that of tl1e wiltel. outalde. 
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The last lobsters with light eggs were talreii by the Gay Head lobsterinen in 1890, 
July 7. This was also the date of the capture, at t h a t  point, of the first lobster with 
new eggs. 

The time occupied by the hatching of a single brood was upward of a week, in.  
the following case: On June 30, 1891, a lobster with old eggs, taken hi Woods Hole 
Harbor,was stripped, and the spnwii w&s placed in a “l\lcDonald” jar. On July3 oue 
larva Iiad appeared; by July 5 :L tlozeii 1arv:e had been hatched; on the 13th of the 
month liatcliing was still progressiiig slowly, and some of the young had molted slid 
were in the second stage. 

hi another lobster taken a t  Meiiemsha, July 11, 1891, with young just hatching 
out, the eggs, treated in the same \viIy, were nearly all hatched iii one week’s time. 
On July 12 a large number of the first larva were swimming about the jar, and on 
July 18 the eggs were mostly hatched and many of the young were in the second 
larval stage. 

In July and August, 1892, Mr. A. P. Greenleaf placed 300 egg-lobsters from Nova 
Scotia with newly laid eggs in one of the lobster pounds at Southport, Maine. In  
April, 1893, he seined, and found the females still bearing eggs. He seined the pond 
agaiii in June, when it  was evident that the larger part of the eggs had hatched. 

Mr. Thomas Garrett, who began to fish for lobsters in the Vinal Haven Islands 
over forty years ago, caught in July a large, old egglobster, which weighed about 
li pounds, iu tlie ‘:Basin,’ near the present lobster park. He returned it to the water, 
caught i t  a second time, liberated i t  again, aud about the 1st of August caught it for 
the third time, when the eggs had all hatched out 

THE DISPERSAL O F  THE YOUNG. 

With the hatching of the young the period of fosterage comes t o  an end.’ By the 
fanning movements of her swirniiierets the young are driven away from the body of 
the mother as soon as the egg-meinbranes have burst and are immediately dispersed; 
thenceforth they lead :L @ec and independent existence. 

The hatching of the eggs of tlie lobster has been often witnessed by smackmen 
and keepers of lobster pounds. In May, June, and July ‘btlie surface of the water in 
the wells of the smacks often becomes perfectly alive with tlie young, a id  they may be 

‘Nothing very definite seems to  bo known about the ovu1:ition and hatching of the young in  
the European lobster, Astacris gunbmarus. Rathke’s observations in  1840 did not settle the  question 
(see p. le?‘), and Sards paper ( 1 7 4 ,  piiblished over thirty years Mer ,  le€t it still in  doubt. Sara 
say8 that  “ tho reproduction of tho lobster does not appear, a13 is generally hold, to  bo confined to  any 
definite period of the year, yet the young are mostly hatched i n  summer. It is not unusual, however, 
t o  find the  lobster with exterual eggs a t  other times of tho year.” Mayor (1%’) remarks that  there is no 
definite breeding season, b i i t  that  Homerus ( d s t a c i ~ s  !/ammarus) and Palinurns extrude their oggs mostly 
in November and December. Tliese couflicting statements show that  tho Europcnn lobster carries Iicr 
external eggs for a long period, and I linve no doubt tha t  when this subject i8 carefully iuvestigntd 
i t  mill be found that the breeding habits of Astacus gummarus are very similar to  those of tlie Amoric:iii 
species. 

When this work was in  press and after tho preceding note was written I received Dr. Ehren- 
baum’s paper, t o  which I have already referred (GI). He says that  the eggs are laid and the  youug 
are hatched from about the middle of July to  tho middle of September. I n  one of two case8 observed 
the eggs were laid August 1, 1893, :md the first larva hatched July 20, 1894; in the other, the  eggs 
were extriided August 28, 1893, and the 1nrv:o hatclicd July 21, 1894. Tho period of incubation is thus  
about 11 montlis, as j i i  tlio Amrricari form, and the tiuies of tho h y i n g  :~ud liatcliing of tlie eggs in the 
two npecies very neurly agree. 
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scooped up by the liuntlreds of thousands,” and, as Rathbun says (158, p. 32),  ((a sort of 
transplanting of young lobsters lias been going on along the New England coast, aiid 
especially the southern portion of it, ever since the well-smack lobster trade began.” 

‘As the vessels sail along, the newly hatched lobsters ‘( work out tlirough the holes in 
tlie bottom of the well, and am thus constantly adding to the supply of the regions 
tliroixgh which the siiiacks pass.” 

Peter Kalm relates in his Travels, under date of October, 1748, the followiug 
interesting anecdote of tho transplanting of lobsters around New York by the New 
Englairtl fisliing boats, which i t  seems carried wells: 

Lolmters are likcwisc plen tifully caiight hcreabonts, picklcd milch in  the same way as oysters, 
and Hent to sevcral plaocs. I was told a very rciii:~rk:iblc circumst;mce about thcso lobsters, and I h:~ro 
afterwards freqiieutly Iicard i t  meiitioiicd. Tlie comt of New Yorlr Iiad already 13iirol)eaii inliabitaiita 
for a considerable time, yet no lobstors were to  be mot wit11 on that  coast; and though tho people 
fislied cvcr so oftcn, they could nevcr find aiiy signa of lobsters boiug in this part of the sea. Thoy 
were, tlicroforc, contiiiiially brought in  great well boats from Now England, whore tlicy are plentifiil ; 
but  i t  lieppcued that  one of these well boats broke in pioccs near Hell Gate, about 10 Englisli iiiilca 
from Ncw York, aud all the lohstors in it got off. Shoo tha t  time they have so multiplioit ill this part 
of the sea that  they are now caiight in tlic grcatest abundance. (108, vol. 1, pp. 240-241.) 

It is well know11 tliat tlio crayfish protects lier young after they are hatched and 
carries them about uiider her tail, as ltoesel SO wcll described over a hundred yeiws 
ago. He says: 

If tho mother of these little crayfish, after they begin to  stir about, becomes quiet with her food 
at any time, or for some other reason sits still, they begiu t o  111ove away from her somewhat ani1 to  
crawl about her, but  if they spy out tho slightcst danger, or thcrc is auy iiuiisual iiiovement i n  the 
water, it seems as if the mother called them back by :I sigual, for they all at oncc quickly return uuder 
Iicr ta i l  and gather into a cluster again, and tlie motlicr hurries off with tlieiu to  a place of safety as 
fast as sho can. After :L few days, however, they gr;idually leavc her. 

Huxley was the first to observe that the elids of  the forceps or large claws of the 
young crayfish are bent iuto ‘‘abruptly incurved hooks,” by means of which the young 
cliiig to the mother. He says: 

Immediately after the young are set free, they must instinctively bury the ends of their forceps 
i n  the’hardened egg glue which is sinearoil ovcr the ~wimiiierets, for they are all found to  be holding 
ou in this manner. Thoy exhibit very littlc iriovement, and they bear rough s1i:ikiug or handling 
without becoming detached, iu cousequenee, I siipposo, of the i~iterlocking of the hooked ends of 
the chela embedded in the egg glue. Evcn aftur tho femalc has been pluugcd into alcoliol the  young 
remain attached. I have had a female, with yoiixig &fixed in  this moniier, under observation for fivc 
days, but  none of them showed any signs of detaching themselves; and I am inclined to  thiiilc that  
they are set free only at the first molt. After this i t  would appear that  the adhesion to the parent is 
oiily temporary. (103, pp. 43-44.) 

The young lobster has no organs for attaching itself to the mother. Its large claws 
do not end in sharp hooks (fig. 33, plate 20), as in the crayfish, and when on(:e set free, it 
never again finds shelter under the body of tlie parent. I have noticed that the young 
of Pontonia domestica (a delicate West Indian pr:~\vxi, whicli lives as a commensal in 
tlre &ell of’ the Pinna), wheu hatched in an aqiia,rium, usually keep together in a ball 
or cluster, like a swarm of gnats, a habit which is doubtless sliared by many of the 
prawns, but they never seek protection from tlie mother, who lives in the niantle 
chamber of tlie niollusk. Young lobsters which are Iiatched and kopt in tlie aquariuni 
swarm up to  the surface or go to the bottom of the jar wlieii closely confined, but jC  
given greater liberty they tend to scatter. A sw:viuing or gregarious l~abi t  mould bu 
fatal to this species, 011 nccoiuit of‘ its iiiborn piignacait,y and cannibalisni. 

( E D ,  p. 336.) 
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Bell (24, pp. 248-2491 has given the following account, furnished him by Mr. Peach, 
of the way in which lobsters were supposed by fishermen to protect their young. 
Hardly a word of i t  is true, but it is a good example of the pseudo-scion tific literature 
to which I have referred, and on this account is worth quoting: 

I have lieard the fishermen of Gorim I-iavc~i a:iy.tliet they have soon in the summer, freqffelbtly, 
the old lobsters with their ~ o u u g  olio8 around thorn. Some of the young have bccn noticed si& inc7tes 
Zoitg. One man noticed tlic oldlobster with lier liesil peeping from uiiilera rock, tho yonug ones playing 
:wound hcr : she appeared t o  rattle lier claws on tlic :epproach of tlic fislicrman, a11d herself and yonng 
took shelter under the rock; this r;Lttling, no doubt, was t o  give thc alarlii. I ]lave hoard this from 
several, some very old men, who 011 speak to this without coticert, and sa a mettcr of course; and they 
are men I can readily believe. 

Young lobsters G inches long hardly require protection; smaller ones (an incli 
long) are rarely seen by fishermen, and old and young soparate as SOOII as the latter 
are hatched. 

The writer of a popular inagassiiie article, iri quoting D fislierui:~~~, thus speaks of 
the habits of young lobsters: 

The mother is often seen surroniidetl by baby loltstors a few inclies in  length, wlio take rcfiige 
(The Lobstcr at Hoiiie, by William R. Bishop, Gcribiier’ki Mo~itllly, 

‘ 

ilnder lier tail in case of danger. 
vol. XXII, 1881, p. 212.) 

Erdl (62) says of the green crab (Ourcinus mcrzas), that it often appears to play 
with small, round stones and with empty snail shells, just  as cats play with balls. 

ManchmaI scheint mit kleinen runden steinen, mit leeren SchneckenhSusen wie die 
Katzen mit den kugeln zu spielen.”) Here, doubtless, tlie writer was misled by his 
irnagination: in the former instance we have a popular error which seems to have 
crossed the Atlantic Ocean with emigrants to the New World. 

Of t h e  liatching of the eggs of the European lobster, which were thought to be 
laid in the sand by some of the older naturalists (see p. 36), Travis (291) curiously 
remarks : 

Though the ova arc cost at all times of the year, they scem only t o  como to lifc during the warm 
summer months of duly and August. Great nimibors of them may then be found, iintler the appear- 
ance of tsdpolcs, swimming abont tho little ponls loft by tlic tides among the  rocks, :nid inany also 
under their proper form, from half au inch to 4 inches i n  length. 

VARIATIONS IN THE TIME O F  HATCHING. 

AccordiT,g to Mr. Nielsen, the hatching period of tlie lobster in Newfoundland 
begins about the first week in July and continues until the 15th or 20th of August, 
tlie majority of the eggs hatching from the 15th or 20th of July to tlie 20th of August. 
It is thus from three to six weeks later than at Woods Hole, which is what we might 
expect from the difference in the temperature of the ocean at these points. It is not 
yet known to what extent the t ime of hatching and period of embryonic developrnent 
varies from the normal course at the most divergent points on tho coast; but it would 
not be surprising if young were hatched a t  almost any timo from late suinmer until 
spring, owing to the irregularity in tlie production of eggs alrcsdy pointed out. 

Mr. Nielsen hatcliecl a number of lobsters in floating incubators during November 
in Newfoundland, and Mr. Rathbun (158) gives the followiiig account of the hatching of 
some lobsters at the Woods Hole station by Capt. H. 0. Chester, in November, 1885: 

The eggs were detached from the lobster and placecl in  the “Mc1)onalcZ” jar November 6 .  Tliey 
began to kstch Novciiiber 8, three days afterw:mlH, :mtl cwnf iniiod liotching for a few days longer, but  
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only nbout 50 young ones wore observed. The reniaiuder of the oggs are still iu jars in good oonili- 
tion. A few of tho embryos were transferrod to an qoarium with running mater, aiid otliertl to B 

siiiall vessel in which there was no change of water. Tlie former lived about 24 hours, the latter about 
36 hours. The tomperaturo of tlie water in tho hatching jar November 5 was 54.3O F. ; 011 tho 6th, 
550; and on the 7th and 8th, 56O.  * ' * The conditions under which the eggs were Itopt were 
perfectly normril, tlie wator being of about the same tomperaturu 8s that of the harbor outside. 

1 have learned of another very interesting case of the artificial hatching of the 
eggs of the lobster out of the regular season. This happenOd during the latter part 
of January aud the first ten days of Pebruary, 1889, at the hatchery of the United 
States Fish Commission at Ten Pound Island, Gloucester, Massachusetts. Mr. E. M. 
Robinson, to whom I am indebted for these facts, was at that time superintendent of 
the station. Re says that the eggs were clipped from the lobster at about Christmas 
time, and suspended in aquaria through which sea water was constantly running. 
The temperature of tlie water was very low, a t  least as low as 360 F., and as many as 
10,000 lobsters were hatched under these conditions. 

Mr. Nielsen, who visited the station a t  that time, corroborates this accouilt, so 
far a,s the actual hatching of young lobsters is concerned. He writes that he examiiied 
with the microscope a young lobster which had been hatched on the day of his visit. 
The larva had perished in breaking out of the egg aud in passing its first molt, but 
was perfectly developed in every way. 

These facts clearly show that the hatching period varies i n  the same wt-ly that the 
time of egglaying varies. The one must be corre1:bted with the other. 

Willimi H. Wlieildon gives some interesting facts about the lobster in a short 
paper published in 1875 (202), already referred to. He says: 

In February of tho presont year we exhibited spawn in sovoral stages of dovelopment from nowly 

The fact that the lobsters are with eggs in every month of tho yew, and that young 
sometimes make tlieir appearance in winter and fall, does not prove? however, ibs this 
writer, like so marly others, inferred, that tho ailima1 has 110 particular breodiiig seaso~1, 
but froin t;hese facts alone i t  would ~icver have been possible to have arrived at  a clear 
understanding of the reproductive habits. To the circumstance that egg-lobsters are 
taken a t  all seasons and often with eggs in very different stages of development is 
due, more than to anything else, the confusion which had settled down upon this most 
important phase in tho life-history of this animal. 

I n  the case of tho lobsters hatclied at  Woods Hole in early November, 1885, the eggs 
were probably laid in the late winter or spring of the same year. I have the record 
of a lobster which had in all probability spawned as early as June 20 (table 3, No. 2) .  
Supposing these ova to have been extruded by the first week in June, they would 
have had five months, including the warmest period of the year, for their development. 
For five months, from the first of December to the first of May, the eggs are subjected 
under natural conditions to a relatively low temperature, and their development is 
greatly retarded. Consequently a batch of eggs which is extruded at the first or 
middle of August and hatched in May or June following is not, in all probability, 
subjected to a greater number of heat units than eggs which are laid in June and 
hatched in November. The embryos grow very slowly during the winter months, but the 
advancement may be sufficient, when development has already proceeded far enough 
in the fall, to bring tlio embryo to the point of hatching under favorable circumstmicos 
in winter. 

laid eggs to tlio swiniining larvm. 

' 
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DESTRUCTION O F  THE EGG-LOBSTER AND ITS SPAWN. 

The berried lobster has many enemies, of which inan is the chief, but if we except 
the latter, she seeins to avoid them with reinarkable skill. A t  least it is true that 
during the long period in which the ova am carried the losses are relatively slight. 
You detect but rarely a bad egg in the whole lot, and when, after tell months, the 
mother’s fostering care is about to end, one is surprised to see how healthy every 
egg appears arid how few seem to have beeu torn off. I have found that lobsters will 
scratch off and devour their owu eggs wheu confined in aquaria; and me often see the 
spider crab (L ib ida  canaliculata) industriously picking off its eggs, as if for its own 
amusement, when it  seems to have no lack of‘ other food. The eel has a decided 
partiality for the eggs of tlie lobster, but the cautious way in which she keeps her 
tail folded up when crawling over the bottom, and tlie lightning-like speed with which 
~ l i c  can dart about when disturbed, must often circumvent her most wily adversary. 
011 July 5,1890, I placed three egg-lobst,ers, from which I wished to obtaiu eiribryos i n  
progressive stages of development, in a siiiall floating car. One of these was a large 
perfect female, a second was a small perfect fernele, and a third was disabled by the 
loss of its claws. The next morning I found that tlie smaller female lobster had been 
killed and eaten. The large one had cut its body ill  two, at the junction of the “back7’ 
and tail,,’ and eels had eaten out the flesh and picked off nearly every egg, only two 
or three being left. I afterwards found that lobsters kept in a similar way were liable 
to lose their eggs while still active, and the aggressor was undoubtedly the eel. 

Fishermen have maintained (28, p. 11) that egg-lobsters, if put together, devour 
each other’s eggs, but this is not true. A t  least I am certaiii that this never occurs 
unless the lobster is first killed by its companions. 

berry” lobsters used to be considered the best kind of 
bait for certain fish. The “tail” of the lobster was cut off’, a part of the upper shell 
reniovcd, and the eggs left clinging to the uiider side. This practice was probably ilot 
confined to a single locality. 

The pernicious destruction of the egg or s1)awn-lobsters is wisely prohibited in 
most of the States, and it is to be regretted tlint :til attempt to enforce such a law has 
not been iriade in the ‘;Maritime Provinces :hiid in Europe. This should certainly be 
done even if the lam is often evaded, owing to the wase with which the eggs can be 
scraped off with a niitteu or brush. 

Ignorance of the fact that the lobster carries her eggs for a long period has been 
an clement of confusion in tlie establishment of close seasons. Thus i n  Connecticut 
the law of 1878 forbade the destruction of femsLles with spawn from July 1 to July 15. 
In Massachusetts, iu 1880, the sale of females with eggs was prohibited during July. 
In 1883 tlie Maine legislature made a close time for egg-bearing females from April 1 to 
August 1; this was changed in 1885 to from October 1 to August 15. In both Maine 
arid Massachusetts it is now, as i t  should be, illegal to take spawn-lobsters a t  any time. 

The destruction of the spawn of lobsters is a terrible waste of life, and this is of 
itself sufficient reason for the adoption of any measure which may tend to lessen the 
evil. I11 certain parts of England lobsters in berry h v e  been considered as in the 
very best coldition for eating, and the eggs are highly prized for salad. On this 
;tccount and becnuse it was tliouglit too great n liiirdship t o  coinpel the fishermen to 
tlirow b:dr the “berried the commissioncrs were not inclineci to recommend 

A t  Small Point, Maine, 
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any legislation on this point. The following extracts from the testimony relating to 
this subject is iuterestiiig. A witness from Londoii says (28): 

There is a difficulty in throwingback the berricd hons. T h y  are generally worth twice as much 
as any other lobsters. Tho spawu is bruised and put  iuto sauce, aiid makos bcttor sauce than tho 
lobstor itself. It is a capital article of food. 
l‘lio spawning hens are of value to  tho coolcs, who won’t liav:, lobstors without spawn. Tho salo of 
borricd lieus must not be prohibited, as it would be preventing tlio fislierlnon from taking the inost 
fish. The production of the lobstor is so enormoua th:it if a gauge woro fixed tho taking of a few 
borriod heus mould inalce uo apprcciablo difference. Uorriocl heus arc in the bcst possible condition 
as food. If they havo no spawn 
outsidc, they are full of red core1 imido. 

In salads i t  is boilod, aiid sprinkled over tho sa1:id. 

They form fresh spawn iinmodiately aftor they have cast their spawn. 

In his Report on the Fisheries of Norfolk, Bucklaud (29) says: 
The lobster is iiovor so good as whou iti thc condition of :L borriod hen. Ihrrietl hens occur most 

T h y  begin t o  loso thcir bcrries about July, but still many 
Tho use of tho berries is alniovt entiroly dovoted to cooking; they am 

Tho 

frequciitly in April, May, a n d  Juno. 
borried hens occur in  Jnly. 
used in many proparatious by the Wost End chofs, ospcroially for coloriiig and enriching sauces. 
“chefs” are also fond of coral out of tho body of the lobster. 

The evidence of a manager of a sliclltish factory in the Hayinarket is quoted as 

Mr. Sheppard, who boil8 lobstors for Scotts’, at the top uf tho IIaym:~rlcet, iiiforins me that  he lies 
titken from ono 1ol)stor (mcighirig 3 to 31 ponntls) 6 O I I ~ C O N  of Imrries in tho mouth of May. In ~ i i g n s t ,  
out of 100 lobsters ho would not bo able to get 6 ounccs of uggs froin tho mholc. 011 the 5th of August 
he h:d 26 crabs, not one of wliioh carried any spawn. In tho mouth of’ May a groat proportion of 
theso 26 hen orebs would be full of sp iwn. The eggs from tho berried liens ~ r o  used for coloring 
various sauces; the berries are ofteii iliashed up in tho saiioe, a little ancbovy added, and thou it 
is called “lobster sauco.” In order to  supply tlieso egg” for saiioc to  the cooks, Mr. Shoppard has 
collectcd in April and May froni 14 t o  18 poiiiids of‘ lobstor spawn. I iind that  thoro are 6,720 [oggs] in an 
oimco of lobster spawn. Iloro, thcn, wo lravo ilostroyecl eggs which might havo roprcsentod, say, in 16 
pounds of cggs, no lesv tliaii 1,730,320 lobstors. A very goo$ substitutu for lobstor spawii coiiltl be 
made by boiling logwood ( !). He considers that  all borricil hous should be roturuod to  the wator ell 
the year round. 

follows (29) : 

The number of eggs borne by the fcmale lobstor is considered 0 1 1  pp. 60-65. A 
15-iiich lobster sometimes carries nearly 100,000 eggs, which weigh a ~)ound. 

The reasons urged by the coinmissiouers for 11ot iiidorsing the recommcndation to 
prohibit the salo of berried lobsters are remarkable as examples of logic. Thus, they 
said ~6 if it were illegal to take berried lobsters it would not pay tlie fishermen in iuaiiy 
cam8 to pursue the lobster fishery. In the next place, the lobster, wheu berried, is 
in  the very best possible coudition for food; and it would be as illogical, therefore, to 
prohibit its capture as to prohibit the taking of full lierri~igs.~~ Furtliermore, it is said 
that if the sale of berried lobsters were made illegal (( the fishermen would probably 
remove the berries. The berries would no longer be seen in the market, but berried 
lobsters would be killed as much :bs ever.. Berried lobsters are, it must be remembered, 
especially valuable; the berries :ire in great denlaud for saiicc aud for garnish for fish 
aiid salad.” (28, p. XVI.) LLA~cordingly,77 says a writer in the Quertcrly ltcview (213), 
(( we must run tlie risk of extoriniliatirig a valuabIe nninial to plenss our coo1cs.’’ 

Mr. Buckland says again, in his Report on the Fisheries of Norfolk: 
There are, I regret to  say, many difficultios in tho way of preveiitiiig berricd heus being destroyed, 

the prinoipal one being that, iinlilio tho salmon, lobstore whon carrying oggs arc a t  their very bcst for 
Iinman food. Notwitlistnnding this, it Iiiust bo  ovidoiit that  tho destruction of so ninny lobstors in  
tho form of eggs must of necessity groatly tund to  produce that  scaroity of lobstors which is now being 
felt in tho London arid other markets. 
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The concession to the cooks containetl in the previous extracts is no more clefen- 
sible tliau the idea that the lobster when i t 1  berry is necessarily a t  its best as an article 
of food. The reviewer just referred to, thus speaks upon the latter point: 

We were under tho impression-:ie coininon one, me believe-that as the spawning season began 
to come on all tho food eaten went chiefly t o  aid tlie growth of‘ the innumerable eggs in the female or 
of tho soft roe in the male. 

Travis (191), writing in 1768 from Scarborough-a place which still abounds in 
lobsters-says : 

It is a common mistake that a berried hen is i i lwap i n  perfcotion for the table. When her 
* * * berries appear large aud brownish slie will always be found exhausted, w:rtery, and poor. 

Cock lobsters are in general better than hens in winter. 

It should be borne in mind that there is no organic connection between the 
external eggs, which are carried under the ‘6 tail,” of the lobster, any more than 
there is between a plaster and the skin to which it is made to adhere by an adhesive 
substance. 

The case of the berried lobster aiid of the roe-herring are not strictly :bnalogoiiR, 
since tlie lobster is carryiiig her eggs which have been extruded, perhaps montlis 
before, while the herring is yet iu the active process of producing the spawn within the 
body. 

One would suppose that the only time when the lobster could be compared as to 
tlie effects of spawniug with fish like the salmon would be for a short period after the 
eggs were laid. But this is not exactly the case, and Travis was nearer right than 
his successors, when he maintained that the egg-lobster was an inferior article of food. 
The fact is that the egg-lobster is in poorer condition or weighs relatively less than 
the female of‘ the same length without eggs. This point is illustrated more fully in 
another part of this work (see p. 119). 

The lobster at the t ime of egg-laying is not in as poor conditiou, however, an tlie 
shotted herring or tho salinoii, which a t  this period is worthless as food, asid the 
reason is plain. The ovary of the lobster ripens slowly during a period of at least 
two years, and the production and emission of the eggs is not so severe a drain up011 
its vitality as in the case of the fish. After the eggs have been laid for some time, the 
lobster gains in flesh; the ovary resumes its slow growth, but it is a year before the 
“coral” becomes very conspicuous. The testes, corresponding to the “soft roe7’ of 
fishes, are always very smell, and produce sperin, not a t  a particular period, as is the 
case with many species of fish, but probably throughout the ent,ire year. The time 
when the adult lobster is in the poorest conditioii for food is when the animal is 
getting ready to cast its shell, and for a few weeks after the molt while the new shell 
is still soft. 

The destruction of a few hundred thousand eggs, or even a few millions, would 
have no appreciable efY’ect upon the supply of lobsters at any point on the coast; bu t  
where the practice of taking lobsters with eggs is general throughout the range of the 
fishery, the total amount of ova or embryos which are thus killed is prodigious, and 
can not fail to lessen the number of adults. 
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l l b  
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........... 

PERIOD O F  SEXUAL MATURITY. 

To determine the size which is usually attaiiieci by the sexually mature lobster is 
of the first importance in studying the economy of t h i s  animal. If the female lobster 
is not allowed to reproduce at least once before she is caught and destroyed, a deple- 
tion of the fishery must i~levitably result. 

I n  some of the States and in the Maritime Provinces of Great Britain, where 
lobsters still abound, or were abundant. in the past, protective laws have been euacted, 
prescribing a definite limit to the length of inorkctable lobsters. I n  Newfoundland 
this limit is set at 9 inches. h i  Maiue the limit is 
placed a t  9 inches for the months of May and June, and log  inches for the remainder 
of t h e  year.' In Massachusetts, New Hampshire, and New York the limit is fixed at 
104 inches; in Bhode Island a t  10, and iu Connecticut a t  G inches. It is thus evident 
that very uncertain and contrary opinions have been eiitertained in regard to tlie 
size which is reached by the sexually mature lobster. In  order to settle this question 
upon the solid ground of anatomy, and at  tho same time work out a number of other 
problems relating to the rep-oductive orghns, I made in the summer of 1890 a large 
number of dissections, and have embodied some of the results in table 30. 

(The Royal Gazette, May 27,1893.) 
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TABLE 20.-Genwal aondition of the sexual organs, of t!Leexternal and intwnal eggs, attd of the sltcll in lobsters, 
cl~icjiy famalex, ranging f rom 2 to 16 inohes i n  length, i?i June, J ~ I J ,  and Atk~ust. 
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Compare fig.  138, pl 
38. 
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Animal not, r o a c 11 e d 
sosunl maturity. 

1 Tho logislaturo amendoil this law in 1895,so that  it is now illegal to  dostroy lobsters iuensiiring 
IQSS than lo+ iuchov in length a t  m y  tiino of tho year. 

P. C. 13.1895-5 
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Condition of Hexiin1 
orgnns. 
___ 

Ovary nenrlynraturu.. 

TABLE 20.-General condition of the sexual organs, of the external arid internal eggs, eto.-Coutinued. 
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TAnm 20.-General coltdition of the seaxcal organs, of the external and internal egge, elo.--Contiuiied. 
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These results, with those given in table 15, show very clenrly that 011 the coast of 
Massachuse,tts female lobsters become sexually mature ; ~ t i i l  produce eggs for the first 
time when they have attained the length of from 8 to 12 inches. Very few lobsters 
under 9 inches in length have external eggs, while oi11y few have attained the length 
of lo& inches without hnving them. The limits of 0 a i d  10 inches, which have been 
variously adopted, are tlierefore too small, and should be increased if the lobster is to 
receive the benefit which is intended by this form of legislation. It is clearly illogical 
to protect the very small lobster atnil not to extend protection to tho lobster which is 
about to spawn, in view of the natural increase of the species, since the latter has the 
greater chance of survival. It is highly probable that the majority of feme16 lobsters 
104 inches long are sexually mature. It is possible t h a t  the limit is sometimes extended 
at both extrernes and that very rarely a, lobster produces eggs before it is 8 or even 74 
inches long or fails to produce them until it is over 12 inches in length. Out  of over a 
thousand egg-bearing lobsters which have been examined a t  the Woods Hole station 
during the past four years there have been found only 20 lobsters measuring from 8 
to 82 inches, or less than 2 per cent of the total number with external eggs. (For 
statistics of the majority of these, see table 15.) The hundred lobsters, the dissec- 
tions of which are tabulated above, were not, however, taken at hsphazard, but were 
selected in many cases to illustrate the developmeut of the ovary and its growth 
between two sueceesive sexual periods, 
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We  thus find that 25 females, a large iiumbor out of the entire list, varying from 
9& t o  12 inches in length, had either iiever reached maturity or were mature for tlie 
first time. Of the 1 7  irniiiature females, G are 104 inches or upward in length, and 
the ovaries in most cases would not have matured for a t  least two years. In order to 
be 011 tlie safe side I have purposely omitted from the eiiuinerntion all doubtful cases. 

It may be asked, How can you be certain that a lobster has never spawned? The 
miswer to this question is easily found by examining the ovary. If the surface or 
iriterior of the ovaries or their ducts are flecked with sniall yellow or yellowish orange 
spots, in however slight a degree (see fig. 136), it is an infallible sign that external 
eggs have already been carried. If these speclis itre esaniiiietl niider the iiiicroscope 
(fig. 150, plate 41), it will be seen that they are the remnaiits of old eggs which failed of 
extrusiou at the last sexu;il period. A t  every such seasmi of egg-laying there are 
always, ; t ~  we have already seen, a few residual eggs, out of the thousands which are 
laid, which stick fast in tlio ovary or in its ducts, or for soine cause asre not driven 
outside of the body. These remain in the organs and uiidergo degeneration in. sitih. 
It is, perhaps, not surprising that traces of these eggs persist iii the ovary for upward 
of two years without being com1)letely absorbed, mlieii it is reinenibered that the semi- 
fluid coiiteiits of the egg are surrouuded by a tough bag of chitin, tlie primary egg 
membrane. 

Another meaiis of determiuing tho sexual condition of tho female, which, I coiisitler 
to be also inhllible, is the o o l o ~  of' the ovarios. The ovary iinitieilintely after egg-laying 
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is always of an opaque grayish-white tiut (plate 38, fig. 136). The ovary of a lobster 
taken at the time of the hatching of the brood (plate 38, fig. 138), or several weeks 
after it, is invariably, so far as my observation goes, of a light pea-green color, and 
possesses definite histological characteristics which will be considered in another place. 

The ovaky of a female which is approaching maturity for the first time (see Nos. 22, 
26,47,58,67,74,83, etc., table 20), on the other hand, is variable iu color. It may have 
a flesh or almost salmon tint, a cream color, a dirty yellow, bright light-yellow, light 
olive-green color, or one of many intermediate tints. 

The interesting fact has already been pointed out that the percentage variation in 
the numbers of eggs produced by lobsters from 8 to 12 inches is excessively great. 
This points to the conclusion, which is confirmed by anatomical evidence, that  the 
period at which lobsters reach sexual maturity is a variable one, extending over 
several years, over a period, at least, in which lobsters vary from 8 inches, or slightly 
under, to 12 inches, or slightly over, in length. 

T H E  FREQUENCY OF SPAWNING.  

Is the lobster an annual spawner, or, to put the question in another way, what 
perceiitage of inature female lobsters produce external eggs each year’? These ques- 
tious, although of much importance, have generally received erroneous answers. 

In  the summer of 1890 I first demonstrated, upon the ground of anatomy, that the 
lobster did not and could not breed aunually, as had been commonly supposed. This 
is proved, first, by the growth of the ovarim eggs, and confirmed by the relatively small 
percentage of females with external eggs captured during the winter and spring. 

The growth of the ovariau eggs was followed from the time of hatching of the 
brood until the ova of the next generation were ripe and ready for extrusion. (See 
note, p. 162.) These results are embodied in table 20. In  some notes published 
ill May, lS91, I pointed out that three-fourths of tlie whole number of egg-lobsters exam- 
iued in the summer of 1890 in Vineyard Sound had extruded eggs during the latter 
part of July (see table 7). It was also shown that the eggs which are then laid are 
“carried by the female throughout the fall, winter, and spring, and are not hatched 
under natural conditions until the following summer” (92). The hatching period 
was given :IS extending over a period of about eight weeks, from May 15 to July 16. 
This agrees, for tlie most part, with the experience of recent years. 

Burnpus (30) gives correctly the periods of spawning-with the exceptions I have 
noted-of incubation, m d  hatching of the young. Garman (72), in a report up011 the 
lobster to the fishery commissioner of Massachusetts, summarizes his results as follows : 

(1) Tho female lobster lays eggs but once in two years, the laying periods being two yeara apart. 
(2) The normal time of laying is when tho watcr has reached its summer temperature, varying in 

different season8 and places, the period oxtending from about tho middle of June till about the 1st of 
September. 

(3) Tho eggs do not hatoh before tho mmmor following that in which they wore laid, the time 
of Iiatchiiig varying with the temperature, aud the period oxtending from the middle of May till 

These conclusions-subject to the corrections which I have pointed out-are emen - 
tially a repetition and confirmation of facts which were already known. 

Mather emphasizes (235,236) the facts that the lobster carries its summer eggs all 
winter and that it breeds once in two years. 

In order to prove with certainty that the lobster can uot breed every year, we 
hove only to dissect a female which lias recently podnccd a brood, or has external 
eggs marly ready to hatch, in June, July, or Augiist. 111 table 20 records of over 

about trhe 1st of Augtlst. 
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twenty-one such dissections are given (Nos. 1, 4 to 10, 29 to 33, 35, 37, 38, 40, 63, 56, 
G2, 95) wliicli illustrate the condition of the ovary before the eggs hatch, up to about 
tlie middle of August, or from sis to eight weeks after hatching. The ovarian eggs 
have had, in all these cases, from ten months’ to a year’s growth, this interval having 
elapsed since the last sexual period, when eggs were extruded. 

The colored drawing, fig. 138, plate 35, represents, in natural size, the ovary of a 
lobster (No. 95, table 20) four to six weeks after tho hatching of i ts  eggs. I n  figs. 136, 
137, and 138 I have given representations of the ovaries of the lobster as they appear 
thirty-six hours, six weeks, and one year after egg-layiitg. Figs. 134, 135, and 133 
show the average size and form of the ovarian eggs, drawn to the same scale, at these 
various periods. The ovarian eggs are in about t l is  same condition of immaturity jn 
figs. 133 aiid 135, and it would seem that immediately after egg-laying the ovary grows 
very rapidly, and then eitters upon a long period of rest. In  tlie following summer, 
when the external eggs have hatched, another period of rapid growth is experienced 
in the ovary, and a t  the beginniiig of tlie third sutniner after ovulation there is a third 
period of active growth which continues until the new ova of the next generation are 
ripe. That the spawning periods are thus two years apart is a valid inference draFvii 
from the study of the anatomy of the reproductive organs. (See note, p. 152, and in 
particular the description of fig. 138, p. 246.) 

If the spawning period of the lobster is a biennial one, and if the sexes are equally 
divided, we should expect to find half of the adult females carrying eggs each year. 
In other words, one iu every four mature lobsters (of both sexes) captured would carry 
external eggs. Since lobsters do not mature at a unijonn period, or when of a uniform 
size, it is impossible to get perfectly accurate data upon this point. It ivould be 
impossible, furthermore, to trust any data, unless we could be certain thirt the egg- 
bearing lobsters were uniformly distributed. The facts which we Iia,ve, relating to 
this point, are however, worth considering. 

I n  April, 1889, B number of lobster pots were set in the harbor of mToods Hole 
by Vinal N. Edwards, and a daily record of tlie catch was made. A total of 3,230 
lobsters were captured, as described in table 21. About one in every seven bore eggs. 
The percentage of females with external eggs to the whole number of females taken m a s  
40 in April, wliile it dropped to 36 in May. This slight fall might or might not be owing 
to the hatching of some of the eggs, while it is evident tliat tlie drop to  0 per cent in 
June is due to this cause, by far the larger part of tlie eggs being ha1 ched in this wonth. 

It is seen tliat in the total catch of 2,657 lobsters, from l~ecember 1, 1893, to 
June 30,1894, the sexes are very nearly equally divided, and that about one in every 
fifteen lobsters captured bore external eggs. Neither this .iior the percentage of 
females with eggs to tlie whole number of females has any special significance, since 
both mature and immature are included. Striking out the months of May and June, 
when the eggs are mostly hatched, and eliniinating the smaller lobsters, we find the 
percentage of egg-bearing lobsters 10 iiiclies long or over to  tlie whole iiuinber of 
lieinales of the same length with or without eggs (that is, mature female lobsters), to be 
81.70. If the limit is telren at 9 inches, we find the percentage to be 19.81. I n  other 
words, about one-fifth of the females 9 inches or more in length bore eggs. 

The catch off No Man’s Land in May, 1894 (table l), illustrates very well how 
the conditions are affected by the locality. Out of 1,318 lobsters taken 93.5 per cent 
were females, and 63.7 per ceut carried eggs;  moreover, GS per wilt of the total number 
of females bore eggs. 
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The inspector of fisheries for the Province of Prince Edward Island says: 
In 1879 returns from almost all the fitctories then in operation gavc, for the whole catch, only 

from 3 to 10 per cent in spawn, much the larger portion being in July. 

This agrees closely with the results obtained a t  Woods Eole, but it does not 
follow, as Mr. Duvar supposes, “that one-fifth of the females carry ova each year,” 
or that  tliere are four times as many youug breeders coming forward as there are 
egg-bearers,” and u that  one-fourth of the number come into breeding year after 
year” (20.9, p. 234), since the adult lobster does not breed annually, as he erroneously 
supposes. 

Prom December 1,1893, to May 1,1894,358 female lobsters measuring 10 inches 
or niore in length were taken in the harbor of’ Woods Hole, and 1,234 were captured 
during the same period at No Mads Land, in all 1,592 lobsters, 57 per cent of which 
bore external eggs. If we include the 9-inch lobsters, we find that the total number 
of females taken at both places is 1,779, and that 63 per cent carried eggs. This 
supports the conclusion already reached from tlie study of anatomy, that the lobster 
breeds once in two years, in which case 50 per cent, or fully one-half, of all sexually 
mature female lobsters spawn in some part of each year. It also shows very forcibly 
that valid infereiices respecting the breeding habits can not be drawn from observa- 
tions made in a restricted area. Thus, had our attention been confined to Woods 
IIole it would have appeared that only one-fifth of adult females bore eggs (from 
December to May), or that  the lobster spawned only once in five years. 

1 Elirenbaum (GI) fouuil that only 25.4 per cent of females supposed to be of ndnlt age caught at 
IIeligolaud carry eggs, and hcnce concludcd that the European lobster becomes produotive onlj oncc 
iu four years. Besides the objection thnt the data are derived from o m  locality, which, as table 21 
shoivs, is a serious onc, there is the further difficulty that over 10 per cent of these female lobstere 
were cuptnred during tho months of July, August, and September, when, accordiug to Ehrenbanm, 
both the laying and the hatchiug of the eggs occur. This aloue might vitiate tlrc result. The best 
way t o  test this qucstion by experiment woiild be to tako .z feui:ile wliicli 11:id rcceiitly hatchecl :I brood 
and keep her alive until the folloming summer, wlien tho iirst h t c h  of eggs would be dno, in case the 
spaiviiing period is a biennial one. 

_ _ _ _  _ _  - _ -  

So far as I know, tlih 11:~s never 11een done. 
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It should be borne in mind that, :is we have already seen, a certain number of 
lobsters from 9 to 12 iiiclies long have never borne eggs. Thus the chances for error 
111 making estimates of this kind are further increased. 

The percentages giveii in table 21 must therefore be greatly increased to express 
the ratio between the actual spawiiers of the current year and those which have 
reached the spawning age, since in the total iiumber of females there were undoubBedly 
included inany which were not mature. While the percentage of egg-lobsters taken 
in the same locality iiiay vary considerably from year to year or froiii montli to inoiitli 
it seeins probable that if we could average the results taken from many difi'erent 
localities along the coast we should find that tlre number of spawners each year 
represents about half the total number of mature females. 

1803. Uewiuber.. ................... 
' 1894. Jaiiuury ...................... 

March ........................ 
Pebriiary ..................... 

RELATIVE ABUNDANCE O F  T H E  SEXES. 

Some species of crustacea are strictly monogamous, such as the beautiful tropical 
shrimp, Ste?topus hispidus, which is always seen swiirimiiig iu pairs, the inale :tnd 
female being rarely separated. This is also true of aiiother delicate shrimp, l'ontonin 
domestica, whicli lives in the mantle chamber of the mollusk Pinna. In such cases the 
sexes are of necessity about equally divided. But in tlie lobster there seems to be 
no attechmelit of this kind. It is probable that a given inale fecundates more than 
one female, and it is certain that the sexes are distributed with great irregularity, a t  
certain seasoiis of the year a t  least, as I shall presently show. Nevertheless, if a,n 
extended census could be taken, at difi'ereiit points on the coast, i t  is very probable 
that but little difi'ereuce would be found in tlie nuiubers of the sexes. 

Tlie following table shows the relative atbuiidaiice of inale and felni%le lobsters 
found in Woods Hole Harbor and a t  No Man's Land: 

224 
501 
246 
348 

TABLN 22.-Blslative abundance of male atid female lobstere at  lVOOd8 Xole and No Afnir'a L a d  

Unto. 

40 
440 

1 !2J 
250 
110 
101 
247 
1D7 
210 

1,009 

,. lo tnls  ...................... 
, No Mun's Lantl: 
~ 1894.May ......................... 

55 
BO2 

1,175 
101 
251 
130 
187 
210 
237 
228 

3,076 -_ ___ 
1,234 

I n  the monthly catches a t  Woods Hole in 1889 the females preponderated by 12 to 
16 per cent, while in the total catch for 1893-1804 the sexes are very nearly evenly 
divided. During this period tile 1mwmtatge of females to i d e s  fluctuated from 82.1 
minus to 120.30 plus, a variatioii of about 38 1)er cent. The traps were statiouary, 
but the lobsters were coustantly moving :i,bout over the bottom; yet thero mas 110 

segregation of the sexes, aiid sucl~ variatioii as we f i i i t l  in the inoiitlily catches hits no 
special significance. 
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When, however, we glance a t  the data from No Man’s Laud, it is evident that 
something besides chance has caused the overwhelming preponderance of females, 
1,469 per cent. It seems almost certain that this condition of things is only tempo- 
rary, and it may be explained, as I have suggested in another place (see pp. 23,24), in 
relation with the inshore migration and the hatching of the eggs. 

Regarding the relative abundance of’ the sexes of the lobster, Verrill(196) remarks: 
Among those which I have examined froin New London, Waterford, and Stonington, Connecticut, 

in our markets, I have not noticed any marked incquality in  the number of the Rexes. Mr. Smith 
examined the lobsters in  the markct a t  Provincetown on two occasions, in August and September, 
without finding any decided differences in the iiuniber of inalcs and females. He also repeatedly 
examined those in  the fish-markets at Eastport, Maine, in  summer, with the same result. 

Uapt. N. E. Atwood published in 186G a paper on the habits of the lobster in 
the proceedings of the Bokton Societyof Natural History (Sj, i n  which lie makes 
the following remarks : 

From Plymouth northward and eastward [lobsters] are caught in deep water in the months of Feb- 
ruary aud March, bot not in  large quantities; as the season advances they come near tlie shore and 
rernain through the spring, summer, and autumn, and are very plentiful. Along this rangc of coast 
three-quarters at least are males at all seasons of the year. A t  Cape Cod (Provincetown) their habits 
differ very much from the habits of tlie lobsters on the north shore. They do not come there until 
June and remain until October, whcn they disappear and go to  parts unknown. One very singular 
fact I have noticed is, that  the lobsters wliieh visit Cape Cod are iicarly all females; they appear to 
coim near the shore for the piirposc of depositing their young, after which they pass away and others 
in  turu take their places, as is indicated by the change that  is constantly takiug place, for when the 
fishermen are catching great quantities of large, good hard-shelled lobsters-alii1 they are unusually 
abundant-perhaps the next d ~ y  there will be a new kind, smaller arid not of so good quality, the 
former one8 having passcd away and others come to take their places. 

In Boston the number of lobsters sold annually can not be much short of a million. The 
male lobster IS preferred and is the most salable, a8 this city has always been supplied from the 
Ilortllern ShCJrC of Massachusetts and coast of Maine, wherc tho malus :ire most plentiful. It is a great 
advantage to the lishermeu tha t  the people prefer males. 111 New l’ork i t  is very diKerent in this 
particular, the city being supplied froin Cape Coil after .Time, :mil tlic feniale lobsters thus coiisi(1ored 
much the best. I havc sold marly lobstors in New York, and males sell at only about half price. The 
male is much poorer than the female in meat. 

I have quoted the foregoing passages a t  some length, not because they are free 
from error, but because they mere written by a11 iutelligent fishermail a t  a time when 
scarcely anything mas known of the habits and general biology of the Aruerican lobster. 
If such a preponderance of females actually occurred on the shores of Cape Cod it may 
have been a seasonal phenoinenou, similar to that observed a t  No Man’s Land. It 
did not exist in August aud September, when the observations of Professor Smith 
were made a t  a later period. 

The statement that  niales are more plentiful than females on the northern shore 
of Massachusetts arid the coast of Maine is without doubt an unsupported generali- 
zation. Conflicting statements i n  regard to this subject are ofteii given by fishermen, 
who, as Verrill suggests, probably do not, often discriminate tlie sexes when the females 
are without eggs. The only detailed facts wliicli we possess on this subject are those 
recorded in tables 21 and 22, aiid they seem to point to the couclusions already drawn. 



Chapter 111.-MOLTING AND GROWTH. 

EARLIER OBSERVATIONS 

The process of molting, which makes growth possible to the arthropod, is of such 
interest and importance that it deserves very careful attentiou. There is much to be 
added to our kiioivledge of this subject in  the lobster, and I sliall deal with it at 
full length. Aristotle knew very wall that crabs and lobsters shcd their shells (The 
History of Animals, Book vm, c. xix), although his observatious were not accurate; 
but the fact \vas forgotten aid finally (leilied altogether. 

It is only iiecessary to go back to the beginning O B  the last century (in 1712) t o  
find ROaurnur (162) demonstrating that the river crayfish periodically cast its shell, 
yet in the early part of the seveiiteenth century, a hundred years before, Olaus 
Wormius, according to Couch (479, speaks of the molting of crabs as a thing uot to 
be doubted. 

The regeneration of the liiiiiig of the stomach of the crayfish was reported by 
Van Helmont, but this writer’s reputatiou did iiot lend inucli weight to  the stateincut 
until it was confirmed in 1709 by Qeoffroy (7’4). 

TO that insrvelously acute observer, IiPibumur, we are indebted for the best account 
of the exuviation of the crayfish. He took crayfishes which appeared to be ready to 
molt and placed them in jars of water iu his museum nud watched them carefully. 
Others he put into boxes, the bottoms of which were pierced with holes, and moored 
them in the river Marlie, wliich flowed past his gardeii. The crayfishes in tho river 
were under more favorable conditions than those kcpt, iu the house, and iiiolted more 
frequently in consequence. He gives a very circumstantial account of the external 
process of molting in the crayfidi, which took place in June, July, and August. The 
t h e  occupied in the final act of casting the shell by crayfishes kept iii the river was 
from seveii to fifteen minutes, while those in the house often struggled for several 
hours before they were free. Sometiinas they died in the operatioii, especially the 
young ones. Some would lie on their sides, some on thsir bellies or backs, and in tlie 
latter case he observed that they frequently died. 

However, as Couch remarked, R6aiimur’s paper produced so little efTect that 
when, many years later (175G), Peter Collinsoii comiuuuicated some cursory remarks 
oii this sub-ject to the LbyiLl Society, his account of the molting of the crab was received 
witli so much doubt that his second paper was chiefly employed iu furnishing evideuce 
of the fact. 

Observations 011 the molting of the higher crustacea liave since beeu made by 
00.ucli (45, 46, 47),Gosse (SZ), Oliantraii (37), Mas I3raiiii (22), Viteou ( Z W ) ,  Sars ( I S G ) ,  
13ytltt (104), Brook (26), and others. The histological c+haliges involved in the molting 
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process have been studied by Max Braun (22), and more recently by Vitzou (297). As 
so ofteii happens, there are many observations on this subject which either ignore the 
earlier and often better ones, or add nothing of value to our knowledge of the process. 
Hyatt, in remarking that, while the molting of the lobster had been previously de- 
scribed several times, “no professional naturalist” had ‘‘ actually seen the process and 
recorded his observations,” appears to have overlooked the account of Sars ( l76) ,  which, 
however, is not particularly circumstantial. 

Sars saw a lobster in the act of molting in July near Tananger, in Norway. He 
says : 

It had just been taken out of a lobster box, and could be handled without its offering the slight- 
est resistance. The shell on its back was burst in tho middle, and the tail aud the feet were nearly out of 
the old shell, while the largest clew stnck out only half its length. This latter portion of the change is 
evidently very dangerous, and, although I observed it for quite a while, I could see little or no progress. 

This lobster was not a good exponent of tlie molting process. As soon as the 
larger claws begiu to be withdrawn from the old shell the exuviation, under norinal 
conditions, is speedily brought to a close. Nor is it true that the lobster “only reaches 
its former size after a considerable time has elapsed.” According to Sam, the lobster 
on the Norwegian coast molts chiefly in July. 

Both Couch (45) and Salter (274) have given accounts, :it secondhand, of the 
molting of the European lobster. Couch, writing in  1837, says that the newly molted 
lobster shows great activity in effecting its escape, which is undoubtedly true in some 
cases, but not in all. The lobster whose cast shell is described escaped “through an 
aperture too narrow to have allowed it to pass if its iiew covering had possessed a 
very moderate degree of firmness.” He supposed that escape was egected by the 
cracking open of the shell, in the middle line, where he noticed that in life a faint 
stripe was perceptible. He observed in a lobster preparing to molt that absorption 
took place along this area, and inferred that the two halves of the shell were com- 
pletely separated when the critical moment came. Of the niolting, he further says that 
“it is not improbable that the general opinion is correct which limits tlie exuviation of 
the adult aniinals to once in the year,” arid (‘ general opiiiiou~’ does not seem to have 
made much progress in clearing up this matter during tlie lost fifty years. 

Salter’s account, published in 1860, is interesting 0 1 1  account of some extraordi- 
nary statements, such as that in inolting the legs are extracted pair by pair, which of 
course is a physical impossibility, as Hyatt  pointed out, aiid tliat the abdomen is the 
part first withdrawn from the old shell. This latter statement expresses exactly the 
reverse of what has since been found to occur. 

Wheildon (202) published hi 1875 a short paper containing some interesting facts 
on the molting habits of the American lobster, which will be referred to again. 

The work of Vitzou, which appeared in 1882, is the best yet done on this subject. 
He treats of trhe histology of the old and new shell, and of the organic and “inorganic 
reserves,” which are supposed to be laid down in certain tissues with reference to the 
molting period. 

Hyatt’s paper (204) ,  appearing in 1883, gave an accurate account of some of the 
phenomena of exuviation in this species. 

Packard in 1886 published some notes (247) in which very little is added to our 
knowledge of the subject. He says that “the integumeiit of the legs is molted last, 
aud when, owing to rough handling, the process is delayed, the extremities of thelegs 
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Cvr 4.-l’art o f  transverse suction of exopodite of pleopod 
o f  feinalu lobster (the ciiticlo removed), aliirwing the dis- 
tribution of tho cement glands. July 19, 1891. 
BZ. S, blood sinus. q ~ ,  cliitinoge~iona epitlieliiiiii. 7’. G, 

teguinoiitnl glanil. 

CUT’ 5.-Diagram of vertical Hoetion tlirough skin, showing a tog~n1~1iti11 gltmd (relatively rnucl~ sluailer t h n  re])rese~~te~ll) 
i n  ~ectioii  ; i d  i ts  cliiet opening to the exwrior, also hair pores perforating tlm cutiole. wit.h t,hu aupurimposed liuiraor rettt:. 
Tlic slruatum of the cuticle or shell is cliagrainmatically HIIOWII.  

131. S, blood Hinus. cap, capsulo of toguuinntal glnnd. D, clerniis. d ,  duct of  glirnd. dl ,  mout.ll ot’ dnot. rp, cliitiiiogeno~is 
epithelium. G d .  0, gland cell. IT. p v  hair pore. Mu, muscle. N ,  iierve, niipplying glnnd. S(:, centrxl uerre cell. x ‘ ~  plurnose 
hair. 8, ~iinplu hair. 1, e~iairictl laycr of shell. 8 ,  calcified pigme:nt;il layer of shell. 3, onloified iim-pigmented layer. 4, inner 
noii.oalcitled layer of ~11011. 

Drawn by E 13. Herrick. 
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slough off.” Tho remnrkable statemeiit t h t  “ tho abdo~iiiii:~l legs :we molted before 
the thoracic ones ” mould imply that tlie hinder part of the body is first withdrawn 
from the old shell, which is not true. 

The sta,tement that the lobster “reinains inactive for nearly or quite a week, until 
tlie new crust becoiiies hard,” can not be accepted without modification, since the soft 
lobster is frequently oaught in traps, m d  the iiewly molted lobstcr often displays 
surprising agility, and besides it requires more than one week for the shell to become 
hard. 

Brook (26), writing in 1857 on tho reproduction of the lost parts of the lobster, 
has some intcresting iiotes on the growth of tlie European lobster wliicli lie kept and 
observed in an aquarium for ne;wly a year and R half in oiie instance, (luring wliicli 
period the animal molted fimr times. The ecdysis usually occurred at  night, and the 
exnvium was buried. 

No one, strange to say, has ever exnmined the cast-off shell and observed with 
sufficient care the areas of absorption. This has resulted iu much useless di&ussioii 
as to whether the carapace splits along the middle line when it  is cast oft‘, I shall 
refer to this hereafter. 

The molting of the embryo 
aiid larva will be considered in Chapter XII. 

We are now concerned with the adult aniiii:tl only. 

T H E  STRUCTURE AND GROWTH O F  T H E  SHELL. 

The pheiiome~ia of the molt are unintelligible without ;I knowledge of the struc- 
ture of the skin or integument. The histology of the shell i i i  the crustacea has been 
studied with varying degrees of success by a riuiiiber of naturalists-by Carpenter (34) ,  
Lavalle (ZIG) ,  Williamson (205), and Tullberg (1929). Thc niost accurate statement is in 
tho paper by Vit,zou (297), on wliicli I shall mainly rely in giving the following account. 

The skin as a, whole is composed of dermis ant1 epidermis, and consists of the 
various parts shown 511 the diagram (cut 5). The epidermis is made up of a single 
layer of chitinogenous epithelial cells, and of the shell which they secrete; the dermis 
is composed of eoiinective tissue, blood vessels, iierves, pigment cells, and glands. 
Tho shell consists of four layers, namely: (1) tho thin outermost layer, which I shall 
call the e?anniel layer, apl)arently structureless; ( 2 )  tlie pigment layer, composed of 
parallel lamella+ traversed by canaliculi and filled with pigment and lime salts; ( 3 )  
the calc(fied layer, devoid of pigment but otherwise like the last, forming the greater 
part of tlie carapace; (4) a noncalcified iiiiior layer, composed of very thin lamellze. 

The chitinogerious epitlielium correspoiids to tlie Malpighian layer of the epi- 
dermis of the vertebrate, while the layers of cliitiii represent its liorny cuticle. 

The vertical canaliculi corresporid, as Vitzoa has shown, in certaiii decapods, 
to the boundaries of tlie chitinogenous cells; but this is iiot the case in tlie lobstcr, 
where they are close together aiid very ~iun~erous. 

During the molting period the cells of the chitiuogenons epithelium undergo a 
great change. They grow out, vertical to the surface, into very slender and exceedingly 
long rods. (Uomparo Cut 11, and figs. 171, 173, plate 43.) The epithelium formed 
over the surface of a budding limb is of the same character. The chitinous layers of 
the new shell are formed by discontinuous thickellings of what, according to Vitaou, 
may be regarded as the upper wall of the epithelial cell. Thus are formed pard101 
1nmell:r: of varying density, which fuso with tlioso of adjoining cells arid milbe a contin- 
uous shelly crust, 
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A t  the time tlie shell is ready to be cast the teguiuentary covering consists of 
(1) the old shell; (2) the new shell; (3) an intermediate structureless membrane, 
besides the chitinogenous epithelium, and (4) tlie dermis. The new carapace, according 
to  Vitzou, is composed of the cnamel and pigment layers only. The calcified layer is 
not formed until after the molt. 

The connective-tissue cells are now of large size and contain granules of glycogen. 
Claude Bernard first demonstrated the presence of glycogen below the carapace in 
crustacea. Glycogen was extracted by Vitzou from the connective tissue, liver, 
lymph, and ovaries, during the moltiiig period. Besides acting as a pancreas, the 
liver was f'ouud to be a great producer of glycogen during the molt. Glycogen is 
thus an organic reserve, which furnishes material for the growth of the new shell and 
tissues, According to Vitzou, Schmidt aiid Bsrthelot have shown that the chitin of 
the crustacea contains a principle belongiug to tlie same group as cellulose and lignin. 
This substance, under the influence of sulphurio acid, may be trarisformed into a body 
analogous to glucose. Hence the remark of Claude Bernard, that '' without forcing 
tlie metaphor one may say that the crustaues are enveloped in a carapace of wood." 
(Lepons sur les phhombnes de le vie, 1879, t. 2 , p  113.-197.) 

The enamel is plainly the first product of the secretions of the skin which goes into 
the new shell, aiid when once laid down can not be competely removed except by a 
molt. The enamel is often partially removed by friction, as is seen ill the abrasions 
on the shells of old lobsters or those about to molt. 

The surface of the shell, particularly that of the carapace? has a decided punctate 
appearance, due to the hair pores. These mark the points where set% either pene- 
trate the shell now or did so at  an earlier stage of development. III the adult lobster 
ths  set= of the carapace have disappeared or are worn down except upon its margins 
and in the orbital regions. ID the fourth larva, however, the whole carapace is seen 
to be studded with hairs (fig. 113,115, plate 35). 

If the carapace-better one without pigment-is examined with a hand lens, the 
surface is seen to have a beautiful though somewhat irregular mosaic appearance, 
It is divided into polygonal areas which inclose the hair pores. These markings are 
probably due, as Professor Patten has shown to be the case in Limulus, to shallow 
depressions in the enamel, dependent upon a peculiar bending together or clustering 
of the outer ends of the canaliculi. The hair pores open on the inner side of the 
shell in small blister-like elevations. 

A very minute pore of another character is scattered amoiig the hair pores on the 
inner side of the shell. It has the appearance of a symmetrical crater with a minute 
tube issuing from it. This is the duct and opening of the tegumental gland. The 
distribution of these two kinds of pores would probably repay careful study. But 
few parts of the carapace, such BS the white tendon marks (see 11. 136), are wholly 
free from them. Toward the lateral margins of the carapace they become exceedingly 
small and numerous, Some of the superficial pits iu the dorsal region, on the other 
hand, are very large. 

We thus see that the dense shell is a veritable strainer, being perforated by 
hundreds of thousands of minute passages, which lead from the surface to the parts 
below it, to the tegumental glands on the one hand, or to the sensory cells which lie 
a t  the roots of the hairs, on the other. The bearing of these facts will be better appre- 
ciated when we discuss hereafter the function of the tegumental glands themselves, 
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THE SHEDDING O F  T H E  SHELL IN THE LOBSTER. 

THE MOLTING PERIOD. 

The ha,rd-sliell lobster is heaviest, has the firmest flesh, is hardiest, standing 
transportatioii best, arid therefore most valuable for the market. A large percentage 
of all lobsters taken during the fall and winter months are of this character, and all 
or nearly all lobsters caught in Marcp, April, and May belong also to this class. 
Shedders and soft-shell lobsters are taken in greater or less abuiidiuice from June to 
October, varying somewhat with the seasou and locality and surrouiiding conditions, 
such as the nature of’ the sea bottom and the temperature of the water. By far the 
greater number of lobsters iii all seasons, and in all places, cast their sholls during the 
months of July, August, and September. However, the time of sledding varies con- 
siderably on different parts of the coast, being from four to six weeks earlier in some 
masons in western Maim than in the extreme eastern section. Shedders are not 6t 
for the market, being lean and watery, and sofk lobsters are in a similar condition and 
will not bear much handling or transportation. Until the shell becomes tolerably 
hard tho soft lobster is in constant danger of attack from its companions, and is 
easily wounded and killed. Lobsters with very soft shells and those which have been 
mutilated are often kept in the lobster preserves or pounds until the she11 is hardened 
or the injury repaired. 

No systematic data have hitherto been gathered a t  any point along our coast upon 
the molting habits of the lobster. I am therefore glad t o  be able to  give the results of 
a series of daily observations made at Woods Hole, Massachusetts, during the space 
of seveu months, from December 1 to June 30, 1894. During this interval 2,657 
lobsters were captured in traps set a t  fixed points in the harbor. As shown in table 
23,’ there was no month in which either shedders or soft lobsters were not caught. 

____. 

Months. 

.- 

Dooombor . . 
January .... 
February ... 
March ...... 
A ril ....... 
June ........ an” ay ........ 

TABLE 23.-Th’ha molting of the lobster. 

[ s i o i j m r d  
Cntob and bright. 

No. of 
rompora. “ G E ~  
t w o  of nvorago Nature of -____ 

wntor in bottom. 
’arbor* ture ie Malo. Porn. 

B. 
37.71 

32.84 
37.40 
42. B2 
VJ. 65 
62.20 

35.4~ 
14 
27 
24 
27 
26 
20 
25 

Rocky . . -. .. ~ . d O  ..... ... .dn ..... 
.-..do ..... ... .do ..... .. ..do ..... ... .do ..... 

123 
250 
110 
101 
247 
ID7 
210 

101 
251 
130 
187 
210 
237 
228 

__ 

total. Malo. Bern. 

__ ___ 

-. - ._ -. 
Sholl hard 
nnd diill. 

Kal0. 

__ 

2 
7 
0 
7 
14 

3 
0 

__ 

$om. 

- 

0 
0 
0 
0 
4 
1 
2 

___- 
Shell soft. 

Malo. 

- 
4 
4 
I 
0 
1 
0 

34 
- __ 

Only one soft-shell lobster was taken in February out of a total catch of 246, and 
no (shell hard and dull) were captured during this month. Again, one 
soft-shell lobster only was observed in March and April, and nom in May. In June, 
.- .~__ - - 

‘Lobsters with shells “hard and dull” are nearing the molting period; those with “soft shells” 
have recently shed, and in those with “hard end bright” shells the molting time is most distant. 
See p. 82. 
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on the other hand, the iiumber of lobsters which have recently shed jumps suddenly 
to 58. These observations may be summed up for the whole period as follows: 

I 1,313 malos . . . ~. . . . -. 
~ 2,F57 

1 _ _  -~ 

Of the entire catch, 110 have either recent,ly molted or are prepasing to molt; 77 
of them are iiioles, 33 females. The total number of males is smaller, yet the number 
of soft shells ;1111o11g them is nearly twice as great as in the other sex. This fact implies 
that the males molt oftener than the females, which would be an a priori deduction 
from the greater size which the male attains (seep. 34), or that they molt more frequently 
during t,hose mouths. It is interesting to recall in this coniiection the observation .of 
Cliantran (37) that the male crayfish inolts twice iii the year, while the female molts 
but once. Fernales molt, as a rule, shortly after the young are hatched, and very 
rarely just before the eggs are laid (see p. 35). 

When I was in Portland, Maine, on the 24th of August, 1893, soft-shelled lobsters 
were being caught in that region, while fishing smacks were bringing hard-shelled 
lobsters from Jonesport, near the eastern border of the State. Soft-shelled lobsters 
ore still taken in the Portland district, as I was informed by Mr. N. F. Trefethen, for 
four or five weeks before they are received in large numbers from Jonesport. 

Mr. F. W. Collins, of Rocklmd, thinks that lobsters shed earlier in the shoal mud 
coves, which are full of eelgrass, than on rocky bottoms. The shedding commonly 
occurs there on muddy bottoms in the latter part of July and the first part of August. 

Shedders in small riumbers are occasionally taken in ltookland in January arid 
February, and sometimes shed in cars at this time. In  deep water outside, as at Seal 
Island, Matinicus, Green, and Ragged islands, where lobsters are caught i n  winter in 
40 to 50 fathoms, and in shoal places in summer in 3 to 10 fibthoins, very few soft-shell 
lobsters or shedders were taken in the summer of 1893, up to the 26th of August, not 
more than a dozen among thousands examined each week. The majority of the soft- 
shell lobsters from these localities come later in the season, from the last of September 
to the middle of October. * 

Mr. A. P. Greenleaf said he had rarely seen soft-shell lobsters at Southport,Maine, 
but thiht in the winter of 1893 (in January and February) he had taker1 dozens of them. 

A t  West Jonesport, Maine, on September 4, 1S93, I was told by a fisherman at 
Ben1 Isloiid that hard-shell lobsters had prevailed up to that time, but that soft-shells 
were becoming commou. He thought that  the shedding was rather later than usual. 
This confirms the reports made a t  Rockland and Portland. 

Molting lobsters were very common at Woods Hole in October and November, 
1800, particularly in the latter month, when Mr. Vinal N. Edwards says that more were 
caught thau during the earlier part of the season. In  December, 1891, Mr. Edwards 
found lobsters in all stages of shedding, some that appearedm if they would be ready 
to molt in a few weeks, and others as if they might shed in a few days. Thus it was 
probable that the lobsters continued to molt to some extent in winter, which is shown 
by table 23 to be the case. 

The abundance of shedders which was noticed iu the late fall of 1890 a t  Woods 
Role has not since been observed, and it seeins clear tliat there is Considerable varia- 
tion in tho in~lting of lobsters i i i  R single locality at this 8eitsoii of the year. 
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It is stated in the annual report of the inspector of fisheries of Prince Edward 
Island (209, 1,. 236) for 1880 that soft-shell lobsters 6‘ are seldom seeii on the nort’h side 
of the island, while on the south side almost all that are caught in the month of July 
are soft and uiifit for canning.” A caiiner in Queens Oou~lty says that scarcely a 
lobster can be caught before the 20th of May. Soft-shell lobsters begin to  abound by 
the 1st of August and continue abuiidaut during this month. One-third of the lobsters 
caught duriiig August are said to be soft-shelled. The fishery officer for Cape Bretoii 
states in his report for 1888 (210) that ’0 soft-shell lobsters were captured during the 
fishing season which closed July 28. 

THE MOLTING PROUESS. 

Next; to reproducing its bind, the ast of molting is the most important in the life 
of this snirnal. The whole body is covered, as we have wen, by a chitinous shell, in 
which salts of lime are deposited, giving to parts of it the liardness of stone. Molting 
consists of two distinct phenomena: (1) the forination of a iiew shell alnd (2) therejection 
of the old. Whe~i once formed the $hell adinits of no increase in size, since i t  is a 
dead structure, excreted by the skiii below it, and mheu it is outgrown it must he 
cast off and replaced by a new and larger shell. The new sliell is gradually excreted 
under the old one, aiid when the latter is discarded the new shell is soft and flexible 
and is easily distended to meet tlie requiremeitts of growth. The growth of the lobster, 
and of every arthropod, thus apparently takes place, from infancy to old age, by 8 series 
of stages characterized by the growth of a new shell wider the old, by the shedding of 
the outgrown old shell, a sudden iiicrease in size, and the gradual hardening of the 
shell newly formed. Not ouly is the external skeletoii cast off in the molt and the 
linings of the masticatory stoinach, the msopliagus and intestine, but also the internal 
skeleton, which consists for the most part of‘ a complicated linkwork of hard tendons. 
This is rendered possible from the fact that  these structures are derived from iiifolded 
portioss of the skin, arid in molting they are simply drawn out of their original folds 
or pockets. It is thus easy to see why the moltiiig process is critical. 

The frequency of the molting period depends directly upon the physiologioal 
condition of the animal, which varies with its environment. The molting process is 
both an expensive aud dangerous operation, and calls for a considerable excoss of 
energy. Since it is largely depeiideiit upon t h e  conditiou of the individual, which is 
subject to wide VAriatioii, the molt does not take place a t  ally stated t h e ,  but  gay 
Occur in any month of the year, though but rarely iu the spring. Warmer weather, B 
more active life, and a more vigorous appetite, which are characteristic of the lobster 
during the Farmest part of the yew, are most favorable, as we have seen, to the 
renewal of the shell. The lobster, though a carnivorous and voracious animal, 
feeds less in winter, when its habits are relatively sluggish. Broken liinbs and 
injurieR to the shell are then but slowly repaired, and there is less energy to be 
drawn upoii in molting. 

The growth of the crustacean takes place during the period of the molt, while the 
new shell is being formed, aud not immediately after the ecdysis, as is commonly 
believed. It was clearly shown by Vitzou that the old shell is gradually thrown off 
in consequence of the growth during the inoltiiig period, when the animal tends to 
become larger thau its envelope. The rapid swelliug out of the body after the O l d  
shell is gotteu rid of is due to the absorption of water through the new shell into the 
blood and tissues, not to cellular growth. 

P. C. B. 1896-6 
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Before the molt takes place the lobster has been for a long time preparing for it, 
while growth has been going on. After molting, i t  is several weeks before the new 
shell is as hard as the old one, so that the lobster is, for a large part of its life, either 
preparing for a molt or recovering from one. It is therefore not remarkable t h i t  
lobsters have acquired many popular names among fishermen, such as "hard shell" or 
"old shellv lobster; "shedder," "black shell," or "crack back" (lobsters preparing to 
molt) j "soft shell," " new shell," shadow," "rubber shell," "paper shell," L L  buckle 
shell" lobster, etc. (lobsters which have recently molted). 

HABITS OF MOLTING LOBSTERS. 

Shedders can be readily distinguished by the dark, dull colors of the old shell 
hence the common name of "Wack lobster," and by the deep reddish tint of the 
membranes a t  the joints, where the flesh is now seen through the old and new cuticle. 
The lobster is now naturally sluggish, though not too inactive to enter a trap. When in 
this condition they very commonly haunt shallow water with a sandy, muddy, or weedy 
bottom, and at low tide have been taken out; of bunches of eelgrms in a few inches of 
water. When in this condition they frequently dig a shallow hole in the mud uuder 
stones, where they can await the coming change with greater security from enemies. 
Fishermen frequently see a shed shell lying on the bottom and a soft lobster close by 
under a rock or bunch of kelp. 

It is well know11 that many prawns habitually molt in the early morning while it 
is yet dark. The lobster when kept in an aquarium molts either by day or night, and 
it probably does the same in nature. In  those which Brook observed (26) the shells 
were cast off in the night and partially buried. 

Shedders and soft lobsters used to be a favorite bait with fishermen who knew 
where to  look for them and could chen find them in abundance. The shell of the black 
lobster was peeled off, and the soft, pulpy flesh formed a tempting bait which fish 
found difficult to  resist. Mr. Vinal N. Hdwards says that in 1869 or 1870 he used to 
take molting lobsters for bait a t  Menemsha, in Vineyard Sound, in October, sometimes 
a barrel of them a t  a time. He says that he never found a rnolting lobster buried in 
the sand, but they were usually under bunches of seaweed, such as the common kelp 
(Pucus sesiculos~) with their bodies only partially surrounded by the sand, and in 5 to 
9 feet of water. It was not uncomuion formerly to catch shedders in fyke nets, but he 
hai taken none in recent years. He  used to take them occasionally with hook and line. 
The lobster probably requires greater freedom in getting free from its old shell than 
could be found in the most carefully constructed burrow, 

While a t  the Vinal Haven Islands, August 26,1893, I saw in the pound a t  that  place 
a number of soft lobsters which had molted but a few hours before. One was found 
lying in the eelgrass; another, a male, was exposed on the mud bottom in 2 feet of 
water. A shedder, weighing upward of 10 pounds, was caught by Mr. M. R. Spinnoy 
in Seal Oove, Small Point, Maine, in the inontll of August, ill very sllallow water; and 
in Sagadahoc Bay, near the mouth of the Eenilebec River, a large soft lobster was once 
found and close beside it i ts  cast-off shell. The lobster lay buried under roots of 
eelgrass and was out of water, when discovered, a t  low tide. 

In the Peabody Academy of Science, at Salem, Massachusetts, there is a crushing. 
claw of a lobster said to have come from Gloucester and to have weighed 39 pounds. 
An outline drawing of this claw is given in plate 15 (see p. 115). This lobster probably 



THE AMERICAN LOBSTER. 83 

weighed not over 25 pounds. The shell of the last three joints of the claw-bearing 
limb (the parts represented in fig. 20), weighed 162 ounces. It has the thickness of 
thin pasteboard, exceytiiig a t  the tips of the claw, where i t  is denser, aiid probably 
belonged to a lobster which had molted within three months of the time of its capture. 

Putnam (254)  records some interesting facts in regard to the molting habits of the 
blind crayfish, Cambarus pellucidus, and of the eyed crayfish, Ca?rlbarus bartonii, cap- 
tured in Mawmoth Cave November 13. The bliud species was of a iiiilk white color. 
Oiie inolted on Jaiiuary 29 and a second time April 20. Another specimen of this 
species, exposed to the light overdne  Aonths, had eaten little and molted once. One 
of the specimens of C. bartonii molted about February 20, and when observed was 
eating its own shell. It had devoured about half of it. This habit of eating the remailis 
of the old shell is very interesting, and is undoubtedly induced by the need of liliie. 
It waH noticed in the crayfish by Baker (7) over a hundred years ago, but i t  is so 
seldom recorded that it would hardly seem to be a fixed habit. It is probably 
occasiona1ly practiced by the lobster aud all the higher crustacea, especially wheii in 
confinement. Warringtori (299) estim:ited that the molting period of prawns (Palmt)aon 
serratus), which he kept in aquaria, varied from twelve to twentyfour days, depending 
upon food, the temperature, and other conditions. When the cast skius were not 
removed the prawns devoured a11 the soft parts. Young lobsters, immediately after 
molting, fill their stomachs with any calcareous matter a t  hand, such as the fragments 
of the shells of mollusks and crustacea. Pieces of the integument of the lobster are 
comrnoiily foulid in the stomach-bag, RO that i t  is not a t  all improbable t h a t  the young 
lobster sonietimes devours its cast-off skeleton. Brook (26) thus 8peaks of a lobster 
the day after ecdysis : 

It had partially buried its oast shell under the gravel. During tho previous fortnight this 
spocimeil has ellown grotit irritability aud pugnacity, and mhon offered food soieud it savagely, but 
instead of eating proceeded iiiiinodiatelg to bury it. 

Spence Bate (S), who tried without success to observe the coiiiinoii green crab 
(Caroinus mmnas) in the act of iiiolting, concluded that this aninial had the power of 
inhibiting the process until a favorable time arrived. 

THIC GAST’ING O F  THE SHELL. 

A inale was caught in the harbor of Woods 13010 July 13, 1891, and 
placed in an aquarium. At  exactly 2.48 1). in. this lobster bepan to molt and in six 
minutes mas out of its shell. 

When the lobster is approachiug the critical point the carapace or shell of the 
back gapes :%may a quarter of an inch or more from the tail. Through the wide chink 
thus formed the flesh can be seeii glisteniiig through the old and hew cuticle, giving 
i t  a decidedly pinkisli tinge. Take the lobster up in the hand now and the tail 
drops down as in death, the strong muscles which bind the pleon to the car:ipace being. 
completely relaxed. W lien this stage is reached the tiiris of exuviation is at hand 
and the process beconies purely automatic, the animal liaving lost all control over its 
own movements. There are other signs, though iiot equally iiifalliblc?, which point to 
the same conclusio~i-the dull, faded colors of the old shell, scratched and inarred 
oftell with the inarks of many conflicts. The shell is frequeiitly of a dark, dirty green 
color, tho mottled tints haviug become very much obscured. The contrast in color is 
very great if the shedder happens to be among lot of new-shell lobsters, and the 
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term ‘6 black lobster,” used by the fishermen on the coast of Maine, is iiot altogether 
inappropriate. The old shell is aldo brittle, omiiig to the absorption of organic matter, 
and if the carapace or large sliield which covers the anterior half of the body is 
pressed brtween the fingers, it will soiiietirnes split down the back in the longitudinal 
median furrow. In most cases the shell docs not crack in this place nnless artificially 
compressed. In  the course of the preparation for tlie molt tlie lime salts of the 
shell are absorbed along the middle liue of the csrapace, leaving a narrow perfectly 
straight gutter, extending from the spiiie or rostrum to the posterior margin of the 
shield. The chitinous portion of the cuticle still reuiaiiis, foriniiig an iuelastic hinge, 
011 which the 1ater:il halves of the caritp;bce berid without brc;tking asuiider. In  the 
molted shell there is also a linear meiiibraiious area ou either side of the rostrum. 
Absorption of the hard matter of the shell a t  tliese points tends to give greater latitude 
to the movements of‘ the two halves of the carapace. If you examine a hard-shell 
lobster you will find in place of the median furrow a blue line, drawn as if with a fine 
pen and rule. Below this line the epidermic cells of the skin become so modified as to 
bring about the total absorption of the liine salts of tlie cuticle. In sections of the 
skin, however, it is difficult to detect any histological change in this linear area. 
Other areas of absorption, to be described hereafter, occur, which are of eveu greater 
importance to the success with which the lobster comes out of liis old covering alive 
and whole. 

Tho lmiod of uneasiness, which foreshadowed the niolt and was very marked, 
ended in this lobster by its rolling over 011 its side, agitating its appendages, and 
bendirig its body in the shape of thc letter V, the augle of the V coincidiiig with the 
gaping‘ cliiiik betweeii tlie dorsal sliield and ‘ 6  tail.,’ Presently the old cuticle, holdiiig 
these parts together and through which the new shell is seen, began t o  stretch, the 
wall of the body pi-essiiig against i t  with considerable force, ilild the hirider end of the 
shell being slowly lifted up, wliilc its anterior part remained attached to the rest of 
the dceleton. The slow but sure pressure of the parts within cause an increasiiig 
tension in the yielding cuticular membraiie, which finally bursts, revealing the brilliant 
colors of the new shell. The legs :tiid other appendages are occasionally moved, but 
no marked convulsive movenieiits are to  be seen. TI10 carapace has now become raised 
upward to an elevation of‘ perhaps 2 inches behind, in consequence of which, the 
anterior end being fixed, the rostruui is bent downward and the animal iiow has a 
very singular appemance. 

When this much has been achieved the lobster becomes quiet for a few seconds 
and then resumes its toslr with renewed vigor. From this time 011 until free its 
muscles work intermittently. ‘l’he doubled-up fore part of the body is with each effort 
of the animal more and more withdrawn froni the old shell, and this i?nplies tlie 
separation of the skiii from the complicated linkwork of the internal slielcton and the 
freeing of the twenty-eight separate appendages, which are attaulied to this portion of 
.the body, from their old cases, and a t  tlie mine time tlie release of the muscles from the 
internal tendoris of the large claws and other parts. The cuticular part of every ecto- 
dermic structure is strippe‘d off. This exoskeleton folded up to fit such a complicated 
mold is in reality a continuous structure, and from the method of its regeneration the 
sloughing of one part necessitates the shedding of the whole. 

The carapace is now elevated to such an cxteiit beliiiid that the rostrum is 
directed obliquely downward and backward. The lobster is still lying in comparative 
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quiet upou its side, but the muscles of all its appendages are undergoing violent con- 
traction as the animal tugs aud wrestles violently as if to free itself from ropes which 
bind it down firmly on every side. The carapace is unbroken, yet the two halves beud 
as upon a hinge along the medial1 furrow. Presently the pressed-down bases of the 
antenm, the eyestttlks, and the bent-down rostrum of the new shell can just be seen. 
No part of the covering of the large claws or of any of the legs has been split or 
cracked. The muscular inasses of the powerful claws have been withdrawn tlirough 
their narrow openings without a rent, Finally a few kicks free the entire anterior half 
of the body, the ilntennz, chelipeds, and various other parts, which now lie above or 
to one side of the old covering. The “teil” has been grafiually breaking away from 
its old case, and as soon as the forward part of the body is withdrawn the lobster gives 
one or two final switches aiid is free. The newly molted lobster has a very sleek and 
fresh appearance, aiid its colors wore iiever brighter or more attractive. Try to take it 
U p  iu the hand, after some tiriie has elapsed, and it feels as limp as wet paper; but 
immediately after casting the shell the muscles of the crustacean are hard and tense, 
probably from being in a state of crirmp or tetanus. Every part, of the old shell down to 
a microscopic hair has been reproduced in the new oue, but in the latter the fringes 
of stiff set% are as soft as silk, the strong ends of the claws, the rostrum, and every 
spine of the body so soft as to easily bend beneath tlin finger. The large claws are 
considerably distorted, as well as some of the other parts, beiug squeezed and drawn 
out to a11 unnatural length. After gettiiigclear of the old shell the auiinal is not 
inclined to activity. It soon orients itself, however, resting iu the usual way, and is 
capable of moving about with some degree of agility by the flexure of the tail. Fisher- 
men who have had lobsters shed in cars and traps have often been surprised by the 
ease with which they sometimes slip through their fingers. 

Shortly after the 
molt the lobster was 12 inches long. On July 17, four days after molting, the length 
was a little short of 12g inches. The increase in length was thus very nearly 14 inches. 
The actual increase in size of the cliffercnt parts of the body can be best appreciated 
by comparisons of plates 45 a, and 45 b, which represeiit life-size drawings of a lobster 
before and several hours after the niolt. The nieasurements in this case were 54 and 
63 inches, the increase in length being just 1 inch. 

RBaumur remarked on the hardness of the flesh of the crayfish immediately after 
exuviation, and, as Huxley says (103) : 

In the Bbsence of the hard skclctou there is uothing to  bring the contracted muscles at once back 
into position, atld i t  must be some time before tlie pressure of the iuternal fluids is so distributed as 

The length of the cast shell of this lobster was 111, inches. 

to stretch them out. 

Hyatt (104) said of the large claws of a molted lobster : 
They were exceedingly hard and firm, and I havo no doubt would have been extremely good 

eating if wc had dared to indulge in such cxtravagance. This is entirely contrary to tlic llsua~ 
accounts, but it agrees wit,h my former observatious on tlic common blue crab, of which I have seen 
htlndreds directly after molting, and they are a1w:sys firin and delicious cating if  taken at this time. 

fact, the watery aspect usually attributed to the uewly molted crustacean did not appear until 8on.10 
after the lobster was placed in our live tank. 

Very soon after molting the lobster is ready to take food, the body, owing to the 
absorption of water, plumps out to its uatural shape, and the limit of increase in the 
VOlUlne of the body is reached. 
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The interesting observations of Hyatt on the molting of a lobster were made at  
Matinicus Island, Maine, July 21,1880. The ecdysis was accomplished a t  9.30 a. m., 
and the lobster lived forty hours, when the shell had become but little hardened, being 
still papery and pliable. In  twenty-four hours after shedding the claws had swelled 
out and assumed a transparent, watery aspect. An under tint of green was observed 
in  the shell. The crowns and points of the spiires and teeth of the large claws hat1 
become whitened. The ratio of increase in bulk was found to be 1.211 ; the ratio of 
increase in breadth, 1.192; the ratio of increase in length, 1.010. This lobster came 
out of its shell without splitting the carapace, and the “tail” was the last part to be 
set free. 

Vitzou describes the molting of a lobster which he watched in tlie marine labora- 
tory at Roscoff on the 21st of July. Ee speaks of the membrane between the carapace 
as being early ruptured, and points to this aS a sign that the animal is about to molt, 
but this can not be a normal occurrence. 

WITHDRAWAL O F  THE LARGE CLAWS. 

The shell of the large claws is molted entire without a rupture in any part. This 
means that the great mass of muscles which fills the terminal joints must undergo 
distension and compression to an extraordinary degree. Tbis will be better appre- 
ciated by an examination of cuts 6 and 7, plate B. Cut li represents the cast shell of 
the left cheliped of the lobster (No. 7, table 24) which molted on July 13, and cut 7 
cross-sections of the sliell with their plotted areas, in the planes indicated in cut 6. 
The flesh which fills the area Ia is drawn through the opening of t h e  joint 11 (plotted 
area shown in IIa), and later through III, the smallest part of the claw. The shell is 
here distensible, however, owing to the absorption of lime from the upper surface, so 
that probably in this part the area, of the cross-section is increased until i t  equals that 
of IIa. Finally the compressed and distorted limb is drawn through tlie quadrilateral 
opening a t  the base IV (plotted area, IVn),  as Salter says, much AS a wire is drawn 
through the contracting holes of a draw-plate. Tlie latter is soinewhat larger than 
the opening of the subterminal joint 11. The area of the section of t,he largest part 
of the claw (I, Ia) is more than four times that of the opening IIa, through which all 
the tissues of tlie claw must pass. The muscles appear to be stretched out like a stick 
of candy, but, apart from their elasticity, they are probably aided in accomplishing 
this by the removal of water from the blood. The parts are very much distorted 
immediately after they are fiee, and are quite bard, but they soon lake up water and 
assume their natural form, with a proportional increase in size. 

The areas of absorption in the three basal joints of thelimb are easily distill- 
guished, though less plainly circumscribed, in the hard-shell lobster. The shell of the 
basal joint becomes a slender ring, which is not broken, as has been inferred, but 
remains intact, as Salter (27’4) has already observed. 

In  the crayfish, on the contrary, Rbaumur (IGZ) maintained that in molting the 
shell of t h e  ‘‘ second and third” joints (meaning, as shown by his figure, the nieros and 
carpus-fourth and fifth joints) opens by a longitudinal fissure on the outer side. 

The two pieces are NO perfectly adjustcd to ewh other that they appear as one, but at the time 
of the molt, when tho crayfisli subjects them to strain, these tubes gape apart and thus permit the 
paseage of the extremity of the limb. 

no rent had been made. 
After the molt the crack closes up aid appears to be glued together again, as if 

This explanation of tlie withdrawal of the large claws is 
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repeated by Rymer Jones (206) and others. It is, without doubt, erroneous, but 
possibly based originally upon an exceptioiial occurrence. 

A t  the time of the casting of the shell the large claws must be practically free 
from blood, since, as Vitzou lins pointed out, if the claw were to be increased in size, 
it would be next to impossible for it to be withdrawn without rupture. The older 
naturalists used to explain the withdrawal of the large claws by a wasting of the 
tissues. The lobster was supposed to become sick and emaciated, which, of course, 
was an error. The most significant .fact in this process is the displacement of the 
liquids which norinally belong to these appendages. 

Couch (479, in his account of the exuviation of the common edible crab of Great 
Britain, Cancer pagurus, maintains that the membranes in the areas of absorption a t  
the base of the chelipeds split along the edges and open like hinges, thus freeiug 
the limb from its constraint. This does not happen in the lobster, as Couch inferred, 
and even if i t  did no benefit would arise, since there is the unbroken ring of the 
coxopodite, through which the tissues must still l~ass. Speuce Bate (20) thought that 
the splitting of the walls of the cheliped, alluded to by Couch, might be to enable ‘(the 
animal to withdraw the great osseous tendon.” It is difficult to understand what is 
here meant. The great osseous tendons are never withdrawn at  all (past the absorp- 
tion areas a t  the base of the limb), but remain attached to the old shell, of which they 
form a part. 

THE OAST-OFF SHELL. 

A t  the time of the molt there is an intermediate membrane which makes its 
appearance between the new and old shells. It is non-cellular, has a gelatinous appear- 
auce, is very transp;ia.ent, and may be found adherent to th6 old shell after the molt is 
past. When esamiiied microscopically it has tho appearance shown in fig. 177, p1. 44. 
It bears the impress of a mosaic of cells, which can be none other than the cells of the 
chitinogenous epithelium. Vitzou is thus iu error i l l  supposing that this substance is 
a secretion of the chitinogenous epithelium uiiderlying the new carapace, which i t  
traverses by endosmosis. It must be either the first secreted product of the new shell 
or the innermost layer of the old shell modified by absorption. 
’ In this cuticular membrane the parts which correspond to the cell boundaries (of 
the chitiuogenous epithelium) have the form of elevated ridges ou the under side, and 
in the center of each polygoual area there is a slight thickeuing. lt6aumur (162) had 
in view a similar structure in the crayfish when he spoke of 8 glairy matter, “as 
transparent as water, which separated the parts which the crayfish was soon to 
cast OE from the rest of the body, and which allowed these to glide smoothly over one 
another.” 

There is normally no rupturing of the shell in any part in the course of the molt. 
The eutire exoskeleton, with the linings of the cusophagus, stomach, and intestine, 
comes off as a whole,’ and the animal leaves it by drawing the anterior parts of the 
body backward, and the abdomen and its appendages forward, through an opening 
made by the elevatioii of the carapace. When the old carapace falls back into its 

’The lining of the alimentary tract is of course ruptured. In small lobsters, at the fifth or sixth 
molt, I have noticed that the bre:ilc takes place not far behind the stomach-bag, and that while tho 
linings of tho masticatory stomach and msophagus come out by way of the mouth, a8 in the adult, the 
lining of tho intestine is withdrawn from the anus. 
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natural position one might, a t  the first glance, as RCaumur said of the crayfish, mis- 
take the empty shell for another lobster. 

In old lobsters, where the membranes are thick, a rupture of the carapaae may 
arise possibly from want of complete absorption of the lime, but this rarely happens, 
and the lobster gains nothing from the complete dehiscence of the parts. 

It has been stated so mauy times that it has come to be generally believed-the 
result of the reiteration of error-that the carapace of the lobster is ruptured along 
the middle line to assist ecdysis. A careful examination of the cast-off shell, which 
would have settled in short order the disputes over this subject, is the very thing 
which apparently has not occurred to anyone to make. Wben this is done, we find 
that rupture of the shell is guarded agaiust in the most ingenious way. The areas of 
absorption of lime salts iii the carapace, which we have only to consider in this 
connection, are as follows : (1) The wide lateral margins of the branchiostegites, 
including what iu life appears as a light blue area, about three-eighths of an iiich wide 
in a lobster 10 inches long; ( 2 )  a narrow median stripe extending from near the apex 
of the rostrum to the posterior margin of the carapace; (3) the endotergites (three 
small teeth like projections from the under side of the carapace, on which muscles are 
inserted); (4) a linear area on each side of the rostrum; ( 5 )  two small round areas in 
front of the endotergites-not always noticeable. The linear area ( 2 )  extending down 
the back acts as a hinge, rupture iu the rostral region being provided against by the 
narrow absorption areas on each side of it (4), while the softening of the margins of 
the carapace ma,kes the lifting of this from the body an easy matter during the molt. 
The result of such areas of absorption is plainly to prevent the rupture of the shell, 
which, however, does accidmtally occur from other causes. The softening of the endo- 
tergites is also necessary to prevent injury to the soft tissues. 

THE GASTROLITHS. 

THE GASTROLITHS O F  THE LOBSTER j THEIR STRUCTURE AND DEVELOPMENT. 

The gastroliths, though often called crabs’ eyes, are found only in the crayfish and 
lobster, so far as is known. Discovered first in the river crayfishes, they early figured 
in the old pharmacopoeia as oculi sew lapides cancrorzcrn, and have excited the interest 
of naturalists from early times. Owing, however, to their very transitory nature, they 
have been generally overlooked in the lobster. A satisfactory explanation of the 
function of the gastroliths has, in my opinion, never been given, and in the following 
seotion I shall offer one which I think is ill harmony with the facts. 

The first reference t,o these bodies, which I have found, is by Geoffroy the younger, 
in 1700 (74), who says, in his paper on the molting of the crayfish: 

Although I have Hpoken only of the stones which ere found in the river crayfish, there is, more- 
over, a kind of orayfish, called Antacue marinits, in French Hoinav, in which they eleo oociir. 

More particular reference was made to them in 1874 by Chanhan (41) ,  and they 
are mentioned for the first time in the American lobster by Wlieildon in 1875 (202), 
who says that “just before shedding a wliite substtnce, the size of a k e n t  coin, is found 
on either side of the stomach. Tliese bodies harden into liinestone and are absorbed 

They are described by Vitzou (197) as an 
inorganic reserve composed of small truncated rods, free or delicately bound together. 

the process of forming the new shell.” 
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If the shell of a lobster which is nearly ready to molt is carefully removed, there 
will be seen two glisteniiig snow-white Inasses, one 011 either side of the stomach 
(fig. 184, pl. 44, and cut 9, 111. C ) .  The shape and dimensions of the gastrolith are 
shown in cut 8 a-c, pl. 0. This particular 0118, from a lobster 11 inches in length (No. 2, 
table 24), was BII inch long, three-quarters of an iiicli wide, and a quarter of an iiicli 
thick. Its outer, convex side is applied to the sac in which it lies, while its concave 
surface is separated from the cavity of the stomach by the old cuticular lining of this 
organ (cut 9,111.0). When the stomach is raised tlie gastroliths almost break through 
its delicate outer wall by their own weight. They lie between the old cuticular lining 
of the stomach, which may be stripped off, and its delicate outer wall, next the body 
cavity. The inipressiou of tlie gastrolithic plate is seen on the new ciiticular lining 
only (n. e.l) If the sacs iu  which they are formed are cut open, each mass separates 
into a large number-a thousand or more-of ossicles or columns. The majority of 
these are sleiider, truncated prisms of irregular sliapes, and 5 mm. or more long. 
Each ossicle resembles a piece of milk-white glass, with transparent edges, and is 
faintly marked with transverse and loiigitudinel 8triation6, like those seeii in the 
cuticle (fig. 165, plate 42). 

0 1 1  August 2, 1894, I examined a lobster which was very nearly ready to molt. 
The old shell came off easily. The gastroliths were fully formed. We can detect upon 
tlie new cuticular wall of tbe stomacli tlie gastrolithic plate, froin which the next 
gastrolith will be formed. When the old cuticular lining of the stomach is removed 
the iiew teeth appear of tlie same brown color end nearly of the saine hardness as the 
old. The supporting calcareous parts are, however, quite soft. (For analysis of these 
gastxoliths, see No. 3a of table, Appendix 11.) 

The gastrolith shown in its natural position in the SAC (fig. 184, pl. 44) was from a 
male lobster 7.5 iiiohes long. This is the smallest animal in which I have found these 
structures, and i t  is possible that they are iiot developed until the lobster is several 
years old, althongli I have not obtairied enough inaterial to establish tlie time of their 
first appearance with definiteiiess. A female lobster 3+& inclies long, which was taken 
in Small Point Harbor, Maine, by Mr. M. B. Spinney, was as soft as wet paper, and had 
apparently just wolted. Upon dissecting this animal I was siirprised to find the 
stomach stuff’ed full of fragnieiits of calcareous matter, consisting chiefly of waterworn 
pieces of the shells of deed mollusks, sacb as are comlnouly throwii upon a beach. 
The largest of these fragments was it quarter of an iiicli long. Maiiy of the shells 
were softeiied or corroded and were easily broken by needles. There were, besides, a 
considerable number of Arnall inollusks, suoh as the youiig stages of Mytilus e d d i s .  
Some of these shells, when devoured, were uudoubtedly al\ve. No trace of gastroliths 
could be seeu. The old cuticular skeleton of the stomach had bee11 discarded, and the 
new “teeth77 were but little hardened? save upon their browu, horny surfaces. 

Another small lobster, a mde, 4& iriches long, taken a t  t’lie sanie place and at 
about the same time, bad recently molted, probably within a fern days. The shell was 
very delicate and fragile. In  this case, also, the stomacli was loaded with fragments 
of the dead shells of mollusks, crabs, and slnall lobsters. The hardest parts of tlie 
shells of tlie letter seem to have been chosen, such as the stony maudibles, spines, and 
teeth of the large claws. Tliere was no fleshy substanm which niight serve as food in 
this stomach. It is possible that these shells are swallowed by the young lobster, after 
oach niolt, to furuisli lime for the herdeiiiiig of the cuticular skeleton. The absence of 
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gastroliths may have 1 1 0  significance in these cases, but in order to determine this 
one should examine the stomachs of larger animals which have recently molted under 
natural conditions. 

The gastroliths, though a part of the cuticle, are not cast off during the molt, but 
are retained in the stomach. When the old lining of this organ is withdrawn, the 
gastroliths are soon set free, and breaking up into their constituent parts are speedily 
dissolved. 

I n  the lobster referred to above (No. 2,  table 24), which was preserved immediately 
after the old shell was shed, the gastroliths were still in place in the stoniach, and 
unchanged. (For cliemical analysis of these, see table, Appendix 11, No. 4a.) The 
horny parts of the gastric ossicles agree closely wit 11 those of the cast shell, having 
the same light-brown color and approximately the same hardness. Tlie supporting 
calcareous parts are, however, quite soft. In every case which I have examined, t h e  
old teeth are expelled from the stomach a t  the time of ecdysis, and not left with the 
gastroliths, as Rbaumur (161) said was true of the crayfish. 

Experiments upon the crayfish have seemed to show that the gastroliths are 
necessary for tlie hardening of the new shell, bu t  this is undoubtedly an error. 

The length of time required for the development of the gastrolitlis of tlie lobster 
has not been determined. It is probable, however, the6 the latter part of their devel- 
opment is rapid, and that they art3 conspicuous objeots for a few days only before the 
shell is cast off. 

A female lobster which was examined August 10, 1893, had a very hard, dull- 
colored shell, which one might infer would be shed before many weeks. In place of 
the gastrolith there was a very thin gastrolithic plate in the lateral wall of the stomach 
(fig. 183, PI. 44). A section through this plate (fig. 171, pl. 43) shows how the gastrolith 
is developed. The cuticular epithelium is columnar, consisting of very long, Blender 
cells. The thick excreted cuticular product is traversed by undultitory striations, 
which mark off the columnar ossicles, the separation of which begins a t  the outer 
surface. 

The inner section of the gastrolithic plate (0 P) appears much more homogeneous 
than the outer portion, although the doinarcation is not quite so sharp as appears in 
the figure. Tlie striations in the inner part are only conventiottally represented. The 
undulatory strize extend inward, and with the deposition of lime the ossicles are 
developed and completely separated. When the gastroliths are fully formed (cut 9, 
plate U) the deciduous cuticle of the gastrolithic sac is dieerentiated into two parts, 
the gastrolith (gg) and a, thin outer layer (oc', cuts 9 and 10) corresponding to the 
outermost Dart of the cuticle shown in figure 171 and in continuity with the old lining 
of the stomach (Old  C ) .  The new cuticle of the stomach (New C )  is represented in 
the gastrolithic sac by a thin stratified layer (m*, cuts 9, ll), from which the next 
gastrolith will be developed. 

The condition of the gastrolith a t  this stage bears a resemblance to that which is 
finally reached in the crayfish, where, according to Ruxley (10.3) : 

It is a solid body which, in  vertical section, is seen to bo composed of thiu superimposed layers, 
the densest of which form the hard prqjections of the outer siirface next tho epithelial substrstnm. 

The outer side of the gastrolith in the crayfish is roughened with irregular promi- 
nences, so that it resembles a b r  brainstone )? coral. When from any cause the stones 
are not dissolved, they lose their normal blue or white color and become brown or green ; 
the shell remaius soft and the animal, according to Ohsntran, soon dies, When the 
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formation of the stones is arrested, as Charitran liad often observed in October and 
November, the crayfish was unable to molt, :md died. 

Chantran (42) presented to the Academy of Sciences of Paris a paper, giving an 
account of the natural concretions, called crayfishes’ eyes,” produced from the time 
of birth in this crustacean np to the age of six years-that is, during 22 successive 
molts. I t  was found that the stones are iiot absorbed at  the momelit they become free 
in the stomtbch, but that they :ire gradually morn down by reciprocal rubbing and 
contractions of the stomach. The plane faces of the stones are thus rubbed together 
until they are gradually worn down, and a t  the tenth hour after ecdysis they are 
reduced to pellicles of 1 to 2 mm. in diameter. The destruction of the concretions 
may be complete a t  this time, or they may persist up to tlie eightieth hour. 

According to Chantran (41, 42), the narnber and succession of iiiolts i n  the Euro- 
pean crayfish are as follows: First year, 8; sccond year, 5 or 6; third year, 3. After the 
third year the males molt twice aiid the females once annually. He further believed 
that every iiiolt involved the formation of calcareous masses in the stomacli, and that 
these numbers consequently show liow often the gastroliths have been formed and 
used up. The time occupied ill their formation increases with age, being 10 days the 
first year, 15 days the second, 25 days the third, mid 40 days in subsequent years. 
The time which elapses after the molt before the stones are reabsorbed also varies 
with the age of the individual, from 24 to 30 hours ill the young, which have not 
molted more than twice, to from 70 to 80 hours in adults. 

. 

HISTORY O F  THE GASTROLITHS-THEIR PROBABLE FUNCTION. 

The gastroliths were the subject of much ciirious speculation among the older 
naturalists-Gesner, Bellonius, and Agricola-who, according to Herbst, assigned 
to them a position in the brain. Van Helmoiit, who first dcscribed their true position, 
W a s  not far from right in thinking that they  ere forrued by a milky secretion which 
was poured out between the old and new liiiiiigs of the stomach. Geoffroy’s observa- 
tions (74), published in 1709, were the best made up to his time. 

I have opened [Gooffroy says] vigoroiis crayfishes which had, entered upon tlie process of molting 
and have foiind in the place of cach stono asc:tlc or white plate, which swiiiis in tho middleof a niiiciis, 
a114 which was apparently tho undeveloped condition of the stone. This  tone and the glairy liquor 
Were enveloped in a small, membranous, aud very delicate sac. 

but 
was 

IU crayfishes which have recently molted the stones are not in tlieir usual places, 
lie in the stomach, joined together by their concave partrts. No vestige of a stone 
found in the stomachs of crayfish in wliioh the shell had hardened after moltiug. 

He concludes however thttt the st,ones play no part in the formation of the new shell, 
although they appeared to serve as food after the molt. 

RBaumur (162), besides repeating Geoffroy’s observations, added much that was new 
to the subject, and placed the general facts of the molting of crustacea beyolid the 
doubts which had existed up to his time. By dissecting crayfishes which had molted 
he found that the stones gradually dwiiidled and disappeared. He says: 

1s i t  not natural to sllppOSU that tllcso stones are dissolved, and that their substance is then 

Roesel ( I @ ) ,  in ]lis beautiful Insecten. Belustigung, published in 1755, discusses a t  
some length tlio function of tlre gastroliths, coming to the conclusion that they are 
useless material which is formed during the molt, t o  be afterwards expelled fiom the 

and laid down in the interstices of the fibcrs of which the skin is composed9 
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cesophagus. according to Mayer, whom Roesel quotes with some reserve, i t  was the 
custom of the inhabitants of Asiatic Tartary and Ukrania to collect crayfish at the 
time of the year in which they were in the best coudition and place them in large pits 
in the ground. Here they were broken up and allowed to remain all winter, during 
which time the evil odor kept everybody away. In  the spring the owners would 
return, wash out the remuants of the crayfish in water, and sift out the stones with a 
sieve which they used for this purpose. It was formerly the custom also in Poland 
and Russia, on the River Don, to collect crayfish in large quantities and allow them 
to rot in the fields or in pits. The stones were afterwards carefully collected and sent 
to market to be used as medicine. 

Mr. Baker (7) communicated to the Royal Society 011 Febrixary25,1748, an inter- 
esting letter on “crabs’ eyes,’ from Dr. James Mounsey, a Russian physician. He 
noticed the seal-shaped spots on the well of the stomach, which mark the position of 
the developing gastroliths, and concluded that the latter helped to form tlie new shell, 
which, be says, does not greatly recommend the opinion that these stones have a 
dissolving quality of service against the stone in the human kidneys and bladder.” 
“The price comes to a groat or sixpence a pound. All tlie apothecary shops through- 
out the whole Russian Empire are furnished with them, and great quantities are 
exported.” Notwithstanding their cheapness, tictitiour; bodies, made of chalk” and 
‘ I  tobacco-pipe clay ’’ were cast in molds and substituted for real “ crabs’ eyes.” I n  
this case the counterfeit undoubtedly possessed all the virtues of the genuine article. 

K. E. von Baer (6) thought that the gastroliths were salivary stones, developed 
in the lumen of a salivary gland, an idea which was not destined to bear much fruit. 
Some writers even pretended that they were cast out througe a fissure in the walls of 
the stomach and body. 

Van der Hoeven (295) seems to have been one of the first in the present century 
to protest against the theory that the sole function of the gastrolitlis w a ~  to provide 
lime for the new shell. In his Handbook of Zoology, a translation of which was 
published in 1834, he says: 

The part, how-ever, wliich the crabs’ eyes take in tho secretion [of the hard shell] can not be 
great when we coxnp:tre their weight with that of tlio calcareous matter of the shell. During the 
time that the shell is still increasing in hardness no new crabs’ eyes are produced; but only after 
the shell h : ~  attained its gre:itest hardness is calcareous matter again secreted on the walls of the 
stomach, and new crabs’ eyes again appear. Thus the production of crabs’ eyes would seem to be 
a vicarious secretion of such constituents of the blood as, if too abundant, would be injurious to the 
organs, like the secretion of urine for instance, bnt with this difference, that the calcareous matter is  
not set at liberty shortly after its secretion, bnt remains aeeumulated for a long time in continuance. 

Max Braun, in his work 011 the molting of the crayfish (22), conclnded that the 
gastroliths were cuticular products analogous to the integument, but paid no attention 
to their function or growth. 

Vitzou (1.97) says that shortly after the molt in the lobster the gastroliths are dis- 
solved in the acids of the stomach and, entering tlie lymph, form an inorganic reserve 
comparable to the phosphatic plaques which are found in the membranes of the foetus 
in ruminants. 

The problem of the gastroliths has recently been attacked by Irvine and Wood- 
head (205) in one of their valuable communications on the secretion of carbonate of 
lime in animals. They conclude that, if the gastroliths play any part a t  all, they must 
be converted into phosphatbes and thus carried in the lymph. If the brachyura have 
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a lime reserve, i t  must be iu the lymph, in the forin of calcium phosphate, since they 
have no gastroliths. ‘( We think,” they say, ‘(that this theory [of the gastroliths 
contributing to tlie formation of t’he iiew shell] may be dismissed as of comparatively 
little importance, since, eveii if the teeth and whole calcareous structure could he 
absorbed by tho auimi~1s, the :mount of carbonate of linie a t  their disposal from this 
source is so oiniill (a very small fraction of the outer coveriug) that it could iiot accouut 
for any considerable pitrt of the now structure. Consequeiitly such an explanation 
must be abandoned.”’ 

These writers are undoubtedly right in attributing little importance to tlie gastro- 
liths as a source of lime for t81ie iiew shell. Lime is usually a t  hand iii abundance in 
the forin of the dead skeletons of mollusks and other animals, and, as we have seen 
(see p. 89), young lobsters iiiake free use of it a t  the time of the molt. The fact that 
the brachyura have no gestrolitlis should also possess some significance. 

I have already shown that there are considerable areas in tlie sliell where tlio lime 
is coinpletely absorbed preparatory to the molt. What becomes of the lime thus 
removed? SO f:hr as kiiown, tliere is no means of‘ eliriiinatiiig it directly from tlie body, 
arid it is not likely that this ainount of lime cmi be retained in the blood in addition to 
that which the latter is coiistaiitly receiving from the food. It seeitis to me iuuch more 
probable that the gastroliths in the lobster represent the lime wliicli lias been removed 
by absorption from the old sliell preparatory to the molt, as well as, possibly, a small 
amount which may have entered the blood from the food during tlie rnoltiug period. 
The blood probably contai~is a iliaximum quantity of lime a t  this time, so that very 
little can be absorbed from the food. Upon this hypothesis the absorpt,ion of t’he gas- 
troliths is a purely secondary phenomenou mid of coinparatively little importance in 
the vital economy. 111 the brachyura, where no gastroliths are developed, we should 
expect to find the absorption of lime from tlie shell to be relatively niuch less, which, 
Sofar as I cau ascertain, is the case. It seem to be a fact also that tlie absorption of 
lime frorn the old shell proceeds puri passu wit11 the growth of the gastroliths. 

Chantran observed (see p. 90) tliat when the foriliation of the stones was 
arrested in tho crayfish the animal died. This might be true of tlie lobster, and 
Would not conflict with the theory proposed. When oiice formed, the question of the 
subsequent absorption of the gastroliths is not of vital importance. Vitzou fipeaks 
of a lobster which died six days after the molt, without absorption of the gastroliths 
having occurred. It lvould, of course, be very illogical to conclude that the gastroliths 
were necessarily ill ally way concerned with the death of tliis :tnimal. 

I In an interesting letter from Dr. Irvine, doscribiug sonic of his recent experiments, he 8:hys in 
reference t o  a forlnor attempt t o  determillo the proportionate quantities of ciwbonate of liuic in tho 
exoskeleton : ((But a8 theRe oxperinlents wore made v itli tho colnn~on shore crabs, contilining Inuch 
less cnrbonato of linie proportionately to a full grown nnirnal, I h a m  ropcatcd tho detorminntion, 
using il full-sized lobster which \voighed 15,000 grains. On carefiilly separntiug the stomach, and 
frQeing i t  from nlerely fleslly appendages n~ltl drying it, I find i t  to woigli about 50 grains or 138 of 
the whole auimal, w11ile tile gastroliths iv.eighec1 only 20 graius or & of tha whole. I tI1ou cnrofully 
dried the outer calcarcolls structiiro altd found i t  to  weigli 3,720 grains, the proportion botween 
the carbonate of lime j:i the g~stro]it,hs and in the outer slructuro being 20 grains t o  3,720 gr nius 
The C ~ C O S  in tho gastroliths thtls stood ill proportion to the CaCoj in the exoakcloton ns 1 part in 186, 

___ _ _ _  - __ 

amount too trifling to be of any practical service i n  providing calcareous matter for it.” 
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CHEMICAL ANALYSIS O F  T H E  SHELL AND GASTROLITHS. 

It seemed to me that a chemical analysis of tlie shell of the lobster in its difler. 
ent conditions imposed by the molting habit might prove of interest, especially when 
compared with the composition of the gastroliths, and 1 am fortunate in being able to 
add as an appendix of this work the results of several analyses made by my friend, 
Professor Albert W. Smith. 

The iiiost striking facts brought out by Professor Smith's work are, first, tliat lime 
salts, csrbonstes and phosphates, form about half Dhe constituents of the hard shell, 
there being from three t o  five times as much carbonate as phosphate. We also find 
tliat in the cast shell of the lobster, the brittleness of which we have already noticed, 
the proportion of organic matter present is considerably less than uuder other condi- 
tions. An absorption o f  organic matter tlius takes place during the period in which 
the new shell is formed, and this fact explains the fragility of tho cast-off shell. 

It is also interesting to notice that small quantities of alumina and silica are 
norinally preseii t in both the shell and gastrolith. 

The composition of the gastroliths is very like that of the shell, a coiiclusiolr 
which we would be led to draw from the fact that tlie gastrolith is but a specialized 
part of the dead chitinous integument. The same wbsteiices are found in both, but 
in diEerent proportions. The gastroliths are far richer in lime, chiefly in the form of 
carbonate (GaGO,), than is the shell, and the amounts of inagnesium carboxlate 
(MgCO,), alumina (AI&,), ferric oxide (FezO,), and silica (Si02) are more or less reduced. 

Lime estimated as carbonate ( CaCOs) constitutes about three-fourths of the 
gastrolith, but less than two-fifths of the carapace. Lime reckoned as phosphate 
(Ca,(PO,),) forms about 10 per cent of the gastroljth and but little less in the case of 
the shell; about 10 per cent of the gastrolith is water m d  orgaiiic matter, probably 
maiuly chitin, awl tlie rest is made up of the various salts and oxides given in the table. 
111 the only molted shell arialyzed about 38 per cent was water and organic matter, while 
in two hard-shell lobsters this percentage wrts considerably greater, 42.21 in oue case 
and 51.130 in the other. 

The gastroliths of tlm crayfish were ;malyzed by l)uk (51) iu 1834,l but apart from 
this rough determination no later work has been doiie 011 this subject. 

He also analyzed tlie coiiteiits of the stomach of a crab newly molted, and found 
a free volatile acid, probably hydrochloric, present, besides h i e  salts (53).  

T H E  HARDENING OF T H E  N E W  SHELL. 

Since the totitl quautity of lime contained in the gastrolitlis is insignificimt com- 
pared with the amount necessary for building up the hard crust, the rapidity with 
which the new shell hardens depends, in some measure, upon the individual, and 
particularly u1)on the quality o f  its food. We lieve seen that the adolescent lobster, 
uuder 4 inches long, after molting swallows fragments of shells and other calcareous 
materials, which are dissolved in the stomach aud help in strengthening the new shell. 
It is possible tliat older lobsters have the same habit. 

The results of Dulk's work were as followe : 
Animal matter solrible in water ... . . . . ~ ~. ._. - -. ._ __- .  _.-- .. . _ -  
Animal matter iiieoluble in water (probably chitin-Huxloy) . - ~ ~ 

Phosphate of lime ._____ . . - - -. . ~ __.  - .  . _ _ _  _ _ _  ~ -. . . ~. ~. . . ... . _.. . 
Carbonate of  l ime. .  -. _ _  . - _ _  _ _  ~ __.  .__ - .  , . __.. _ _  - ~ -. ~. -.  . . _ _ _  _. 
Soda reckoned ita carbonate _... . ._ _.. . _.. .____. . ~ -. . . . - - -. . . . -. 

98.93 
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According t,o the researcliss of Irviiie and Woodhend lime salts, in whatever con- 
dition absorbed, are changed during digestion into acid phosphates, and in this state 
are carried by the blood to the protoplasm of the chitinogeuous cells. The nascent 
carbon dioxide gas, wliich the active protoplasm of tliese cells throws off, precipitates 
calciuin carbonate (CaCO,) and calcium phosphate (Ca3(1’O&), These salts are then 
dialyzed into tlio de:~d chitiiious matrix, where they a13 finally laid down. IJilne is 
deposited in a11 insoluble coiidition orily in vitdly innctive tissues. They found that 
crabs which began to shed late in the season were retarded by the cold. Heat thus 
swms to be a necessary factor in tho assimilation of liiue salts from seawater by tliese 
animals. They also found that the crabs died in water con tainiiig only sodiumchloride 
(NaOl), but lived without iiioltiiig iu water containing NaCI and m:~guesiuiii chloride 
(MgCI,); they lived tirid inolted hi water which contained NaCl, MgCl,, and calcium 
chloride (CaCl,), the latter in  the ainouiit equivaleiit to the lime in normal sea mater. 

A lobster wliich molted mliile under observation (No. 7, table 24) was watched 
Particularly with reference to the iiardening of the shell. One liour after the molt 
the cuticle seemed to tlie touch of tho finger to be perceptibly hardened, but this may 
have been partially due to the turgescence of the tissues. Eigliteeii hours after slied- 
ding the cuticle ]lad a leathery consistency, :md the tubercles aud spiiies had hardened 
slightly. Four days after the molt, 
when the animal died, the ciiticle was still coriaceous, and but slight increase in the 
stiffness of any parts had ocmrred. 

A lobster whicll also inolted in confinement (No. 6, table 24) was liept for a period 
of twenty-five (lays. The car:q;Lce :It tlis eiid of this time was eiisily coinpressible 
between the thumb :%lid finger. The large claws could be inade to yield in the same 
way, but not without using considerable force. It \vas iu the state wliicli the fisher- 
men call “paper sliell” or “rubber shell.” If sent to market i t  would be classed as 8 

soft-shell lobster. It is possible, of course, that in this space of time o lobster II nder 
natural conditions would have become harder. It is safe to coiicludg iiowever, that 

six to eight weeks are I1ecess;Lry, ulider ordinary conditions, to produce a shell 
which is as hard as tliat cast off; and if the  lobsters were destined for the market they 

probably be iIi a still better condition in ten weeks or throe months. M:bIly 
lobsters are cauglit and sliipped to clealers a few weeks after they have molted, but 
their meat is then soft a,ud of inferior quality, as we have already remarked. According 
to the opinion of :I Canner of lobsters in Maine, 7 pounds of soft-shelled lobsters in 
summer or fd l  will yield 110 more tliarl 4 pounds in spring, ml~eii tlie flesh is more solid. 

Reaumur says of tho crayfish (162) that he has seen tlie iiew shell become as hard 
as the old in 24 hours, but that it usually takes from two to three days. This observa- 
tion is confirmed by Chantran (379, who says: 

Tho sh:Ll)e of all the [)arts \vas perfectly norltlal. 

Twelve hours after the molt, the nippers are already herd enough to pinch sharply, and in 24 
hours they are c o ~ p l ~ t ~ l y  liartlened.  he sides of the b w ~ c  romaiu ncxible for a ~ U O I I  longer time, 
brit at the end of 48 ]lours they have attained degree of consistency Whieh is ahlost normal. 

Vitzou remarks that the c;irapace of the crabs has perceptibly hardened after 24 
houS, but is not completely liardolied until after 72 t o  80 hours. 

It has been stated that the shell of the newly inolted lobster becomes as hard as 
formerly in the space of 24 hours. This ttnd many similar coujectures which have 
been made upoil this subject are entirely erroneous, as proved by the statistics of the 
fiS1ierY during the summer months. It is probable, however, that under exceptional 
conditions this process is subject to much variation. 
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THE RATE OF GROWTH. 

The question often asked is, How long does it take an adult marketable lobster to  
grow? It is iiiipossible to answer this with certainty, since complete data for solving 
the problem have not been gathered. We can, however, give a tentative answer w h i ~ h  
is probably not far from the truth. 

I n  order to ascertain the average age of a lobster 104 inches long (weight, 1% 
pounds), it would be necessary to know, first, the number of molts which the animal had 
passed through, and, secondly, the tirne iriterval between each molt. The number 
of molts can be approximately determined by means which I shall presently discuss. 
The time interval can only be ascertained by keeping the animals alive for a period of 
years arid carefully recording their growth. Both factors are very variable quantities, 
as I have already shown. The length of one yearling lobster which was raised from 
the egg was only 36 mm., while three other lobsters measured from 35 mm. to 51.8 mm., 
whcn riot over five months old. Lobsters which live in harbors where they find abun- 
dant food undoubtedly grow much fttster than those farther from shore. It would 
hardly be expected, moreover, tIiat lobsters kept under artificial conditions would 
grow as rapidly RS when free in the ocean.' 

I n  table 24 I have recorded the molts of eight lobsters varying from 54 to 111 
inches in leugth. Tbe actual illcrease in length varied from 1 iuch to 13 inches, mid 
the increase percentage (that is, the ratio wliicli the iiicrease bears to the total length 
before molting) from 6.66 to 18.18. The average percentage of increase in all these 
cases is 12.01. 

T A n m  2L-Inwease in the length of lobstew at tlce time of molting. 

Inches. Inclkes. 
Female . 51 66 

Male .... 11 12 

I 

NOV. 6 1890 , . ..do .... 
Nov. 11,1890 .......... I? 
Juue 8,1891 1.. .do .... 93% 

Nor. 10: 1890 1.. ........ i' 8b 

104 
1 p  

ncrcnso 
u lcngth 

July 13,1891  do .... 

Lucronsi 
iercont 
- 
IS. 18 

9.00 

9.08 
10.80 
6.00 

13.13 

11.11 

11.54 

112 12f 

et --- 
I .............I.......... 

Average . ..I. ....... ..I.. 
I 

Remarks. 

Carnnace of molted shell unbroken: 

72 
................. 

pr<servod a few ilays aftor molt: 
LR~; gastroliths g&o; stomach 

ed with pieces of fish, which 
had boen IOCI to i t ;  carapace 
leatherv. Plates 45a and 45b. 

Carapncd unbrokon : reserved im- 
medintely nfter mofqing; gastro- 
lithe i n  their sacs 111 tho walls 
ofmasticatorv stomach. Sou cut 8. 
plate C .  Fofohemical niidyais of 

aatroliths aee Appendix 11, 
s o .  4a of thble. 

Cara ace unbroken. 

Carapace unbrokon ; measured July 

Carmace unbroken : measured Jiilr 

80. 
Do. 

2. See table 28. 

17. -Sea account of moltiug of thi's 
lobster, )p. 8d-R5; also plate B. 

lteoorded6y Packard (147). 

1 The best way to ascertain tho growth of the lobster would bo to fence in securely with wire 
netting a conveniont area in a lobster pound, place a few lobsters in the inclosiirc, and feed them reg- 
ularly. They could be distinguished 
by branding the tail-fan. By selecting lobsters of different sizes (3,6,8,10 inches long), the rete of 
growth at different pcriods of life could be gradually determined. 

They should be examined every week and carefiilly measured. 
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1 ..................................... 
2 ...................................... 
3 ...................................... 
4.  ..................................... 
5 ...................................... 
ti ...................................... 
7 ...................................... 
8 ...................................... 
0 ...................................... 

The increase per cent in the growth of Parvio is recorded in table 34. Sixty-six 
lllolts belonging to more than half as many individuals are tabulated. The average 
increase per cent iii length in stages 2 to 10 varied from 11 to 15.84. The average for 
Stages is 13.67; for individuals, 13.89. These facts seem to warrant the conclusion 
that the increase percentage in the young is very similar to that of the adult, a result 
of considerable interest. The average leugth of the youiig lobster during its first ten 
molts is given in the following table. The data are taken partly from table 34: 

mm. 
7.84 
9.20 

11.1 
12.6 
14.2 
16.1 
18.6 
21.03 
24.5 

7IL111.. 
11.. ......... :12.55 
12 ........... 37.54 
13 .......... 43.28 
14 ........... 49.00 
16 ........... 57.53 
16.. ......... IN. 34 
17 ........... 76.49 
18 .......... 88.19 
ID.. ......... 101. 68 

mm. 

10 12 
11 14 
13.4 15 
15 17 
18 19.5 
19.75 22 
24 25 
26.6 29.5 

7.50 to 8.03 
8.3 10.2 

~ 

15 
47 
79 
64 
15 
12 
4 '  

3 :  

20 ........... 117.24 

The rate of growth expressed by the average of lengths in the secolid column 
of table 25 implies iucrease per cent of about 15.3 instead of 13.67 (the average 
increase in stages recorded in table 34). Assuming the average length of tlie first 
larva to be 7.84 (the average of 15 individuals, table 25), and allowing the increase in  
le11gth at  each molt to be 15.3 per cent of the length before moltillg~ we Would have 
the following series of lengths attained during tlie first thirty Sbges. 

22.. ........ I 155.86 
L ,  2 3 .  .......... 179.70 
24.. ........ .' 207. 20 
25. ......... . I 1  2:ttl. 90 
20 ........... ' 275.45 
27. .......... 1 317.59 
28..  ........ 1 3GG. 16 
29.. ........ .) 422.21 
30. .......... 8486.81 

T A r i m  2Ci.-Eatimatcd length oj' lobatercr durilig the $ret thirty molts. 

1. .......... 
2 ........... 
3. .......... 
4 ........... 
5. .......... 
6. .......... 
7 .  .......... 
8.  .......... 
0. .......... 
10. .......... 

wmn. 
7.84 
LA 04 

10.42 
12.02 
13.86 
15.98 
18.42 
21.24 
24.49 
28. a3 

I I I II - - __- _ _ _  - -- - ---__ 
10.5 incheq. 2 I I inches. $19.1 iiiches. 

According to tllis estimate a lobster 2 inches long has molted 14 times; R lobster 
iUCl ies  in length, from 20 to 21 times; an adult from 10 to 11 inches long, 25 to 26 

times, and a 19-inch lobster 30 times. These estimates do not, I believe, go very 
far astray. We ,gee them practically verified up to the tenth molt by comparing the 

The time interval betiveen successive molts is the next point to consider. The 
Yearling lobster undoubtedly varies greatly in size. A young female lobster already 
mentioned reached the length of 51.8 mm. by December 10, or when from five to six 
months old (No. 19, table 33). On the 28th of January 16 small lobsters, measuring 
from39 to 83.7 mu. in length, wore &riven ashore at Woods Hole during a storm. It is 

given above .with those in the second column of table 25. 

F. C. I). 1895-7 
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certain that some aud possibly :i,11 were hatched in the preceding summer. Allowing 
the lobster (No. 19, table 33) whose leogth was 51.8 mm. long ou the 10th of December 
to have molted, in case it had lived, three times before the following June, and this ie 
well within the bounds of probability, it would then have attained a length of a little 
over 3 inches. 1)uring the first year the young lobster probably molts from 14 to 17 
times and attains a length of from 2 to 3 inches, but it is likely that the length reached 
often exceeds these limits. 

Of the young lobsters recorded iu table 32 a few may be the young of the year 
(Nos. 14), that is hatched in the previous June, but the majority are probably from 
one to two years old. It is further possible that some of these were hatched a t  other 
times of the year than June. 

Brook appears to be the only one who has given a trustworthy account’ of the 
successive molts of iridividnal lobsters. He succeeded in keeping a lobster (female, 
length 6+$ inches) alive in an aquarium 506 days, from July 1,1883, until November 
19, 1884, during which time the aniinal molted four times (on July 1 and December 
25,1883, July 25 and November 19,1884) and increased in length 2,1, inches. During 
the first year of its captivity it molted twice, in summer and early winter; again it 
molted in summer and late fall. The lengths a t  successive stages were as follows: 
G+$, 7&, 8, S+Q, 9& inches. 

I n  another oeptive lobster (a male, length 7-& inches) four molts were also passed, 
one in the spring and fall of‘ two  successive years (May 19, September 30, May 13, 
October 13). The lengths a t  successive stages were as follows: 7f6, 7+t ,  8fa,9& 9+8 
inches. 

These experirrients are instructive in showing that in the unfavorable conditions 
of life in an aquarium ;L lobster from (i to 7 inches long will make a gain in length of 
24 iuclies in 14 to 17 months. It is therefore extremely likely that in nature a 6-inch 
lobster will often attain the length of from !) to 10 inches in two years. 

How long a time is the 3-inch yearling lobster growing to become (i inches in 
length? Refererice to the series of molts given in table 26, deduced from study of 
the young, leads us to expect five molts (Nos. 18 to 22)  between the 3 and G inch stages. 
It is certain that these do not embrace more than two years, and i t  is probable that 
they require somewhat less. We may therefore conclude that a 10-inch lobster is 
between four and a half and five years old, the higher degree of probability favoring 
the smaller number? The reader is reminded that this is only an estimate, based, it is 
true, upoil rather slender data, but upon the only facts which we possess. In  future 
years some experiments will be made by which this result can be tested. 

There was an increese here in length of 2& inches in 414 days. 

_. _ _  __ ~ _ _ _ _  - 

I Buckland (29) says that  accordiug to some careful observations made at the marine labora- 
tory, Concarneau, i t  appears that  the first year the lobster sheds his sholl six times, the second year 
six times, the third year four times, and the fourth year three times.” I f  this were amended so as to  
read careless instead of ‘‘ careful ” observations, no complaint could be made. We have seen that 
the American lobster molts ten times in the space of three or foiir months, aud it is not probable tha t  
the record is vory different for the English species. No arustaceau is lruown in which the molts are as 
numerous during the second year of its life as during the first. A table is also given by Bucklsnd 
showing the rate of growth during successive molts, bnt  it seems to  be based upon error. A t  the eighth 
molt the lobster is said to be 2 inches long, whereas the  American lobster i8 less than 1 inch in  length 
at the eighth molt (21 mm., see table 25) ,  and there is no reasou to  believe that  the European speoies 
18 more than twice as large as its near ally at this stage. 

2Coste maintained that  the European lobster was about 5 yoars old (length 24 em.) before 
becoming sexually mature, and this supposition, though nnsupportod et the time by any detailed 
facts, seome to be very near the truth. (See 61, p. 285.) 
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Vitzou records the followiug observations (297) upon the iucreaso in size and 
Weight of moltiug lobsters. In a lobster which was me:tsured immodiately before and 
after the inolt it was found that the carapace had gained 11 mm. in length and the 
abdomeu 8 mm. The last joint of the right claw was smaller by 3 mm., which is 
explained, first, by the thickness of the chitinous layer iu this joint, and, secondly, by 
the almost complete absence of blood in the claw at  this time. This is a forced con- 
dition, siuce if the last joint of the claw were increased in size i t  would be next to 
impossible for it to bo withdrawn (sec pp. 86-87). The same lobster 17 hours after the 
molt showed no increase iu size of carapace or abdomen, but the claws had gained from 
12 to 15 mm. in Ieilgth. No increase in auy of these parts was noticed on the t*hird to 
the sixth days followiug the molt, but there was a gain in weight. 

‘J!ABI,E 27. 

I Tiiiiu of obsorvatimi. 

Grawt8. Grams. ........ 
......... ................................. 

.................................. 642 ........................ 
____ 

The following IueaSuremonts show the increase in various parts of the body after 
the molt. They refer to lobster No. 6, table 24 (compare plates 45a aud 4%) : 

TABLIC 28. 

Measurements. 
__. - - 

1 Boforo 
molt. 

Inoherr. 

-- 

Length ..................................... 9.28 
Longth of oanspaao.. ....................... 4.38 
Greatest width of carapace.. ..... 
Length of arushing.ohels (propodus). ....... 4.12 
Width of orusliinrr-ahola at base of dsatvl..  

.......... 
.I , 

1,nurrtli of dnotv1.Y. ......................... .i 1.00 
%i&h of dai 
Length of Hmnll ciittin~-olii 

;ti1 at base.. .................... .72 

WiCth of small ciitting-ohola.. .............. 
1,un th of dart. 1 .................... ...I 2.53 

drt (rlght). ....... 4.53 
1.53 

Wi& ofdaatyl.::::: ....................... j .66 

I”. 4 I \  odays 
aftor molt 

Inchea. 
10.60 
5.03 
2.33 
5.62 
2.56 
2.25 
1.00 
5.53 
1.47 
3.06 
.65 

Increase 

Inchea. 
1.22 
.70 
.13 

1.50 
.50 
.35 
* 28 

1.00 
- .OB 

.53 . os 



Chapter 117.-DEFENSIVE MUTILATION AND REGENERATION OF LOST PARTS. 

AUTOTOMY IN T H E  YOUNG AND ADULT. 

It is well kuown that among the invertebrates the crustacea possess, in a 
remarkable degree, the power of reproduciug parts of their bodies which have been 
lost. This is most pronounced in those Decapods, such as the crab and lobster, which 
practice clefensive mutilatiou or autotomy. Thus, if one catches a land crab and holds 
it by the carapace it braridishes its chelipeds in its vain attempts to get free, but once 
seize it by the claws, the crab immediately scuttles off’, leaving you in possession of 
its only effectual weapons. The leg is broken OB at  a definite place near its base; 
there is very littlc bleeding from the. old stump, and a new limb soon sprouts and 
grows again. This power of thus detaching a limb at the right time is a valuable 
means of defense, which, as Pitre I h  Tertre remarked, would be very useful for pick- 
pockets. The lobster has the power of casting off its legs, but those which carry the 
(‘ nippers 77 are the most commonly sacrificed. 

The limb (cut G, plate U )  consists of seven joints, two basal ones-coxopodite (1) 
and basipodite (2)-and five succeeding joints, the last two of which form the claw 
(G and 7,cut 6). I n  autotomy tlie five terminal joints are always cast off; that is, frac- 
ture takes place between the second slid third segments. In the large chelipeds of the 
lobster the secoild and third joints-basipodite (2) and ischiopodite (3)-are fused 
together. This is the case in all the pereiopods of the crab. There is a distinct groove 
which marks the union of tlie two fused joints, and it is always in this groove that 
diFjunctionoccurs (x, cut 13, plate D). This fact was noticed by Rbaurnur (161) a t  the 
beginning of the last century, but he did not offer an explanation. He noticed that i t  
was not at the functional articulation that the limb was broken, and that thc shell of 
the “second ,joint7’ (second and third, cut 13) was “composed of several different 
pieces. The evidence of this was found in the presence of*two and sometiines t h e e  
sutures, which occur in thi8 part. I t  is in  the middle suture, moreover, that the leg 
is broken.,, He noticed also that the leg could be broken off by exerting very little 
force. The interesting fact did not escape his attention that if you cut off the leg a t  
or near the terminal joint you will find after a time that the mutilated limb is always 
thrown off a t  the suture between the second and third joints. 

Fredericq (71) has published several papers on the defensive mutilation of the 
crab, and has given a physiological explanation of this phenomenon. I will now add 
a brief abstract of some of his experiments, which were performed chiefly upon the 
common green crab, Carcinus manus. 

The breaking off of a leg, which ao often happens when we handle these animals, 
is not due to their fragility, for experiment proves that the limbs of a dead crab are very 
resistant arid that they will support a weight of 38 to 5 kilograms (7.7 to 11 pounds), 
which represents about one hundred times the weight of the entire body of the animal. 
I f  one breaks off a leg of a dead crab, it separates either between the cephalothorax 
and first joint, or between the first and second joints, and a mass of muscles is usually 
drawn out of the body with it. The fracture of the leg of a living crab occurs, as we 
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C u r  12.--Birst left pereiopod of adult lobster. xern from in 
front, sliowing aiiterior borclor i b t  bnso of' limb. Two- 
thirds natural size. 
a, b, constrictions in ruticle of third joint. c, obliquo 

linenr iurpreasion upou uppor nurf'itcu of' x o m u d  ,joint. 
e, plane of frimtnre. 1-5, sogiuonts of' liiiib. 

Cur  18.--Unsal portiou of first loft pereiopod of adult lobstor f'roul uudor sido. Two 
thirds nnturnl siso. 

of' frncturo. y, qiur of H U C ~ I I ~  p i n t .  
a, b, groovos on surfare of' third joint nxtornrrl to e. Rr, podobmucliin a. phue 

I-<, ,  segiilents of appclidago. 

CUT 14.-Socourl left pcroiopod of foniale, 10 incllos long. RBOII  fi'oiu under side. 
Two-thirds untural side. 

n, coiistrictiou upon second ,joint imniodintnly in  front of' x. Br, podobmn- 
chin. a, nrti(:ulntion Iiotweon noonrid i m d  tliiril joiutn, (:orrcspouding to pleuo 
of f'rnoturo in cuts 12 aud 13. $I, spur on scoond joint. 
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have seen in the large cheliped of the lobster, in a clefinite plane. It involves only the 
nerves and blood vessels of the soft tissues, and is provoked by a vigorous muscular 
contraction, whicli occurs whenever the nerve of the leg is stimulated violently, whether 
bya  mechanical stimulus, as by snipping off the terminal joints, or by electricity, heat, 
or chemical action. The nervous mechanism is reflex, :tiid thus beyond the control of 
the animal. Autotomy occurs when the whole of tlie dorsal and cephalic regions of 
the body, including t h e  supra-esophageal ganglion or brain, is removed. The reflex 
nerve center is found to lie in the thoracii: ganglionic ni;m of the crab, or ventral nerve- 
chain of tlie Macrura. 

The second coinpound joint is moved by two muscles, a flexor and an extensor, 
of which the last only is essential to autotomy. Fracture of tlie liiiib was produced so 
long as the extensor muscle and its tendon were unimpaired, but when these were 
sectioned autotomy was suppressed. 

The mecliauism of the crustacean limb lias been explained by Millie Edwards 
(58, vol. 1, p. 152). The leg consists, as me have already seen in Decapods, of seven 
joints, each of which is a lever of the third order. Any two joints are articulated like 
a hinge, touching a t  only two points, and are capable of siinple cxtension and flexion 
only. The whole limb, liowever, is capable of executing complicated movemeuts, since 
the axes of articulation of the scveral segments are not parallel, bu t  nearly a t  riglit 
angles to each other. Each segment possseses two or more cuticular tendons a t  its 
proximal extremity, upon which its flexor aiid extensor muscles are inserted, the fibers 
of the latter being fixed upon the inner surface of tlie next proxinial joint. 

li’redericq has showii that the ditital extremity of the seooirtl joint, or basipodite, is 
separated from tlie third joiiit, or iscliiopodite, by a diaphragni, perforated near its 
center only, for the passage of the nerves aiid blood vessels; and Andrews (3)  has 
pointed out that in tlie spider crab, Libilzia caiialiculatn, there oxtaiids froiii the plane 
of rupture7’ a distinct membranous fold, “from the epidermis to the central nerve and 
blood With the riipture of tlie liinb the outer half of tho membrane is torn 
away, leaving a clean stump. This double nierribraiie possibly represents, as Andrews 
suggests, the invagination of the body wall, like that Sean a t  an ordinary movable 

joint. This membrane has thus experienced a complete change of function, and has 
become modified so as to prevent excessive hemorrhage. 

In order that autotomy may occur it is necessary that the peripheral portion of 
the limb sliould offer a greater resistance than the traction of the extensor ninscle is 
able to overcome, allowing the traction of the muscle to be equivalent to i t  weight of 
250 grams. Ordinarily the sides of the cartr;tpace, the hard 11arts of an adjoining leg 
or the clutch of an eneiny afford the necessary resistance. 

If the compound-second and third-join t of the cheliped of thelobster bcexamiiied 
a fine hair line is seen leading from the smaJl spur next to the articular facet on tho 
under side, round the anterior border to the upper side of the joint. It tlieii bends 
forward and abruptly backward, crossing the sinall proximal elid of the joint, to near its 
pointof departure (x,cutsl2,13,pIate 11). There are iiicomplete grooves iii froiit of this 
line (cut 12, a, b,)  and a mora oblique one behind i t  (out 12, e ) .  On the npper side of 
the second joint of the small wallring legs of the lobster a delicate hair line is also seen, 
which turn8 abruptly forward at the anterior border of the a.I)pcndage and .joins the 
arthrodial membrane. This groove looks as if it  might mark the plene of rupture in 
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a part of the joint, but i t  does not correspond to the intersegmental groove (cuts 
13,14, x) of the cheliped. 

I have never observed the casting of a claw at  any time before the fourth larval 
stage. Autotomy seems to be occasionally prscticed at  this period, and in the fifth 
xiid following stages it is commoii. This is illustrated by the history of larva No. 
23, table 34. When this lobster in the fourth stage was placed under observation, July 
26, it was 13 mm. long and had lost both its large chelipeds and its right fifth and left 
fourth pereiopods. When, fifteen days later, August 9, it molted to the fifth stage 
(length, 16 mm.), the large left Cheliped (figs. 92,9G, plate 33) and the fourth and fifth 
walking legs were regenerated; the right cheliped appeared as a rudimentary stump. 
Eight days later, August 21, it had molted to the sixth stago (17 win. long), when its 
large right cheliped appeared regenerated. The animal was placed in a flat glass dish, 
and in disturbing it, upon changing the water, it shot off its large left cheliped again 
and died two days after. 

In the first larva there is a free articulation between the second and third .joints of 
the great chelipeds ( f ig .  GG, plate30), arid there is 110 true fusion of the segments until 
after the fifth stage. In  the fourth stage the articulation is distinct, as represeiitetl 
in cut 15. This not oiily shows that the plane of rupture in the large chclilmls 

h 

x 
CUT 15.-Part of $rat cheliped of fourth larva, showing the base of the limb and diotinct articulation 

between the second and third jointn. 
-1, plane of section shown in fig. 169, plate 43; br,  podobrnnchii; 5. nrticnlntiou between second and third joints, 

corresponding to plnncof fracture i n  d n l t  appeudnge; y, articular procese in second joint; 1-4, mgments of limb. nrnwii 
Doni molted shell. 

corresponds to what was formerly a free articulation, but also that this autotomy is a 
aomparattively recent acquisition. It may have been acquired independently in the 
Macrura aud Brachyura. Autotomy of a pronounced character occurs only in limbs 
where fusion of two neighboring joints has been egected, and was probably produced 
as a result of natural selection whilc the fusion was taking place. 

The habit of ‘ 4  casting a claw ” being of a purely reflex character, and therefore not 
subject to the will of the animal, there is needed only the proper stimulus to call it into 
play. Unintentional experiments in autotomy have often been made by tethering a 
lobster or crab by ita large claws. The animal, of course, emapes, leaving oiily its 
members behind. When lobsters are drawn out of the water by the claws, or mwhen a 
claw is pinched by another lobster, or while they are handled in packing, especially 
for the winter market, they often “cast a claw;” and the transportation of lobsters 
at this season is said to be attended with corisiderabIe loss hi consequence. The old 
custom of plugging lobsters, which COJlSiSt(?d i l l  thivillg a wooden wedge betweell tile 
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joints of the claws, to prevent them from injuring each other, has been generally 
abandoned. Mutilated lobsters are now often placed in pounds, where they are 
allowed to repair their injuries. 

One has only to examine a lot of freshly captured lobsters to be assured of how 
Common the practice of casting the claw is. “Out of a hundred specimens,” says 
Rathbun (255), (‘collected for natural-history purposes in Narragansett Ray in 1880, 
fully 26 per cent had lost a olaw each, aiid a few both claws.” In a total of 725 lobsters 
captured a t  Woods Hole in December and January, 1893-94, 54 or 7 per cent had 
thrown off one or both claws. 

It is often stated that lobsters sometimes cast their clams during thunder storms, 
hit until some proof of the truth of this ~tatement i n  afforded it iuust be regarded as 
a fable. One of the earliest versions of this idea wliicli 1 have seen is that of Travis 
(391) ,  who wrote to Pennant in 1777 that- 

Lobsters fear thunder, and arc apt to cast their claws 011 $1 great clap. I an1 told they will do 
the same 011 iiriiig $1 great gun, itnd that  wlien moil-of-war ineet a lobster boat :I jocular tlireat is 
Wed, tha t  if tlle master does not sell them good lobsters they will sihlute him. 

Since autotomy is tho result of a refex nervous impulse, mid has been acquired 
by the animal as a means of defense, we sliould expect to find that the reflex center 
would always be aroused iiito aotivitg by stimuli comlng through the nerves of the 
limb, as is always the case in experiment, sild not through a higher center like the 
brain. Whe11 an animal is frighteiied by loud noises i t  is inrpclled to flee, aud it would 
manifestly be of no advantage to the animal to immediately tlroy its legs. 

REGENERATION O F  APPENDAGES. 

The regeneration of lost limbs in crustacea has been studied by lt6aumur (161) 
Goodsir (80), Uhantran (36,40),  and Brook (26). 

RBaumur’s geueral account of the process in the crayfish is one of the best which 
has beerr written. He quotes Dii Tertre (55)? who had “ made similar observations 
On the crabs of Guadeloupe, of which he has given a very curious history.” Reaumur 
began his experiments on the seacoast, but the sea broke and carried away liis boxes 
O r  filled them with sand. He then experimented with crayfishes with more success. 
B e  says: 

1 took several of them, from which I broke oft‘ a leg; placed them in one of the covered boats 
which the fishermen call I ‘  lknitiques,” in which they keep fish alive. As I did not allow them any 

I had rea8011 to  suppose that  a reproduction would occur in them like tha t  which I llikd attempted 
to prove. At the end of some rnoritl~s I saw, and this wjthout 
stlrprise, since 1 had expected it-1 saw, I say, new legs, which took the place of the old one@, which I 
Itad removed; except in sieo they were exactly like them; they had the  same form in d l  their parts, 
the same joints, the same movements. A kiud of regeneration like this hardly less excites 0111 envy 
than our imagination; if, in tho place of a lost leg or arm, another would grow out again, one WOIIM 

My expectation was not in vain. 

more willing to  adopt the profession of the soldier. 

IIate, depeuding upon a variety of conditions : 
He noticed that the time necessary for the production of new legs mas indetermi- 

These 1imbB arise and grow Inore or less rapidly, like plants, nccordiug a8 $lie 8e:~son is more or 

Sometimes I I ~ W  legs sprout out in three weeks; sometiines not until after six, and 
lcsfj ftWwable; tile \varmer days are thoso which hasten tlie more their formation alld gl’Ol\’th. 

wbell the legs a,ro broken off ill wiuter they do not grow again autil Sumn”. 
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R4aumur cut off the “tails” of crayfishes in various places, but tliere was never 
any reproduction of these parts, and the aiiiiiials invariably died after a few days. It 
sometimes happens that a lobster loses a part of its tail,” and the accident probably 
results fatally in most cases, but not always, according to the statement of MP. Thomas 
Barton, who is eniployecl a t  the lobster pound a t  Vinal Haven, Maine. He says that 
in the winter of 1892-93 he caught several lobsters with the tail-fan and the last one 
or two joints of the “tail” gone, apparently bitten off. There was a scar where the 
wouiid had healed, but 110 sign of a regenerated tail. 

Chantran (38) says of the crayfish that the antenna? are regenerated in the period 
between two successive molts, while three molts are required to restore the other 
appendages. I n  the first year of life, seventy days, according to this observer, are 
necessary for the generation of new limbs. The adult female requires 3 to 4 years, 
the inale 14 to 2 years to repair its limbs, aud we are told that the adult male molts 
twice and the female but ouce in the year. 

Ohantran has also some interesting notes on the regeneration of the.eyes in the 
crayfish (40). This process takes place more or less normally aiid rapidly nccordirig 
to the age of tlie animal. When the eyes are cut 08 in October, a t  the end of the 
season of molting, there is no new growth apparent until tlie following May. A t  that 
time a series of molts is begun, and by July, nine inoutlis after excision, the eyes are 
regenerated. If the eyes are operated on in the molting season, the regenerative 
processes are disturbed. In his experiments about one-half of the optic peduncle 
was cut away; with total excision of the peduncle the eye was never regenerated. 

Goodsir (NO) explains the production of new limbs froiii the basipodite in tlie 
following way : 

A small qlaudulnr like body exists at this spot in each of tlic limbs, which snpplies the germs of 
future bg4. This body cornpletelg fills up the cavity of thc bhell for the extent of about 1i:ilf an inch 
in length. The microscopic structure of this glantlular-like botly is very peculiar, consisting of a 
groat nuriiber of 1;irge niicleated cells, w h ~ c b  arc interspersed throughout a fibro-gelatinous niass. A 
single branch of each of tilo great vessels, accompanied by ib branch of ncrve, runs through a small 
foramen near the center of this body, bnt there is uo vestige either of niuscle or tendon, the attach- 
ments of which are at each extremity. In fact, this body is perfectly definod and call be tiirncd out 
of the shell witlioiit being much injured. When the limb is thrown off the blood vessels aud nerve 
retract, thus 1c:iving a small cavity in the new-made surface. [See tho account given by Fredericq.] 
It is from this cavity that the  germ of the fiitiire leg springs, and it is first seen as a nucleated cell. 

These statements, some of which-as the existence of a glandular body and the 
origin of the limb from rz nucleated cell-are entirely erroneous, will be discussed 
hereafter (see pp. 107,108). 

REGENERATION OF LARGE CHELIPEDS. 

The regeneration of the large chelipeds in the fourth and fiftli larval stages is 
essentially the same as in the adults. The external changes are illustrated by figs. 
176,182, and may be described as follows: A t  the moment the limb is broken off blood 
immediately oozes out and coagulates, forming a demo crust over the stump, In n 
sliort time a sinall white papilla which represents the rudimeiit of the new limb appears 
in the midst of the brown, hardened clot, fig. 176, plate 44. This papilla continues to 
grow, independently of the molting process, though covered with a cuticular mem- 
brane, until a miniature appendage is formed. The papilla lengthens, and gradually 
the constrictions which mark the future joints of the new limb make their appear- 
ance. At first colorless, the iiew appendage bcc:piiies bright, trailsparent red, with 
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bluish pigment a t  the constrictions of the joints (fig. 182). In this stage tlie limb is 
surrounded by a thickeuing cuticle and soon ceases to increase until after the next 
lnolt. It may, according to Brook, attain a length in young lobsters of 14 to 14 inches. 
If autotomy occurs just after a molt, the appendage will reach a much greater size 
than if it happens a short time before. When tho molt finally t~tkes place the new 
st,uinp becomes very mncli larger and now resembles the normal appendage in all 
respects except size. With eacli succeeding inolt the normal size is gradually 
attained. 

Two stages in the regeneration of the large clie1il)ed of the isrva already referred 
to (No. 23, table 34) are illustrated in figs. 92, DG. After a period of 15 days, during 
which time two molts had occurred, this linib had become completely regenerated. It 
W a s  reproduced in 12 days after the emergence of the papillary bud. 

A larva in tlie fifth stage, length 15 mni., was placed under observation July 25, 
wlien the first right clieliped was clipped 08. On August 12,15 days after the injury, 
the animal inolted and the cheliped appeared restored. Tlie lobster was now 17 min. 
long. The length of the sixth joint-propodus-of this rndiineiit at tho time of' the 
molt was 2 mm., while the length of the same joint of the limb after ecdysis \ T ~ S  

46 mm., and tlie length of the correspo~iding joint of the niiimpaired limb was 5 1 1 1 ~ .  

In this case the Ilew limb h;i(i been developed tlnring a single iiiolting period to nearly 
its normal size. 

A similar result was obtained 111 the following experimentJ: A fifth larva, lengtli 
18 millimeters, \vas placed under obser~ation 011 July 28, and the first right cheliped 
mas clipped. Tlie right anteiiriary flagellum liad been previously cropped close to tlie 
stalk, from which a new bud was growing; G days later, on August 3,  the sprouting 
;Jutennary flagellum was coiled, and a, very sinal1 bud represaiited the right cheliped. 
Allgust 12, 1.5 days after the fir& observntioii, the flagellum of tho second ant,ennaon 
the right side was nearly normal in appearance arid size. The rudiment of the right 
cheliped was segmented, and about 3 mm. long. This larva molted 011 or ncir Augnst 
15, or 18 days after mutilation, to the sixth stage, when it attained the length of IS mni. 
The right cheliped was regenerated, but, as in the other case, i t  was somewhat snialler 
than the other. Tlie measurements are as follows: 

Regenerated right iimt che1ii)od: Length of propodus, 5 n m .  ; grefltest width, 1.3 mm. 
IJnimpeire,1 left first cheliped : Length of propodiis, 6 111111. ; greatest width, 1.5 ~ U I .  

on the one hand, the large cheliped of the yoniig lobster may be regenerated in 
from 15 to 18 days, and after a single ecdysis, and on the other it may require a, 
Illonth,s time, during wllich the animal has molted twice. 

The time required for tlie renewal of a limb thus depends 11pori the time at  which 
all injury occurs with referelice to the molt, mid also upon the pliysiologicai coudition 
of the animal. If t11e tips of tilo large ohelipeds are clipped off, autotomy does not 
always or usu:illy oc(:ur, aiid the limb is conipletely repaired after 0110 molt. If the 
h b  is injured below the sixtll joint (liropodus or large joint oE claw i i i  cheliped), it is 
USUally cast OM' a t  t ~ i e  plane UP fracture. 

REGENERATION OF ANTENNAE AND OTHElt APPI3NDAGES. 



106 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

I n  the young the flagellum of the second antenna may be completely restored 
without a molt taking place; iu the adult one molt a t  least appears to be necessary 
for complete restoration. In the fifth stage already mentioned, the antennary flagellum 
was restored in about fifteen days. The flagellum appears first as a papilla or bud, 
which becomes sickle-shaped and finally coiled (figs. 100, 179). 

Fig. 100 is from the molted shell of a lobster 18 mm. long (No. 34, table 34). It lost 
its right antennary flagellum in molting, July 25, and molted again in two weeks’ time. 
The drawing shows the condition which the regenerating appendage had reached in 
the interval between t h e  molts. After the last molt i t  was completely restored. This 
figure illustrates the stage which the appendage usually reaches before its complete 
renewal with the next molt. The flagellum then resembles a small, spirally coiled, 
red-wax taper. 

The cuticle of tlie limbs in process of restoration must be elastic: or capable of 
considerable distension, although the limit of this distensibility is, i t )  most cases, soon 
reached. 

In the isopod crustacea the antenna are regenerated in a somewhat different 
manner. In  the case of the large Liyea oeeal~ica, illustrated in figs. 180,181, plate 44, 
the rent is repaired, and the new bud does not grow out from the stump, but coils 
up within it. The cuticular wall of the stump serves as a sort of brood chamber for 
the growing part, until it is set free at the next molt. 

Autotomy often occurs in the second to fifth pereiopods, but is much feebler than 
in the large chelipeds. Two stages in the regeneration of these appendages are showii 
in figs. 175,178. The fourth pereiopod of a fourth larva, drawn from the molted skin, 
is illustrated in fig. 99, plate 33. 

Reaumur (161) was one of the first to attempt to give a philosophical explanation 
of regeneration in crustacea. 

In fig. 179 this appendage is being renewed from the first joint. 

He says: 
We may suppose tha t  these little limbs which we see grow out mere each inclosed in a little egg, 

and tha t  when a limb was broken off the  same juices which nourished this par t  were used to 
develop and bring to  the birth the little germ of a limb inclosed in this egg. Moreover, according to 
this theory, we should havc to suppose tha t  there was no spot in leg of the crayfish where there 
was not an egg which incloses another limb or, what is more marvellous still, a par t  of a limb like 
that  near the point where the egg is situated at the end of tho limb; in short, a t  any point in  the leg 
which you may name t,here must be one of these eggs, which contains another par t  of the limb. The 
cggs which are at the origin of each claw, for example, would contain only a claw: but one egg 
would not be sufficient, since if a new leg is cut  off another comes. 

How many times this process could be repeated without exhausting the supply 
of rceggs” he did not determine, but SpaIlanzaiii,. according to Weismann, “observed 
in the case of a young Triton, that the four limbs and tail when they were cut off 
grew again six times in the space of’ three summer months.” (The Germ-Plasm, p. 
120.) Reaumur believed that each new limb must contain an infinite number of eggs, 
and iu conclusion says: 

It would seem that  tlie reproduction of the legs of the crayfishes is a matter where we can scarcely 
hope t o  see clearly ; besides its peculiar difficulties, i t  has all thoso which envelop the generation of 
the  fajtus. 

It is over eighty years since these words were written, and the solution of the 
problem of regeneration seems to some as far away as ever. The new limb is not 
formed from a definite cell or cell-mass recognizable before the time of injury, but 
front a budding growth very much as in the embryo. 
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The power of regeueratiug a lost part varies in both vertebrates aud iiivertebrates 

in direct 1)rol)ortion to the physiological iiiiportance of the part, :is Weismann has 
clearly shown. Just  as the enemies of the lizard seize it by its long trailing tail, so the 
lobster is almost invariably caught by a clam, and the life of the ariiiual is often saved 
it1 either case by the breakiug off’ of the iuember. The plane of fracture iu the liiub, 
a s  iii the large cheliped of the lobster a11d in thc five pairs of pereiopods of the crab, is 
a secondary structure which coincides wit11 the p1:ine of articulation of two coalesced 
,joints, yet Leydig has shown, accord in^ to Weimmin, that the tail  of the lizard is 
specially adapted for breaking oft, “ the  bodies of the caixdal vertebrie from tlie 
seventh onward being provided with a special plane of‘ fracture, so that they easily 
break into two transversely.” (The Germ-Pla,sm, p. 116.) The regenerative power 
is probably n secondary characteristic which has been acquired by natural selectioii, 
for the good of the species, while autotomy is a much more recent acquisition. As 
Weismann says, 6‘  there is no such thing as a general power of regeneration ” among 
animals as with crystals, but “in each kind of‘ animal this power is graduated accordilig 
to the need of regeneration in the part under coiisideration.” 

Weismann rejects the idea of a spiritus rector, or exterm1 directing agencs, and 
.2SSumes that the nisus forniativus is situated iii the ~Lidioplnsn17~ of the cell, ant1 “ t l l f b t  

each cell capable of regeneration contains an accessory idloplasm, consisti~~g of the 
determinants of the parts which can be regeneratetl by i t  in addition to its primary 
idioplasm,” Re furthermore infers that tlie gelieral capacity of all the parts for regeii- 
eration may have been acquired by natural selection in tlie lower and simpler forms, 
and that i t  is gradually decreased i n  the course of phylogeny in correspolidence With 

Weismann attempts, in a very ingenious way, to harmonize the facts of regenera- 
tion in animal embryos with the “mosaic tlieory” of development of ROUX, but, E. 13. 
Wilson (206) remarks, the two fundamental postulates of this hypotllesis, ‘(namely, 
qualitative iiuclei~r division and accessory latent idioplasm, are purely imaginary.” 
The theory of Roux and Weismann has its counterpart in the view advocated,by 
whitman (204), that “in the development of the germ, in the repair of injured pasts, 

in the regeneration of lost p r t B  the organism  at^ at whole controls the formative 
Processes going on in each part.” 

While no fir~nl explaiiation of tlie process of rege~leration can now be given, and 
the idea of a formative power is, as Whitman says, one of profoulld mystery, tho 
solution of which appears to lie as far beyond our grasp to-day as a t  any time i U  the 
paat, Yet we are in a better position to-day, if not to give answers to these qxzestions, a t  
least to  point out the prob&le direction in which they sllould be so11ght. 

1 shall collsidor the question of regenoratio~ agilin ~ I I  co~lnection with tlle origil~ 
Perpet,uatioll of deformities in the lobster. 

the increase in complexity of orgaiiiz a t‘ 1011. 

INTERNAL CHANGES IN REGENERATION. 

The llistogenesis of the llem limb is not easy to understaud, :Ilthou& i t  Call be 
f t ) l h w - i  without lnucli difficulty after tlie papilla stage. 

I urlable to filld any trace of 6‘ glaiid~latr-like~’ bodies such as Goodsir described 
(80) 88 furnishing germs of tllo new limb. On tlie contrary, the new limb appears to 
arise mainly by growth of the coniiective tissue cells already present 111 the S t U W .  

After t8he blood has clotted OiTCr the wouiid and hns produced i I  hasd Crust, the 
cuticular cells, in rospollse to tllo stllirtx~ns thus receivetl, g r o ~  ovw t h e  ~vountl m t l  
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produce a new cuticle which has a certain degree of elasticity. My material was innif. 
ficieiit to trace with certainty the origin of the reticulated tissue which soon appears 
under the new skin. 

A minute papilla grows out, haxing the general structure shown in fig. 173. It is 
a spongy network of fibers, coritainirig the potential elements of muscles, nerves, con- 
nective tissue, and blood vessels. Blood flows in an irregular system of large and 
small sinuses. The epidermis of the new skin, which is relatively inuch tliianer thau 
the old, is composed of a single stratum of very tall, slender cells, the chitinogeiious 
epithelium, and of $11 elastic cuticula. The epidermis of the papilla is thus structurally 
similar to that which covers all parts of the body when s new shell is being formed 
under the old. (See p. 77.) 

As the papilla grows out the fibrous tissue becomes gradually differentiated into 
themuscles, blood vessels, and nerves (fig. 172), as in an embryo, and constrictioiis in the 
cuticle arise, which inark mitli absolute precision the limitation of the future joints. 
The cuticle at this stage appears to be deshitute nf hairs, but it contains pores. hi 
the stump a t  the base of the appendage a great mass of large ova1 bodies is seen. 
These appear as thin solid discs, and when compressed break like starch grains (fig. 
121, pl. 36). They represent coiinective tissue cells in a certain stage of metamorphosis, 
and in all probability contain glycogen? wlijcli furiiishes material for the growth of the 
epidermis-that is, of the chitinogenous cells sild the shell which t,hey secrete. (See 
p.78.) They seem to be the same structures which Leydig has described in the 
integument of crabs, under the name of lime coiicretions (Kalkcoucremente), and 
which Hoeck calls ‘‘ Mrystall P l a t t c h e ~ i ~ ~  (f21-122). Mayer (137) has also figiired and 
described what are probably similar bodies in the indurated shell of certain swelliiigs 
which are found in the large claws of the male Heteropapsus Zucasii. These he desig- 
nates as ‘ 1  amyl-like chitinous inclusions.” 

In  the lobster these bodies stain very diffusely, and sometimes a ceutral figure, 
possibly the impression or remains of the original nncleus, may be detected. The 
histogenesis of these structures and the changes which they undergo have apparently 
never been studied. Their origin is clearly demonstrated by fig. 122, plate 36, from 
apreparation of the maxilliped. It is evident that  the large granular mass is the 
product of the parent mesoblastic cell, the protoplasm of which is reduced to a thin 
enveloping shell. 

Fig. 169 represents one of a series of sections cut in a longitudinal plane Ohrough 
the first three joints of the right large cheliped of the lobster (sixth stage, length 18 - 
mm.), the history of which has been already given (p. 105). The appendage of this 
larva had been cut off July 28, and had grown to nearly its full size by August 17, 
when the animal was preserved. Since autotomy occurs in the very young animal as 
well as in the adult, we should be able to determine from this specimen whether 
tliere is any preformed organ or store of embryonic cells for the su]jply of the new 
limb at this time. The examination of serial sections through this part of the limb 
reveals nothing but normal tissue cells. Embryonic cells may be preeent but are 
not discernible. The opening between the basipodite and iscliiopodite is reduced to 
a narrow passage by the ingrowth of cuticular cells, to form ectodermic pillars like 
those seen in the carapace of the embryo. The several tiRsues are bathed in blood, 
which is here confined to no definite channels. Some circumscription of the passage 
leading from the second to the third joint is thus necessary. 



Chapter V.-LARGE LOBSTERS. 

7 Stories of gigantic lobsters made their appoaraiice a t  a very early period, and 
one could probably gather as many ex:Lggerated accounts of this aninin1 now as in 
the days of Olaus Magnus. Time, however, has narrowed the bounds of credulity, 
even among the ignorant, and we no longer hear some of the interesting legends 
which the old writers have carefully handed down. Thus Olsns Rlagnus tells US in 
his description of nortliern lands and seas,’ published in 1555, that between the 
Orlrneys and Hebrides there lived lobsters so ling that they could catch a strong 

by Gesner (75), who has many others equal to any which are described in the old 
mythologies. 

They interest 11s not 
o d y  on account of their actual size, but also i l l  showing to what degree iiidividnals 
may surpass the mean’ average of the race. I t  niay be a qiiestioii whethcr lobsters 
which weigh from 20 to 25 pounds are to be regarded as giants in the technical sense, 
or simply as sound and vigorous iiidividuals on whose side fortmie has always fought 
in the struggle for life. I am inclined to tho latter view, and to look n1)on the mam- 
moth lobster simply as a favorite of nature, who is larger thaii his fellows because lie 
js their senior; good luck has iiovcr deserted hiin until at last he is stranded on the 
beach or becomes entatltgled in some fis1~er1nan’s gear. 

Gesuer gives a very poor figure of a lobster, but a very good drawing of the large 
crnshingclnw of one which lie had preserved in his collection on account of its great 
size. The length of this claw is 83 iuches, arid its breadth at the .juuction of‘ the 
dactyl about 4 inches, so that i t  must have belonged to a lobster which weighed not 
far from 8 pounds. 

Pontoppidans (252) relates a i%ble, which is repeated by Herbst (88) and others, of 
the Storjer, or lobsters of huge size which fishermen reported having seen iri Utvaer . 
i l l  tho Bay of Erien, Norway. One of these was so large and terrible that no one dared 
to attack it, and i t  ineasured between its claws at least a fathom. This, says Herbst, 
probably belongs with the Kracken, the natural products of Norwegian superstition. 

Boeck says that he had seen the claw2 of :I lobster which must have been about 
18 inches long, and Sir John Grahani Dalyell(50), according to  Boeck, tells us, in The 
Powers of the Creator, published in 1827, that he had seen :L joint of the left claw of 
a lobster which meiisured 0 inches in length. It does not follow, however, as Boeck 
infers, that  ‘(the whole claw2 must have measured 18 to 24 inches, and the whole 
animal 3 to 4 feet.” 

The European lobster of to-day seldom attaius so great size as tho American 
Sllecies, and its average weight is considerably less. Buckland (28) gives the following 
account of large lobsters from the British Islands: 

At St. Mawee we 
heard of two lobsters, one 10 pounds and the other 99 poimds; and et  Durgan and Sennen of on0 of 

A large lobster wm caught iu a large earthenware pot at Gosport in 1870 which weighed 

T H E  GREATEST SIZE ATTAINED BY THE LOBSTER. 

swinimer and squeeze him to death in their c1aws.h 0 His curious figures are copied 

Giants are met with in all the higlier groups of animals. 

The Skye and Orkney lobsters aro probably tho largost in tho British Islands. 

pounds. 
---__-___I._---_ . ____- _. ’ Historia de Gontibus Soptentrionalibiie, Rome, 1555. 

‘The word 02qw i s  hero inaccurately nsod to ineau the entire claw-boaring hrnb (cheliped). 
109 
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8 pouuds 10 ounces. In May, 1876, a lobster, weight, 12 pounds, W ~ E  found a t  Saints Bay, Guernsey. 
I fiud a record of a lobster exhibited a t  Billingsgate July 30, 1842, which measured 2 feet 5+ inches; 
thesise of the body was 16 inches; tlieclema nieasured upward of 14 inches. In August, 1873, a lobster 
weighing ll$ pounds, caught in Gucrnwy. W:M exhibited by Messrs. Grove, of Bond street. 1x1 J I I ~ Y ,  
1874, a lobster, weight 7+ pounds, was caught on the Fife Banks of the Forth. The lobsters from 
the Lizard groiind are one-third heavier than those in  Falmouth Bay, but crabs :we smaller. 

The largest lobsters that have come under my individual notice are, first, a lobster weighing 104 
pounds, sent me from Tenby and now in my niuscnm; secondly, a lobster presented to me by John 
Byatt, of Messrs. Winder’s, Haymarket, measuring 8 inches in the barrel [that is shell of back or 
carapace], tho total length being 194 inches and the weight 9% poundtc. In the York Museum there is 
a magnificent specimen of a lobster, of which the following are tho climeiisions: Barrel, 9& inches; 
t ip  of beak to tail, 194 inches; ’ left claw, tlie crusher, length 104 inches; right claw, cutting, length 
104 inches; left claw at widest part, 5 inches. This was an American specimen. 

Another very large lobster we came across in o w  inquiry was a grand speeimen which we exam- 
ined in the house of Mr. Scovell, at I3aiuble, near Southampton. The following are tho dimensions: 
Length of barrel to  tip of horn, 9) iuchetc; length of tail turned under the body, 12 iuches; total 
length, 2 feet, all but, three-quarters of an inch Itight claw, 194 inchcsz long; girth, la* inches; 
weight when killed, 14 pounds. This lobster, Mr. Scovell informlr me, was caught in  a trammel net on 
the coast of Cornwall. 

Fourteen ~ O U I J ~ B  is the greatest weight recorded in the notes just quoted, and 
European lobsters of this size are utidoubtedly very rare. 

In the museum of the Academy of Natural Sciences of Philadelphia there is 
preserved a large lobster, Astucus vulgaris, for tlie particulars concerriirig which 1 ani 
indebted to the kindness of Professor Rycler. Unfortunately i t  is not known wherc 
or when it was captured, nor mliat its living weight was; bn! from the measuremerrts 
given below (table 29, No. 1 a)  I conclude that i t  weighed from 21 to 22 pounds. i f  
these measurements are compared with those given in table 30, No. 1 ,  i t  will become 
evident that  this sl’ecimen could not have weighed less than 20, and not more than 23 
pounds. This specimen has been carefully examitled by Professor Ryder, who writes 
that there is no doubt of its belonging to the European species; that i t  W:LS normal in 
every respect, and that the skeleton is in an admirable state of preservation. 

/ 

Total len th, rostrum to end of telson p o t  iiiclucling hairs). . - ~ .inohoe.. 

Lar e forceps : 
Length o f  carapace (roetnim to poetorlor nmrgin). ................ do.. . 

%ength of propodus (strai ht measuremout). ................ .do.. . . Greatest breadth of propogia. ................................ .do. ... 

Breadth ol‘pro odne 
Girth of propo&. . .I:::: 1:: .................................. ..... 

Girth of propodus.. ........................................... do.. .. 
Length of ropodus.. ..............................  do.. . Small forcope : 

............................. do ... 
do ... 

No. 1 a.-Mflle; 
20 to 23 pounds ’ 
obtainad from.’ 
Europe; pre- 
served in the 

museum of tho 
University of 
Pennsylrania. 

19.4 

13.1 
6.8 

16.8 

12.4 
4.8 

10.15 

9.29 

No. 2 a.-MaIe. 

tnroi! on coast of 
Norway somn 

irnebotween 185( 
und 1865; pro. 

served in muse. 
um of Bergon, 

Norway. 

10 pounds; ea$ 

in. 73 n. 58 

10.23 
4.32 

10.62 

10.03 
3.30 
8.07 

The claws of this speeimen were considerably undersized (compare tables 29 and 30). 
%This  is intended for the measurement of the  entire right elaw-bearing limb or cheliped; by 

“total length” is probably meant, as above, the distance measured from the tips of the extended 
chelipeds t o  the  end of the  tail. 
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111 speakiug of tho size at,tainod by the European lobster, S w s  sqys: 
It is x reinark:rble fact that the lobsters 011 our sontheru coast iievcr get as large :LS those fiirther 

I havo llever 80811 an ur.iisually large specimen among the many lobsters which 1 ciaminod at 
The lobsters which are occnsionally caught farther north arc generally 

At Florii I once saw D lobster which 
This specimen, as far as I 

north. 
the different, fishiug stations. 
mnch larger, and to judge from their appearance much older. 
was not much smaller than tlie immense specimen in the Bergen Musenin. 
remember, comes from a still inor0 northerly point of onr western coast. (176.) 

1 am able to give some comparative ineasureineiits of the “immense specimen7’ 
to which Sars refers in the passage just quoted, through the kindness of my friend, 
Dr. Einar Lonnberg, of the University of Upsala. If the length of this lobster and 
the measurements of its large claws (No. 2 a, table 29) are compared with the other 
specimen (No. 1 a), and with lobster No. 7, table 30, we shall see that in all prob- 
ability the Bergen specimen did iiot weigh above 10 pounds. It is nearly an  inch 
loiiger than lobster No. 7, which weighed after preservation i i i  alcohol a little less 
than 10 pounds. On the other hand, tlie claws of this  American lobster are 1;mger 
thari those of’ the Norwegian specimen, and the claws constitute in old lobsters inore 
than one-half the weight of the entire animal. The latter probably 
weighed when alive not over 10 pomids. 

(See table 31 a.)  

I n  reference to my questioiis about the Bergen lobster, Ih. Liiniiberg writes: 
The speoimon is now dry, and, as we never weigh airy lobsLcrs IU o w  oouutry, the weight is uot 

He says the date of capture is doubtfd, but it mas probably between 1850 and 1865. 
It has been an acce1)teci belief that the Aiiiericaii lobster attains a greater size 

than its European counterpart, but it seems to be a fact that the maxiinuui size of 
each species is nearly the same. The lobster fislrery is miicli older iii Europe tliau i n  

this country, and the average size has there been long reduced to a minimuin by 
overfishing. At the tiiiie when Sars’s pailer was written (about twenty years ago) 
i t  would not have occurred to one familiar with the American species to look upon a 
10-pound lobster as an ‘ 6  imineii se qmcinien,” though at  present there are comparatively 
few of this size which find thsir way to ~narlrets. In fact the same gradual falling off’ 
in size, due to the same cause, has been experienced in recent years 011 the coast of 
Maim and in the Maxitime Provinces. I t  IS probable, however, that the American 
lobster is stockier than the Europeau, and that length for leiigth the American species 
will weigh the more. 

Buckland (2-9) speaks of ;I <‘breed’’ of lobsters caught at Bognor which are always 
small. They are called “chickeu lobsters,~’ and i t  takes 14 to 20 to weigh a pound. 
This merely illustrates how the size may be kept down by the persistency of fishermen. 

Rathbun ( l55) ,  in speaking of the occurrence of large lobsters in American 
waters, says: 

recorded, 

A dealer at New Haven states that twenty p a r s  ago 12 t o  16 pound lobsters were coinnion, but 
dllrlng the past ten gears a lobster weighing 10 pounds hiis been rarely seen. A Boston dealer writes 
that atiring the past season (1880) 110 had received and sold lobsters weighing from 12 to 15 pounds 
each. * * * A specimen taken at I<oothbay, Maine, and said to weigh between 30 and40 pounds, 
had suoh olaws that the meet froin oiie of them was equal to that of an ordinary-simd lobster. 

I have examined and carefully measured a lobster taken a t  Boothbay which is 
Probably the one here referred to, and will describe i t  presently. The actual weight 
of this k h t e r  was probably not over 22 pounds. 

A lobster “shipped from E:istport in 1575,’ is said to have weighed 19 pounds 
and to hsvs “measured 3 feet 5 iiiches in  length (measurement from tips of extended 
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claws to end of tail), the claws being 18 inches long and 8 inches across.’7 (155.) If 
the weight is given correctly, the measurements are certainly at fault, as I shall 
presently show. 

There can be nothing in literature more nnreliable than accounts of the size arid 
weights of animals, gathered at  random. The first estimate is often a guess, which 
immediately acquires an air of accuracy by being expressed in figures. It does not 
nsuallyget into print until it has been rolled over many tongues, and during the 
process it increases in size like t h e  snowball which is rolled along the ground. But i t  
undoubtedly comes hardest for a inan who has a large lobster for sale to resist 
temptation. In describing a few very large lobsters I shall therefore limit myself to 
those which I have actually seeii and measured or weighed. 

I will now give the history of a lobster which came into my possession in August, 
1893.’ It is probably one of the largest lobsters ever taken on the Atlantic coast. 
Its history has been carefully authenticated, sild I have obtained some excellent 
photographs of it, which are reproduced in plates 1 and 2. This mammoth specimen 
was captured in Penobscot Bay, southeast of Moose Point, in line with Brigadier 
Island, near Belfast, Maine, May 6, 1891, in about 39 fasthorns of water, by Mr. John 
Sondon. Its capture was accictental, since it was brought to the surface on the end 
of a lobster pot, the “tail” of the lobster resting i i i  the  funnel of the trap, while the 
huge claws hung down a t  tlic sides. The animal, attracted by the bait, had doubtless 
been making fruitless attempts to eiiter the trap. A dealer in fish a t  Belfast soon came 
into the possession of‘ this lobster while it was still alive. The shell was then very 
dark in color, almost black on the upper surface, and supported a number of prosperous 
colonies of marine auimals. The comiiion barnacle (Balarzus balanoides) was growing 
on the shell of the back and also on the upper surface of the crushingclaw, near the 
joint of the thumb or dactyl, where i t  may be seen in the plate. Several species 
of mollusks, particularly the  common mussel (Mytilus edulis), were fixed to various 
parts of the shell, and hydroids (Pennaria or Eudendrium) were flourishing a t  the 
articulations of some of the legs. The presence of these messmates pointed to a 
rather sluggish habit of life, which the aiiimal may have possessed. The entire 
upper surface of the shell and both the upper and lower surfaces of the claws are 
scarred, scraped, and gouged like the side of a cliff over which a glacier has passed, 
aud present a graphic record of the struggle for life which this animal had so long 
and so successfully fought. 

’ When laid on its back the lobster could move but  little, but when in its normal 
position it would crawl over the floor, and if worried with a stick it seized it savagely 
and crushed it with its claws. It was weighed on a Pairbmks scale in the presence 
of a number of people. 

This lobster was finally killed by boiling in  the usual way, the membranes being 
fir,yt cut a t  the articulations to let out the blood and admit the water. T t  was after- 
wards placed in a large kettle of water to which a bushel of salt was added, and was 
boiled in this brine for more than an After it was boiled, the meat of the 

This lobster is now preserved, iu excellent condition, in the museum of Adelbert Collegc, 
Cleveland, Ohio. 

2 When I first HBW this lobster I was assured that the aniiual was not weighed until after it had 
been boiled. Allowing a shrinkage of 20 pur cent in boiling, I estimated the living weight to havo 
been about 28 pounds. I havo since ascertained that the 
facts are as given above. 

30ld-sl1ell lobster8 &ro Haid to shrink 20 por cent ;uid new-shell lobsters 25 per cent in weight 
after boiling. 

Its  living weight was found to be a little over 23 pounds.2 

__ -- - _ _ _ _  _ _ _  

(See 99.) The first statement was not true. 
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“tail” was of a pink color and very tough. The skeleton was perfectly preserved 
by removing the muscles of the abdomen and the Li tomally” or “liver,” and some of 
the other organs of the body. This lobster was a male, and it is a noticeable fact that 
all very large lobsters which I have records of or liave eramiued belong to the male 
sex. I have never heard of a fieinale lobster which exceeded 184 pounds being caught. 

The total length of this lobster, whose history I have just given, is only 20 inches 
(measured, as in all cases, from the end of the spine or rostrum to the end of the tail- 
fan), but would have been nearly 21 inched had the rostrum been perfect. The body 
seems surprisingly short for so powerful an animal, aiid i t  is in fact in the large claws 
that the greater part, of its weight aud strength resides. This may be seen by a 
comparison of the plates (see also table 31 a),  and may be possibly explained by the 
fact that as age advances the increase in length at each molt beconies less, while there 
is a correspo1lding gain in the size of the claws. Thus Ehreubauln ( G I )  mentions a 
lobster 42.2 cm.long, which showed an iucrease ill length of scarcely 1 nim. on molting 
The length of the crushing-claw of the Belfast lobster is nearly 14 inches, and its 
greatest girt11 is 164 inches. It was probably powerful enough to crush a man’s arm 
at the wrist. 

TABLE 30. 

Be~~oral  descdptions: No. 1 was a malo, 23 pounds, captured a t  Hulfast, Maino, Maye, 1801. No. 2 was a male, 
20 to 22 pouncls, captured as Boothbay, Maino, about 185G. No. 3 wns a, malo, 20 to 22 pounds, oapturod a t  Salom, 
MassaoIioaetts, iu 1850. No. 4, 23 to  25 pounds, was cnpturud at  Gloucestor, hZa,ssmhuaotta. NO. 5 was a male, 20 
to 22 pounds, captured 011 tho Dolawmo coast. No. 0 was a male, 20 to 22 pounds, captured at  Lubeo, Maine, Sep- 
tember, 1802. NO. 7 was a, malo. 05 pounds, in alcohol. 

Total longth, rostrum to end of tolson (not including 
hair&) ............................................... 
Lengthof rostrum.. ................................. 
Length of carayaoe.. ............................................... 
Length of carapaoo including rostrum.. ............ 
Jhtanco from oorvica~ groovo t o  posterior edgo of 

Grtultest breadth.. ................................................. 
Breadth betwoen spinos, near bnso of rostrum ...... 
Breadth betwoen spines, noar bnso of second an- 

tennm ............................................. 
Girth of carapace bohind cervical groovo 

Caraprroe : 

oarapaco .................................................. 

........... 
Phon : 

Noasurornents in inohos. 1 h’o. 1. 1 No. 2. 
* 2 o t  

4 ....... 
St8 08 

I& I& 

W C  26 

4 

14% 13t 

f 21% 

2,1, 

0:fi 

3i& 

16 

z* 
13h 

38 

%w 

6f 

!2# 
29 

fj 

1% 
l& 

r’a 

Length of socond sogment (inoluding facet). .............. 
Brendth of seoond segmont 
Girt,h ofeeoond sogment (spino to  spino). 
Length of sixth segment (iuoluding facet) .......... 
Greatest width of sixth sogment.. .................. 
Breadth of toison at ba~o . .  .......................... 
Length hf stalk of Arat  antenna. .................... 
Breadth of basal sc wient .......................... 

xroadtll ofoyostalk ............................... 

.......................... j Hf ........... 
4 
1 i 8  
rg 
1%: 
4 

Longti, of telson (not iiioluding seta).  .............. 

I m g t h  of basal sogment.. .......................... 

Length of stalk of aooond antenna .................. 
Length of os0 Bodito (sonlo) 
Groateat w i d . .  .................................... 

Atltonnm. 

Length of oyeatalk.. ... :. ......................... 
Z X  ......................... H Peroionods : 

............... 

............... ............... 8 So ............... 

............... ...................... ........ If 

........ 26 ............... 
............... 2 ........ 46 ........ 88 ...................... ...................... 

............... ............... 

............... ...................... ...................... ...................... ...................... ............... ............... ............... 
i 

lation with d;lctyl:. . r... ........................ 
daotyl ........................................... Girth of propodua jus t  bohind articulation of 

12$ 

G t  
15 

No. 3. 1 No. 4. 1 No. 5. 

. 13 13Q 

4il 01  

171 lo$ 

No. e. 
- 

20% 

2 ....... 
Ut 
3& 

18 
2Q 

1% 

...... 

11 

....... 
15 ....... 

16 
t 
t t 
lit 
3 
li 

....... 

12 

9& 

15 

No. 7 
- 

17% 
..... ..... 

sa 
..... ..... ...... 
...... ...... 
...... ...... ...... 
...... 
...... 

2 t  
2* 

...... ...... ...... ...... ...... ...... ...... ...... 
10% 

5f 

13t 

*Body nearly straight. tBody somewhat boat. 
F. C. B. 1895-8. 
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No. 6 .  

2 i  

34 
24 
91 

115 
48 

14 

38 
2% 
8* 

11 
01 

3 
r, 

lb 

6 

zg 

g 
11 

2 

1 

$ 1  
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No. 7. 
__.__ 

5 4 &  ....... 
.............. 

....... ....... 

....... 
.............. .............. 

....... 

....... ....... ....... 

....... 
.............. 

....... 

....... 

....... .............. 
.............. 

....... ....... 

....... 
.............. 

....... ....... ....... 
.............. 

....... .............. ....... ....... ....... 

TABLE 30-Continued. 

hro. 4. 
__ 

_________ 
Measurements in inchcs. 1 No. 1. No. 5. 

~- 
I'ereiopods-Continued 

Length of dactyl. .......... , , , .................... 
Greatest breadth of ilaotyl ........................ 
Greatest irth of dactyl. .......................... 
Length o f  carpus (on inner margin, not including 

proximal splne). ................................ 
Greatest, breadth of carpus.. ..................... 
Greatest girth of carpus.. ........................ 
Length of meros (outer border).. ................. 
Greatest breadth of meros ........................ 

.............. .............. .............. 

.............. .............. 

Small force 8 
Length or)Gopodus (from tip to spine near prox- 

imalend) ........................................ 
Breadth of propodus.. ............................ 
Girth of propotlus. ................................ 
Longthof dactyl .................................. 
Greatest breadth of dactyl.. ...................... 
Greatest irth of dactyl.. ......................... 
Length o f  carpus (on lnner margin, not including 

proximal ppiue) ................................ 
Greatest breadth of carpus. ....................... 
Greatest girth of carpus.. ....................... 
Length of meros (outer border) ................... 
Greatest breadth of nioroy.. ...................... 
Length of propodus, second pertriopod.. .......... 
Breadth a t  articulation of dactyl. ................ 
Length of dacttl. ................................. 
Breadth of dac yl (at articulation) ................ 
Greatest length of carpus.. ....................... 
Breadth of carpus ................................. 
Longth of dactyl, fifth pereiopod.. ................ 

Breadth of propodus (di8tal exlreniity). .......... 
Breadth of propodus (proximal extremity). ....... 
Length of carpus.. ............................... 
Breadth of carpus.. .............................. 
Length of first pleopod.. ......................... 
Length of d i s t d  sefmmt.. ........................ 
(frentest breadth o diatnl sorment.. .............. 

Second and fifth pereiopods: 

Breadth of dactyl.. ............................... 
Length Of ]JrOpOdUs ............................... 

Pieopoas : 

Length of stalk of second plkopo d.. . .  ............ 
BrcuLdth of stalk of scco~ld pleopod. .____. _ _ _ _ _ _  . . 
Length of exopodite .............................. 
Breadth of exopodite ............................. 
Longth of exopodite, sixth leopod (from angle 

between spincs of protopoSite) ................. 
Greatest breadth of exopodite at liingb ........... 
Length of cud0 iodite of sixth pleopod.. .......... 
Greatest breadth of cndopodito of sixth pleopod.. 

__ 
No. 2. 

6 

3 
3r, 
2a 

...... 

...... 

13a 
48 

l ; k  

1% ...... 
...... 
...... 
...... 

3% 
22 

...... 

...... ...... 

...... 

...... 

...... 
5 

2iU 
...... 

4 
28 a 
2% 
1s 
0 
$8 

...... 

...... ...... 
3 

ii 
2 

__ 
No. 3. 

........ ........ / ::::::: 

........ ........ ........ 

........ 

. - . . - . -. :i ........ 42 

............... 

............... ............... ........ 4 ........ 2s 

............... ............... ............... 

............... ............... ............... 

............... 

............... 

............... ............... 

............... 

............... ............... 

............... 

............... ............... ............... ............... ............... 

........ 38 
2 170 ........ ............... ............... 

2* ....... 

21 ....... 
2p ....... .............. .............. 1 

The detaiIed measurements of this auimal are given in table 30, No. 1, where they 
may be compared with those of the small lobster, seen on plate 2, and with those of 
the large specimens which I have recorded above. 

The large Boothbay lobster, which has already been referred to (p. lG), is 
reported to have weighed as much as 40 pounds. I was told that it tipped a scale 
which weighed up to 25 pounds, and would have weighed somewhat more. Its meas- 
urement, however (table 30, No. 2 ) ,  proves it to have weighed less t,lian the Belfast 
specimeu, and a comparison of its length and the dimelisions of its clams with the 
large European lobster (No. 1 u, table 29) show that i t  could liave exceeded this in 
weight very slightly, if a t  all. I ts  true living weight was probably between 20 and 22 
pounds., The shell of this lobster was clearied by placing it in an ant-hill, and it is now 
in a bad state of preeervatioii. The claws are furrowed, pittcd, and scarred, and the 
carapace is scratched, as is apt to be the case with large old-shell lobsters. 

In  the museum of the Peabody Academy of Science at Salem, Massachusetts, there 
i s  a perfect specimen of a, lobster (No, 3, table 30), said to have been takes st Salem 

I 
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in 18M1, and to have weighed, when alive. 26 r>ound& The body is a little longer than 
the two first mentioned, but it i s l e n d e r e r ,  and the large claws, which count so 
much in the weight of this animal, are, upon the whole, smaller and weigh less. The 
greater length of the Salem specimen is due largely to the long, perfect rostrum. 
The large claws correspond closely in size with those of the Boothbay lobster, and we 
may be almost certain that its living weight did not exceed 22 pounds. 

A lobster but little under the Salem specimen in size is in the possession of Mr. 
George R. Batson, of Campobello Island, New Brunswick. This lobster weighed, 
when alive, according to the somewhat wavering memory of the man who weighed it, 
248 pounds. The measurements fail to corroborate this statement. (No. 6, table 30.) 
The dimensions of the large claws and the girth of the carapace prove conclusively 
that i t  weighed less than 23 pounds, the authenticated weight of the Belfast lobster 
(No. 1, table 30). It was captured in a hoop pot, a few of which are said to be still in 
use, in South Bay, near Lubec, Maine, in 15 fathoms of water, September, 1892. This 
lobster is a very shapely and perfect specimen. I t  had a hard shell, and showed 
great activity when alive. 

In  the museum of tho Peabody Academy of Science there is also the right large 
claw of a lobster marked, "From a lobster weighing 39 pounds; from Moses H. Shaw, 
Gloucester." This is said to have been iu the museum for over fifty years. Meas- 
urements of this claw (No. 4, table 30), supposing the animal to have been normally 
developed, show that it could have been but little larger than the Belfast specimen. 
The only available comparisons lie between tlie large claw and the fifth joint the 
only parts preserved. A full-sized drawing of this huge claw is produced on plate 
15. The crushing claw of the Belfast lobster was nearly an inch longer and much 
broader than the specimen figured, but less by one inch in girth. The claws of these 
two animals must thus have been of nearly equal weight, and I think i t  a safe con- 
elusion that the Gloucester giant did not weigh above 25 pounds. The shell of the 
claw was very light for so large an animal, weighing only 168 ounces, including the 
fifth joint. (See chapter 111, pp. 82, 83.) 

In the museum of the Smithsonian Institution there are fragments of the skeleton 
of a lobster which was captured with hook and line on the coast of Delaware, and is 
said to have weighed over 25 pounds. Measurements of these parts show that its 
weight was probably somewhat l e~s ,  certainly not much over 22 pounds. (No. 5, 
table 27.) The shell of the large claw of this lobster weighs 19 pounds. 

In 1863 a large lobster was caught on a hand line at  Bald Head Sands, near 
Small Point, Maine, which I was assured by a fisherman weighed 38 pounds. I 
afterwards had the opportunity of examining the large crushing-claw, all that has 
been preserved of this lobster, at  the market house of Mr. Lewis McDonald, Portland, 
Maine. The claw is 129 inches long, has a breadth of 64 inches, and a girth of 164 
inches just behind the terminal joint. It was thus of about the same size as the 
crushing-claw of the Salem lobster (No, 3, table 30), and the animal probably did not 
exceed 22 pounds in entire weight. I mention thi8 a8 an example of how the weight 
of the lobster, though dead, increases with the lapse of time. 

There may be seen at the St. Nicholas Hotel in Boston, Massachusetts, the skeleton 
of a male lobster said to have weighed 36 to 40 pounds. It was captured off Provinoe- 
town, in August, 1894. When I examined this specimen, June 25, 1895, it was 
mounted in a glass case in a very perfect state of preservation. Though not allowed 
to take careful ueasur~ulgiits~ I ooul4 aee that its weight had been greatly exag. 
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gerated. The total length of the body, measured from the rostral spine to the end of 
the tail-fan, when the tail was naturally articulated with the thorax, was not far from 
20 inches, and not over 21 inches. The length of the large crushing-claw is from 12 
to 13 iuches. The cutting-claw is relatively smaller than in any of the large lobsters 
which I have examined, and it seems fairly certain that the living weight of the 
animal could not have much exceeded 20 pounds. 

I am indebted to the kindness of Professor Leslie A. Lee for the nieasurements of 
the large crushing-claw of a lobster which is preserved in the museum of Bowdoin 
College, Maine. It was taken from an animal which came from Capo Breton, which 
IS said to have weighed 33 pounds 11 ounces. The length of this claw is 131Lg inches, 
its breadth G 4  inches, and its girth (measured just behind the first joint) is 16 inches. 
In  this case the weight is specifically given, yet it is certainly erroneous.’ If normiilly 
formed, this animal probably did not weigh over 23 pomids. I base this opinion upon 
the fact that  the Belfast lobster (No. 1, table 30) has a somewhat larger crushingclaw, 
is normally formed, has a hard shell, and therefore could not, ill a11 probability, have 
weighed less arid may have weighed more than tlie specimen from Cape Breton. 

In the museum of Yale University there is preserved the large crushing-claw of 
a lobster, which is said to have weighed 39 pounds.2 The length of the claw is 12-& 
inches, the greatest width 6.9 inches, and the greatest girth 16% inches. It is shorter 
by half an iuch than the Oape Breton specimen, and but little lerger in circumference. 
The length of the crushiug chela falls short of the Belfast lobster (No. 1, table 30) by 
one inch. 

In the collections of tho Smithsonian Institutiou there is a lobster which weighed, 
after preservation in alcohol, 9 pounds 14 outices (No. 7, table 30).3 The cutting-claw 
on the right side was undersized. A few measurements of this specimen are given 
for purposes of comparison. There is far less difference between some of these and 
corresponding measurements of larger lobsters than one might expect. Thus the 
telson in this case has the same dimensions as in lobster No. G (table 30), which 
weighed more than twice as much. 

I was informed by Mr. I?. W. Colliiis that a male Iobster which weighed nearly 
25 pounds was taken on a trawl below Monro Island, 5 miles east of Itocklaud, Maine, 
1n the suirirner of 1890. The large claw is said to have measured 16 iiiches in girth. 

I heard through Mr. Vinal Edwards of a lobster, said to have weighed 27 pounds, 
which was caught off Breton Reef, Newport, Rhode Island, in June, 1894. This was 
taken by accident, one of its claws having been entsugled in a lobster-pot,, in 10 to 12 
fathoms of water. It was a male, and its shell was freely sprinkled with barnacles: 

I will add a few notes on the occurrence of large lobsters, which I gathered on the 
coast of Maine, in August and September, 1893. I give them upon the testimony of 
others, but believe them trustworthy. 

Mr. J. W. Savage stated that he received from the region of Eastport, Maine, iu 
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I ts  weight probably did not much exceed 23 pounds, if a t  all. 

*Professor Lee writes as follows concerning this specimen: “The large lobster’s claw in om 
museum was obtained many years ago in Cape Breton. It  cnmu into our possessiou iu 1881. The 
weight of this animal is not well authenticated on our recordu.” 

’1 am indebted to Prof. A. E. Vorrill for the opportunity of examining this Rpocimen. Tho 
inscription upon it, which is almost illegible, is as follows: “Boston, Mass., March, 1823; 39 llw.” 

JThe weight of this lobeter W ~ L B  kindly determined by Mr. James E. Benedict ofthe Smithsonian 
Institution. 

‘I was unable to obtain m y  direct information about this lobster, or to verifr i t g  weight, which 
I do not consider authentic. , 
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Julie, 1893, a large male lobster which weighed 20 pouuds. In the same lot was one 
Weighing 16 pounds. 

In May, 1892, Mr. N. F. I'refethen obtained a lobster from the vicinity of East- 
Port, Maine, which weighed 154 pounds. He weighed i t  himself, and seiit I t  to marlret. 
It liad e very hard shell aud lied lost its smaller clew; if i t  had been perfect i t  
would have weighed considerably inore. 

In August, 1591, according to Mr. I?. W. Collins, ;I lobster (sex undetermined) 
was takeii a t  Blue Hill Falls, 40 miles east of' Rockland, which veighed 184 pounds, 
arid hi November, 1892, a perfect femalc lobster was tskeii a t  Greeii Island, Maine, 
which weighed 18 pounds. Mr. 
Collins states that  in August, 1S91, he had fifty lobsters a t  one time iu his establish- 
ment which would weigh from 10 to 184 pounds. About half of these c a m  from 
Castine a1xd tliereiuainder from Blue Eill Falls, Maim. All of these were "new shell 
lobsters "-that is, they liad shed that year, probably in July. 

Mr. Thomas Garrett, wlio '\vas o w  of three inen mho first engaged iii lobster 
fishing at  Villa1 Haven, Maine, over forty years ago, and lias been engaged in t h s  
pursuit most of the tilne siuce, says that he has taken a great many lobsters which 
would weigh froin 15 to 20 pouiids. He says that a perfect male lobster weighiug 30 
Pounds1 was taken ill a lloop-net in Goldeu Cove, in Vinal Haven Harbor, iu about the 
Year 1868, and th:lt ill 1887 a lobster was caught iii the basin (near t h e  site of the 
Present lobster pound on Vinal Haven Island) which weighed 11 poullds and had o11ly 
One large clew. 

The mouth of the Skillings River is said to have furnished large lobsters iu 
Plenty in the fall of 1888. It was very common to take lobsters there weighing 15 
Pounds. The l)lace had not been previously fished with regularity, but it soon became 
the resort of fishermen aiid the lobsters were rapidly reduced 111 numbers and size. 

l??shermen in Rocklaud, Maine, have gafied lobsters in the harbor in  the past two 
Years weighing from 8 to 9 pounds. I heard of a large lobster wlllch was caught OD 8 

trawl, the hook Catching iii ajoint of the shell, in June, 1892, on White Island grounds, 
near Vinal Haven. It \vas said to  have weighed over 20 pounds. 

Mr. P. W. Collins informs me that he received at  Rockland, in 1893, a larger 
liumber of lobsters then usual measuring about 15 inches in length and weighiug 
about 5 pounds. 

These notes furnish evidence, if any were needed, that  very large lobsters, weigh- 
ing 20 pollnds or more, are even now occasiorially taken, but I have never obtained 
'W reliable evidence that lobsters weighing over 25 pounds have ever beeu caught. 

lobsters are said to have attaiued a greater weight, lneasurements of the parts 
Of the skeleton which have been preserved invariabIy prove that the figures ha17e 
been exaggerated. I do not maintain that the American lobqter does not reach a 
greater weight than 25 pounds, but that I have been unable, up to the present time, 
to discover any well-authenticated evidence that this is the case. 

Many points ou the coast of Maine alnd the Maritime Provinces still furnish large 
lobsters weighing 10 pounds 01' inore, but not in any considerable number, and lobsters 
Of Pounds weight are fluequently coninion; yet i t  is a t  the same time true that the 
size of the lobster lias beell declining for many years, until the average weight has, in 
luost Places, fallen below 2 pounds. 

"'id 

This outer island is noted for its fine lobster fishlug. 

- 
' The weight of this large lobetor may hevo been unintentionally exaggoroted. On0 can hlbr~lh' 

en inference from the evidence frlroedy given. 
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:xtrornr.s No. of 
,f wei h t  f'eninlre 
ffemAes with 
without e g p  ex 

ogge. amluea. i 

THE RELATION O F  W E I G H T  TO LENGTH. 

The weights and lengths' of 2,657 lobsters captured at Woods Hole under the 
conditions already described (p. 25) are recorded in table 31. The weight does not 
bear a constant relation to the length, but is very variable owing to the loss of the 
appendages, particularly the large claw-bearing legs. These done constitute from one 
quarter to one-half the entire weight of' the animal, and probably in the Belfast lobster 
(plate l), and in all giants of similar size, the weight of the large chelipeds is more 
than two-thirds that of the entire body (see table 31a). The lost limbs are regenerated, 
as me  have seen, but never completely so without the intervention of one or more 
molts, so that a lobster with an uiidersized claw is a common occurrence. 

The weight also is subject to great variation in consequence of the molt, when a 
dense heavy armor or cuticle is exchanged for a much lighter though larger one. In  
the soft lobster the specific gravity of the solids aid fluids of the body i d  corisiderably 
reduced. Very few soft lobsters, however, were taken during the period of these obser- 
vatlous, ouly about 3 per cent (see table 23), so we may ascribe the great variations 
shown in the table below chiefly to disparity in the size of the large claws. This is 
particularly noticeable in smaller individuals, as in the 9-inch lobsters, where out of 
170 males the smallest weighed only 10 ounces and the largest three times as much. 
TABLE 31.-Eelation between the lengths and weights of niule and female lobsters, taken in Woode Hole 

Harbor, December to June, 1693-94. 

Average Extremes nzt!,r 
weight of of wei 

females o r f e m S i  ofz:'ea 
with with feluales 
eggs. eggs. examined 

- 
No. of 
males 
exam. 
inod. 

- 
3 
1 
3 
5 

45 

10 
G6 
20 

168 

44 
143 
26 

170 

32 
148 
27 
lG7 

02 
79 

1 
18 
31 
10 
11 
2 
9 
1 
4 

4 
1 
1 
1 

...... 

._.._. 

....... 

....... 

....... 

....... 

1 No. of 
fxtromes, females 
1' weight without 
)f inalee eggs ex. 1 amined. 
___ ___ 

02. 
4 t o 6  4 

8 8  4 
6 10 ................... 
7 13 46 

............................ 

1,313 
_ _  

Average 
weight 01 

feinales 
without 

eggs. 

02. 
8.75 

7.25 

10.76 

Svernge 
weight 
if males. 

02. 
5.33 
8 
8 
7.60 

10.18 

10. 40 
11.86 
12.75 
15. lG 

15.30 
16.61 
17.40 
18.90 

19.91 
21.24 
24 
24.41 

27.44 
28.89 
26 
29.94 
34.65 
37.20 
42.36 
36 
43.78 
50 
50.25 

51.80 
68 
88 
74 

........ 

........ 

......... 

......... 

........ 

......... 

02. 
8 t O l O  

8 8 

9 13 

9 13 
8 15 
9 16 

11 18 

12 18 
12 19 

02. 0%. .............................. ....................................... .............................. 
1 12.00 .......... 

.............................. .............................. 

....................................... 

....................................... 

.............................. 
2 12.50 12to13 

7 16.14 15 17 

....................................... .............................. 

......... 
9 13 
9 15 

10 15 
8 18 

11 20 
13 22 
13 25 
10 a0 

......... 

10 
10.25 
11.43 
12.44 
15.30 
14 
15.24 
IG. 36 
17 
18.61 

1 
1 

47 
9 

138 
1 

29 
108 
26 

153 .ii".is.l .......... I .......... 
34 19.32 

16 30 
18 30 1 '8; 1 i?!?: 
19 32 148 23.70 ......... 

21 33 
23 41 

24 33 
23 40 
27 37 
30 44 

............................. 
20 35 
22 36 1 !: 1 
25 34 16 1 24.19 
30 42 42 I 30.48 

............................. 

1 28 .......... 
17 23.12 20 28 
28 28.11 23 33 

2 26.50 25 28 
20 32.10 29 37 

4 32.25 I 30 34 1 

....................................... 

.............................. 82 42 I 11 I 32.09 

36 49 

40 55 
......... 

64 66 
6G 72 

.......... 

.......... 

.......... 
......... ......... 

....................................... .............................. 
1 45 .......... .............................. ....................................... ....................................... .............................. .............................. 

......... ..........I 1,176 ' .......... 
- - - 

~~ 

34 351 ..........I..... ....I .......... 
36 54 3 43.07 I 37 48 

7 
1 
7 
6 

92 
1 

14 
113 
20 

308 
1 

73 
25s 
63 

338 
1 

70 
317 
56 

351 
1 

133 
182 

1 
36 
93 
21 
41 
4 

23 
1 

11 
1 
8 
1 

Average 
weight 
of all 

hemalor 
and 

females. 

02. 
7.29 
8 
7. 57 
7. GO 

10.49 
10 
10.36 
11.08 
12.06 
15.21 
14 
15.27 
16.50 
17.23 
18.79 
18 
19.68 
20.84 
22.52 
24.08 

E 76 
27.06 
26 
27.19 
32.22 
34.52 
36.37 
35.25 
42.91 
60 
45.45 
45 
49.75 
lip . ._ 

1 88 
8 68 
3 09.33 

......... 1 1G8 I.._ ....... 1 ..........I 2,657 ......... 

1 The length of the lobster is measiired froxii tho apex of the rostral spine to  tho end of the 
telson, not including tho terminal fringe of heirs. 



The fact that the male is heavier than the female of the same length is very clearly 
brought out by the observations recorded above. In passing the eye down the 
columns to the left only three cases will be discovered where this is not true, namely, 
in the 6, 7, and 8 inch lobsters. The difference here in favor of the females, where a 
sufficient number of observations were made to entitle them to much confidence, is 
only a question of fractions of an ounce in average weights, After passing the 8-inch 
limit the balance is in favor of the male. The 10-inch males are about half an ounce 
heavier than the females of the same length. From this stage the excess in favor of 
the male becomes very marked. The 11-inch male exceeds the female of the same 
length by a, full quarter of a pound. In the lobst,er 124 inches long there is a greater 
difference in favor of the male, 7& ounces in the cases cited in the table. 

It is evident from the facts here recorded that the greater size of the male, which 
is a sexual characteristic, does not appear until the animal has passed the 8-inch limit. 
At  this period the sexes are of about equal weight, but from this point the male 
surpasses the female in weight, owing chiefly to the greater development of the large 
claws. 

The average weight of females without and with eggs recorded in columns 6 and 
9 of table 31 brings to the surface a rather unexpected fact, namely, that females with 
spawn are in a poorer condition or weigh relatively less than females without. In 
one-third of the cases here recorded the weight of females with eggs was actually 
less than that of females of the same length without eggs. In the 10-inch series, 
184 females were examined; 36 of them had eggs, and weighed on the average but 
one-tenth ounce more than those without eggs. Turning to table 16, we find that the 
average quantity of eggs borne by a 10-inch lobster is 1.73 fluid ounces, and since a 
fluid ounce of lobster eggs weighs very nearly an ounce avoirdupois, the average 
weight of the 10-inch female deprived of her eggs is 22.13 ounces, as compared with 
23.76 ounces, the average weight of non-egg-bearing females of this size. There is a 
difference of 1.63 ounces in favor of the female without eggs. In tlhe case of the 
94-inch lobsters, where 169 in all and 24 bearing eggs were examined, the average 
weight of the apawners is less by 0.09 ounce than that of the corresponding females 
without eggs. 

The facts which have just been stated do not support the conclusion of Buckland 
and his associates on the fisheries work in Great Britain, that "the lobster, when 
berried, is in the very best possible condition for food." (28, p. XVI, See p. 64.) 

In the last column of table 31 the average weights of lobsters corresponding to 
definite lengths are given. A lobster of the minimum length at which it can be legally 
sold, 104 iuches, weighs on the average 18 pounds, while a 12-inch lobster attains a 
weight of 2 pounds 11 ounces, and a lobster 15 inches long weighs from 4 to 49 pounds, 
and probably more in some cases., 

Lobster No. 7, table 30,178 inches long, weighed nearly 10 pounds (though in this 
case the cutting-clam was undersized), and the mammoth specimens recorded in this 
table, weighing from 20 to 23 pounds, varied only from 20 to 218 inches in length 
(pp. 113-116). 

In  the earlypart of this chapter I mentioned the fact that the disparity in weight 
between lobsters of the same length was due largely to the difference in the size of 
the large claws. This is illustrated by the following table, which is compiled from the 
observations made by Vinal N. Edwards. 
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TULE 31a.- Variatioth in the ,weights of lobettwe with aad without the great Cla lU8 .  

Sex. 
No. of 

lobsters 
oxam- 
ined. 

l- 

Ivlalo.. ...... 
Pemalo ..... 
Male ........ 
~ a i e  ........ 

Mde ........ 1 
Pemilo  ..... 1 
Pumalo ..... 3 
Malo. ....... ' I  1 

1 
1 

6 
I 

16 
17 

22 to 31 
23 to 24 

28 
24 to 27 

48 
30 

............ r2 ............ 12 
9 15 to 17 
1 15 to 16 ............ 17 
3 17 to 18 

............ 23 ............ 22 

Weight I 1 Weight 
withlar e Variation without 
chclipe&, in woiglit. 'ar~:? 

in oiince$. in ounoaa. 

Fen1ale ..... 
Male ........ 
Fcmale ..... 
Malo ........ 
V e u d e  ..... 

1 3  ............ 10 
13 ............ 10 

ik 17 ............ 
17 ............ 12 

13 to15 ~ 2 1 
2 
1 
3 
1 
1 

Variation 
in weight. 

............ ............ 
0 ............ 

............ 

............ ............ 
2 
1 

1 
............ 
............ ............ 

Chapter VI.-ENEMIES OF THE LOBSTER. 

ANIMALS WHICH PREY UPON THE LOBSTER. 

The adult lobster, whether with eggs attached to the bocljr or not, is the prey of 
numerous fish which feed upon the sea bottom, like tho sharks, skatus, and rays. 
When of considerable size or in soft coudition it is also devoured by the cod, pollock, 
striped bass, sea bass, tautog, and probably by many other species. In fact every 
predaceous fish which feeds upon the bottom may bo looked upon in general as an 
enemy of the lobster. 

A fisherman a t  Beal Island, West Jonosport, Maine, stated that he had caught 
cod on trawls 10 to  15 miles from shore with lobsters 4 to G inches long in their 
stomachs. Cod were also caught a t  Grand Manan, in summer, in 20 fathoms of 
water, by Mr. J. W. Fisher, of Eastport, with very small lobsters,' 1 to 2 inches long, 
in their stomachs. Lobsters an iuch long have also been taken from the stomachs of 
codfish on tho shores of Prince Edward Islaud (209, p. 232), and soft lobsters 3 to 8 
inches long have also been found in the stomachs of these fish taken in deep water 
off shore. 

The observations of Mr. Vinal N. Edwards are quoted by Mr. Rathbun (256, p. 782) 
to  show the great destruction of lobsters in the Edgartown district, Marthas Vine- 
yard. Out of' hundreds of cod caught about No Mads Land and examined by Mr. 
Edwards, nearly every fish "contained one or more youiig lobsters, and in many cases 
the stomachs were almost entirely filled with them." So great did the destruction 
wrought upon the lobster by the cod impress one fisherman (256, p. 728) that he thought 
the cod a greater enemy than the lobstormen, and said: "I l a v e  caught one hundred 
cod in one day that I knew had the amount of one thousand lobsters and shadows in 
their entrails." 

I Those young lobsters were identified by Profossor Baird. 



The cod has an equally bad reputation among English fishermen. Frank Buck- 
land says (28, pp. 14,15) : 

Among the animate enemies the principal enemy [of the lobsters] I belkve are cod. A witncss a t  
Burghead stated that codfi~h are p e a t  enemies to lobsters; he hardly ever opens a cod without finding 
young lobsters in the stomaoh, particularly in February and March. He has seen cod throwing up 
lobsters on the deck of a vessel, as many as five or six lobsters in onc cod. These lobsters would be 
3 or 4 inches in length or evcn smaller. Cod eat lobeters all the season. In the spring and in January, 
February, and Marc11 there are many cod about. Skates and congers, and codling and haddock also 
eat crabs and lobsters. 

On July 16,1894, Dr. J. I. Peck showed me the "tail '' of a soft lobster which he 
had taken from the stomach of the weakfish or squeteague (Cynoscion regale). The 
lobster had been out of its shell but a few hours when it  was snapped up by this fish. 

Verrill (19G) records the finding of lobsters in the following fish: Dusky shark 
(Eulamia ohscura), Woods Hole, in July and August; dogfish (Hustelus canis), Wootls 
Hole, in August; sand shark (Eugomphodus littoralis), Woods Hole, July and August; 
peaked-nose skate (Raia lcevis), Menemsha, July; long-tailed stingray (Myliobatis fre- 
minvillei), Vineyard Sound, July ; rabbit-fish ( Ckilon~yctcrzcs geo~nctricus), Woods Hole, 
July; striped bass (Rocczcs lineatus), Woods Hole, August, 1871 ; tautog ( Tautoga onitis), 
"two caught July S and 15 contained small lobsters." 

Mr. Mosher, who had prepared striped bass for market for upward of thirty 
years, said: 

' Striped bass do not feed upon live menhaden, but upon crabs and lobsters. * " I have 
always observed that bass fishing was best where lobsters and crabs were lnost plentiful. (Bull. 
U.S.F.C.,vol.ll,p.410.) 

Small lobsters are probably to some extent the prey of sea-roving birds, such as 
the gulls and terns, but in regard to this nothing is known. According to Boeck 
(,$O,pp. 227-228), the Norwegian lobster is sometilnes attacked by crows. His account 
is as follows : 

An Interesting scene may be witnessed near Bukkenii, north of Stavmger, where au Englishman 
has constructed a large pond between some small islands for keeping live lobsters. Whenever the 
pond becomes too full of lobsters, so that they do not find sufficient food, they leave the water and 
crawl about, seeking to reach the sea, but during their wanderings they fall an easy prey to large 
numbers of crows hovering round, which take them in their claws, fly high up, and let tho unfor- 
tunate lobster drop clown on the rocks, where their shells are broken, so that the crows can eat them 
in oomfort. The crows are not easily scared t~rvay, but show a, romarkable degree of sense, only 
flying away when anyone approaehes with firearms, and later they carry on thoir depredations in the 
early morning, when they have less to fear. 

That lobsters ever leave the water and attempt to crawl upon the land can not be 
credited, and it is likely that this story passed through several hands before reaching 
its present form. Herbst (88) says that the lobsters have a great enemy in the Stein- 
beisser. ' 

If the lobster is thus attacked and destroyed in large numbers by fish after it  
has acquired the habits of the adult artd has many devices to avoid its enemies, what 
shall me say of the destruction which is wrought on the young during the first eight 
or ten weeks of their life7 From the time of hetching up to the sixth stage the 
young lobster swims rtt the surface and becomes an easy prey to a11 surface-feeding 

It is uncertain what fish is here meant. The name is applied to the fresh-water gcnera C o b i h  
and Lota. 
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fish, some of which, like the menhaden,' roam about in vast schools, straining the 
water as effectively as the towing net. During this period the lobster measures 
from one-third to two-thirds of an inch in length, and is not only helpless in tlie hands 
of its animate enemies, but is subject to a vast amount of indiscriminate destruction 
from the forces of inanimate nature. (For the further consideration of this subject 
see pp. 187-189.) 

PARASITES, MESSMATES, A N D  DISEASES O F  T H E  LOBSTER. 

One of the two parasites known to infest the lobster is ;I trematode (flt'tichoco- 
tyle nethropis). This was first described by Cunningham, who found i t  in the intestine 
of the Norwegian lobster. It has recently been discovered in the American lobster 
by Dr. Nickerson, to whom I am indebted for the following particulars. The larva 
of this singular parasite, which is from 3 to 7 millimeters long, is found sometimes to 
the number of 70 or more embedded in the mucous coat of t h e  intestine about the 
ccecum. It is relatively rare, hardly more than 2 per cent of the lobsters which Dr. 
Nickerson examined being infested by it. Its position at  the hinder end of the 
alimentary tract seems to argue that it comes in by way of the anus rather than 
through the mouth. Its final host is probably some species of fish which feeds upon 
the lobster, but the adult trematode is unknown. It may prove to be of a difierent 
species from the larva discovered by Cunnin gham. 

The only other strict parasite which the lobster is known to possess is the large 
Gregarine ( G .  gigantea), which was discovered in the intestine of the European lobster 
by Van Beneden. (194) 

In  1853 Van Beneden (69) called attention to a small green worm which he found 
on the eggs of the lobster, and which he supposed was a larva of Serpula. Later, 
in 1858, he concluded that the animal was not a larva, but  a fully developed indi- 
vidual, which he called EistriobdeZZa 7ro?nuri, placing it among the Hirudinea (69). 
Foettinger, a later student of this form (69), proposes to change its name to Histrio- 
drilus benedeni, and concludes that is is an Enteroccelian, allied to Polygordius. It 
is not a parasite in the strict sense. 

Although parasites are rare, the lobster is encumbered with a great variety of 
messmates, which attach themselves to the external shell. 

Whenever the lobster is confined in inclosures, or compelled for any reason to 
lead a sluggish life, the common barnacle fixes itself to the arched carapace and begins 
to secrete its tent-like covering as securely as it might upon a stone; mussel8 of 
various kinds insinuate themselves in convenient angles of the shell and joints, Amall 
tunicates sometimes becoming attached firmly to the under side of the shell between 
the legs. Tube-forming annelids, lace-like bryozoa, form incrustations in various 
parts, and red, brown, and green algre often decorate the antenna and carapace with 
long streamers which are waved with every movement of tlie animal. At each molt 
the lobster of course frees itself completely from these troublesome companions. 

Regarding the menhaden u s  an enemy of the larval lobster, I have consulted with my friend, 
Professor J. I. Peek, who has made a very careful study of the habits of these remarkable fish. He 
writes as follows : " I havo never found lobster larva in the stomachs of menhaden, and yet i t  must be 
remembered that the localities whence my matcrlal was nearly all secured were hraclcish-water inlets. 
Copepods in all stages of growth are abundant and shrimp of the smallest size were common at New 
Bedford, but in the material from Buzzards Bay I have never seen lobster larvm." 130 thinks that 
the evidence can not be conclusive until menhaden are examined which havo fed both day and night 
in localities which abound in lobsters. 
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A t  the lobster pound in Vinal Haven, Maine, which I visited on August 26, 1593, 

I examined a iiuiiiber of lobsters whose bodies aiid free appendages supported a 
surprisingly varied flora. A hard-shelled female which I took out of tlie mud in 
very shallow water was decorated with alga in a very striking fashion upon the upper 
part of the body, the big claws, and antenna The long whip-like “feelers” were 
weighed down with fronds of the brown laminaria, or devil’s apron, as shown in 
fig. 118, plate 36. The coiiimon greeii lettuce (Ulva lcrtuca) was sprinkled freely over 
various parts, and barnacles had gained. also a foothold upon the shell. A frond of 
laminaria, which was fixed to  the side of the abdomen, ivas 7 inches long and 2 to 3 
inches in width. Besides the larger fronds, there was a matted uudergrowth upon 
the antennae, composed of several species of alga and attached fungi. One of the 
men employed a t  this pound said that he had taken hard-shell lobsters with l‘ kelp” 
2 feet long growing upon the shell. 

A lobster now in the Peabody Museum of Yale University was incrusted with 
Nullipores, when it was captured i i i  Nantucket in April, 1880. This specimen was 
a male and weighed about 10 pounds. 

Mussels sometimes glue themselves in extraordinary numbers to the under sides 
of the bodies of living lobsters, in places mhere th0 animal is unable to  scratch them 
off’. A good illustration of this may be seen in the museum of the Peabody Academy 
of Science a t  8alem, Massachusetts, where there is a male hard-shelled lobster about 
12 inches loiig with fifty or more shells of the common JIytilzcs edulis attached to  its 
body. The sliells of some of these bivalves are 14 inches long. They have wedged 
tllemselves between the bases of the thoracic legs, the plates of‘ the tail-fan, and have 
fastened themselves even to tlie head betwecn the antennm and about the eyes. 

It is not uucommou to find the barnacle (Ba laws  balanoides), as we lmve already 
seen, attached to the shell of bot4h very old and relatively young lobsters (fig. 1, plate 
1). The large Belfast lobster carried about with i t  several species of mollusks, as 
well as barnacles and hydroids. 

On July 15,1894, I found a lobster which had been kept for several days, or perhaps 
for a longer time, in a floating car, with otie of its eyes completely hooded by a colony 
of bryozoa. When set free, the eye appeared perfectly normal. 

The messmates of the young lobster consist chiefly of fungi (of which bacteria are 
the most characteristic) and of diatoms. Young lobsters captured a t  sea seem to be 
peculiarly free from foreigu matter of every kind, but when the young of almost any of 
the crustacea are confined they soon become clogged with solid organic or inorganic 
floating particles and bacteria with which such material is invariably associated. Tlie 
hairs jvfiich garnish the body nud appendages of crustacean larva serve to gather 
Up and hold solid particles from the water, so that one of the first oonsicleratioiis in 
the artificial rearing of crustacea is to give them as clean a water supl>ly as possible. 

I have seen larvae in the fifth stage of development literally covered with a mass 
of diatoms (Tabelaria, Navicula, etc.) like those found in the brown sediment a t  the 
Lottoin of the jar in which they lived aud in the undigested food contained in their 
stoniachs. Old lobsters, in which the moltiug period 1 1 : ~  become very infrequent, 
are commonly tile worst sufbrers from euemies of this kind, but the physiological 
condition of tho animal is, as we have seen, t,he most important consideration. 

The crayfish, which is devoured eagerly by numerous species of fish in fresh-water 
lakes and rivers, both in this country and in Europe, is infested by Trematode worms, 
which become encysted in the tissues of the animal. Distomum nodulosum has been 
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described from Cambarzis propiiiquzcs by Wright and Linton, and Ward (198) has found 
in the same crustacean still another species, Distoma opaczim. “The cysts occupied 
tlie space in the cephalothorax above the heart and sexual org~ns.” 

The ‘‘ tomally” or liver of the lobster is free, so fax as is known, from parasites 
of all kinds, yet this is not the case with all the decapod crustacea. In June, 1885, 
while dissecting the southern shrimp (Pemxus setiferus), I found numerous stages in the 
development of a cestode worm, Tetvarlqjfichus (species undetermined), in the liver of 
this prawn. The youngest were oval, about i+6 inch in long diameter; the oldest 
larvze measured i+,- inch; they had a round, flattened body, mi anterior segment or 
neck, with four well-developed proboscides, and a “tail” of about equal length, and 
unsegmented. Two pairs of bright red pigment spots were borne 011 the upper ante- 
rior part of the body. 

DISEASES OF TIIE LOBSTER. 

There are no specific diseases to which lobsters are subject, so far as Irnown, yet 
they sometimes die off so rapidly as to lead one to suspect that  they may have f‘dlen 
a prey to some contagious disease. 

Mr. N. I?. Trefethen, of Porflmd, Maine, who owns a lobster pound in South 
Bristol, 35 miles east of Portland, relates the following experience: hi May, 1893, 
he placed 100,000 lobsters in this pound, the area of which is about 3 acres. Very 
soon they began to die, and ilr. a few days all of them mere dead. There were 12 
to 13 feet of water in this pound at flood tide and not less than !t feet a t  low water. 
The pound was probably very much overstocked, b u t  it is difficult to understand why 
these lobsters should have all died so suddenly, unless they were either poisoned or 
attacked by disease. 

In the summer of 1889 a lobster with a large bunch on the side of the carapace 
was captured in Vineyard Sound. On the top of this tumoid growth was a crater- 
like depression covered with s membrane. This mas probably a sore resulting from a 
wound which the animal had received in the back, and which had failed to heal. A 
similar case is meutioned by Rathbun (155). 



Chapter VI1.-THE TEGUMENTAL GLANDS. 

The shell of the lobster, as 110s been seen already (pp. 77,75), is not a solid armor, 
but is everywhere perforated by capillary caiinls which open by minute pores a t  the 
surface. One set of these ducts is called the hair pores. These lie iiimecliately 
beneath tlie hairs or s e t s  of the shell. The other set constitutes the ducts of tho 
tegumental g1aiids.I 

The tegumental glands are very generally found in the decapod crustacea, and 
they are more widely distributed over the body of the individual tliaii almost any 
other organ. Nevertheless their structure has never been accurately determined, and  
almost nothing is known of their function. They lie in tho dermis or in the coiinective 
tissue and adjoining iuuscles immediately below t’he cuticular epithelium. They are 
opaque, subspherical 01: oblong, not usually over g mm. in longest di:itneter, and 
each communicates with the exterior by uiea~is of a capillary duct, the entire length 
of tvhich-not including the part mliich traverses the cuticle-is probably not more 
than -& mm. (cuts 4 and 5, 111. A, and fig. 208, pl. 40) and its diameter only & mm. 
These minute organs ar0 scattered all over the body and appendages; they are 
particularly abundant about the mouth and in the cesophagus, and Vitzou has found 
them in the malls of the intestine of I’alinurus (197). As he remarks, “011e may 
study these organs indifferently in a macruran or brachyuran, for they have the same 
structure in both.” 

GENERAL STRUCTURE O F  T H E  TEGUMENTAL GLAND. 

The tegumental gland, wherever found, whether in the a,ppendages or beneath the 
skin of the body proper, has the structure showii in cut 5. It consists of a central 
reticulate body or rosette, the exact iiaturo of which is unknown. In the midst 
of this there is a small cavity, which is contiiiued into a short capillary duct. The 
latter perforates tho cuticle aiid thus places the organ in direct comniunication 
with the exterior. Grouped about the rosette is a cluster of gland cells of va’rious 
shapes and sizes. Each lias a broad base arid tapering central enci, which is uiiitecl to a 
process of the rosette. Each organ is supplied with a iierve and contailis an eccen- 
tric, bipolar cell, which resembles a ganglionic cell. One of tho processes of tho 
latter joins tEie rosette, while tlie other unites with the nerve. lZarely two such cells 
appear in the saino organ. The duct and nerve usually issue from the gland together, 
the former possossing apparently, for at least a part of its course, a thin sheath. 
Each organ is usually surrounded with a delicate capsule, 1~0bably of coniieotive 
tissue, though it is not alwa,ys possible to detect such an envelope. 

I have seen no branching of ducts, each organ opening iiidepeiidently a t  the 
surface, and I have not succeeded in deteriiiiuing with any degree of satisfaction the 
relation which the nerve fibers bear to the gland cells. 

- ---- 
I SimiIitr structures have bcen called derncal glands, salivary glands, and cement glands. While i t  is  

Probable that they originate in tho epidermis, it may bo better to classify them uuder the generio 

In the work of Chis chapter, relatiiig to histology and technique, I wish to acknowledge my 
term of tegumentat glan(i8. 

indebtoduoas to Professors pattou and Watase for valuidde suggestions. 
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What is the function of these organs which are distributed so widely over the 
surface of the body? It has been found that glands of a similar character play a part 
in excretion. (Text-book of Comparative Anatomy, Lang, part I, p. 330.) Those found 
in the cesophagus were regsrded as salivary glands until the embarrassing fact was 
discovered that they mere also found in the walls of the intestine. When occurring 
in the swimmerets and ventral abdominal region of the female these organs have been 
considered responsible for the liquid glue or chitin-like cement which is poured over 
the eggs a t  ovulation, and have been accordingly called cement glands. It seems 
probable that they have such LL function, and I shall proceed to describe them in 
detail as they occur in the lobster. 

THE CEMENT GLANDS. 

If we strip off' the hard cuticle from the pleopod of a female lobster just before the 
eggs are laid (fig. 144, plate 40), we will see thousands of opaque whitish bodies lying 
upon the strands of muscular tissue. Each is a gland not more than an eighth of a 
millimeter in diameter, and each opens to the exterior by a capillary duct which 
pierces the cuticle. The grounds for attributing a cement-producing function to these 
organs lie chiefly in their periodical changes coincident with the sexual condition of 
the female, and in their absence or restricted occurrence in the pleopods of the male. 
Their position upon the swimmerets also favors such a view. We can not look else- 
where for such a11 organ, unless it IS to the oviducts, and 1 know a t  present of no 
evidence showing that the latter possess this function in the macrura. 

CEMENT GLANDS- IMMEDIATELY BEFORE OVULATION. 

As the time of oviposition draws near, the swimmerets of the female become 
more a,nd more opaque, especially along the free margins of their branches. A t  this 
time a milky-white substance caii be pressed out, upon removing the cuticle. This is 
analogous to what Lereboullet observed in the crayfish (120), and is composed of the 
glandular tissue. 

A t  this period the glands have the appearance shown in plate 49, fig. 212. Stained 
with the Ehrlich-Biondi ariilin mixture the cells have a cloudy, granular appearance. 
Their peripheral ends contain a coarser material, which takes a deeper red than the 
central parts; the latter appear much lighter, and select and hold some of the green. 
The distribution and appearance of the zymogen granules may be compared to that 
seen in the pancreas of a well-fed dog, or the resting cells of the submaxilla,ry gland. 

An attempt to gct a secretion from these glands while in this condition by stim- 
ulating the nerve cord by induction currents was not successful, possibly owing to the 
fact that these organs had not quite reached the stage of their periodical activity. 

THE CEMENT GLAND IMMEDIATELY AFTER OVULATION. 

The structure of the exhausted gland, taken shortly after the eggs are laid, is 
illustrated by fig. 211, plate 49. If this is compared with fig. 212, which is treated in 
the same way, we will find a niarkecl difl'erence in its cytological condition, A very 
conspicuous zone of deeply stained zymogen granules surrounds the central rosette, 
while the outer parts of thegland cells are poor in zymogen and stain but feebly. 
This central darker zone is very variable in breadth, being sometimes reduced to a 
thin circle, involving only the apices of' the cells, and is often very sharply marked 
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off from the rest of the cells. It should be remarked, however, that in two or three 
days after ovalation (external eggs with segmented yolk) there is a striking lack of 
uniformity in &e condition of the glands, in many the central zymogeii zone being 
entirely absent. This may be due to the fact either that some of the glands recover 
from exhaustion faster than others, or that they secrete unequally, or that some are 
not roused to activity a t  all. 

Pig. 210, pletc 49, is from the swimmeret of a female which had probably recently 
hatched a brood aiid was close upoii th’e point of shedding. As may bo seen, the 
glands are much shrunken in size, the cells transparent and non-granular, as if they 
were completely exhausted. This seems to be a perfectly normal ca8se, but whether 
it has any significance in respect to the molt I am not able to say. 

HISTORICAL SRETCH OF THE CEMENT GLANDS. 

Cement glands have been described in numerous species of n&xurous crustacea, 
but their structure seems to have been imperfectly made out. 

Cavolini,’ according to Cano (32), maintained that the cement came from the 
oviduct, and Rathke (ZGO) regarded the genital organs as the probable source of this 
secretion. Erdl (&?), in 1543, described three membranes in the egg of the lobster, 
and considered the outermost of these to be the secreted product of the oviduct. 

Lereboullet (220) barely escaped the discovery of tthe cement glands of the crayfish 
in 1860, but correctly stated that the cement substance came from beneath the skin 
of the under side of the abdomen. Ile had indeed communicated this discovery to the 
Natural History Society of Strasbourg in 1852 (published in a note in L’Institnt, 
in 1853. See ref. 220.) As he says, zoologists had up to this time been almost mutt3 
npon this subject, some explaining the attachment of the ova to aa  extension of the 
Primary egg membraiie, others, like Milne Edwards (58), to  an albuminous secretion 
from the epithelium of the oviduct. Lereboullet described a milky-white matter rich 
in fat and nuclei, which is present in the epimers1 regions of the abdomen of the 
female crayfish at  the time of oviposition, but is not found in the male at any period 
Of the year. He supposed that this substance oozed through pores in the cuticle, 
Coagulated in the water after fixing the eggs, and that all trace of i t  subsequently 
disappeared until the next reproductive period. 

The true source of this secretion was first recognized by Braun (22), who, in 
1875, described cement glands in the crayfish. He showed that they consisted of 
dusters of cells, which open to the surface of the abdominal appendages by narrow 
ducts penetrating the cuticle-a single duct to each cluster. A little later (23) he 
figured and described these glands in the six species of decapods. Similar structures 
Were found in the carapace and esophagus. (Esophageal glands (Speicheldriisen) had 
been already seen in several species of crabs, such as Urapsus and Eriphia spiitiifrons, 
and analogous structures were found in the labrum aiid maxi1l:e. 

Vitzou, whose work was published in 1882 (197), found glands generally presmt in 
the esophagus of all the crustacea examined, and they appear in many of his drawings, 
but no attempt seeins to have been made to study their histology. The mophageal 
glands were extremely abundant in the lobster and Palinurus. The ducts are said to 

I have not had acces8 to this 
work, and quote i t  upon the authority of Cano. 

--- 
I Memoria sulla geuorazionu del peso1 e dei granchi. Napoli, 1787. 
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be sometimes uuited into groups of five or six, and in the intervals small hairs occur 
upon the surface of the cuticular lining. 

Oano (32) devotes considerable attention to this subject, in a paper publishecl in 
1891, describing the distribution and structure of the cement glands in a large 
number of decapods. Bumpus attributes the (‘varnish-like layer” which siirrounds 
the ovum of the lobster after oviposition to a secretion which is supposed to come 
from the columnar cells lining the oviducts (30). 

I n  1893 I gave a short and iricomplete account of the cement glauds of the 
lobster (96). See also 97, note p. 79. 

TEGUMENTAL GLANDS IN OTHER PARTS O F  T H E  BODY 

I am not able to map the entire distribution of the tegunieutal glands, but have 
found them in many parts. The labrum and inetastoma are packed almost full (fig. 
208, plate 49). I n  the latter the ducts open for the most part upon the side next the 
mandible. We find them also in the basal stalk (protopodite) and respiratory plates 
of the maxilla: aud maxillipeds, where they are already developed in the larval stages 
(plate 29, figs. 59, 62), and in the flagella of the antenna2 The skin of the carapace 
and abdomen abound in these organs, and they are clustered in large numbers about 
the anterior lower margins of the former, just below the cervical groove, where the 
surface of the shell is raised into prominences like a grater. The ducts of many of 
these glands open into the respiratory cavity. I have also found a few of the organs 
in the walls of the seminal receptacle. 

In  sections through the dorsal posterior surface of the carapace of a lobster nearly 
ready to molt I find glands in precisely the same condition as shown in fig. 211, plate 
49, where there is an inner deeply staining granular zone. Figure 208, plate 49, rep- 
resents an organ from the metastoma, after maceration for three days in Bdla ITaller 
mixture arid staining in methylen blue. The diict, running in the nerve bundle, 
shows very c:learly and can be readily traced to the surfwe of the gland. By focusing 
with care I was able to follow the tubular duct into the central lumeii or space, so 
characteristic of  these organs. The relahive number and clistributiou of glands in 
auy part can be determiiied from inacerated portions of the shell, as in fig. 170, which 
represents the inner surface of the first maxilla. 

By maceration and pressure the structure of the gland can be made out in most 
of its details. In  fig. 203, plate 49, the eccentric ‘6 ganglion” cell (8. e.) is seen to give off 
two branches, one of which joins the rosette ( E ) ,  while the other passesinto the nerve 
bundle, not shown in th i s  drawing. A single gland cell is still joined to a process 
of the rosette by its attenuated central end. By rolling this specimen under the 
cover slip I was able to confirm the relations here pointed out. I n  fig. 214, drawn 
from a similar preparation, fewer glandular cells are detached, and but one process of 
the ‘(ganglion” cell is shown. In many instances I have iioticed that the inner ends 
of the gland cells have a very refractive, tubular appearance wliere they join the 
central rosette (figs. 200, 213, etc., plate 49), as if they had been snapped off a t  this 
point of delicate union. Figs. 206, 207 show a single gland cell drawn from opposite 
sides, from a cement gland of a female with nearly ripe ovaries. Besides the promi- 

I think it probable that the ducts of tho glands really open upon these “ hairfj,” as they do in 
the labrum. (See p. 133.) 

2 I have seen them in the’outer flagellum only of ‘the first antenna. 
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nent nucleus at the peripheral end of tliis cell, there are two other bodies-one near the 
tubular neck-which take up the stain like nuclei and are considerably refractive. 
Froni the larger end of tlie cell (fig. 206) a slender process is given off (compare figs. 
201,204 from the ~ i iax i l l~) ,  which suggests a nerve fiber. All that I can say definitely 
is that this process is i n  continuity with the cell, probably with its wall. I did not see 
many cases of a similar character. 

EXPERIMENTS UPON T H E  SENSORY AREAS O F  T H E  BODY A N D  APPENDAGES. 

Before discussing the function of the tegumental organs in general, I will record 
some experimeiits which were made to determine how the lobster reacts to stimuli 
directed against the dead shell or cuticle. 

The lobsters experimented upon were taken from the sea, placed on their backs 
on a table, and allowed to remain in this position until quiet. At  firs% they move 
their appendages vigorously iu trying to right themselves, but soon come to rest. By 
sprinkling them with sea water they may be kept fresh for experiment for a consider- 
able time. 

Various stimuli. such as electricity, heat, weak acetic acid, ammonia gas, clam juice, 
were applied to different parts of the body, with a view to ascertain the most sensi- 
tive areas where the quickest and most vigorous responses were given. 

The degree of sensibility to external stimuli is surprisingly great in many cases, 
where the skin of the lobster with its slielly covering seems quite as sensitive as that 
of the frog. In other cases, however, the animal is much less responsive, a fact which 
we may-attribute in some degree to the thickness of the shell. 

To sum up the experiments in a getieral way, all or nearly all the aibpendages 
react st,rongly to chemical stimuli, and in inany cases the surface of the body is 
capable of receiving aud responding to stimuli of various kinds. If a jet  of ammonia 
gas is injected against the intersegmental membranes or appendages of the i b  tail:’ the 
p1eol)ods may be set in very lively iiiotion and violeut flexion of the whole abdomen 
may follow. Direct the jet upou the anterior swimmerets, and the last three pairs of 
welking legs are drawn backward and make scratching movements to remove the 
off‘ending ob,ject, reminding one of the motions of a “reflex fkog” when its skin is 
stimulated in a similar way. 

The reaction is more violent wlien the stiinulus is applied to the swimmerets tlian 
when directed against the iiitersternal membranes. The seminal receptacle is very 
Wnsitive, and when stimulated the walking legs ineke violent scratching movements 
toward it. If tho jet of gas is directed aloiig tlie surface of the walking legs, the 
reaction is usually greatest a t  their tips. 

If the extremities of the large chel;-e, especially the propodus, are touched by the 
gas the claw opens and shuts. The first pair of antenim are inuch more sensitive to 
the stimuli than the second pair. If the jet is directed over the region of the mouth, 
very violent chewing movernents are set up. 

If the ammonium vapors be squirted on the dorsal surface of the carapace or 
abdomen, a vigorous respoiise is soinetiines seen by the immediate inorements of the 
legs. Both males and females respond to the ammonia stimulus on the abdominal 
appendages and i i i  tersegmeutal membranes. 

very similar reactions are obtained if a small piece of blotting paper wet with 
weak acetic acid is used. In some cases no response IS obtained if the wet paper is 

B. 0. B. 1805-9 
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placed on the intersternal membranes of the abdomen, but if laid upon either the inner 
sides of tlie pleura or upon the surfaces of the pleopods the reaction is more marked 

I f  clam juice is placed 011 the mouth parts, as upon the flattened basal segments 
of the second maxillm or first pair of maxillipeds, vigorous chewing movements are 
immediately begun, and are continued for several minutes. If the stimulus is applied 
to one side, the movements are a t  first restricted to  that side only, bu t  eventually, in 
some cases, the appendages of the opposite side begin to move also. 

If clam juice is dropped upon the swimmerets of the female, a response is usually 
forthcoming, and the same is true if this stimulus be applied to the terminal segments 
of the walking legs. I n  the case of the large chela the response may be very slight. 
In one instance, where three females and one male were experimented upon, the 
abdominal appendages gave no response to clam juice, b u t  the mouth parts were 
always extremely sensitive. I n  this case the pleopods gave a marked reaction when 
touched with weak acetic acid. 

As a rule, tlie pleopods of the female were more sensitive to tlie various stimuli 
than those of the male. The abdominal appendages of the body give 110 reaction 
when breathed upon, and show but slight sensitiveness to heat. Weak electrical 
currents from an  induction coil produce marked responses in the maxillm and firat 
pair of maxillipeds, and if the swimmerets arc touched by the electrodes, violent 
contractions of the flexor muscles of the abdomen speedily follow. 

The preceding experiments would lead us to suppose either that certain areas of 
the skin of the body and appendages are very sensitive to a variety of stimuli or 
that the skiu or parts below it possess special senae-organs. I n  either case, excepting 
electrical stimuli, the organs must be reached by means of the canals which penetrate 
the inert cuticle. 

Since there are only two possible roads for the entrance of chemical stimuli-the 
hair pores and the pores of the glandular ducts-the question is therefore raised 
whether the glands possess a subsidiary sensory function. If it could be shown that 
the seta of the carapace were not perforated at their tips, it would be certain that 
ammonia vapor could not enter them’ and extremely probable that the reaction from 
this chemical stimulus had its seat in the gland. I believe that these organs do 
possess such a subsidiary function, and that this is shown to be the case by a study of 
the sensitive labrum, in which hair pores and their corresponding setae are entirely 
absent. 

The function of the tegurneiital glands in various parts of the body has been a 
subject of much embarrassment. Max Braun (2.2) thought that the clesophageal glands 
of the crayfish were salivary organs. Viteou inclines t o  acquiesce in this opinion, 
but admits  that the presence of organs of exactly the same structure in the walls of 
the intestine (in Palinurus) is puzzling, to say the least. 

Professor Pstten (250) has recently discovered certain organs in Limulus to which 
he attributes a sensory function. They have essentially the same structure as the 
tegumental glands of the decapod crustacea. There occurs in front of the mouth of 
Limulus, on the middleline, a wart-like swelling, which Patten regards as the cuticular 
portion of an olfactory organ. “Directly beneath the ectoderm”, he says, there “are 
a great many-at a rough estimate, from 1,500 to 2,000-clear, flask-shaped sense budv, 
each of which is connected by a narrow neck with a cuticular canal.” The structure 

‘Where the setm are moist i t  might be possible for ammonium vapor or any oilier chemical 
stimulus to reach the sensory cells by diffusion through the thin chitinous wall of the tubular hair. 
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of these 6‘ olfactory buds,” their cuticular canal, gland-like cells, and large eccentric, 
in this case multipolar, ganglion, prove conclusively that these organs are essentially 
similar to the glands which 1 have described in t’he lobster. I n  discussing this subject 
with Professor Patten we have always been mutually agreed upon this point. What 
the function of these organs in all cases really is, may well be an open question. I n  
Limulus the lumen of the organ varied much in appearance, being more sharply 
circuinscribed in the youiig than in the adult, where it might be reduced or oven absent. 
The tubule was sometimes coiled and very brittle. It is “undoubtedly composed of 
chitin, for, as with the gustatory tubules, it can atill be seen in the cast-off shells of 
immature specimens and in the fresh shells cleaned with potash?’ The same is true 
of the cuticular canals of the glands of the lobster, except that the tubule is always 
apparently straight and is never efYaced. 

Lang (124) mentions some of the many cases in which glands have been described 
in the body and appendages of various crustacea, attributing to some of these “der- 
mal” structures an excretory function, a fact which, he says, may be proved by feeding 
with carmine. 

Unicellular glands of a remarkable character have been described in the append 
ages of various amphipods by Nebenski (240), Olaus, and others. Here they w e  found 
in both sexes, but are confined in Orchestia to terrestrial species. Nebenski thinks that 
in the latter they may serve a respiratory function by keeping the gills moist. 

The glands situated in tlie mouth parts, when stained in Ehrlich-Biondi anilin 
mixture, select the green with more regularity, the nuclei taking up the red. This, 
however, may be due to slightly different methods of treatment in aashiiig out the stain. 

The differences between what appear to be the resting and active gland, illustrated 
in figs. 212, 211, which are fairly characteristic of the saimmerets, immediately before 
and after ovulation, respectively, should not be given undue importance, since these 
conditions are met with, though less commonly, in other parts of the body. 

Micro-chemical reactions point clearly to the glandular nature of the large periph- 
eral cells of which these organs in certain places are composed. It is probable that 

the pleopods they are concerned with the secretion of cement, for the reasons 
already given. What, then, is the function of the eccentric bipolar cell? Is it a reflex 
center for the gland, or is this a sensory cell which conveys impulses received from 
without to a reflex center in the central nervous system governing the secretory 
activity of the glandular cells’? If the former supposition were correct, another ques- 
tion would remain to be answered: What are tlie organs of the sense of taste? The 
remarkably quick responses which are obtained upon stimulating the mouth parts 
immediately guggest the presence of gustatory organs. Such animals as the lobster 
and crab undoubtedly possess the sense of taste, but 110 organs have yet been 
described to which this function could be ascribed. Huxley says: 

It is probublo that the orayfish possossos something aualogoue to t:tste, and a very lilrely scat for 
tho organ of this function is in the upper lip and the met,astoma; but if the organ exists it possesses no 
etructural peculiarities by which it can be identified. 

The labrum of the crayfish, so far as I could ascertain from a single specinien 
which I sectioned, contains no such glandular organs as occur in the lobster. 

If it is inadmissible to regard any of the tegumental ‘~glands” as gustatory 
Organs, we must conclude that no distinct organs of taste can be detected in this 
animal, which has the power of discriminating its food. Is i t  possible, as Lemoine 
suggested (218), that  the sense of taste is in some species blended with that of smell 

a 
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and touch 7 Lemoine, who experimented with the crayfish, found that even the thickest 
parts of the carapace were seusitive, and that the parts which abounded in hairs were 
the most sensitive. Touching the hairs determined the movement of the claws and 
thoracic legs. 

Milne Edwards considered the buccal cavity as t h e  seat of the sense of taste, but 
although t h e  experiments made by Audoiiin and himself convinced him that the sense 
was developed, he failed to find any special organs. (58, I, pp. 112-113.) 

Lemoine experimented upon the buccal cavity, and especially the labrum, using 
a great variety of stimulants, such as salt, pepper, tobacco, ammonia, and electricity. 
He describes the labrum of the lobster, but, strange to say, did not discover the organs, 
with which it is packed full. He found that the inner face of this body was extremely 
sensitive. This gives off lateral twig's near 
the point of entry and numerous terminal brmiches toward the inedian plane. 
supposed that these terminal filaments supplied the short hairs which were erroneously 
supposed to cover the surface. 

The seta  of crustacea have tactile, auditory, and probably olfactory functions. 
The sensory seta is hollow and stands over a canal, which penetrates the integument, 
and a nerve fiber passes up into the lower part of the canal. 

The organs of taste in insects, according to Lubbock, are modified hairs, situated 
either in the mouth or on the organs immediately surrounding it. 'Nine different 
antennal organs have been described in the Hymenoptera. Some of these antennal 
hairs serve as organs of touch arid smell, and possibly for hearing also. 

I have already called attention to the fact that while the pleopods are studded 
with thousands of microscopic glands, these appendages in the male are almost devoid 
of them. Their occurrence in t h e  brachyura, where indeed they were first described 
by Braun (23), might support the theory that they had, in such cases, a function to 
perform independent of the production of cement, since i t  has been shown that the 
crabs possess a special cement-forming organ in the epithelia1 lining of the glandular 
receptaculum seminis. We must therefore conclude that in the braohyura the work 
of the glandular receptaculum seminis is supplemented by that of the pleopodal 
glands, or that the latter possess another function. 

On the other hand, Leydig (122) has maintained that there is a close relation 
between gland cells and sensory cells, the two kinds of cells resembling each other in 
general structure and in the disposition of the cell contents. He found in the sensory 
cells of the skin of some vertebrates what seemed to correspond to cuticular secre- 
tions in gland cells.] 

The gland of the type which we have been considering is undoubtedly a very 
primitive organ in Arthropods. It has probably been modified to perform different 
functions, with a minimal change of gross anatomical structure. What the function in 
every case is we cdu not for the present my with any degrce of certainty. While the 
question is a puzzling one, it seems to me safer to regard all such structures, wherever 
they occur, in cesophagus, the intestine, the labrum, pleopods, or outer integument of 
the body, whether in Decapods, Limulus, or in other forms, where they will doubtless 
be discovered, primarily as glalzd8. We may add that in the labriim, and perhaps in 
other parts of the external integument of the lobster, and in Limulus, they may have 

I Jickeli, according to Leydig, believos that in certain Hydropolyps which ho studied scnsory 
cells are converted into gland cells. (132.) 

A nerve enters the labrum 011 each side. 
He . 

(84.) 

--___ ____ - -_ ~ - -  
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a secondary sensory function. I have not examined the glauds which occur in the 
alimentary tract, and can not say whether they possess a precisely similar structure, 

Upon the supposition that the tegumentary organs are %ever sensory in function, 
we would have to conclude that the reactions which were obtained upon stimulating 
the dead shell had their seat in sensory elernents in the vicinity of hair pores, arid that 
the sensory hairs themselves are open a t  the tip, or a t  least have thin walls. I have 
usually foiind sensitive areas covered with setae,' and while these do not normally 
open a t  the tip, the cuticle is so thin a t  this point that chemical stimuli might be readily 
conducted through them. 

There is, however, one organ which is very sensitive to chemical stimuli, and 
which is entirely devoid of true seta? in the adult animal. This is-the labrum or upper 
lip. Its structure certainly favors the view that tho peculiar tegumental organs which 
it contains in such abundance may be the seat of t h e  sense of taste. 

There can be no doubt that  the labrum is very sensitive to various stimuli, as 
Lemoine clearly showed many yearsago. In the specimens which I examinedwith 
particular care no seta? of' the ordinary kind were present on either the upper or lower 
sides, and the only direct channel for the passage of chemical stimuli from the surface 
of the dead cuticle to sensitive structures below it were the ducts of the tegumental 
glands. After the labrum had been cleaned by boiling it in a strong solution of potas- 
sium hydrate, the cuticular structures were clearly demonstrated. The only setae 
present lie in four small rounded clusters of 12 to 15 each, near the base of the labrum 
and on its upper surface, where the cuticle has been reenforced by deposits of lime. 
These setie are microscopic, measuring only one-tenth millimeter in length. Moreover, 
each is traversed by a duct which apparently opens a t  the surface and without doubt 
belongs to a tegumental gland. The upper surface of the labrum is abundantly 
sprinkled in other places, especially about the tip, with the minute pores of glands. 
These are sometimes in c h t e r s ,  and tlieir aggregate number is very great. When we 
examine the inner surface of the labrum we see i t  covered with sieve-like patches, each 
sieve containing sometimes as many as 60 or 70 holes, the openings of tegumental 
glands. At the anterior end these merge together so that the openings are exceed- 
ingly numerous. (Compare figure by Lenioiiie, 118.) 

Lemoiue evidently mistook the ducts in the sieve-like areas for hairs, and has 
figured them incorrectly. The ducts project from the imer surface of the cuticle, 
(compare fig. 170) and in no instance were true seta? or hairs present on any part of the 
adult labrum. 

Experimental evidence seems thus to point to the possession of a subsidiary gus- 
tatory function on the part of tegumental organs of the labrum, and possibly of other 
appendages about the mouth. This would imply that the stimulating particles are 
conveyed to  the lumen of the organ, and thence to the central rosette. It would 
of course be absurd to suppose that the apparently similar organs in manyotlier 
parts of the body, as in the carapace, possessed a similar functioli. While such a 
conclusion is riot perfectly satisfactory, i t  is a t  least worthy of consideration. 

clusters of setm. As I have already shown, they are very sensitive to ohemioal stimuli. 

- 
The walls of tho mminal receptacle contain very few glands, but w e  copiously supplied with 



Chapter VII1.-VARIATIONS IN COLOR. 

In  the study of the color of animals we must distinguish between (a )  variations in 
colors themselves aud ( b )  variations in color patterns. The variation in colors, which 
Bateson calls “substaritive variation,” may be the result of a physical or chemical 
change and lias no vital significance, like the change of yellow phosphorus to the red 
variety, of blue to red litmus, or of green to red pigments in autumn leaves and in the 
shell of the living lobster when the latter is boiled. ‘LDifferent colors,” says Bateson,’ 
“are liable to diEereut discontiriuous variations; as iustances may be mentioned black 
and tail in dogs, olive brown or green and yellow in birds, red aiid blue in the eggs of 
m;my Copepoda,” etc. ‘‘Discoritiriuous color variation of this kind is one of the com- 
monest phenomena iu nature.” The dark green and golden yellow in the eggs of several 
species of Alpheus and many other macrura is a characteristic example (94 ) .  Such 
changes can have no protective or adaptive significance. 

The color of the lobster2 is primarily due to the presence of pigments, either in 
solution in the blood or in the form of granules in the protoplasm of certadn cells, 
particularIy the chromatoblasts, which lie beneath the  cuticular epithelium. The 
chromatoblasts are richly supplied with blood, which flows in a system of irregular 
sinuses through the spongy tissues underlying the epidermis. 

In the adult lobster t h e  shell is an opaque, dead substance, and the pigments 
which give it color are excreted by the chromatoblasts lying in the soft Rkin which is 
exposed upou removing the shell. This skin is flecked and mottled with scarlet, mid 
it takes only a simple magnifying glass to see that its color is due to the branching 
pigment cells, accumulatioiis of which correspond to the blotches of pigment on the 
shell. Tlie excreted pigments undergo physicaI and probably chemical changes in the 
shell, and become of a very different color from that of tthe chromatoblasts. 

Since the colors of the adult lobster reside in a dead body-the pigment layer of 
the shell (see pp. 77-78)-it is eviden t that no changes of a vital nature can take place 
after this is definitively formed. A young male, 10 inches long, drawn and colored from 
life, is represented on plate 16, fig. 22. This may be taken to represent the average 
color in lobsters with moderately hard shelle. 

NORMAL COLORATION. 

There is no apparent sexual variation in the color of the lobster. The following 
detailed clescription is drawn from a female 103 inches long, with elastic or “ buckle” 
shell and with nearly ripe ovaries. 

The general cast of color of the upper parts is dark bluish-green, mottled and 
s])eckletl with very dark greenish-b lack spots; tail-fan light greenish-olive; sides of 
carapace brownish-olive, conspicuously spotted with small greenish-black spots; sides 
of abdomen marked in the same way, spots not as nnmerons; no spots on upper 
surface of uropods; large cheli8 above dark bluish-green, almost black, with suffusions 
of orange on propodus; tubercles and spines bright red; spines of rostrum, antenn,rc, 

of spocics, by William Bateson. 1894. 

____ - 

I Materials for the study of variation, treated with especial rcgard to tliscontinlllty iu the origin 

2 The color variations in the young mise discussed on p. 184. 
134 
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pleura of third to sixth abdominal segments, and of appendages generally, vermilion ; 
worn points of spines or worn surfaces of tubercles whitish; orange area of crushing 
chela (on propodus) mottled with dark green ; walking legs bluish-green; bright sky. 
blue on basal joints, and tufts of setae reddish. 

Tefidon marks: (1) A large porcelain-like whitish spot at junction of the cervical 
and branchio-cardiac grooves. Passing down the cervical groove are (2) numerous 
white or greenish white spots; (3) a large irregular yellowish-whit'e spot occurs in a 
depression which lies about an inch behind the first antenna, and one-half inch from the 
dorsal surface, measured vertically; (4)'s small white spot is seen about five-eighths 
inch behind the second antenna and five-sixteenths inch above the cervical groove. 
These spots are very characteristic, and are more promineut in tlie young than in the 
adults. They first become conspicuous in the fifth stage. (Oompare plates 24,25.) 

The edge of' the carapace is scalloped opposite the appendages, probably an 
adaptation for the movement of the legs; largest scallops opposite the large chelipeds; 
B wide seam-like border, disappearing behind, forms part of the lateral area of absorp. 
tion (see p. 88); color of absorption area light blne; yellowish spots on either side of 
second to sixth terga of pleon, most marked on second, third, and fourth segments. 

Lower surface of large chelae reddish.orange; bright red at the tips; bluish-green 
at edges, and on hinder parts of the propodus, and on the other joints; basal joints of 
smaller legs sky-blue varied with brownish-olive ; wing-like pieces of seminal receptacle 
bright blne; swimmerets flesh color, edged with reddish j intersegmental membranes 
of abdomen nearly colorless; lower side of tail-fan brownish-olive ; telson and uropods 
edged reddish-brown; fringes of silky hairs of the same color. 

There is generally an under tint of olive on the body verging into a greenish-blue 
on the one hand or light reddish-brown on the other, the whole upper and lateral 
surfaces being spotted or mottled with dark greenish-blue or blue-black, the spots 
often confluent on the upper surface. 

, VARIATIONS I N  COLOR. 
The coloration is uniform in plan, but exceedingly variable in details, much more 

so than we see in the case of the intricate color patterns of many iusects. The bril- 
liancy and purity of the shell pigments depend largely upon the age of the shell or its 
condition with respect to the moltiug period. The pigmeiit8s are ususlly most brilliant 
immediately after the molt, when the cuticle is thin and translucent, and dullest just 
before ecdysis begins, when the old shell encumbers the body. 

The pigment cells themaelves, which, as we have seen, reside in the skin or imwedi- 
ately below it, are subject to vital changes, but when the shell is once hardened tlie 
color of the animal is fixed. It is certain, however, that under the action of light, 
or from other causes, the shell pigments undergo molecular or chemical changes. 
Men who handle lobsters have frequently observed that when they are exposed in 
shallow cars to unusually intense light they become decidedly bluer in oolor. I 
recently witnessed a very interesting demonstration of this fact. The fishermen at 
Menemsha, a t  the western end of Vineyard Sound, saved all the egg-bearing lobsters 
which they caught in June, 1894, for the hatchery of the Fish Oo~nmission, placing them 
in a floating ski$ covered oiily with netting arid thus exposed to the full glare of the 
sun. Toward tlie last of the hatching season, when operations in the hatchery ]lad 

'The developmeut of the oarapace ~hoivs that thOE0 notches have iiothiiig to do with the primi- 
I__ 

tive segnientetion of the body. 
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ceased, I made no visits to Menemsha from June 22 until July 16, when I found about 
a dozen lobsters in the car, where they had been imprisoned from two to three weeks. 
They were without exception of a brilliant blue color, and were very conspicuous 
when placed with other lobsters recently taken in the Sound. They were all old-shell 
females, most of which had hatched their eggs and were approaching their molting 
time. All the green pigment of the shell had become light cobalt-blue, which, inter- 
spersed with the usual Naples yellow tints, gave them a very striking appearance. 

According to the observations of MacMunn (132), the coloring of the skin of the 
lobster (Astacus gammarus) and crayfish (Potamobius jhv ia t i l i s )  is due to the presence 
of chromogens, which are converted on very slight provocation, as by dehydration, 
oxidation, or some molecular change, in to a red lipochrome, resembling rhodophan. 
Everyone is familiar with the wonderful change of color which the adult lobster under- 
goes when boiled,’ and according to MacMuun t h e  beautiful blue pigment of the larval 
lobster is converted by alcohol into a true lipochrome. 

Alcohol quickly converts the chromogens in the lobster’s shell in to lipochromes, 
and dissolves them at the same time. This is well seen in recently molted lobsters, 
where the colors are very brilliant. When placed in alcohol, the soft-shelled lobster is 
first reddened, and then in a short time completely bleached, while a lobster with a 
hard shell treated in the same way will retain some of its color for a long time, if not 
indefinitely. The same changes are seen when the dark-green eggs are treated with 
alcohol or boiling water. 

The lipochromes are pigments of a very wide distribution .in the living world, 
occurring in green leaves, in yellow flowers and fruits, arid it is said that the ver- 
tebrate retina, “egg-yolks of different species of animals, the yellow, green, or red 
pigmented integuments of various iiivertebrates and vertebrates from fishes to birds, 
owe their coloration, with few exceptions, to dissolved, granular, or diKusely distributed 
lipochr~mes.~~ (132, p. 95.) 

Lipochromogens are found in a natural state in the gastric glands, blood, soft skin 
(as the blue prismatic oyano-crystals, which are reddened by ~lcohol or by boiling), and 
in the exoskeleton of crustacea. I\lacMunn is of the opinion that they are “built up in 
the digestive gland and carried in the blood current to be deposited in other parts of the 
body.” (232, p. 62.) If this is true, it would not be remarkable if the color of the animal 
were affected by the nature of its food, yet this doea not seem to be often the case. 

The following substantive variations have been met with: (1) Blue lobsters, in 
which the prevailing color is blue; (2) red lobsters, which are pure red or reddish-yellow; 
(3) cream.colored lobsters, characterized by the almost entire absence of color; (4) we 
should also add black lobsters, to include possible cases of melanism, where the colors 
are extremely dark. A specimen of this kind was reported to me at  Beel Island, near 
West Jonesport, Maine, where a fisherman recently captured, in 3 fathoms of water 
among the eelgrass, a lobster about 6 or 7 inches long with moderately hard shell and 
almost jet-black. He supposed a t  first that it was covered with coal tar. It did not 
appear to be preparing to molt. Malard (233) speaks of meeting with cases of melanism 
in crabs, where in consequence of a lesion of the skin the crab becomes eiitireIy black- 
“charbonn6,” as the sailors describe it. 

‘In France the lobster, Aetacus  amm mar us, is said to be called the “red cardinal of the sua,” and 
the Norwegian lobster, Xethrops norvegicus, I am informed by Dr. Liinnberg, is called by tho fishermen 
in Sweden Xejsar lwnmmer, or emperor lobster, on account of its color and spinee. 
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Changes in color pattern are more elusive. There is (1) t h e  normal variety, in 
which the upper part of the body is mottled with green, blue. and cream color; ( 2 )  
spotted or “calico7’ lobsters, the colorat,ion of which is a bold pattern of greeu aud 
light-yellowish or. cream-colored spots ; (3) pied or parti-colored varieties, in which 
the contrast of tints is abnormally pronounced. This may perhaps be better classed 
under substantive variation. The changes are due appareutly to vital or physiological 
causes, which have a t  least no adaptational significance. 

We will presently consider in more detail the variations wliich liave just been 
enumerated, but must  first speak of the eggs. 

COLOE O F  THE EGGS. 

The eggs of the lobster furnish B good example of substantive variation. The 
body of the animal is opaque, so that it is affected but little by the color of the ovaries, 
and not at all wheu seen from above, by that of the external eggs. 

The freshly laid ovum is of a dark green (fig. 24, pl. l‘i), sometimes almost black, 
color, due to the presence of a dissolved lipochromogeii. The golden-yellow variation, 
which is often associated with dark green, as in the eggs of Alpl~eus heteroehelis and 
A. sauhyi (94, p. 375), i as  uever been observed, but occasioually the ova are of a light, 
almost pea-green color, or some tint between this and very dark green. 12arely the 
new eggs are light grayish green. 1 received a lobster from Woods Hole in December, 
with external eggs of a very light greenish straw-color. (See fig. 23, pl. 17.) These 
were in au early stage of development, and had been laic1 but a few weeks. It mas 
the most striking color variation in the OVR which I have yet seen. Siich changes as 
these can not be interpreted as liavirig auy adaptational significance. 

If the eggs are treated with hot water, alcohol, or other lrilliug reagents the green 
lipochroinogeii is quickly converted into red lipochrome. When the water is heated 
gradually the red color appears slowly, and i t  is interesting to observe that if these 
red eggH are now plunged into cold water the green color is restored. This chaiige 
may be somewhat analogous to the breaking up and reconstruction of‘ the blue com- 
pound of starch and iodine upon the successive application of heat arid cold, and to the 
variation in color which sometimes appears in the living animal a t  the tims of the molt. 
Soon after the water has been brought to t h e  boiling poiut the red color beconies 
permanent. 

BLUE LOBSTERS. 

Lobsters of a deep, almost uniform ultramarine color are sometimes met with and 
never Fail to attract attention.’ The color, which is ofteu of R rich indigo along the 
middle of the upper part of the body, shades off into a brighter aud clearer tint on 
the sides arid extremities. The upper surface of the large claws is blue and purple, 
faintly mottled with darker shades, while uiideriieatli is a delicate cream tint. The 
under PiLrtS of the body tend also to melt into a light cream color, and this is also true 
of the spines and tiibercles of the shell and appendages, which are usually bright red. 

A lobster of the foregoiug descriptiou was caught o@ Hnrricane Island by Thomss 
Garrett, in April, 1874. It was a female, liad a hard shell, and weighed about 3 pounds. 
A very bright blue lobster was taken at  Grand Mauau, Maine, in August, 1893. 

’DeKay (51)  speaks of a variety of lobsters called Blnelxwka, but his niipressious t h t  they me 
h - i v e d  from om part of the coast, that they have thm shells, a11c1 thibt tliog are chiefly 80811 111 early 
May, were 811 erroneous. 

-_______I__. - _______-- - -  --- -- - _  

H e  also remarked that they were highly prized by epictires. 
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I have never seen a blue lobster of perfectly uniform tint or without markings 
on the shell; yet lobsters which very nearly answer this description are occasionally 
taken, according to abundant testimony. Passing from this condition, there is a graded 
series of colors, from the decidedly blue to the distinctly blackish or bluish green. 

There is a well-preserved skeleton of a blue lobster in the museum of the 
Peabody Academy of Science a t  Salem, Massachusetts. This specimen is a male, 
116 inches long, and has a hard shell. The carapace is deep indigo above, but lighter 
on the sides with rather faint spots of light blue. The ‘(tail” is of a purplish cast, 
with fine spots or inarbling of dark blue. The large claws are purplish above, with 
abundant darker blotches, while they are cream-colored below, with some fine blue 
spots. The other legs are cream-colored, washed or speckled with blue. 

Mr. J. W. Savage received at Boston, in June, 1893, about a hundred exceptionally 
blue lobsters from Nova Scotia. They had “hard and would average 18 pounds 
each in weight. As he expressed it, “they were as blue as bluejays.” In April of 
the same year Mr. A. P. Greenleaf, of Boothbay, Maine, received also from Nova 
Scotia, as he informed me, two thousand or more very blue lobstera. He says that 
the usual spots ant1 other markiugs of the shell were not conspicuous, and that the 
colors were so bright that he was almost afraid to ship them to market. A female 
egg-beariug lobster from Nova Scotia, which I examined in September, was of a dull 
leaden blue color over the whole upper part of the body. The lateral edges of the 
carapace were sky-blue, the claws very dark, almost black, above, and dull red below. 
I have already referred to the bluiiig of‘ lobsters (p. 135), which is due to either a 
physical or chemical change in t h e  shell pigments and has no adaptational significance. 

Blue crayfisbes described by Idereboullet (219) were “of ail azure or cobalt color 
more or less intense; the claws deeply colored; the legs paler, and the lower parts of 
the body of a pale red.” He thought that the shell contained thret: birds of pignienb- 
red, blue, atid green, and that i t )  the.red and blue varieties one of these pigments was 
excessively developed. 

RED LOBSTERS. 

Occasionally red living lobsters are seen, which are very rarely as briglit in 
color 8s those which ‘have been boiled. Mr. F. W. Collins, of Rockland, Maine, had 
a lobster of this variety in September, 1890. It was taken in Dyers Bay, near Jones- 
port, Maine. It had a hard shell, and when in the floating car with other lobsters 
was very conspicuous for its bright color. 

Mr. S. M. Johnson informs me that lobsters of this interesting color variety are 
met with Ldi~iore or less frequently.” Speaking of one which was obtained in 1892, he 
says that “although taken by itself the color was somewhat paler than the ordinary 
boiled lobster, yet if put with others that had been boltled i t  would have been hard to 
distinguish the differen~e.~’ 

Through the kindness of Messrs. Johnson and Young I received on April 9,1894, 
a remarkably perfect specimen of a red lobster, of which I have made a drawing 
colored as accurately as possible from life (plate 16, fig. 21). It was alive aud active 
when it reached Cleveland, had a fairly hard shell, was without external eggs, and 
measured 112 inches. Except in color, it was perfectly normal. It was caught in the 
vicinity of Mount Desert, Maine. The ovaries, which were immature, were of‘ a light- 
_ _ _ _ _ _ ~  __ _- -- 

I I h i ~ d  the privilege of examining this and other speclinens in the iuuseuni through the courtesy 
of Mr. John R O ~ I I I ~ O U ,  treasurer of -the Pesbody Academy of Science. 



THE AMERICAN LOBSTER. 139 

green color. Messrs. Johnson and Young consider this variety very rare, since they 
have seen but one other in which the red color was so bright and uniform in life. 

The color of t,his animal, as shown on plate 16, was very brilliant. There was not 
the slightest trace of m y  blue or green pigment about any part of it, except a t  some 
of the articulations, nor of any other color except a light-reddish russet or orange. 
The eyes, however, possessed the usual black pigment, and on this account were 
exceptionally prominent. The flagella of the antenim, the tips of the walking legs, and 
posterior niargiiis of the tail-fan were brilliant red. The color on the upper surface of 
the large claws was rather brighter red than on the lower. A good idea of the natural 
color of this lobster may be had by iinagiuiiig the color of the whole animal to be of 
the orange-red tint which is norinally seen on the under side of the large claws. 

The spiiies were not brighter red than the other parts, but were worn white at 
the tips, as is usually the case. The set’% over the various parts were of the usual 
reddish-brown color. The color of the carapace may be described as light orange-red, 
covered with a reticulate or very delicately lined pattorn of darker red, and mottled 
with white. The light spot which is seen midway between the roots of the second 
pair of antennac and the cervical groove was very large, as were also the whitish 
tendon-marks of the cervical groove itself. 

The sternal calcified portions of the animal mere snow-white, washed faintly with 
orange-red. The seminal receptacle, whlch is usually bright blue, was pure white; the 
swimmerets very translucent and faintly tinged with red; under side of tail-fan a 
uiiiforin pale reddish orange. 

TliiR seeins t o  be a remarkable case of a discontinuous color variation, which is 
the result of a chemical change similar, 111 all probability, to that which occurs after 
death, as when the animal is boiled. 

Lereboullet (119) says that a red variety of the crayfish was found in certain 
streams in tho Rhine valley. It was usually small, though sometimes of the average 
size. “They are all of a uniform brick-red color, without spots, and resemble cooked 
crayfishes perfectly; the legs and lower parts of the body are always very pale.” 

UREAM-COLORED LOBSTERS. 

A light cream-colored lobster, without any darker spots visible upon it, was cap- 
tured a t  North Waldoboro, Maine, about 1882, It was between 10 and 11 inches long. 
I saw this specimen, but not until i t  had been preserved in alcohol. 

Mr. J. W. Fisher, of Eastport, Maine, informed me that in the winter of 1893 a 
lobster was caught at Deer Island, Maine, which was 11 inches long and of a light 
cream-color. It appeared very white in the water. There were no visible spots or 
markings upon it. A lobster of similar appearance was taken in Boston Harbor by 
Mr. J. W. Savage, in August, 1892. The under side of the claws was light red, which 
W a s  not intensified upon boiling. 

Perfect albino lobsters, without trace of natural pigment in the eyes, or parts of 
the exoskeleton, have never been captured. ‘‘ Albinism,” or the various stages of an 
approach toward this condition met with among crustacea, are, according to Malard 
(133), in all probability but particular cases of adaptive colorstion. It seems to me 
far more likely that such cases are primarily non-adaptive. In  the lobster there has 
been a degeneration, and in some cases a final loss of pigment. This may be the last 
of a series of changes which we see begun in the live red lobster. The latter is no 
~iiore or less protectively colored than the former. 
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A specimen of a gray lobster (Astacus gammarue) was described a t  a meeting of 
the Soci6tS Philomathique of Paris, on December 12, 1891, by M. Martiu. It was 
captured at St. Vaast-la-Hougue, in a trap with several perfectly normal lobsters. 
The dorsal part of the carapace of the abnormal specimen was of a dark yellowish- 
green color, with greenish-black spots. The green color disappeared rapidly on either 
side of the dorsal median line, the yellow remaining, and passing into almost pure white 
on the sides. There was not the least trace of marbling and none of the pronounced 
blue color of the average lobster. The pleon was yellowish-green above, and yellow 
on the sides. Large irregular spotsof a deep bluish-black color ornamented each 
segment, even in the dorsal parts, but without forming the usual marbled pattern. 

Martin rejects the hypothesis that this deficiency of color may be due to the 
absence of light, supposing the lobster to have lived in a dark crevice in very deep 
water, and regards this variation as adaptive, a conclusion which seems to me 
gratuitous. He says, in a note, that  M. BiOtrix, of Concarneau, had a white lobster, 
kept in a pond, which recovered its blue color at the next molt. A young male of 
Ai&heus sadcyi, which I once kept for several days in an aquarium, molted and lost 
completely the bright vermilion color of its claws. 

Casual or temporary decoloration occurs in many species of crustacea, as in Can- 
cer pugarus, of which Malard (233) says that he has met with many cases of youug 
individuals living under stones in old oyster parks in the island of Tatihou, while the 
permanent absence of pigment is characteristic of certain well-kuown burrowing 
crustacea which live in the sand, such as Hippa, Callianassa, and, Gebia. It is doubtful 
if the entire absence of pigment in such a form as Callianassa can be regarded as 
adaptive; first, because the animal burrows, and is for the most part ooncealed; aud 
secondly, because its wliiteiress makev i t  a more conspicuous object on the sand than 
it might otherwise be. This condition may, however, be the last term in a series of 
changes, some of which were distinctly adaptive. 

(94, p. 381.) 

VARIATIONS IN COLOR PATTERNS. 

SPOTTED LOBSTERS. 

The spotted lobsters-“ or “leopard lobsters,” as they are variously called 
by fishermen-exhibit an interesting and striking coloration, which is somewhat rare. 
They appear t o  be occasionally captured, however, all along the coast. An experienced 
fisherman at  Rockland, Maine, said that he usually took one or two of this vgriety in 
the course of the season. 

There is a well-preserved spotted lobster in the museum of the Peabody Academy 
of Science, a female with hard shell, llg inches long. The whole upper part of the 
body is of a light-yellow color, with purplish blue pigments (in the dried shell) 80 
arranged as to give a spotted or marbled appearance. The light-yellow spots on the 
carapace vary much in size and shape, the largest being half an inch in diameter and 
of a slightly irregular, rounded contour. The spots are confluent a t  the hinder end of 
the carapace, where they form a marked yellowish area. On the sides of the carapace 
the spots are small and tend to flow together. The “tail” is marbled above with 
irregular yellow spots: in excess of the darker color. The tail-fan is yellow, beauti- 
fully mottled with reddish-purple. The appendages are spotted in the same way, light 
yellow predominating. The large claws are dark purplish-re4 above, with obscure 
spots; but on the under side, they are of the usual bright reddish-orange color, 
spattered with purple. 
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PARTI-COLORED VARIETIES. 

Once in a while a lobster is caught which exhibits a remarkably abnormal colora- 
tion. A lobster Tvhich would weigh about 2 pouiids was captured near Long Island, 
Portlarid Harbor, about the year 1586. One half of the body was light yellow, clearly 
defined up to the middle liiie of tlie back from the color of the other half, which was 
bright red. There were no spots on the shell. This specimen was exhibited in Boston, 
and afterwards sent to Professor Baird. 

De Ka8y nietitions a similar case (51): He says: 
In ,Jiiue, 1840, I saw in the Fulton Market a lobster which was of two  colors, distinctly separated 

by a medial line from the tip of the rostrum to tho middle extremitx of the plate of tho tail. One side 
of the body and all the rnembcrs wero of a light sky-ltluc, sild the other of the usual olivaceous greeu. 

Mr. S. M. Johnson iiiforms m e  that i t  is iiot uncommon to get a lobster in which a 
part of the body is pale red while the rest is iioritial in color, and that a few years ago 
he had a specimen in which this diEereiice in color was iiiarked by the line running 
through the middle of the bnclr, and that even one-half of each “feeler,, was light 
and the other dark. 

Buckland (28) melitions the case of a half “ albino” lobster, which lie received in 
May, 1868. He says: 

the white did not 
One side of the barrel was blue and the other was white. The blue tnrnod rod on boiling, but 

Thore appeared to I m  no pigment in the white part of tho shell. 

Boeclr (20, p. 225) says that in 186s lie fouud a lobster near Haugesund, one half 
of which was of a greenish-black and the other of a light-oraiige color, there being a 
sharp aud clearly defined line, which ran lengthwise aud divided the shell into two 
parts of equal area. This closely resembles the odd variations which we have just 
noticed in tlie American species. 

Lovett (128) has described a number of color variations iu lobsters from the 
island of Jersey. One which is particularly mentioned-a female witli eggs-was of 
a pale lavender color, with a mauve spot on the carapace and with briglit blue claws. 
The usual mottled marlrings on the sides of tlie thorax were rafther indistinct. He 
speak8 also of having observed a, full-grown female with egg8 of a pale-reddish color, 
with bright antennp. 

Carrington and Lovett have described the great chromatic adaptability of the 
common green crab, Oarcinus mamas (35).  

Boeck ~ a y s  that the European lobster, taken 2iear the mouths of fiords in Norway, 
is lighter in color than is usual, while farther out to sea It becomes much darker. 

Malard thinks that these peculiar color variations are due to the loss of certain 
Pigments, in consequence of insuflticient light, in the deep grottos or rocky crevices 
where the lobsters may have lived. 

Protective coloration and chromatic adaptability to the immediate environment 
t~ common to a large number of the crustacea. It seems to he least observed in 
the highest representatives, the Brachyura. According to Malard this chromatic 
adaptation is effected either (1) chemically, by the iuodificatiou of pigment under the 
direct action of light, or (2) physiologically, by the act’ion of pigment cells stimulated 
bY light, indirectly through the eyes and central tiervous system. 

Pouchet has made some interesting observations (see 233) on the variations of color 
in the comnion shrimp, Palaamon. It was found to be most variable when 3 to 4 cm. in 

. 
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length, When captured by the fishermen they are usually of a rose or delicate lilac 
color, but love these tints or become of a light-yellowish hue when kept in vases with 
white bottoms. I n  black vases they turn to a deep brown. These effects are produced 
by the reaction of two kinds of pigments, the cyanic pigments which are gcnerally in 
a state of solution, aud the pigments of the xanthic series (red, orange, aud yellow), 
by the action of the chromatoblasts. Malard states that Jourdain has shown that if 
the eyes are removed aud the animal is kept iu darkness, a red color is always obtained. 

Certainly, one of the most strikiug cases of protective coloring met with in the 
crustacea is that of the inhabitants of the floating islands of sargassum which are 
encountered in tlie Gulf Stream or along its borders. This algais of a dirty yellowish- 
brown color, often flecked with white, when its floats are incrusted with the bleached 
skeletons of bryozoa. This appearance is emphasized by the numbers of goose bar- 
nacles which are attached to thefronds. A small crab wliich is am important colonist 
of these islands is brown, with a large snow-white spot on its back; and the shrimp, 
of which there are several species, are colored in a similar inanuer, the body being 
dappled with browu and white. 

We must place in another category the gaily dressed shore crab of the West Indies, 
Qegarciizux ruricola, whose brilliant hues and bizarre coloration are clearly without 
protective significance. This beautiful crab burrows in the maugrove swamps a t  about 
the level of high watcr, and is very common throughout the Bahaina Islands. After 
a drenching rain the green boughs of the mangrove 8udd enly blossom out with crabs. 
Some of them have crimson legs, a dark purple body, with a large yellow spot on each 
side of the carapace, while iu others these colors are reversed. Others ogaiu are 
nearly black, or the carapace is orange or straw color, flecked or marbled with purple, 
in an endless series of patterns, si) thet no two are alike. It is possible that this is 
an example of waruing coloration, such as is seeu in inaiiy gaudy insects, serving to 
protect them from the assaults of birds and other enemies, or it may be a case of 
substantive variation, without any vital significence. 

The colors of deep-sea animals which live in total obscurity can not be of any 
utility to the animal as a source of protection. The colors may be very brilliant-red, 
scarlet, orange, rose color, purple, violet, and blue being frequsntly reported-but 
they appear to be developed quite independently of the light. It has beeu shown by 
experiment with sensitive photographic plates that luminous rays do not penetrate 
ordinary sea water to a greater depth than 400 meters. In  depths of BO fathoms 
or more there might be an appreciable amount of light on clear days, but even then, 
when the water was loaded with sediment and the bottom composed of dark ma,terials, 
it aeems hardly probable that colors would have any protective value whatever. 

The normal colors of the lobster, which are spread like a mantle over its whole 
upper surface, tend undoubtedly to screen its movements while crawling over a weedy 
or rocky bottom, The absence of all color or a more generous display of bright 
pigment would make it a more conspicuous object, especially upon sandy bottoms in 
shallow water, which it is usually careful to avoid in the daytime. The vivid red of 
the claws appears to be overlaid by a darker pigment in spots, particularly on the 
upper surface. The under side of the pleon, which rests upon the bottom when the 
tail is not folded, is very meagerly supplied with pigment, as is usually the case with 
marine animals which inhabit the bottom. 
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Deformities in the adult stages of the higher crustacea center chiefly in the large 
claws, which are more subject to mutilation than any other parts, owing to their 
constant use as weapons. We will therefore consider first the variations in these 
appendages. 

NORMAL VARIATIONS I N  THE LARGE CLAWS. 

Aristotle ( 4 )  says of the claws of the lobster: ‘‘In the Astaci alone it is a matter 
of chance which claw is the larger, and this is in eibher sex.” The difference between 
the right and left claws is greatest in the small fiddler-crabs where, as in Gelasimus, 
the large claw, according to Bate, cau not reach the mouth, a power wliich it must 
have originally possessed. 

It seems, as Aristotle remarlred, a matter of chance whether the Crushing-claG is 
on the right or left side of the body; but this is not really tihe case. I have shown 
that in Al@eus snulcz~i,’ where the large crushing-chela call be recogniaed even before 
the animal is hatched, the members of a brood are either right.haudecl or left-handed, 
that is, have the crushingclaw ou the same side of the body. This s e e m  to be a case 
of direct inheritance from the parents, though riot enough data were collected to settle 
this point. (For a statement of the facts, so far as they are known, see 94, p. 376.) 

The large claw occurs about as frequently upon the right side of the body as upon 
the left,, without distinction of sex, as shown by the following table, embracing 2,433 
lndividuals : 

Malelos.. ...................... 
Females ..................... I I Total.. .................. 

ABNORMAL VARIATIONS I N  T H E  CLAWS. 

SIMILAR CLAWS DEVELOPED ON BOTH SIDES O F  THE BODY. 

A variation sometimes occurs in which the normal differentiatioil of‘ the great 
claws is wanting. Both claws are similar, developed either for cutting or crushing.‘ 
I n  examining over 2,400 lobsters, only 3 were found in wliich this abnormal variation 
W 8 8  present. It is, therefore, undoubtedly rare, and apparently has iiever been 
Previously described. Before examining these cases in detail it will be best to  notice 
the normal characteristics of the claws. This description is taken from a female- 
length, 11 inches; weight, 24 ounces-with hard shell (compare fig. 2 0 ~ 1 ,  plate 15) : 

On right side; &even marginal spines on propodus, third spine 
(from peripheral end) depressed; a small spine opposite the latter on upper side of 
Propodus. There is a small tubercle on the upper side of propodus, near articulation of 
dactyl; in a corresponding situation below there are two tubercles, one considerably 

~rushingclaw: 

-- ----- -- 
’ I have heard of a single cam reported by a fisherman, where siinilar crushing-claws were 

on both sides of the body. 
143 
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smaller than the other; a small tubercle on upper side of propodus, on outer margin, 
near carpus. There is considerable variation in the number and prominence of these 
processes, particularly the marginal ones. 

Cutting-claw Six margiiial spines on propodus, second and fifth depressed ; other 
processes present, as in corresponding clew. 

ABNORMAL  VARIATION.-(^) Female; length, 104 inches; hard shell; cutting- 
claws on both sides similar; Woods Hole, Massachufietts, March, 1894. 

Right cutting-claw: Small tubercles of propodus, near iiactyl, wanting. 
Left  cutting-claw: Transverse scar-like groove 011 propodus, a t  level of articulation 

of dactyl; one small tubercle on upper surface of propodus, near dactyl; two very minute 
ones below; five marginal spines, third bent iuward, rest turned forward m d  upward. 

(2) Female; length, loft inches; hard shell. 
Right cuttinpclaw: Five marginal inner spines on propodus, third depressed ; no 

small tubercles near joint of dactyl preseut. 
Left cutting claw: A little smaller than right; 5 marginal spines, none depressed; 

one small tubercle on lower side of propodus near dactyl. 
(3) Male; leugth, 10 inches; hard shell; both c l a w  relatively su~all, liaviiig been 

regenerated; length of propodus, 3if inches. (Plate 14, fig. 10, from pliotograph.) 
Right cutt ing claw: Seven marginal spines, second and fourth depressed; one 

small tubercle on under side of propodus, near dactyl. 
Left cutting-claw: Five marginal Rpines, second depressed ; one very sinall tubercle 

on upper side of propodus iiear dactyl; two very minute ones below. 
There seems to be about as much variation as regards the  details here mentioned 

in normal syinrnetrical claws as in the abiiormal symmetrical ones, and it is probable 
that in either case the conditions met with are to some extent congenital. 

DIVISION AND REPETITION O F  APPENDAGES. 

The curious monstrosities which occur in the appendages, particularly in the large 
claws of the lobster, have attracted the attention of naturalists for a long time. They 
were noticed by Von Berniz (27) over two hundred years ago, and some good figures of 
the deformed claws of the crayfish were published by Rose1 in 1755 (2G8). A careful 
review of crustacean deformities, concerning the lobster in particular, was given by 
Faxon in 1881. His paper was accompanied by valuable figures aiid a bibliography 
(66). The general subject of variation as it affects tlre appendages of artliropods has 
been recently treated in  a masterly manlier Iby Bateson in his invaluable work 011 

variation.' The variations which concern the crustacea, particularly the decapods, are 
fully described and illustrated, with references to the abundant literature. Bateson 
sliows that in most of the cases of supposed diiplication of limbs in both insects and 
crustacea the extra parts are double instead of single, as where two dactyls are 
formed a t  the extremity of the claw instead of' a complete claw consisting of dactyl 
and propodus. He has also formulated certain principles according to which super- 
numerary appendages make their appearance in secoudary symmetry. If the normal 
appendage which bears the extra ones is a right leg, ('the ne rer of the extra legs is 
a left and the remoter a right." 

of species, by William Bateson, 1894. 

- - - - _._ -- -- . 
I Materials for tho study of variatiou treqted with especial regard to discontinuity in tho origin 
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Tho monstrosicies noticed i n  the chelipeds of the lobster are mainly the result of 
a secondary outgrowth from one of the two terminal joints. ltarely tho appendage is 
duplicated or triplicated; a case of the crayfish is reported with three extra claws 
(see Bateson, p. 537). In  sonie oases the extra appendages are perfectly formed, while 
in others deformation has been carried to excess, resulting in irregular branching 
processes or grotesque contortions. hijuries to the claws are excessively conmon, 
while dupliaatioii of parts is rare. Defective or deformed claws, the result of injuries 
(see figs. 194,198) in diEerent stages of repair, are met with every day by dealers, 
while thousands of lobsters may be examined without meeting a single case of repeti- 
tion or duplication of parts.' 

If the tips of the claws are snipped 0% near the mt,iculation of' the dactyl, the 
lost parts are restored (see 11. 105) as we have seen a t  the next molt. This restora- 
tion is often perfect, but not always so. The coxiditloll seen in fig. 198 might have 
been caused by a pinch and arrest of growth while the claw was soft (before the last 
molt), or by the unequal growth from a stuiiip, the end of the propodus haviiig been 
cut oft! by an enemy just before the shell was cast. In the latter case the member 
could be only partially restored, and uiiequal growth would account, for the distortion. 

The dact~7l shown in fig. 104 lies probably had a similar history. All such cases 
are the results of regeneration after injury. This can not be said of such a specimen 
as that represented by tig, 189, where tlie dactyl bears upoii its inner margin near the 
tip a small conical lwominence. This is smooth and is separated from the tip of the 
dactyl by a shallow groove, as if there had been a normal bifurcation or division at 
this point. What the priiiiary cause of such a growth or swelling iuay be IS not known, 
but i t  is impossible to suppose i t  to be the result of injury. 

With the appearance of such a simple outgrowth a progressive series of changes 
seems to take place with every molt, such as is illustrated by tigs. 189-193, plate 47. 
With tlie growth of the animal, the superadded part, whether i t  be upon dactyl or 
i)ropodus, seems t o  be shifted at  each molt farther and farther back upon the claw, and 
meantime, in most ca,ses, to uudergo fission in a vertical (figs. 190,191) or somewhat 
oblique plane (figs. 187,188). This fission appltl.eutly proceeds until one or both of the 
supernumerary dactyls are entirely separated (tigs. 193, 193). The opposing edges of' 
these become gradually toothed, so that each is almost au esact copy of t h e  origiual 
(see especially fig. 193, plate.47). According to the principles laid dowii by Bateson, the 
part which is nearer tlie origiiial joiiit correspoiids with the appeudages on the oppo- 
site side-that which is farthest away with those on the same side ot the body. This 
is riot strictly true in such a case as that show11 in fig. 196, wheic, the supernumerary 
iwts do not face each other, mid in soine cases the repeated past is single, not double. 
In fig. 190 a short row of teeth marks tlre iiiediaii plaue of division and the opposing 
surfaces of the incipient fingers are also toothed. In fig. 191 the outgrowth IS divided 
llearly to its base irito two seuoiidary processes, each of which resenibles the joint of 

'In 2,657 lobsters captured ut Wootls Hole, Massachusetts, from Decciiiber to .June, 1893-94, but 
OW ~ 1 3 0  of repetition or formation of extra p r t s  in the large c1:iw occurred. No account was kept of 
illjuries, but iu the liiontlls of Dcceuibcr and January 7 per ccut of a11 lobsters caught (54 in a total 
Of 725) had thrown ott' oue or both claws. 

A man who had beeii eiigiqcd in the business of citsuing lobstors for a, scoro of years in Maine 
told t1i:it he liod at one time iiearly u biishul of ileforrried olitws, which he had oolleoted in the 
course of his experienou. 

- --_ ___ ___. __ - --- - - 

(See p. 103.) 

B. C, 11, 1895--10 
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which it is a part. According to my interpretation, such a case as that shown in fig. 
193 has gone through phases similar to those shown in figs. 189-191. 

I n  figs. 192 and 197 the conditions are somewhat different, since the superadded 
dactyl is single. I think there can be go doubt that a progressive division of the 
propodus takes place in such cases. In fig. 102 the plane of fission in the propodus is 
marked by spines very much as in fig. 190. There may be a line of median, unpaired 
spines at the bottom of the groove, and bilaterally symmetrical spines upon its sides. 
It seems probable that tlie conditions like those seen in fig. 197 could be derived from 
such as are met in fig. 192 by the intervention of a single molt. 

Faxon describes a very interesting case (66, plate 2, fig. 6) in which there appears 
to be a duplication of the right cheliped down to the meros. The latter is partially 
divided by a deep groove running across its distal end. It seems to me very 
probable that we have here au illustration of the same process which is seen in 
figs. 192,197, only carried a step or two farther. I n  the former case the fourth joint 
of the limb is undergoing a process of fission begun nearer the outer extremity, while 
in the latter the sixth segment is involved. The supernumerary carpus in the case 
figured by Faxon bears a stump-like segment, which looks like an abortive propodus, 
corresponding probably to the abortive segment borne on the extremity of the super- 
numerary branch of the propodus in fig. 197. In  the latter case it is an uudoubted 
dactyl, and is siiialler and more rudimentary than in fig. 192, where the fission of the 
propodus has not gone so far. It is thus probable that with the extension of this 
process, emphasized a t  each molt, the terminal segments may in some cases, as in 
those before us, atrophy and disappear, until we have, as in the example cited by 
Faxon, only an abortive propodus left. Ratesoii regards this superadded member 
as double, formed of two compounded parts. This may be so, but the same kind of 
reasoning would lead us to regard such ail incipierit member as that seen in fig. 197 
as double, consisting potentially of two dactyls and two propodi. The only apparent 
reason for doingso lies in the supposition that such a superadded part arose as a 
tubercle or budding growth on some part of the claw, probably in this ease on the 
dactyl, and was potentially a double member from the Btart, or at least capable of 
doubling by a process of fission, as we see actually going on in fig. 190. Whatever 
changes may have taken place preccdent to the condition seen in fig. 197, there is no 
evidence of fission in the extra dactyl unless the two spines (8, S I )  be taken as such. 

There seems to be a cousiderable gap between the condition see11 in fig. 193, where 
three dactyls are present, one of which is free, arid that shown in fig. 192, where there 
is a single process. The latter is bent downward and toward the primary dactyl. Its 
inner border has a, spine (S) like that borne on the normal dactyl, showing this part 
to belong to the left side. It bears also another spine near its articulation with the 
propodus (SI), which might indicate that this toothless appendage was really a 
double member. (See fig. 107, AS', S I . )  

Another good example of repetition of the propodus, with division of the bud, is 
shown in figs. 187, 188, plate 46, which are from photographs. I n  this case the 
bud has grown out obliquely from the under side of the propodus instead of from the 
margin, as in fig. 190. The continuity of the outer margin is interrupted by a deep 
groove which divides the bud into perfectly similar parts. In this case the teeth on the 
inner msrgius of the supernumerary digits are not opposed. The' ontor or lowermost, 
which is usually symmetrical with the normal ]m-t, makes here an angle of about 420 
with the normal digit, and the two supernuinerary digits make au angle of 12" with 
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each other. The pollux is depressed, so that when the claw is closed i t  falls almost 
exactly midway between the normal and first superadded digit. The fission is marked 
on the upper surface by a distinct groove. The total length of the propodus is about 
24 inches (62 mm.), so that the lobster was not in all probability over 6 inches long. 
The size of this claw as compared with the basal joints of the limb suggests that  it 
has been lately regenerated, and i t  is unfortunate that this interesting point can not 
be determined with certainty. 

In  fig. 196 a similar monstrosity is seen in the dactyl of the cutting-claw. Here 
the bifurcating branch is near the apex. Each prong is furnished with teeth on the 
inner side. A trimerous dactyl (fig. 195), one division of which is independent, in 
the second or third pereiopod presents precisely the same relations which occur in the 
first pereiopod (fig. 193), and probably they have been produced in the same way. 

What is now most needed in clearing up questions in the interpretation of 
deformities in crustacean appendages is to watch the molting of the animals and to 
measure and record the change which occurs in the malformed individual at each stage 
of growth. The abnormal developments seen in figs. 189-193 probably represent a series 
of changes such as ordinarily occur in the same individual. What the course of events 
really is between the conditions represented by figs. 193,192 is not so clear. 

While the true duplication, or even triplication, of limbs or parts of limbs is rare 
in crustacea, i t  is occasionally met with; but it is an important fact, which Bateson 
has emphasized, that “in arthropods and vertebrates Much a phenomenon as the 
representation of one of the appendages by two identical appendages standing in 
succession is unknown. No right arm is ever succeeded on the same side of the body 
by another arm properly formed as a right, and no crustacean has two right legs in 
succession where one should be.”’ 

In the American Museum of Natural History, in New York, there is a specimen 
of a lobster in which the right cutting-claw is perfectly duplicated from the carpus 
or fifth joint. I was recently enabled to examine this interesting specimen and to 
make some drawings of it, which are given in cuts 16, 17, plate E. 

The two cutting-claws resemble each other very closely in every detail and are 
of almost exactly the same size, but each is relatively smaller than normal. Tho 
measurements of each cutting-claw are as follows : 

Right cutting-claws (abnormal) : Inohetl. 
Length of propodi.. . . -. . - - -. . - - - -. . - - -. . . - - - -. .. . -. . . -. __. . - - - -. . - - - - - 3% 
Greatest breadth of propodi.. _ _ _ _  __.. ..___. ...__. ..._ ..____ __.. _.__ ..___. 
Length of propodiis .____. .__. .____. ...__. .._. .____. 
Greatest breadth of propodus ._._.. ._______ ._._....__.- ..-... ..-... ._.-.. 

18 
Left crushing-claw (normal) : 

..____ __.. .____. 5 
2 

In  the primary cutting-claw the dactyl closes normally on the propodus; in the 
superadded claw (#. 0.) it is bent upward out of line with the cutting edge of the 
latter. The symmetry of the two claws extends, with few exceptions, to the spines 
upon their cuttiug edges and on the inner margins of tho propodi. The carpus of 
the limb is apparently single, but it has duplicated spines, and a deep groove at its 
peripheral end shows that it is virtually double. The carpus and meros have been 
twisted through an angle of 900, so that their posterior surfaces faoe upward. 

This specimen was obtained some years ago from a marketman in New York City. 
-- - - ._ 

1 Materials for the study of variation, p. W39. 
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Nothing is definitely known about the causes of repetition. It looks at first sight 
as if the deformities in the appendages of the lobster and other arthropods could be 
explained as phenomena of regeneration, though in this case there is addition rather 
than replacement. 

We have seen that where the cheliped is thrown oft' by reflex muscular contrac- 
tion the bud of a new leg forthwith appears, and under favorable conditions grows iuto 
a perfect limb. Tho tissues of this limb are developed out of tho formed histological 
element,s of the stump. The process of regeneration is begun in this case as a direct 
result of a loss or illjury. The plane of fracture lies between the second and third 
joints, and all parts peripheral to the secondjoint are reproduced. Repetition of parts, 
however, occurs in many insects and vertebrates where no such regeueration of lost 
appendages is known. However, the power of regeneration, which is present in all 
organisms, differs rather ia degree than in kind, and Weismann has shown that it has 
probably been developed in many cases as a means of defense and protection to tlie 
individual. (See p. 107.) 

In the specimen of Pdinurus (No. 808, Bateson, originally described by Leger 
in 1886), where the left penultimate leg bears two supernumerary legs, both of which 
spring from the basipodite, it certainly looks as if what would have taken place in 
the case of loss of the original limb-namely, the growth of a new oue from this joint 
-had happened repeatedly, so that instead of the regeneration of one limb at a 
time there is the superaddition of two; but where the limb is not cast oft' the first 
superadded one is in secondary symmetry aud belongs to the opposite side. If such 
au interpretation will apply to this case, the various other repetitioiis and abnornial 
growths which arise in more peripheralJoirits, as upon the sixth arid seventh, fall into 
the same general category. In the case of the  growth of a new limb in consequeilct: 
of loss, however, all parts which are external to the plme of fracture are reproduced. 
I n  the cases of repetition this is riot usually the case, as Bateson has sliown. The 
bud which arises 011 the propodus (as in  figs. 187, 190) inay by fissiori give rise to a 
second propodus, but riot usually, if ever, to a dactyl. 

It seems as impossible to suppose that such a deformity as that seen in fig. 187 or 
fig. 189 is congeuital as that i t  is the result of injury. The monstrosities which oucur 
in the embryo, which are considered in another place: iirc, however, in some cases at 
least, the result of iujury or unfavorable conditions. 

Autotomy, or the casting of' the claw a t  the secoiid joint, is probably directly 
accountable for the rarity of abnormal growths in the limbs of the higher crustacea. 
It is extremely improbable that any deformity a t  the extremity of a limb could sur- 
vive autotomy, but the experiments to settle this iiiteresting point have yet to be 
made. While i t  would appear that tlie various deformities which have been described 
can not be explained as the results of injuries and the attempted regeneration of 
injured parts, since the liinb is usually thrown ofY in such cases to be completely 
renewed or it is retaiiietl to be completely restored, yet I can not escape the convic- 
tion that the problem is in some way directly concerned with that of regeneration. 
The mechanism by which so complete a structure as a limb is regenerated can not be 
regarded a8 simple. As Weismann says, the machinery of a cotton factory can not be 
made out of a few simple levers. It is probably exceedingly complex, arid it is no 
wonder t h a t  the parts do riot always work harmoniously, that the thread ie sometimes 
knotted or the pkoduct usnless. 



THE AMERICAN LOBSTER. 149 

VARIATIONS I N  OTHER ORGANS. 

ROSTRUM. 

I have met with a single case of bifurcated rostrum, a small male, represented 
in figs. 162, 1G3. The median groove, which corresponds to an area of absorption iu 
the shell (see p. 88), divides near the apex, each branch going to a terminal spine. 
Instead of a single spine below the terminal, there are several smaller ones. 

I n  Alplwrs sa,ulcyi the median rostral spine is sonietiuies wauting, as in the genus 
Uetms, of Dana. (Bee 94, p. 384, plate XXII, fig. 11.) 

OVARY. 

Two instances were observed in which the ovarian lobe on one side has suffered 
division, one that of a small female (44 mm. loug, fig. 131, plate 3s) in which one 
of the posterior lobes is involved, tlie other an adult lobster (fig. 164, plate 42) with 
similar division of the left anterior lobe. 

HERMAPHRODITISM. 

A malformed hermaphrodite lobster, Homa8rzcs gammaws, was described and fig- 
ured by Nicholls in the Philosophical Transactions of tlie ltoyal Society of London 
in 1730 (242) .  The specimen,” he says, “if split froin head to t d ,  is female on t h e  
right side and male on the left side.” This was true of both tlie internal and external 
organs. A similar case of hermaphroditism has been described by Gissler (7’8) in t h e  
Phyllopod EubranclLipus venaalis. 

La Valette St. George (293) discusses a very interesting case of hermaphroditism 
which he discovered in the crayfish. He found eggs present in the nearly r i p  testis 
of Astaczcs fluviatilis in July and August. The eggs were placed usually a t  the 
periphery of the testis lobe. They were round or oval, 0.06 mni. to 0.016 1 1 m .  in diam- 
eter, and showed the usual coustitueuts of ovarian eggs. They had a larger germinal 
vesicle than the normal egg, were sometimes inclosed in a follicle, and contained yolk 
spheres. He asks how the presence of the eggs in the normal testicle is to be explained 
and gives the followiiig answer: 

These eggs are evidently clerived from spormatogonie, which have become unfeithfd t o  their 
origind functions. Instead of multiplying by division to form :L nlirnber of sporlIletoOJrtn~, they have 
Chosen a shorter way, which makes i t  possible for a singlo egg to arise from them by simplo growth. 

Under certain conditions a primitive sperm cell may be converted into an egg 
cell, and this, he says, furnishes a new proof of the relation of spermatogonia and 
oogonia. Follicle cells may arise from a spermatogonium, but the latter can iiever 
arise froin follicle cells. 

The spermatogonia, according to La Valette St. George, produce, chiefly by mitosis, 
the spermatocytes, which eventually give rise to the spermatids. Spermstosomes, as 
well as large follicular nuclei: may be found in tlie prooess of degeneration in the testis. 

Hermaphroditism has also been described in the lobster by Ilsrmaiiii (89), who, 
according to La Valette St. George, was the first to prove the presence of hermaphro- 
dltisln in the testes of decapods. Hermaiin discovered in the anterior parts of the 
testis of the lobster large round or oval cells with granular protoplasm, each 130s- 
sessing a large germiual vesicle with nucleoli. Eight or ten such cells, which Were 
Warded as undoubted egg4 were fpund i l l  one specimen. 211 sonie of the figures 
&‘ell by La Valette St. George the 0~11111 fills nearly the entire lumen of‘ the testis. 



Chapter X.-STRUCTURE AND DEVELOPMENT OF T H E  . REPRODUCTIVE 
ORGANS. 

THE FEMALE REPRODUCTIVE ORGANS. 

THE OVARY. 

In order to  understand the structure of the ovary and the changes i t  undergoes it 
is necessary to examine this organ at  different stages of development and in the various 
phases of the sexual life of the animal. The external eggs borne on the swimmerets 
of the female serve as a gauge to determine the age of the developing ovarian ova. 

I have already given an account of this organ in my paper on Alpheus (94, see 
also 90 and 93) and have illustrated the growth of the eggs. Bumpus (30) has also 
devoted considerable attention to  this subject and has figured certain structural phases 
of the ovary, but the early development of this organ has not been touched upon aud 
there are important anatomical facts which have not yet been noticed or illustrated. 
I shall therefore deal with this subject in detail, though in doing so it will be necessary 
to repeat some facts which are already known. 

The time of the year when the ovary becomes mature and the size which the 
spawning female attains are discussed in other parts of this work. 

THE RIPE OVARY. 

The ripe ovary, which I will first describe (plate 36, fig. 123), occupies, aa we have 
seen, the dorsal part of the body cavity. The anterior lobes encircle the stomach, while 
the hinder ones extend sometmes as far backward as the fifth abdominal somite. 
The ovarian wall, though often quite thick, is very transparent, and the ripe eggs 
give it a dark green, beaded appearance. The walls, if' mutilated, immediately collapse 
and the perfectly ripe eggs flow out in a stream. 

The structure of a nearly mature ovary is seen in fig. 141, plate 39. Most conspic- 
uous are the massive ova filling the lumen of the thick, tubular wall. Immediately 
next to the latter are seen very characteristic structures which I shall call ovarian 
glands ( 0. G.), Immature ova of varying size are interspersed among the glands and 
dip down between the ripe peripheral eggs. These structures, together with irregular 
blood sinuses (BZ. 1'3.) and strands or nodules of muscle and connective tissue, make 
up the substance of this organ. 

The glands are folds of follicular epithelium similar in origin to that which encap- 
sules the larger ova. The long axis of the fold is parallel with the ovarian wall. The 
glandular fold consists of a structureless basement membrane and of columnar 
epithelial cells (fig. 152, plate 41). The nuclei generally lie a t  the deeper ends of the 
cells, the protoplasm of which is decidedly granular, and cell walls are very indis- 
tinct after the ordinary methods of treatment. Occasionally a glandular fold is seen 
(plate 41, fig. 153) which has a very different character from the structure just 
described. It is expanded into an oval or oblong form, and its epithelial wall appears 
in a much disordered state. It is highly vesicular, containing numerous vacuoles, 
which probably represeiit fat globules ( F ,  G.) j cell walls are absolutely effaced j nuclei, 
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no longer spheroidal, have. become shrunken and scattered about the meshes of a 
protoplasmic network. There are, besides, globules (fig. 153, y. s.), probably of an 
albuminous nature, which resemble spherule8 of yolk, and lie either in the lumen 
of the fold or are embedded in the protoplasmic reticulum. They are most abundant 
in the reticulum, where they sometimes occur as large granular masses. In fig. 
146, plate 40, a single large spherule (y. s.) of this kind is seen interpolated between 
the follicular cells. A number of nuclei surround it and, however anomalous its 
position, the appearance is not artificial, In  other cases, where no dogenerative 
processes are at work, the lumiiia of these folds are filled with a fine granular residue. 
The intimate relations which these structures bear on the one hand to the vascular 
sinuses, and on the other to the growing ova, point to their probable function, that of 
the formation of yolk. If this is the case, it is evident that the ovarian glands can 
play but a minor role in this process. The massive yolk of the ripe egg is formed for 
tlie most part in the protoplasmic reticulum of the egg cell from materials which are 
drawn directly from the blood. A third source of the yolk is tlie follicular cells 
themselves, large masses of which pass into the egg a t  this stage, where they undergo 
complete degeneration, as I have pointed out in another paper (93, 94),  and shall 
describe more fully presently. 

THE OVARY AFTER OVULATION. 

The appearance of the ovary shortly after egg-laying is represented in plate 38, 
fig. 136. It has collapsed from its distended condition, and is now of a yellowish-white 
color, flecked with green and orange spots. The greeq bodies are ripe ova which failed 
to be forced out at the time of the last laying. The ducts are often full of them (com- 
pare fig. 119). The orange specks are the remaius of similar eggs left over from the 
previous ovulation, While the latter have thus been in the ovary for at least two 
years, they are not yet completely absorbed. The primary membrane of tho egg still 
remains, inclosing a small disorganized residue (fig. 150). 

The structure of an ovary at this period is shown in fig. 139, plate 39. The external 
eggs were in an early stage of yolk segmentation, showing that not more than thirty- 
six hours had elapsed since the last egg-laying. Tho ovarian lobe is now a solid mass 
of tissue, the youngest ova being disposed about the axis, the older a t  the periphery. 
Irregular blood sinuses penetrate to every part, between folds of follicular epithelium. 
These folds take the form of irregular pouches and represent, as Bumpus has shown 
(30), invaginations of the ovarian epithelium. This is better seen in Palinurus, or in 
the ovary of the adolescent lobster. 

The ovarian glands have now attained their greatest prominence, and their relation 
to the growiug eggs is well illustrated in fig. 139, plate 39, aud figs. 151, 152, plate 41. 
In fig. 151, from a horizontal section, the eggs lie in strings, or rather tiers, betwoen 
the double walls of the epithelial folds, which dip down vertically from the surface of 
the ovary. This is from a later stage than fig. 152, which represents a section through 
the central or terminal boundary of the fold. It is from the same ovary as fig. 139, 
where the glands are in the ascendant. The glandular cells have the form of tall 
columns, the nuclei'lying a t  their deeper ends. Cell boundaries are very vague, the 
central ends of the cells merging iuto what sppears as a granular reticulum. The 
columnar cellw, though apparently stopping short at the Bides of the egg,  are directly 
continuous with the less conspicuous cells of the true follicle. This glandular c m c m  
resembles, in section, a ntuwxv bag with an egg pushed into its mouth. A thin layer 



152 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

of follicular cells, however, screens this particular egg (fig. 162) from the lumen of the 
glandular fold. In some cases, however, I have seen the glandular cells in direct 
relation with the yolk, with amaboid cells passing into the egg along the line of 
contact (plate 40, fig. 149). A t  this point cells are sometimes seen completely engulfed 
in the food yolk. Their nuclei swell to a somewhat larger size, and then speedily 
degenerate. Faint ghost-like outlines can be detected for some time; then the 
chromatin becomes concentrated about the walls of a gradually dwindling vesicle 
(plate 39, fig. 142, Dg.). Finally the chromatin is reduced to very small stainable 
fragments. I n  other cases the chromatin probably breaks up more immediately into 
a swarm of minute particles, which remain in the interstices of the yolk spheres in 
the peripheral parts of the egg. The “plasmic vesicles” or vacuoles, which Bumpus 
(30) has described, are products of the cell degeneration just considered. 

Eggs which have been well started on the road of normal growth suddenly go into 
a decline and are probably finally absorbed into the blood, somewhat as the follicle 
cells are converted into nutriment within the eggs. A number of 
such degenerating ova are seen to the right of fig. 150, plate 41. They are filled with 
refractive globules, which are undoubtedly of an albuminous nature. 

After the lapse of from ten to fifteen days after ovulation (the external eggs being 
then in the egg-nauplius stage), the ovarian glands have almost wholly disappeared. 
The walls of the follicular folds, now crowded to the extrema-periphcry beneath the 
ovarian wall, are shrunken and crumpled. At a still later period (attached eggs with 
eye pigment, from four to five weeks old) the glands are reduced to shriveled remnants. 
Later still, no vestige of them is seen. 

(See pp. 811-213.) 

S!I!RUCTURE O F  THE OVARY AT TIME O F  HATCHING O F  EXTERNAL EGGS. 

When the external eggs are ready to hatch, the ovarian ova have had nearly a 
year’s growth. The appearance of the ovary a t  this time is shown in fig. 138, plate 38, 
and its structure in fig. 147, plate 40. It has a characteristic pea-green color, and the 
largest peripheral ova (fig. 133, plate 38) have a diafmeter which is equal to only one- 
tenth that of the mature eggs. The ovarian wall is thinner than in previous stages, 
and in the axial portions there are the usual germogenal folds. 

Fig. 137 (plate 38) represents the ovary of a lobster taken August 21. An exami. 
nation of the external eggs shows that they are about six weeks old. The ovary was 
light green, sparingly flecked with yellow. The individual eggs are greenest a t  tlie 
center, which gives the organ a finely dotted appearance. There is no trace of glands. 

The ovaries of ‘6 paper-shells” taken iu July, after having produced a brood and 
molted during the current semen, contain ova which measure fully half the diameter 
of the mature egg. This shows that after ovulation and again after the hatching of 
the young-that is, during the first, second, and twelfth, thirteenth, and fourteenth 
months after egg-extrusion-the ovarian eggs experience their most rapid growth. 
(See p. 71, and in particular the description of fig. 138, p. 246.) 

A t  a still later period, when the ovarian eggs have been growing for the space of 
nearly two years,’ and the ova have attained a diameter which is from 80 to 90 per cent 
that of the ripe egg, the organ has the structure seen in fig. 140, plate 39. There may 
be considerable variation, but in the specimen from which this drawing was made 
(female, taken July 30) the ovarian wall is excessively thin arid the lumen is packed full 

I This is :in eAtiinnte based upon the general facts of‘ growth ant1 developmeut of the ovary, and 
_ _ ~ _  _ _ _  - - - - 

. 

not upon tho observation of siiigle individiinls during tllis I n i i ~ t l i  of time. 
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of eggs of fairly uniform size. The stroinaof gerinogenal tissue is reduced to a minimum, 
;uitl there is 110 trace of the ovarian glands which subsequently appear (fig. 141;. 

The anatomy of the ovary and the slow growth of the ovarian egg, which we have 
followed from the time the new eggs were laid during a period of two years, when the 
nest batch are reedy for extrusion, proves conclusively, as I have pointed out in 
earlier papers (93 and 97), that the breeding season of tlie lobster is not au annual 
one, as liad been supposed. (See pp. 70-73.) 

We have sew hi the foregoing account thitt the massive yolk of the eggs is 
produced in tliree ways : (1) It is ninnuf&med in the protoplasni of the growing ovuni 
fi-oiii materials absorbed froin the blood-the most fruitful sonrce; ( 2 )  i t  is produced 
by the activity of the ovarian glands; (3) by the direct absorption of follicular cells. 

The fact that parts of the follicular epithelium become difforentiated into glands 
a t  a definite period, and that these later become totally obliterated is certainly remark- 
;~ble, but I do not see how the phenomena, whicli have been described can receive any 
otlicr interpretation. The yolk iu Peripatus ~waa:-zenkwdin! is described by Liliaii 
SlitAldon (180) as arising in part froni follicle cells. The latter pass into the egg 
through the tubular st?llc by which this is attached to the ov;t,ry, and become converted 
i itto yolk. Yolk is said to originate also in the protoplasm of the ovuni, as is coiniiioiily 
observed in Arthropods; also from the brealtiug up of a part of the germinal vesicle, 
niid finally it is produced by certain parts of the ovariau tube itself. The condition 
usually found in Platyhelminthes, where there is a permanent yolk-secreting gland, 
inny thus be compared with that of Peripatus and the lobster, where this function is in 
so~ne measure perforined by parts of the follicular epithelium. 

THE ORIGIN OF THE OVA. 

The ova arise from nuclei of the germinal epitheliuin, as I have described in detail 
in a former work (94 ) .  The origin of the primary egg mcinbrane from the follicular 
cells (fig, 148, plate 40) is well known, but i t  should be remembered that this chitin-like 
envelope is not completed until after tlie decay of the ovarian glands. Thus, in tlie 
eggs shown in fig. 142, plate 39, aiid fig. 149, plate 40, there is no membranous boundary 
between the yolk and glandular cells. 

Cases of the apparent fusion of young ova, mentioned by Bumpus (30), are ocoa- 
sionally met with, but i t  seems to me probable that 110 real fusion ever occurs-tlic 
impingement of cell upon cell often seeming, however, to support this idea. 

T H E  METAMORPHOSIS O F  T H E  GERMINAL VESICLE. 

The very young ovum has a.large, rapidly growing germinal vesicle or nucleus, 
as shown in fig. 154. At this stage the cell protoplasm forms a thin peripheral zone 
llaviug a fine granular appearance in staincd sections. 

The metamorphosis of the geriniiial vesicle from this early stage to the perfectly 
I'il)e condition is illustrated by figs, 155 to 161, all of which are drawn to the s:tnie 
scale. The nucleolus is formed at a very early period (fig. 154) aiid is soon vesiculated 
(fig. 155). Rarely two or more nucleoli are present (fig. 156); there is nsuallybut one. 

The nucleus reaches its largesti size (about -$i mm. in diameter) a t  the close of 
the first year after ovulation. It is now regularly oval, its long axes being pardlcl 
\\'ith the long diameter of the egg (fig. 158). As a t  an earlier stage, the niicleolus is 
v e ~ i c ~ l n t e d  and alinost almnys found lyiiig close to tho ~iuclear Inembrajiie, ;is i f  it had 
f d k n  of its own weight 1iIm a s~iot i l l  :I ]bag. 
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The nuclear membrane is very distinct up to  the time when the ovum approaches 
maturity (figs. 159 and 160), when its outlines have become hazy. In the case illus- 
trated (fig. 140) the long diameter of the nucleus corresponds with the short diameter 
of the egg. The nucleolus and nuclear fluid have undergone a very marked change. 
When stained in Heinenberg's ha?motoxylon, the nucleolus has a hazy, almost 
homogeneous, appearance, and stains rather feebly, while the karyoplasm is of the 
same character, but takes the stain more feebly still. 

When the eggs are ripe and lie free within the ovary ready for extrusion (fig. 141, 
plate 39), it is difficult to find the nucleus (partly, no doubt, on account of the great 
mass of yolk aud the difficulty in cutting it). In  one case, where I succeeded, what 
appeared to be the metamorphosed nucleus was a somewhat eccentric island of karyo- 
plasm (fig.160; for position in ovum, see fig. 141) without membrane or trace of a 
nucleolus. It 
has started for the surface of the egg, and in the next stage examined (fig. 161) is in 
contact with it. In  this particular egg, taken from the oviduct of a female shortly 
after ovulation, the cell is dividing, or giving off a polar body; the nucleus has dimin- 
ished in size, and no membrane is distinguishable. 

This vesicle stains uniformly, aiid has a very fine-grained texture. 

T H E  MOVEMENTS O F  T H E  NUCLEOLUS THROUGH T H E  ACTION O F  GRAVITY. 

I have already pointed out the eccentric position of the nucleolus, which is always 
observed whenever the imniatiire ovary js sectioned. This was noticed by Bumpus in 
1891, but no explanation of the fact was offered. (30, p. 225.) 

D 

CUT 18. CLW 19 

Froin hard-shell lobster which had rocontly hatched 
CUT 18.-From transverse section of a part of ovary of lobstcr, hardened with ventral side uppermost, to show the 

effect of gravity upon the nucleolus. 
CUT lQ.-From trnssvorse section of a part of wine ovary, lknrdened with dorsal Hido uppenuost, to show tho effect of 

gravity upon tho nucleolus. D, dorsal surface of ovary; nc, nucleus of ovum; sd, liucluolus of ovum; ow, ovarian wall; 
7, ventral surface of ovary. 

brood. July 18, 1894. 

The nrrow in  em11 cut shows the direction of the force of gravity. 

It seemed very probable that this phenomenon was due to gravity acting directly 
upon the nucleolus, which was free to move in every part of the nucleus. A few simple 
experiments immediately proved that this was tho case. The ovary of a lobster which 
had recently hatched a brood was selocted ant2 cut into several pieces. These were 
then hardened in difl'erent positions, in Mnyer's picro-sulpliuric acid, with ventral or 
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dorsal side uppermost or in vertical suspension. This was repeated, and i t  invariably 
followed that the nucleolus fell from its own weight, to the lower side of the nucleus, 
like a shot within a tennis ball. This is well illustrated in cuts 18 arid 19. The 
latter shows in section a part of the ovary liardened in its natural position, with the 
dorsal surfaceuppermost; the nucleoli are here invariably on the lower side, in contact 
with the nuclear membrane. I n  18, where the part of the ovary was turned bottoiii 
side up, the nucleoli are eccentric, but lie against the opposite side of the nucleus. 
Suspeud the ovary and kill the tissue in any positiou you please, the uucleoli sink like 
shot in the karyolymph and lie against the lower side of the nucleus. This is true of 
all but the sinallest ova, in which the nucleolus may or may not so readily respond. 
Such eggs sometimes possess two or more nucleoli (fig. 166). 

This phenomenon is a direct result of the structure of the nucleus and of the 
action of gravity, or else it is an artifact, tho result of post-mortem chaiiges, The 
iiucleus consists of karyolymph, in which float granules of chromatin slid otlier 
substauces of but slightly less specific gravity, aiid a single large nucleolus of greater 
specific grn,vity than the surrounding fluids. The chromatophilous substance is 
distributed in flocculent masses (figs. 157,158), which are commonly suspended in the 
~iuclear fluid, but tend to ( 6  sink to the bottom” together with the nucleolus. There is 
no trace whatever of a nuclear network in the meshes of which bodies are suspended. 

The nucleolus stains very intensely, but is often highly vesiculated, in some cases 
forming a hollow shell, owing probably to the extraction of soluble matter by some of 
the reagents used. When the nuclear membrane is strongly contracted over any part 
of its area (as in fig, 152) it leaves between it and the rest of the egg a regularly 
defined space, which is partially filled with a coagulable liquid. This may come partly 
or wholly fkom the nucleus. 

I have never seen this phenomenon in the eggs of any other animal. If anyone 
have doubts about the facts, a, very simple experiment like tlie oiie herein described 
will be convincing. The explanation which I have offered may, however, be questioned. 
I regret that %he subject of postmortem change did not come up for considoratioii 
when I was at the seash0re.I 

THE RIPE OVUM. 

The ripe unfertilized ovum is illustrated by figs. 119 and 141. Those which I have 
examined have been taken from the ovary or ducts a few hours or days after ovulation. 

The nucleus was in such cases found at or very near the surface of the egg. In  
fig. 161, as already mentioned, the nucleus was in karyokinesis. The plane of section 
passed through the equatorial plate, so that the poles lie, in reality, above mid below 
the plane of the paper. This is apparently the division preliminary to the formation 
of the first polar body. The rest of tlie egg is composed of yolk disposed in spherules 
Of fairly uniform size. A coagulable liquid is usually gathered a t  the surface, below 
the eggshell, where the yolk spheres are here apt to be smaller. There is a single 
egg membrane (about mm. in thickness), which is unaltered in the course of the 
Passage of the egg through the oviduct. 

~~~ - ~~~~~ 

*In regard to this question Professor Bunipus writos mu that Bellonci foui!d something very 
SilUilar in the brain of Squilla, und that this was aftorwards oxphined by hfayer :is tho result of tho 
action of reugents, tho nuclooli migrating from the liilliug fluids. IIeru, however, tho action of grwit8y 
certainly plays a part. 
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THE D E V E L O P M E N T  O F  THE REPRODUCTIVE ORGANS. 

GENERAL DEVELOPMENT. 

In well-advanced embryos tskeu in January (for stage of development, compare 
cut 38) a very minute cluster of cells can be detected on either side of tlie middle line 
close upon the mesodermic partition wliicli screens the lieart from the intestine. 
These cells are mesoblastic in origin; they possess oval or spherical nnclei which, 
however, are not conspicuous for their size. A t  tlie time the embryo is about to liatcli 
there is less doubt in the identification of the reproductive organ (fig. 116, plate 36). 
It now consists of a small oval, somewhat flattened mass of cells, lying close npon 
the mesentery, next to the intestine. It appears to arise as a proliferation of the 
mesoblast of the mesentery, but at this time is very distinct from it. 

Later, in the first and second larval stages, the reproductive organ is a more com- 
pact, almost spherical, cell mass (about 4$ mm. iii diameter). I ts  position, close to the 
aiiterior end of the heart, but in contact with the mesentery, is well shown in fig. 174, ov, 
plate 43. It is now differentiated into two kinds of cells: (1) Central cells with large 
iiuclei; (2) peripheral cells with much smaller nuclei (fig. 117, plate 36). The latter 
probably give rise to the ovarian wall, tlie former to the ova and follicular epitheliuw. 
The clearer central cells contain a distinct reticulutn in which iiiasses of chromatill 
are held. The organ is delicately suspended to the side of the mesentery by connective 
tissue. 

In as late a8 t h e  sixth or seventh stages the reproductive organ is still of very 
small size and not readily seen. 

I did not distinguish tlie outlines of cells iu any part of it. 

THE OVARY. 

In  a female 44 mm. long (No. 2, table 32) the ovary was of the size shown in fig. 
131. I did not observe the ducts, probably because of the poor condition of the 
specimen when dissected. These were undoubtedly present, since their openings are 
visible in the eighth stage (fig. 89, plate 32-No. 3, table 34), wheii the animal is less 
than an inch long. This ovary was 15 mm. long, and each lobe was about one-fourth 
mm. in diameter. The anterior lobes embrace the masticatory stomach, and oue of 
the posterior lobes was branched. 

If the condition of the tissue could be trusted-it was preserved in alcohol, 
considerably diluted-the organ now consisted of a distinct connective tissue wall end 
an inclosed mass of large cells, which are the ova (fig. 14G, plate 40). There was 110 

plaited or folded ovarian epithelium such as we see at a later stage. 
In a young female 29% inches long the ovary had the size and appearance shown in 

fig. 132. It is about 40 mm. long and has e diameter of 0.5 inm. It is opaque white. 
In a lobster 4& inches in length (No. 42, table 20) the ovary has the same appear- 

ance but is somewhat larger. Its structure is now much more complex than at  any of 
the stages described. It consists of a thin connective tissue envelope arid ;L co~npwt 
stroma. Folds of epithelium dip down from the surface and penetrate the interior of 
the organ, thus dividing up the outer portions into radial compartments, in which the 
larger eggs are seen. These contain large nuclei, with one, two, or more nucleoli. 
The axis of the ovary lies in a stroma in which all stages in the development of 
ova can be traced. Karyokinetic figures of dividing cells are not infrequently seen. 
Blood now penetrates to tPhe ovary by sinuses which come in from the wall along 
reentrant folds of epitlielium. 
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THE OVIDUUT. 

The oviduct is a straight tubc of ne:wly uniform cnbliber (figs. 119, 123 od) ,  which 
opens to the exterior in ;I hairy papilla on the coxopodite of the third pair of pereio- 
1)ods. The skin is folded in the mouth of the opening so as to form a valve which 
preveuts the ingress of water. The appearance of the duct when eggs are passing 
out is shown in fig. 119. The ovary had collapsed, but these eggs failed of passage. 

It has a thiii wall of muscular 
aiid coiinective tissue, and a characteristic epitlieliuui of' tall coluiiinar cells. The 
latter undergo so aiarked a change a t  the period of ovulation that there can be little 
doubt that they have some important function to perform. As showii by a comparison 
of figs.' 167, 168, takeu respectively from a lobster ,just before tmd just after ovulation, 
these cells become very greatly elongated and vesicular. O m  would infer that they 
secrete a liquid wliich is poured out with tlie eggs when they are laid. Whether these 
cells take any share or not in forming the cemeut I do not know. 

The structure of tlie duct is tlio same throughout. 

THE SEMINAL RECEPTACLE. 

Tho steriial poucli of the female was noticed and roughly figured by Nicliolls in 
the Philosophical Transactions of the ltoyal Society for 1731, but he cntertaiiied a 
wroug uotion of its function. His interesting and unique account of this organ is as 
follows (242)  : 

Ihtweon the two lmt legs aiid the two legs : L ~ O V G  them there :me two processes, which, from their 
resembling the nymphm of women, I dial1 term Iiymphaforui processes. These processes w e  covered 
with hair, and unite at their bases without leaving auy passage. * ' The two processes, which 
I have termed nymphmforni, in the feln:tle malm a inore obtuse angle at tho uiiiou of their b ~ ~ s o s ,  aru 
less hairy, and leave a passage, through which i t  is probable the ova are emitted, to be affixed to the 
appondages under tho tail. 

This remarkable coriclusion reached in the last paragraph is uuexplained even by 
the forced comparisons which were employed. 

The olJservatiou of Nicholls was forgotteii, aiid the structure wliicli he iniper- 
fectly described was overlooked until its true fuuctioii was discovered by Bumpus 
in 1591 (30). 

The seminal receptacle lies 011 the under side of' the female mar  the junction of 
the thorax with the abdomen. (For its po8ition and general appearance see plate 7, iii 
which the median slit is clearly shown, aud for details, fig. 130, plate 38.) Its paired 
wing-like processes, the enlarged sterna of tho seventh thoracic segment, are tinged 
with bright blue and form, with a wedge-like middle piece belonging to the sternum 
of the eighth thoracic segment, a somewhat heart-shaped body. There is a iiicdiaii 
slit with elastic edges, and if these are depressed, as Uumpus remarks, a grayish 
substauce, the spermatic fluid, sometimes oozes out. The iiiiddle stenia1 piece is 
prolonged inside the chamber into a stout keel-shaped body strengthened with thick 
deposits of chitin, which have a yellowisli color aud horny consistency. This is sup- 
ported by a pair of irregular rods belonging to tho ondopkragmal system, which meet 
On the middle line. If the molted sliell of a lobster is exaniined, in place of 8 solid, 
horny keel, a membranous pouch is found. The solid keel-shaped mass is probably 
absorbed before a iiew keel is formed, In  the living animal the seminal receptacle 1s 
8 narrow, irregular cavity. 
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THE DEVELOPMENT O F  THE SEMINAL RECEPTACLE. 

Development of the seminal receptacle is illustrated by figs. 79, 81, 89, and 98, 
plates 32 and 33. Fig. 98 is drawn from the molted skin of the fifth larva. The sex 
is not determinable with certainty, but it is highly probable that this is from a male; 
the sterna of the sixth to eighth thoracic segments (marked 3-5 in figure) are clearly 
defined. The sternal processes of the seventh thoracic segment are fused on the 
middle line, where they are distinctly depressed. The unpaired middle piece is 
marked as a slight transverse ridge or forwardly directed fold. It is clearly seen 
in the sternum of the adult male, where i t  is not so distinctly wedge-shaped or so 
intimately united with Gho wing-like sterna of the preceding segment. Three suc- 
cessive stages in the development of the seminal receptacle are shown in figs. 89, 79, 
and 81, plate 32; they are from young lobsters measuring 21.2 mm. (eighth stage, 
No. 3, table 34), 35 mm., and 52 mm., respectively. If these are compared with the 
condition in an adult lobster (fig. 130) we observe the following external changes: 
The sterna of the seventh segment, which are united on the middle line, diverge from 
their anterior extremities, forming a wide angle. .The sternum of the eighth thoracic 
segment consists of a tongue-shaped fold (fig. 81) and a pair of backwardly diverging 
rods. The former is constricted off as a single piece, though originally paired, and 
develops into the wedge-shaped process seen in the adult organ. It grows forward 
into the narrowing angle made by the wing-like process of the preceding sterna. A 
secondary deava.ge or division of the united sternal pieces of the seventh thoracic 
segment is now going on, and the cleft thus formed is the permanent opening of the 
seminal chamber. The latter is formed by the approaching walls of the winglike 
folds of the seventh thoracic sternum and tongue-like process derived from the eighth 
thoracic sternum. 

. 

T H E  MALE REPRODUCTIVE ORGANS. 

TESTIS. 

Each testis of the lobster is a grayish white sacculated tube consisting of anterior 
and posterior lobes. There is no union between the organs of opposite sides. The 
testis of the lobster was figured and described by Milne Edwards, and its structure 
has been studied by Grobben (83) and Sabatier (173). According to Grobben, it is 
made up of (a) a capsular membrane, ( b )  tunica propria, and ( e )  the spermatogenous 
epithelium. Underneath the tunica propria a delicate, structureless membrane was 
seen. The epithelium is diflerentiated into spermatoblasts, from which spermatozoa 
are developed, and a syncytium-the Ersatxkeim-from which new sparmatoblasts are 
derived. The spermatoblast is regarded as homologous with the egg cell, the Ersatz- 
keim with the follicular epithelium. A reserve albuminous material is laid down in the 
spermatoblast for use in the development of the sperm cell. 

VAS DEFERENS. 

The vas deferens or seminal duct is shown as it appears in its natural position on 
one side of fig. 120 and when dissected out on the other side. It consists of three fairly 
distinct sections : (u) A proximal segment (Zuleitungs-Abschnitt of Qrobben), which 
Serves to conduct the sperm from the testis; a veryslender tube of uniform caliber, which 
curls, often in an irregular manner, over tho posterior lobe of the gastric gland. This 
passes very abruptly into the enlarged ( b )  ~lundular segment, where the tube bends 
backward upon itself. It then turns forward again and, in Homewhat the form of the 
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letter S, passes to the back of the last thoracic leg. The sperm may be traced along 
the course of the tube as a central, milk-white, linear mass of closely packed sper- 
matozoa. I n  the glandular segment this is surrounded by a transparent, jelly-like 
substance which is secreted by the glandular epithelial cells (spermatophoral glands) 
lining this part of the duct. This is gradually constricted into the terminal ( c )  muscu- 
lar segment, or ductus ejaculatorius, which ends in a valvular opening. A sphincter or 
swelling of the muscular layer is seen at  the beginning of the ductus ejaculatorius, 
serving to force out the sperm. 

The two distal segments ( b ,  e)  were called the penis or “verge” by Milne Edwards 
and Brocchi, because it was supposed that they were evaginated in copulation. It 
has been already pointed out that the evagination of these parts is mechanically 
impossible, a sufficient reason for dismissing this supposition. 

The structure of the diflerent sections of the vas deferens is illustrated by plate 
37. The planes of section are marked in fig. 120, 1 to 5. AS Grobben has already 
shown (83), the vas deferens is surrounded by a distinct membrane and is composed 
of a connective tissue wall, inclosing muscles, and a lining epithelium; the latter gives 
rise to secretions which mingle with the sperm and surround it with protective envel- 
opes. The connective tissue is fenestrated, abounds in blood channels, and the 
musculer tissue is disposed into an inner stratum of longitudinal fibers and an outer 
layer of circular bundles. 

At the extreme proximal end of the duct (fig. 124) the epithelium is apparently 
stratified and the wall is thin. The tube is filled with a solid mass of ripe sperm (sp) 
and a surrounding coagulable fluid, which is the direct secretion of the epithelial cells. 
As the glandiilar segment is approached the epithelium becomes distinctively col- 
umnar (fig. 125). The glandular segment (figs. 127, 128) is partly subdivided by the 
infolding of the epithelium (f). The spermatophores (in some cases there are two) are 
restricted to one cliamber and are immediately surrounded by a, yellowish secretion 
(Spy.) ,  which is probably formed in the proximal segment and stains very feebly in 
carmine. The reniainder of the spacious cavity (a  and b )  is filled with a less dense 
coagulable substance which stains freely ic carmine. Bodies resembling yolk-spheres 
can sometimes be seen. 

Grobben says that the secretion of the glandular segment of the vas deferens 
of the crayfish appears chalkywhite in reflected light and consists of small, shining 
granules. 

In the ductus ejaculatorius (fig. 126) the muscular coats are strongly developed and 
the epithelium appears to secrete an albuminous, granular substance. The height of 
the columnar or cylindrical cells varies very much, as Grobbsn remarks, according as 
they are squeezed more or less closely together. 

The externaJ opening of the vas deferens is formed by an invagination of the skin, 
and according to Grobben is paved with thick cuticle. 

SPERMATOPHORES. 

The sperm is ejected from the muscular segment of the vas deferens in the form 
of spermatophores, which consist of elongated packets of sperm cells, surrounded by 
gelatinous capsules, the origin of which we have just seen. The sperinatophores can 
be pressed out of the ducts when these are removed from tho body. They quickly 
imbibe water and swell perceptibly when wet with it. The sperinatophore is composed 
of two distinct secretions, as was first pointed out by Grobbeu. According to the 
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same investigator, spermatophores were first seen in Eupagurus by Schwawnierda~ii 
in 1752, and were observed in tlie Brachyura also by Cavolirii in 1702. They were 
rediscovered by Kolliker in 1841. 

SPE€ZM CELLS. 

The sperm cells of the lobster were apparently seen for the first time by Vadentiu, 
in September, 1837 (192), arid he gave a brief account of his discovery in the followiiig 
year. A more accurate account by Eolliker, who also remarked OIL the appareut 
immobility of the ‘& rayed c~l l s ,~’  al’peared in  1843 (109). 

The structure and geiiesis of the spermatozoa of the lobster have been studied 
with much detail by Grobben (83), Gilson (77),  Hermaiin (89), and more recently by 
Sabatier (173). 

Each sperm cell (fig. 129, plate 37) consists of a cylindrical aud partially hollow 
column or shaft, surmounted with a rounded dome, on what may be called the superior 
end. Between the capital and shaft three long, slender processes are given off’, makiiig 
an angle of 1200 with each other. The processes are sharp-pointed, rigid, and very 
slender. The stiffiiess of the rays has led to the erroneous view that the rayed con- 
dition represented at1 immature stage in the maturation of the cell. The sperm cells 
withdrawn from the spermatic receptacle where they have lain weeks or months are 
still rayed, although the processes arc often broken off’ or very limp (fig. 129, a). 
Apropos to this subject Grobben (83) says: 

The stiffness of the rays does not prove that these cells are completely immobile. Moreover, 
the observatiou of Owa,jauuilcow that the rays sometimes draw themselves in, arid certain structures 
which I have examined, enableme to conclude definitely that these rags are living protoplasm and that 
they represent aurceboid proces8es, remaining almost in a state of rest. [Compare the observation 
of Cano quoted on p. 49.1 

The genesis of the sperm cells from the spermatoblasts has been satisfactorily 
determined in most particulars, but there are some qnestiom, which concern both this 
and the structure of the adult sperm cell, which are still undecided. The conclusion of 
Sabatier that the rayed cells become eriucleated in the courseof their growth can 
hardly be accepted. Sabatier has suggested that tho stiff rays may serve a t  first to 
stick the cells together. 

Nothing is definitely known either as to how the spermatophores are conveyed to 
the seminal receptacle or how the speriuatoxoa reach the eggs and fertilize them. 



Chapter XI.-THE HABITS OF THE LOBSTER FROM THE TIME OF HATCHING 
TO THE PERIOD OF MATURITY. 

When the lobster hatches from the egg it  is scarcely a third of an inch long. It 
rises to the surface, where it leads for a number of weeks a free-swimming, larval life, 
totally unlike that of ai1 adult. After the fiftli or sixth molt, its larval locomotor organs 
having atrophied, it sinks to the bottom, and though now resembling the adult lobster 
in outward form it is scarcely more than half an inch in leiigth. 

The free-swimming habit of the lobster is characteristic of the first five or six 
stages of its existence. I11 Vineyard Sound and outlying waters we have taken the 
swimming stages during the summer months, the latast capture beiiig a fifth larva on 
August 2s. This period lasts from six to eight weeks, varyiiig slightly with the 
season arid greatly with the iiidividual. It mill be coiiveiiie~it to deal with the habits 
of the larvae more fully in desc:ribing their structure and growth. 

From the end of 1 a ~ ; t l  life uiitil the later adolescent period the lobster drops out 
of sight almost completely. It is a singular fact that the habits of the youug lobster, 
from 1 to 4 inches long, have never been well understood. Many fisheriiien have iiever 
seeu a lobster less than 2 or 3 inches in length, although they have fished the greater 
1)art of their lives. Lobsters urider 5 iiiches long pass readily between the slats of the 
traps and hence are seldom caught. Ittirely, however, one is found clinging to some 
part of the gear and is brought up by accident. 

Sars in the course of his studies upon the European lobster, tritveled along the 
coast of Norway from Lurhavn to Bergen, Julie 19 to August 19, 1875, but was unable 
to obtain any young lobsters from au inch to a finger's length, and ssys: 

I consider i t  as certaiii, howover, that the 
lobster keeps near the coast also tluriiig this stage of developmout. The reason why they cau not bo 
caught with tho bottoin scrapur is p:irtly becsiiso of' tlioir qiiick inoveirieiits, aud partly from the 
circumstaiico that they hido among the ulgm on tho bottoiri of tho 802. 

He says that young lobsters 3 to 4 inclies loiig were the smallest Biiowii wlien 
he began his studies, and he has nothing t80 add beyond it description of the first 
three l a r v a  

Spence Bate remarked in 1879 that 6'common as the European lobster is, it is 
very remarkable that a very youiig specimen has, as f'ar as I know, iiever been met 
with."' He offered a reward for very youug lobsters, but never obtaiued any less 
thau 3 inches loiig. 

Ehreubaum, whose paper was published in 18'34, refers to the same uiicertainty 
which has so long enveloped the history of the lobster from tlie close of its free- 
swimming life until it reaches a length of 4 inches (10 cm.). The smallest lobster 
which had been taken a t  Heligoland up  to that time had attained a length of 4.1 cm. 
The next largest was 7.8 om. long. He speaks of a collector who, in the coiirse of 

So Bir us I know, iiom are found in aiiy in~iseiini. 

( I Y G . )  

__ .~ - _- 
I Report of tlie l{ritish Associutioii for the Ad\~:Lncemunt of Sciouco, Londou. 
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thirty years’ experience about Eeligoland, had obtained only three lobsters from 3 to 
5 cm. long. 

It is evident that the long larval period of the lobster is an importaut means of 
securing a transport from the shore and wide distribution lip and down the coast by 
means of the tides and ocean currents. As I shall point out in another place, this 
transportstion is of the utmost ituportarice to the larvie, since it is in the bays and 
landlocked channels, where the competition ainoiig surface-feeding animals is keenest 
and destruction of life by animate and inanimate foes by Far the greatest. 

I n  consequence of the facts just mentioned, it must often happen that the young 
lobster settles to the bottom in depths much exceecliiig 100 fathoms. What does the 
little animal do on reacliirtg its new abode? It probably begins to trihvel toward the 
shore, slowly iltt first but more rapidly when, in the course of six or eight weeks, i t  has 
become 14 to 14 inches long. Meantime it hides itt tlie crevices of the rocks or conceals 
itself under stones whenever danger approaches. Ilaviiig reached the  shore, it estab- 
lishes itself in shallow water at the mouth of some estuary or river on the rocky sides 
of a bay. It lives utider stones, or in stone piles, the tops of which arc soinetimes left 
bare a t  extremely low tides. It can then be fouitd by turning over stones in much 
exposed situations, often where the water is not over 1 or 2 inclies deep, but where 
at the flood there may be from 3 to 5 feet of water or even more. Soinetimes several 
small lobsters are seen lying under oue rock a t  the same time. While the lobster 
is very small, l& to 24 inches long, it crawls down deep into the piles of loose stones 
where no enemy can reach it. After attaining a greater length-of 3 or 4 inches-the 
young lobster begins to leave the rock piles and digs for itself B little cave under a 
stone. From this protection i t  stealtliily crawls forth in search of its prey, and quickly 
returns when air enemy appears. It may take up its abode in tlie winding cliamber of 
a deserted conch shell, or in any lrole or niclio which promises temporary security. 

As the lobster iiicreases it1 size i t  grows bolder and retires farther from the shore, 
although it never loses its instinct for digging and never abandons the usual habit of 
concealing itself under stones when the necessity arises. 

Little is knowti about the habits of young lobsters it1 winter, but it is evident 
that they d u s t  leave the rock piles as soon as ice begitis to form, perhaps as early as 
December in eastern Maine, aid move out, as the adults do, into deeper water. The 
casting up of young lobsters oti tlrc beach at Woods Hole, in the latter part of January 
(see p. 165), proves that they soinctitnes remaiit in sliallow water even a t  tliis season. 

The colors of the young lobsters a t  tlie time they are from 14 to 2 inches or some- 
what more in length are very different froin those of the aclult. This may be seen by 
coniparing figures 39 aud 22, which represent, respectively, a young male 1.8 inches 
long (see No. 22, table 33) and im adult male 10 inches in length. In the young 
lobster the general cast of color is a russet or light reddish-brown, wliicli is most pro- 
nounced on the sides of the body aut1 under surface of the large claws. The borders 
of the carapace and segments of the body and legs are tinged with light Prussian blue. 
The upper parts of tlie body and appendages, especially the first pair of chelipeds, are 
spattered and marbled with a dull-bluish pigmeut. The terga of the abdomen have 
often a fine edging of dull bluish-black. 

I am fortunate in being able to preseut a series of plates to illustrate the adoles- 
cent as well as the adult stages of the lobster. The original photographs1 are in many 
cases so perfect that with the aid of a hand leiis the finest details in the sculpturing 

“Flew were mwle by the Edmondson Company, of Clevolend, Ohio. 

(62, p. 285.) 

- 

- ~- _ _  __ __  - .- 
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of tlie exoskeleton can be seen. The a,dolescent forms are all from Casco Bay region, 
and are described i i i  table 32. (See also descriptioiis of figs. 9-lS, plates 8-13.) The 
smallest (plate 8, fig. 10, No. 1, table 32) is a male, 1.G inches long. The right cutting- 
claw happens to be much under the normal size, since it is iu process of regeneration. 
It would probably have attained its normal size after the m x t  molt. The greater 
breadth of the “tail” or pleoii of the female is not noticeable until a t  a considerably 
later period. Other secondary charucteristics, such as the seniinal receptacle and 
first pair of pleopods in both sexes, are not fully develope2 until the animal has 
reached the leugth of about 2 iiiclres. 

The most striking cliaracteristic of these adolescent stages, in comparison with 
the adult form which they so closely resemble, is tlie large size of the stalked eyes 
(plates 8-12), The eye is very iuucli compressed laterally, mid in size and shape 
resembles that of Penzms. The eyes of the adult are relatively much smaller. (See 
table 38.) It is therefore possible that the large size of the eyes in the adolescent 
stages is an ancestral character. The present lobsturs have probably descended 
from the Eryinoid crustacea which inhabited the seas of the Liassic period. “In the 
latter part of the Jurassic epocli,” says Hnxley (103), “the Astacine type-that of the 
modern crayfishes-kas already distinct from the Hornarine type, though both were 
marine.” Hoploparia, which is found in a fossil condition in the Cretaceous and early 
Tertiary formations, combines the characteristics of Homarus (Astacus in this work) 
and Nethrops. I have seen nothing but fragments of this genus figured, but in the 
Xryma Zeptodaotyliiza of Zittel (208) the eyes are relatively quite large, as we see them 
in the adolescent lobster at the present time. 

Another cliaracteristic of these early stages is the fringe of very loiig seta on tlie 
caudal fan and the matted tufts of setm‘about the ends and toothed edges of the 
cutting-claw. (See figs. 13-15.) 

‘In a female lobster measuring 3% iiiclies in length (No. 22, table 32) the general 
color is a dull reddis1i.browu. The upper parts are spotted and mottled with darker 
brown: the tips of the claws and projecting spines are generally reddish, as in the adult. 
A suffusion of light blue is seen, as in younger forms, a t  the joints of the appendages 
and on the edges of the carapace and abdominal terga. This coloration closely reseni- 
bled that of an adult egg-bearing female which I had at the time. A small male (No. 
23, table 32) resembled this female very closely in color. The adolescent period is a 
long one, aud the gradual development of the pigments of the adult is correspond- 
ingly slow. ‘The history of the dcvelopmeiit of the color of the adult lobster from 
that of the larva will be discussed in  another place. After this general account of the 
period of adolescence, I will now mdd a11 the notes which I h w e  gibthered that throw 
any light upon this important subject. In  tables 32 and 33 the history of 63 imma- 
ture lobsters, varying from 1.3 to 5.G inches, is briefly given. 

I am indebted to Mr. M. B. Spinney, of Cliffstoue, Maine, for a valuable collection 
of small lobsters froni the shores of Casco Bay and Small Point Harbor, which he lias 
exarnined with greet care. This collection enibraces 36 individuals, 22 of which are 
iiiales and 14 females. Tliey were captured mostly in October arid November. Mr. 
Spinney €ound young lobsters from 39 to 4 or more inches long iri  considerable abuu- 
dance under small stones, where a t  an extreme low tide there would be but 1 or 2 
inches of water; the smallest lobsters were found down ariiorig the stone piles, ?vhere 
the stones were four or five tiers deep They cram1 as far as they can into the laby- 
rinthine passages between the stoues, arid are hero secure froin every enemy. 
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When the lobsters have attained a length of 34 or 4 inches they become more 
bold, leave their burrows among the rock piles, and seek the shelter of stones, beneath 
which they excavate a shallow hole. Here they lie concealed from their enemies aud 
are ready a t  all times to strike a blow a t  the smaller and weaker animals which pass 
within the reach of their claws. 

The young lobsters enumerated in table 33 were captured hi or near Vineyard Sound 
or raised in the hatchery of the statioii of the Fish Oommission. Fifteeu of these 
(Nos. 2-16) were collected by Mr. Vi~ia~l N. Edwards ou NobsLn Beach, in Woods Hole, 
January 28, 1882, after a hard storm, when there had been much anchor frost. Mr. 
Edwards recorded in his journal tlie fiuding also of crabs with eggs, thrown upon 
the beach, together with isopods, holothuriaus, sea-ailemones, and a large number of 
fish, such as cuniiers, tautog, hake, sculpins, smelt, flatfish, herring, tomcod, arid 
eels. Mr. Edwards writes that many young lobsters came ashore a t  the same time 011 

the point of land where the Fish Cominissioii station is now built. Several years ago, 
when sinall lobsters were used for bait, he used to find them in comparative abun- 
dance, from 1J to 3 or 4 inches in length, urider stones in sliallom water, near Yiue 
Islaud, on the north side of “The Hole.” Some of the stones would be ont of the 
water at low tide. No sinal1 lobsters are found in this place or vicinity a t  the present 
time. Whether this disappearance is due to the general decrease in the number of 
lobsters brought about by overfishing or‘to local chauges in the environment, i t  is dif- 
ficult to say. It is possible that owing to warmer 
waters inshore, or to other cause8 operating in summer, the young lobsters are driven 
into deeper water, yet they seem to be equally scarce a t  all seasons. The finding of 
small lobsters cast up on the beach in the winter shows, as already pointed out, that 
they sometimes remain a t  tliis seasou in com1)aratively shallow water. 

The inspector of fisheries of Prince Edward Island says (209) that lobsters 2 or 3 
iiiches long (6 are occasionally washed ashore after storms and have bceu found alive 
clinging to the meshes of hoop traps.” Lobsters not much over a11 iiich in length are 
also said to liave been takeu from the stomachs of codfish. (See p. 120). 

An old lobster fi~herrnan, Mr. Thomas Garrett, at Virial Haven, Maine, whoin I 
have already quoted, informed me that he used to see thousands of small lobsters 
in the spring, begiuniug about the 1st of April. He would find them in sounds in 
about 20 fathoms of water, 011 both rocky or sandy bottoln. They would ccme up 
sticking to tlie lobster pots, often in considerable numbers, and would average about 
14 inches long. He had never seeu inany lobsters 2 to 3 iriches long, probably because 
they go so readily through the traps. 

1 made particular inquiries about the occurrence of young lobsters in the lobster 
pound on Viual Haven Island. The smallest lobsters caught in tlie pound in 1893 by 
seining were about 5 inches long. Halt‘ a dozen measuring 8 iiichcs had also been 
taken. S~iiall lobsters were uoticed in the larger of the two lobster pounds at South- 
Ijort, Maine, in March, 1892, and abont lialf a dozeii were fouiid from 4 to G inclies 
long. In July and August, 1893, thirty or more lobsters were taken, varying from 3 
to G inches in length. Lobsters G to 8 inches loug could be takeu in the seine. The 
smaller lobsters were discovered by turiiing over rocks, after partially draiuing the 
Pond. Noue were seen uuder 2 inches in length. It is possible that some of these 
young ones were raised in $lie pounds, yet it is not certaiu that tliis was the case, 
sirice they could readily pass between the iron rods of the fence. Tlie older lobsters, 
which are placed in the pounds in very great uutnbers, mould tend to drive out the 
smaller ones. wlictlier hatched in tliese illclosures or not. 

Both illfluences may be a t  work. 
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An intelligent lobsterman of Rockland, Maine, said that thousands of small 
lobsters, an inch long or under, came up on the warps and pots every day while lie 
was fishing at Hare Island in October and November. The lobsters would tumble off 
the traps as they came up. He took one of them home and examined i t  with a hand 
lens, and said that it had the general form and appearance of a lobster. The bottom 
in that vicinity was muddy or rocky, and covered with seaweed. He had never seen 
a 2-inch lobster. The smallest of the young lobsters recorded in table 32 is about an 
inch and a half long. These, as we have seen, were taken from the rock piles in tho 
fall of the year, and most of the lobsters which are hatched in early suinmer and 
survive are more than an inch long by October. Still, this fisherman’s observation 
may be correct, and the lobsters seen by him may represent that period between the 
sixth larval stage (length 16 mm.) and the smallest of those found in the rock piles. 

A small lobster, about 14 inches long, was said to have been taken from the shell 
of a living clam in Rocklaud Harbor not long ago. This was evidently a case of 
accidental imprisonment, and the animal may not have been a lobster. 

A fisherman a t  West Jonesport said that he had seen small lobsters brought up 
on traps which were set on trawls, in deep water outside, in winter. 

Mr. Adolph Nielsen, superintendent of the fisheries of Newfoundland, says that 
small lobsters 14 to 2 inches long can be found in shallow water among the “goose- 
grass’, in the latter part of September, and that lie has seen lobsters an iuch long in 
the same situations in the latter part of August and first part of September. 

Very few fishermen among many whom I have consulted can give any definite 
information about the occurrence of lobsters from 1 to 3 inches long, and probably very 
few can discriminate between the young of the lobster arid many other crustacea. 
Those who have made any observations agree that such young lobsters are very 
seldom seen in winter, but are usually found a t  other times in shallow water, in bays, 
harbors, or the mouths of rivers, on rocky (rarely muddy) bottom, where they can be 
found by turning over stones a t  low tide. Mr. George E. Cushnian, of Cape Elizabeth, 
Maine, says that lobsters 2 to 4 inches long are found in coves and rivers, in eelgrass, 
and on sandy bottom, in from 2 feet to 5 fathoms of water. 

Mr. Rathbun, of the United States Fish Commission, informs me that hundreds 
of lobsters 4 to G inches long were captured in the summer of 1880 in Narragaiisett Bay 
by tho beam trawl. The bottom was sandy, and the water 3 to 4 fathoms in depth. 

I think i t  is plain from the foregoing observttions that a large number of the ado- 
lescent lobsters over 16 inches long seek protected places, such BS beds of eelgrass in 
shallow water, rocky shores of bays, and the mouths of rivers, where shelter from an 
enemy is always at hand; but it is quite likely that some remain in deeper water. 

The habits of this  animal are molded by its immediate environment and vary to 
some extent with the varying elements in the complex of its surroundings. 

If we examine the lengths of lobsters described in table 32 we shall find they 
form a graduallj ascending series, so that  when we lay off these lengths as ordinates 
upon a horizontal base line, and construct a curve, the latter forms a slightly undulatjng 
ascending line. This means either that the breeding season is indefinite or at least 
prolonged, or that the young are extraordinarily unequal in their development. The 
number examined is perhaps too small to enable us to draw any conclusions, but i t  is 
a fact, as elready shown, that the hatching is not strictly confined to a definite period. 
Individual variation in size in a state of nature may, moreover, be considerable. 

The interestiiig question of the age of these atlolescent lobsters is considered in 
the chapter on the rate of growth of this m i i i i ; i I .  



Chapter XI1.-THE HISTORY OF T H E  LARVAL AND EARLY ADOLESCENT 
PERIODS. 

The transition from the caterpillar to the chrysalis and from this to the winged 
butterfly or moth is apparently so sudden that it strikes every oiie with wonder. This 
is, however. deceptive, siiice changes. in the internal organs go on very slowly. The 
hard supportiug skin of the chrysalis masks the changes which are tal~iug place within. 
The young crustacean, on the other hand, has a soft cuticle which is readily cast off’; it 
thus changes with every molt and in inost cases acquires very slowly the exteriial foriu 
arid habits of the adult state. It is tlierefore possible to follow its metamorphosis 
step by step. For convenience I shall divide the life-history into three periods-the 
lnrnal, adolescent, and adult. The larval period will embrace the free-swimming life, 
during which tlre animal molts five or six times, and the adolescent state the long 
interval thereafter before sexual maturity is reached. 

The larval history of the lobster is one of exceptional interest mid importance, 
and must be thoroughly understood before the problem of hatching and rearing the 
young can be intelligently discussed, itiucIi less solved. I tlicrefore decided, at the 
beginning of this work, to devote as much attention as possible to this part of tlie 
subject. This seeined particularly desirable since the individual larval history liad 
never been traced molt for molt; only four pelagic stwges lint1 been described, and the 
relations of these were not fully understood. Of tlie later adolescent period (length 
of animal g or Q inch to %j inches) nothing, as we have just seen, was definitely known. 

HISTORICAL NOTES. 

J. V. Thompson, who mas first to establish beyond any doubt the important fact 
that tlie decapod crustacea underwent a metamorphosis after hatching from the egg, 
was also the first, so far as I am able to learn, to point out that the European lobster 
was no exception to this very general rule. His letter (published in 1835) to the editor 
of the Zoological Journal is dated at Cork, December 16, 1830. A ‘<rough sketch of 
the cheliferous inember of the larva of tlie lobster” accompanies this letter. He says: 

With regard to the marine species, Bsfaczcs niarinics or Lobster, I can avor that i t  actually does 
nndergo a metamorphosis, but loss in degree than any of the above-mentioned genera (Pagorue, Por- 
cellana, Calathea, Crangon, Palmmon, etc.), consistiug in a change from a cheliforoue SchiBopode 
to B Decapode; in its first stage being what I would call a modified Zoe with afroutal spine, spatulate 
tail, and wanting subabdominal fins; in short, such an m i m d  as mould never be considered what it 
really is were i t  uot obtained by hatching the spawn of the Lobster. (189.) 

Brightwell (24) gave in 1836 a very imperfect descriptiou of the young lobster 
which he dissected from tlie egg membranes. He mas the first to notice the occur- 
rence of double monsters in this species. (See p. 216.) 

The embryo of the Eurolmm lobster when ready to hatch was described by Itatlike 
in 1840 (259), and a fuller account with figures of tho embryo and of soin0 of its append- 
ages appeared in 1842 (160). He found lobsters with exteriial eggs in early stage8 of 
developlneut at difl‘ereiit times of the year-at the end of May in Christiania, in June 
and July a t  Mold0 and Christisnsund, iii September a t  Gothenburg, and in the flirqt 
half of October in Hamburg. He therefore conclnded that lobsters either laid their 
eggs a t  different tiiues of the year or that tlieir development was very slow. 

167 
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Eroyer also, in 1842 (ZZO), described with drawings the first larva of the lobster. 
I n  the following year the paper of Erdl was published on the development of the egg of 
the lobster (62), in which some good colored drawings of the older embryos are given. 

Shout thirty years later, in 1574, the first circumstantial account of the meta- 
morphosis of the European lobster was publislied by Professor Sars (175). His studies, 
however, inclurled only the first three larval sta'ges, and, as he remarked, the changes 
which these early larvil: undergo, before they reach the adult state, mere still unknown. 
Some comparisons are drawn ill this paper between the first larvae of the European 
a n d  American species. (For figures of Bonzarus ccmericanus, see 175, Tab. I, figs. 1S-20.) 

The first description of the metaniorpliosis of the American lobster was given by 
Professor S. I. Smith,  in 1872 (282), his fuller paper being published in the following 
year. He described and figured the first tbree larval stages and what appeared to be 
a fourth or fifth stage from specimens obtained in Vineyard Sound, Massachusetts, 
in  the summer of 1871. A t  that time the United States Fish Uommission did not 
pssess  the laboratory facilities which afterwards grew out of the labors of Professor 
Baird, but notwithstanding these drawbacks this work is so carefully done that sub- 
sequent studies will find little to correct, so far as they deal with the external anatomy 
of the larvz described. Professor Smith says that between the third stage arid what 
he called a11 L L  early stage of the adult forin" " there is possibly an intermedi;~te form. 
The changes in the whole appearance of the aiiimal have been so much greater than 
between the first and second or between the second and third larval stages that, 
although the diflereiicc in size is inconsiderable, the whole chahge did not perhaps 
take place iii one molt." 

Professor Ryder, who published a short paper on the metamorphosis of the lobster 
in 1SSG (ZrZ), supposed that the first adult-like form of Smith was preceded by four 
stages, but by only three ecdyses, the first molt (which occurs a t  the time of hatching, 
as Sars (175) had fomid to take place in the European lobster) having been overlooked. 
The fact of the case is that the lobster molts four times before reachiug the stage in 
which it resembles so strikingly the adult animal. It is still essentially a larva in 
habit and structure and swims  a t  the surface, although its earlier natatory organs are 
reduced to mere rudiments (plate 23). 

Figures of the late einhryos and of the first larva or its appendages have also been 
piiblislied by Erdl (62), Ooucli (48), Oerbe,' aud Faxon (67), the work of the latter con- 
t:~ining drawings by Stimpson and Alexander Agassiz, but it is not necessary to refer 
to these in detail. 

METHODS O F  STUDYING THE YOUNG. 

In the course of my studies on the metamorphosis of the lobster I have endeavored 
to follow the history of individual larvae. This seems to the inexperieiiced a very 
siinple matter, but the t:tsB is beset with serious difflculties. We may isolate the deli- 
cate larva from its natural enemies mid place i t  under the most favorable conditions 
which me can devise, when new foes immediately spring up or unexpected disasters 
happen. The larvz which I studied were in most cases hatched a t  a known period by 
the artificial methods now in use. Healthy specimene were then selected and placed, 

'The fignres of Gerbc are very crude, :is reprodncetl b ~ -  13lnncharcl (1<9) ant1 h n c n n .  'I'1ic.y :we 
iritenclrd to represent tlio embryo shortly before hatching, tho young imrnudiatoly after hatcliing, r,nd 
after the 6eCoIld molt. The original p a p r  of Uerbo 1 I K L W  lint RBOII. 
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usually singly, in a 4-gnlloii glass jar, wliicli was coveretl with coarse linen scrim and 
supplied with running sea water. The mesh of the cloth sooii b e c a w  clogged, thus 
foulirrg the water in the ,jar, which had to be cleansed daily= Under these conditions 
young lobsters have been kept alive over 100 days and carried tlirougli ten molts. 
Tlie only food which they had beside that contaiued in the mater mas lobster eggs. 
These were rarely touched by the very youiig larvm, uiiless they were floated. Had 
my stay a t  tlie seashore been prolonged some of tlie young could have been kept alive, 
I am sure, for m i  iiidefinite period, but other duties calling me away before the close 
of summer, they usually died from lack of :~tteiition. 

There is iiow (August 1, 1891) alive in the hatchery of the Fish Commission sta- 
tion a lobster which was hatched from the egg ill June, 1893, and which is, therefore, 
considerably over a year old.’ The length of this lobster is ouly 36 mm., while three 
lobsters which were hatched and kept alive until 1)ecember 10,1886, being then between 
five and six months old, measured 35,36.3, and 51.8 inm., respectively. I inexition this 
fact, now, to show how variable individuals are in their moltiug or, what amounts to 
the same thiiig, in their rate of growth. It is iiiiprobable that such a marlred variatioii 
would occur in B state of ~iature, yet it i8 likely, as I slid1 later show, that even here 
variation in individual growth is by no meaiis slight. (See table 34 and p. 97.) 

Before describiiig the structure and habits of tlie larva we will glmce at the 
condition of the embryo a t  a late period in embryonic life. 

THE EMBRYO IN LATE STAGES O F  DEVELOPMENT, 

A photograph of a living lobster with external eggs taken in Cleveland, Ohio, 
December 8,1893, is reproduced in plate 7. A cluster of these eggs, showiiig how they 
are attached to one mother aud to the set% of the swimmerets, is illustrated by fig. 25. 
Drawiiigs of the living egg and of the embryo te:md from the egg caapsule (figs. 
2G to 28) give us some idea of the stage of devolopiiieiit reached, in this instance, a t  
the very beginning of winter. Progressive stages of growth in the case of a lobster 
whose eggs were laid July 1,1890, and were beginning to hatch June 1, 1891, are illus- 
trated by figures in the text. (Plates G to J.) 

At the stage shown in fig. 27 the bright green yolk occupies nearly one entire 
hemisphere of the egg. This iuasvive store of food, at the oxpeiise of which the organs 
of the body are gradually developed, becomes reduced at  the time of liatching (fig. 29, 
plate 18) to a mere remnant within the stomach of the larva, and often uudergoes 
clianges in color, at the last stage becoming tt dull yellowish-brown. The paired coni- 
pound eyes have already become most conspicuous, both on account of their size and 
color. The pigment area,, which has a peculiar contour, is almost black when light is 
transmitted or when reflected, except a t  a ccrtaiii angle. It tlieii glistens with great 
brilliancy, owing probably to the interference of light in the thiii peripheral pignieitt- 
layer. Bright red chromatophores are distributed in a clisracteristic manner 011 the 
appendages, particularly on their basal segments and along the sides of the carapace. 
‘l’lie yolk is divided by conspictzous dorsal and lateral indentations, corresponding to 
the folds of the digestive tract and its diverticula, wliich gradually inclose it. 

Duriiig the couree of development the ova increase considerably in size a ~ d ,  
lositig their original globular form, become distinctly oval or oblong. 

__ - _. - _- . - -_ 
1 See No. 1, table 33. 
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Peculiar concretioiis are developed in the intestine of the embryo when 5 or 6 
weeks old, as shown in figure 233, plate 51, and persist up to the time of hatching 
(fig. 30, pl. 18). We see them to 
better advantage in a section of the intestine of a much older embryo, as in figure 
263, P. There is great variation in both the size and 8hape of these bodies, but they 
consist of a stainable, apparently structureless core, surrounded by a nonstainable 
substance. The latter has distinct concentric strin: and resenibles the cyst of a para- 
site. A concretion teased from the intestine of a similar embryo is illustrated in 
figure 256. 

In  the living animal they have a white lustrous appearance, and are quite conspic- 
uous, moving to and fro with the peristaltic contractions of thn intestine. On the 
suspicion that they might be of a 1)ar:Lsitic origin I submitted thein to Dr. Stiles of the 
United States Bureau of Aniinal Industry. He has kindly examined them, and con- 
cludes, so far as it was possible to reach a conclusiori from the niateri:d a t  command, 
that the bodies in question mere nonparasitic. 1x1 this event it is probable that they 
are tlie f m a l  residue of the egg yolk which undergoes'digestioii in the course of 
embryonic life. The aniirial is entirely rid of them soon after hatching. 

They were noticed as early as 1843 by Ihdl  (62). 

THE HATCHING O F  T H E  LARVA. 

A lobster in the act of hatching is represented in fig. 29, plate 18, and one teased 
from the egg in fig. 30. The embryo at this time is inclosed by three membranes, 
iiamely: (1) the outer or secoiid:wy egg membrane; ( 2 )  the priiuary egg membraue, 
improperly called the chorion ; (3) a larval monibrane, which is seen inclosing, like 
a glove, the various appendages in fig. 30. These are better shown in a iriuch distended 
condition in cut 20, plate F. I n  this case, however, the innermost cuticle is not the 
larval membrane, but an earlier embryonic molt, which is absorbed long before the 
time of hatching is reached. 

When burst by internal 1)ressure the secondary egg membrane splits (in the ver- 
tical longitudinal plane of tlie embryo) iiito two halvcs like the cotyledons of a bean, 
and is drawn off' in most cases over the head by the strand or stalk with wliich it is 
continuous. It is a thick, translucent bag of a yellowish-brown tint, slightly elastic 
and easily torn. It completely separates from the underlying membrane, except at 
one point, that  beneath the stalk of attachment. Here it adheres to the primary 
membrane, which has now become reduced by distention into an exceedingly delicate 
pellicle. I n  this particular case (fig. 29) it was whole, until ruptured by needles (*just 
above eyes), arid thus completely inclosed the exposed parts of the embryo. When 
the outer membrane of attachment bursts, it contracts and usually drags the delicate 
inlier cuticle away with it. The embryo thus slips out in the condition shown in 
fig. 30. 

This is a very critical period in the life of tlie artificially hatched lobster. If it is 
healthy it soon molts, the swimming hairs are rapidly evaginated, and it enierges into 
what may bo properly called the first locomotor larval stage. If less fortunate, it lies 
on its back for hours, struggling to get clear of some part of its larval covering. The 
failure to pass this molt is the cause of deiltll to many embryos wliich have been reared 
successfully up to this point in the liatching jar. 
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THE FIRST STAGE. 

When the lobster has successfully escaped from the egg capsule, and shaken itself 
free from its larval cuticle, i t  emerges as a free-swimming animal, rising to  the surface, 
wliere it remains until its pelagic. life is over. A sketch of one of these young lobsters 
is represented in plate 19: and a. lateral view is giveii in plate 30. 

Tlie animal is but little over a third of an iiich long. The average length of 15 
speciineus was 7.84 mm., the extremes being 7.50 and 8.03 mm. 

The body is segmented as in the'adult form, the most striking characteristics 
being the enormous conipound eyes. the conspicuous rostral spine, the spatulate telson, 
and the biramous swimming appendages, which, from their resemblance to the perma- 
nent swimming organs of the Schizopods, have given to this and the two succeeding 
forins the name of 6' Schizopod larvae." Functional appeiidages are wanting. only in 
the abdominal segments, where, however, very sinal1 buds of the adult swimnierc~ts 
can be seen beneAth the cuticle, in t h e  second, third, fourth, and fifth abdominal 
somites. 

The cuticle of the larval lobster is now as translucent as glass, and the orgaus of 
the body-the heart hiid blood vessels, the alimentary tract, itud rudimentary gills- 
are seen with great clearness. The green food yolk has disappeared eiitirely, or is 
reduced to a mere remnant, now more yellow tliaii green, in the iiusticatory stomach. 
Perhaps the most conspicuous iiiternal organ is the yellowish-brow t i  liver, or gastric 
gland, the form of which on either side of tlie body, resembles a cluster of grapes. 

VABIATIONS I N  COLOR. 

The color of the lnrvd lobster is produced, as me 1iavo already seen, by a blue 
pigment dissolved in the blood plnsma and by clirornatophores which lie in the dernial 
layer of the skin, besides the pigiiieut cells of the eyes. The distribution of the chro- 
matophores is very characteristic and i t  is to these that the brilliant colors of the 
Iarvz are largely due. (See plate 19.) Tho pigment which they secrete is of two 
kinds, bright vermilion and yellow. The red cells are the larger and play the most 
prornineut rdle. The expansion nud contraction of the chromatophores, by which the 
aiiiinal becomes brightly colored or pale, ordinarily requires from ten to fifteeii minutes 
when stiiiiulated by pressure. The chro~ni~tophores are distributed in the region of 
the carapace, along its sides, and in front of' the cervical groove. When they ;we 
contracted the aniinal is pale blue and very translucent; when expanded the red cells 
give it a very decided color. Lnrvn: when struggling on the bottom to get free froni 
their old cuticle or when crippled in any may are usually red, a commonly recognized 
syinptom of weakness. This, however, does not seeiu to be an inf'illlible sign. Larva: 
which were placed in a pool out of doors on a bright day in June became red in a 
few hours while swimming a t  the surface in apparent vigor. (See p. 1SS.) 

Both the blue pigment of tlia blood aud the yellow and red pigment of the 
oliromatophores are lipochromogens, which are coiiverted iuto lipocltromes uiider the 
iiiflueuce of alcohol and other reagents (see pp. 135-136). The stomach and liver are 
sometimes bright red, which recalls an observation by MacMunn (132), who concludetl 
from spectroscopic evidence that in the lobster (Bot)iar?ts gn?tma,rus) the eiiberocliloro- 
phyll of the liver might be carried to the hypodermis mid couverted into ;L lipocliroiiie. 
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HABITS. 

The habits of young lobsters differ but little during the various “stages” of their 
free-swimniing life, which is spent near the surface, Their piigiiacious instinct is 
uudoubtedly strongest immediately after hatching, when tlieir activity in killing and 
devouring one another invariably attracts the notice of the spectator and forms an 
insurmountable barrier to raising them iii small aquaria. Like the young of most 
pelagic organisms, they can not bear crowding, either in vertical or liorizoiital limits. 
As Weldon and Fowler (201) have remarked: 

of water i n  which they may sink when siich contlitious as light aiicl heat dernaud it. 

I n  swimming the larvze use both t i e  exopodites of the tlioracic limbs, by the beating 
movements of which they are impelled upward and forward, and the abdomen, by 
the contraction of which, with its broad telson-plate, they dart rapidly hackwsrd. 
Each thoracic limb consists of a short stalk, with two diverging hraiiches, tlie outer 
branch, which serves as an oar, being flattened arid fringed with long feathered hairs. 
The oars or exopodites work independently of the inner branches, which are mainly 
prehensile organs, and alone give rise to the adult limb. Tile exopodites atrophy and 
disappear completely after tlie fifth stage. In the common swiiniiiing or floating 
position at the surface tlie thorax is usually held in a horizontal position, with bent 
abdomen. In  rising the liead is iiiclined dowiiward, often with the ‘6 t,ail” uppermost. 
When too weak to keep at  the surface, they vacillate over tlie bottom, standing on their 
head, as if probing for food, which, however, is not the case. 

The larv3e appear to be quite hardy under certaiii conditions. Thus I have kept 
them alive, and apparently healthy, in small flat dishes of sea water, without chaiige, 
for from one to four clays at a t h e ,  or until they molted to the second stage. 

The time whidh elapses between two successive molts varies, as at all subsequent 
stages, with the supply of food and general coiidition of the animal. In the larva 
which I had uiider observation the first stage lasts froin one to four or five days, the 
healthier ones molting in the shorter period. 

They must, if thoy are to thrive, have a large superlioial range, as well 08 a considorable depth 

THE SECOND STAGE. 

All the larvz of this stsage which I have examined were raised from the egg. 
The average length in forty-seven cases was 0.2mm., the extremes bciiig 8.3 to 10.2inm. 
It is evident that some of these were nndersieed, and the measurement of this stage 
given by Professor Smith, 10.G, is groater than ally which I have observed. His speci- 
mens were all taken by the towing net, aiid if the riumber examined \vas sufficiently 
large it would indicate that under natural conditions a greater 8i%e is attained. 

This is drawii to the same 
scale as the first larva om platu 20, and illustrates the increase in size etfected at 
the second molt. All parts are now niucii larger, excepting the swiniming thoracic 
appendages, which have grown b u t  little. The swimmerets, visible as buds below tliu 
cuticle of the first larva, have now grown out 011 the second to fifth abdominal somites, 
and the rudiments of the last pair of ap1)endsges can be seen beneath the skin a t  the 
proximal end of the telson plate (fig. 102, plate 34). 

The habits of the second larva differ iu no respect from those of the first, and in 
color the two stages are very similar. In t i~~nspsrent  lnrw:, with oontracted cliroina- 

A profile view of the second larva is given i n  plate 21. 
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tophores, great variety  nay be produced by the color of the gastric gland, which is 
ofteii orange or some cast of yellow, aiid by the contents of the alimentary tract, which 
shows plainly through the body walls. Bright green pigment now appears for the first 
t ime upon the dorsal surface of the carapace and upon the tergal surfaces of the first 
five hbdominal somites. 

As in the first stage, th.e larva thrive only on one another when kept in close quar. 
ters. I have often watched one of these larvz? as it attacked iLuother which appeared 
to be its equal in size and strength. The aggressive lobster usually tried to seize 
his fellow by the small of the back or Getween the carapace aud abdomen, using for 
weapons the walking appendages, chiefly the.first three pairs. He was soon astride 
the back of his victiiu, aud dragged him t'o the bottom of the ja,r, where he began to 
devour him. 

The socoiicl larval stage lasts from two to five days. 

T H E  THIRD STAGE. 

Tho average length of tho third 1:irva in seventy-nine iiidividuals examined \vas 
11.1 iiim., the extremes being 10 to 12 mm. 

The third larva resembles the preceding stages very closely in habits. Struc- 
turally, it diEers but little froin the second 1:trva. The 
outer branches of the thoracic legs are still tlie principal smiluruiiig organs. However, 
the last pair of abdoiiiinal appendages, which form the outer blades of the tail-fan, 
are ready for service, and the  swimmerets are fringed with short set%. The large 
claws, which were already conspicuous, are relatively much larger. 

(Compare plates 21 aud 22.) 

COLOB. 

Tlie third larva, resembles the preceding stages closely hi color. When the chro- 
matophores close tlie aiiiiiial is quite pale, as was the case with oiie which 1 examined 
in the act of molting. As a rule, the color is enhanced by this stiiiiulus. When this 
specimen was examined with tlie microscope it was seen that the red cbromntophores 
were contracted so as to resemble small dots or stipple marks. The yellow pigment 
cells were more irregular. 

When this transparent, almost colorless, larva is placed i n  a dish with others the 
contrast is very striking. The colored forin, in which the pigment cells are expanded, 
is a rich, deep browu, varied with a vivid yellowish-green. The appendages are for 
the most part reddish-brown, exceytiug the terminal parts of the smaller ones, such 
as the exopodites and endopodites of the pleopods and the flagella of the auteunq 
which are bluish. The large chela are a deep reddish-brown. The same color occurs 
sparingly 011 the sides of the carapace and on the lateral and ventral surfaces of the 
abdomen. The hinder parts of the carapace are touched with bright yellowish-green, 
as are the third, fourth, and fifth terga of the abdomen. These intense metallic 
colors greatly resemble those of the fourth larva. In  reflected light a whitish pigment 
is seen in the lateral eye, which is strongly iridescent, as in the earlier 1arv:e. 

One larva (10.8 nim. long) has the thorax arid upper half of the abdomen greenish- 
blue; abdomen reddish below ; tail-fan reddish; red pigmeut cells occur on tho append- 
ages and on the sides of the brauchiostegites, as ill the earlier s tqos.  

I n  anotlier, examined in the act of molting, on July 3 ,  the colors were very bright. 
Especially noticetkble were the nietallic green spots on the fourth and fifth abdominal 
segments. 
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Another larva (11 mm. long) has colors similar to the first just described: Large 
clielre reddish-brown; lower half of the abdomen, caudal fan, and sixth abdominal seg- 
inent of same color; carapace yellowish-green, rather less trausparent than in earlier 
stages; bright peacock-green with yellowish tinge on the terga of the fourth and fifth 
abdominal segmeiits; considerable blue a t  the joiuts of the appc?ndnges (prob’ably 
because the cuticle is here thiuner) and in diEereiit parts of the body. It must be 
remembered that the transparency of the larva is now determined in an important 
degree by the greater or less time which has elapsed since the last molt-that is, by the 
greater or less proximity to the ecdysis which is to follow. The old cuticle becomes 
partially opaque as soon as any lime is deposited in it, which happens a t  ebout this 
period. 

The third larval stage lasts from two to eight days. 

THE FOURTH STAGE. 

The young larva’ emerges from its fourth molt into a form which bears such a 
striking resemblance to the adult lobster that an intervening stage between this and 
the preceding was supposed to exist; but such is not t h e  case. A dorsal view, colored 
to life, of 0110 of these Iarvn: is represented by plate 23. The swimming branches of 
its thoracic legs have been abruptly shed, or rather have been reduced to functionless 
stumps (plate 31, figs. 74, 75). It still swims at the surface, with greater agility and 
speed than a t  any former stage, and is still virtually a larva, although it has the adult 
locomotor organs. 

It swims rapidly forward by means of the swimmerets, and darts backward 
with quick jerks of the abdomen, “ frequently jumping out of the water in this way,” 
as I>rofessor Smith says, (6 like shrimp, which their movements in the water niucli 
resemble” (282). As they move forward they hold the large che1:e extended straight 
in front of the head; when disturbed they raise the chelae to defend themselves like 
an adult lobster. 

It has the larval rostrum slid the large anteunal scale or exopodite, and the 
first abdominal somite is without trace of appenchgcs. 

The average lerigth of 64 I a r m  was 12.6 mm., or about half an  inch, the extremes 
being 11 and 14 mm. 

COLOR. 

The range of variation in color is now very great. A typical color pattern is rep; 
resented in plate 23. Occasionally, even a t  this period, a larva is very light-colored 
and its transparency is nearly equal to that of the third larva. 

The cast of color may be (1) yellow and red; (2) red; (3) green; (4) green and 
reddish-brown. I n  the first case the carapace is light yellow, translucent, and sprinkled 
with red chromatophores. The abdomen and large clieln: are reddish-brown, and there 
is a quadrilateral yellowish-green area on the terga of the fourth and fifth abdominal 
segments. In  the red individuals the animal is bright red, especially on the abdomen 
and large chela  The carapace is yellowish, spotted with red, and the abdomen is 
marked in the way just described. I n  tlie green variation, the whole animal is bright 

___ _.. _ _  -- - ~ -  

I The iive of the word ‘‘larv:~” for tho fourth and fift8h stages is not without objection, but i t  is 
perhaps better tlian the phrase “:~tlult-like forii~.~’ It is very probable, as I h&vo shown, that the 
young lobster m:ty romuin at the siirface of the ocean, even after the sixth molt. It  will be most 
con~eniciit, howover, to clofiiio tho larval period of tho animal by tho duration of its pelagic life, 
whicb is l)racticully a t  3 clove by the end of the fifth s t ~ g e .  
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green. Bright yellow-greeu areas are noticeable oii the abtloiniiial terga as before, and 
upoii the hinder portion of the carapace. There is sonic brown pigmeiit 011 the large 
chelae and tail-fan. In the fourth variety (fig. 36), the abdomen and cliel,?: are rich 
reddish-brown, with light peacock-green 011 the terga of the abdomind rings, as is 
commonly seeu, and on the carapace uext to the abdomeii. The rest of the carapace‘is 
greenish-brown. In this aiid all earlier stages the color of the carapace is partly due 
to that of tlic i n t e r 4  organs, especially to tlie alimeiitary tract and gastric glands. 

Tile following notes illustrate the ciinnges which individual larvz undergo, with 
reference to moltiug and surrouiidiug conditions. A fourth larva raised from the egg, 
when examined on July 13, was decidedly bluish. Tho whole mime1 was quite trans- 
lucent, the heart and yellowisli “liver” showing plaiiily througli the shell. The claws 
and body were sky-blue, due, as in the first larva, to the blood pigment. The brown 
and yellow chromatophores were contracted to such ai1 extent as to have no appreciable 
effect upon the general color pattern. Two days 1:iter tlis carapace was greeiiish and 
the chela (lark brown. On July 17 tlic colors were deeper; oil the 19th the general 
cast of color was dark bluish-green ; reddish-brown 011 the abdomeu and chelz. 0 1 1  

July 21, when the animal was nearly ready to molt, tlie carapace was bhiish.green, tlio 
&domail sild chelz l~rowuish-red. Pour days later. July 25, this animal molted to tile 
fifth stage. Tlie fifth larva was dnrlr olive, tiriged with brown on the abdomen a i d  che1;e. 

A larva wliicli molted July 11 to the fourth stage \vas pale, and appareutly 
almost devoid of pigment. The internal organs were pleinly visible. There was a 
delicate wash of brown on the abdomen, tail-fan, aiid choke:. The microscope showed 
that the closed chromatophores were very small. 

Another larva, 13.1 min. long, which ITBS raised froin the egg, liad on July 6 tlie 
usual mixture of brown mid greeii pigments. 0 1 1  July 15 the animal was very dark 
brown, exceptiiig tlic carapace, mliich liad a metallic greeu luster. Tho large chela 
are tipped with white or cream color, and there is a large light patch on tlie outer side 
of the liiuder eud of the exopodite of the uropod. Fainter and smaller whitish areas 
occur on the pleura of the first abdominal ring. This larva molted about August 3 to 
the fifth stage; color, reddish-brown. 

Rarely is a larva seen which is reddish-orange, the blue and brown pigments 
being almost completely obscured. The pigments of the oye are siniilar to those of 
the earlier stages. 

In a larva of 14 mm. long, observed July 25, the carapace was of the usual greenish- 
brown cast, with tEireo light-greeuish spots oil cacli side-a very sinal1 spot behiud 
the eye, a smaller 0110 below this, arid :I larger oiie farther back below the cervical 
groove. These are the first traces of very characteristic, areas, which I shall ea11 
“tendon marks,,’ upon the skeleton of all later stages, and mark the places where 
certaiu muscles are attached to the integument. The siguificance of these color 
changes will be coilsidered later 011. (See p. 135.) 

A fourth lwva, which was caught a t  tlie surface near the Fish Commission wharf 
011 a very bright day (July 25, 1891), was similar in color to some of those already 
described. The thorax \vas greeu, briglitest posteriorly; the chela and abdomen dark 
reddish-brown; a brilliant light-green area appeared on the tergum of the third and 
fourth abdominal segments. 

On August 10 I examined a iimnber of lobsters in the fourth, fifth, and sixth 
stages, which had been kept in glass jars and ibd upou ineat. Many of these were so 
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completely covered with foreign matter that they could hardly swim, some lying upon 
their backs on the bottom of the aquarium. Colonies of eoothamnium-like protozoa 
mere clustered over all their appendages. The seta  were loaded with sediment filled 
with bacteria, diatoms, and infusoria. This illustrates the fate which awaits the larva 
of all crustacea, when crowded in small aquaria. 

The fourth larval stage lasted (in the average of nine individuals, which were 
raised from the egg) 13 days and varied from 10 to 19 days. 

Length of the fifth larva. ............................................ 
Distance froiu ti of extended chelipeds to end of telson.. ............ 
Leugth of carapaoo in third stage ..................................... 
Lougth of earnpace in fourth stage .................................... 
Length of oarulmx in fifth stago ..................................... 
Greateat width of c;mapiioo, tifth stnge.. ............................. 
Length of liirgo chel;e, fourth stago.. ................................. 

Lellgbll Of fiU~Ul~lt11 O f  SOcOnd lcUtOl l l lZl . .  .............................. 

T H E  FIFTH STAGE. 

In  fifteen individuals known to have molted five times, the average length was 
14.2 mm., a d  the extremes 13.4 and 15 mm. 

There are no external marks by which the iifth stage can be distinguished from 
the fourth or even from the sixth stage with any degree of precision, at least by the 
uuaidcd eye (fig. 31, plate 18). Neither the size nor color changes can be invariably 
relied upon. Microscopical exemination, however, shows that the rudiments of the 
swimming exopodites, which could be readily detected in the fourth larva, have now 
become still more reduced, while in the sixth stage they have completely disappeared. 

The following notes illustrate the clianges of color which are observed in larvz 
passing from the fourth to the fifth and sixth stages. On July 7 a fourth larva 
(No. 35, table 34) showed the typical colors, reddish-brown and various tints of green. 
When observed eight days later the color was dark maroou. The fifth molt occurred 
about July 17 (length, 14.8 mm.). The color WDS then greenish-brown; the large 
chelat: reddish-brown, tipped with cream color, most marked upon the propodi. As 
in some fourth larva, there is a terminal light spot on the exopodite of the uropod. 
Faint light spots are also seen on the sides of the abdominal segments. There are, 
moreover, two very prominent, white, discoidal areas on the carapace corresponding to 
the insertions of muscles, as already pointed out. 

The following measurements of this larva mill give a clea8rer idea of the length 
of some of the parts and of their increase after the niolt: 

Millitno- I te1’R. 
Measuroments of larva, third to  iifth stages. i 

14.8 
1% 5 
11 
5.4 
6.3 
7 
3.1 
4 
5 

Another larva raised from the third stage (No. 12, table 34) is olive-green, with 
the characteristic white marks very faint on the carapace. The large chelae are 
yellowish-green, due to the presence of blue and yellow chromatophores. 

In  the caoe of a fifth larva reared in an aquarium the colors resemble those of 
the sixth stage, represented in plate 25. The white spots on the carapace have the 
disposition shown in fig. 37, plate 24. The third pair of iiiaxillipeds are tipped with 
white. 

No noticeable difterentiation can be det8ected in the large claws unless occasioned 
by loss and subsequent growth or by injury to oue of the members. It often happens 
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TABLE 34.-Ecco~d of molts of larval and adolescent stages. 

Jiiii~ 25 

June 30 
m l y  27 

__ 
lucrens 

iu 
leugtl1. 
- 

nim. 
1.4 

1.2 ........ 

1. 1 
........ 
........ 

2 

........ 

... 

.......... ..: ........................... i ::::.. 1 ....................................... 

..................................... -~.l.. ........................................... .............................. 1 ............................................. 

___ 

Length 

............... 

............... ............... 

............... 

__ 

Lcllgtll 

........................ 
Ju ly  18 

July 20 
July 16 

July 13 

........................ 

........................ 

.........I. ..... ....... 

..... , ........ 
I 

..... ._._. 

..... 

July 1: 

1.. , 1 1 0 .  .. 
1 July 1: 

......... 
24.2 
11.1 

21.2 
12.4 
13. 5 
15.8 
12. 0 

......I ......... 

...... July 17 

...... July 19 

...... July 8 

...... July 9 

...... Ju ly  11 

............... 

............... 

............... 

............... I '  

............... 
_ _ _  _.___. .____. 
,____.  _ _ _  . ____.  
............... 
............... ............... 
................ 
.............. 
.............. 
.............. 
.............. 
.............. 
.............. 
........................ 
........................ -_ 

15.84 ...... 

Ju ly  13 
J u l y  ti 
July 25 

~ July 4 
July 8 

July 9 
July 8 
Jiil'y 11 
Ju ly  ti 
July 15 

July 7 
July 8 

July 7 

.do. ... 

i l ~ ~ ~ ~ . ~ ~ - '  
/ . . .do .... ,.. .dl1 .... 

~ .......... 

.. ..' 

_ _ . . I  

J111y 00 

............. 
July I i  

..do ._..# 
,June 20 i . . d o .  .-., 
.. do ....I 
..<lo ....I 

Kay 25 I 
......... I 

I.... .................................................................................. 
...................................................................................... ...................................................................................... 
...................................................................................... 
...................................................................................... 
....................................................................................... ............................................................................................... 
...................................................................................... 

Averages.. ...................................................... 
-----_ 

9.1 I. 03 I 12.9 
I 

Length 
Incrciin 

in 
length. 

[ucrcaei 

.- 
ncrcme 

'%r cent 

9. 1 ........ 

9.3 
14.3 
5 

0. 7 
10.7 

15.4 

13.3 

........ 

14.3 
11.9 

....... 

....... --_ 
11 

A-OY 

1 
i 

' 2  
' 4  

5 

G 
7 
8 
9 

10 

I1 
12 

13 
14 
15 

10 
17 

19 
20 

21 
za 
23 
24 
25 

2ti 
27 
2R 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 

18 

- 

Age 

)ayi 
38 

.... .... 

.... ..-. .... 

.... 

.... 

._._. 
.... 

.... 

.... .... 

.... 

.... 

.... 

.- . 

Sixth 
mult. 

-- 

'Aug. : 
July 1 3  

Julv 14 
J i d v  22 
. . l l l l  .. 
July 15 
. . d o . .  . 

Bur. 10 

Aiig. 21 

July 25 

July 30 
Allg. 13 
........ 
........ 

Length 

m7n. 

16.5 
10. 5 

15. 3 
Iti 
]ti. 8 

lG 
16. ti 

Iti. 5 

17 

10.3 

10 
15 ....... 

....... 
10.12 

-_ 

Length. 
Tliiril 
molt. 

Lurroas~ 
in 

Icllgtll. 

mm. 
- 

2.9 
:I 

1.7 

....... 

normsr 

__ 
I'er cant 

18.7 
18.2 

10.4 

....... 

....... 

....... 

Eight11 
11101t. 

[ucrense 
i l l  

lengtl1. 

Lnrrc.nsi 
ill 

length. 
ucreasi 

'L? cent 

....... 

27.0 
....... 

urrense 

"pr cent 

6.4 
16.7 

Scrc~litll 
I l l l l l t .  

Len:th. 

~ 

mm. 
13.4 

14.2 
15 

14.0 
14 
14 
Iti 

15 
15 

14.3 
13. 5 
15 

Niutli 
molt. 
... ._ 

........ 

Bug. 23 
Bug. 1 

......... 

Length. 

m ni . 

29.5 

?ti. G 
28 

28.0 
-- 

I - II----- -I/--- 
July 1 2  
July E 

July 11 

July l e  

........ 

........ 

........ 

........ 

........ ........ 

........ ........ 

July 13 . .do ... 
July 2 
July 3 
July 4 
July 6 
July 7 

July 0 
July 4 

July 3 

..do ... 

. .do . . ~ 

.. ao ... 
July 7 

..do .... 

....... ........ 

......... 

........ ........ 

......... 
July 4 

, . d o  .... 
......... 
......... 
......... 
........ 
___ 

'mm. 
10.3 
10.3 

mm. ......... 
......... 
......... 
......... 
......... 
......... 
......... 
......... 
......... 
......... 
......... ......... 

2.2 
1 

1.9 
1. 1 
1.2 
1.6 
1.2 

........ 

........ 

........ 

........ 

........ 

......... ......... 

......... 

......... ......... 

......... .......... ........ 

mm. 
12 
12.3 
13 

13 

13. 0 
13.5 

....... 

mm. 
1. 7 
2 

Per ceni 
16.4 
19. 4 ........ 

........ 
19.3 

14.3 
........ 

Per cen 
11.7 

9.2 ....... 

8.1 
....... 
....... 

14.3 

min. 

1.3 ....... 

1.3 
2 
.8  

1 
1.0 

2.2 

2 

....... 

2 
1. 0 

....... ....... -- 
I. 58 

7II'llE. 

18.4 
19. 5 

18 

....... 
18.5 

inm . 
21.2 
22.0 

nim. 

?. 8 

3 

4.7.5 
2.7 ........ -- 
2.83 

Per cent 

15.2 

lti. 7 

14.0 ....... - 
15.5 

mvn. nim. wim. 

R. 5 

I .  6 
4 

......... 

......... 
July 1:J Aiig. 20 

July 27 

July 25 

........ 

Sopt. I(  
Bug. 1. 

Bug. 8 

Jept. 22 
hug. 13 ........ 

........ 
10.9 

11.9 

........ 
2. 1 

1.7 

........ ........ 

........ 

........ ........ 
11.3 
10 

10.8 
10 
11.1 
11 
10.7 

3 11.5 
11. 5 

10. 7 
10.5 

10 
10 
11.5 
11.8 

3 11.3 

a 11.3 
10.6 

3 10.8 

........ 

........ 
........ ........ 

........ 
........ ........ 14 

........ 

13 
I1 

13 
12 

13 

312. 7 
13.1 
13 
12.8 
11. 7 

12 
11. 1 
12.8 
1:1 
13 

In. 3 
12. 2 
12 

........ 

I. 7 
1 

2.2 
2 

2 

1.2 
1. 0 

2.1 
1.2 

2 
I .  I 
1 .3  
1 . 2  

3 1.7 

a 2  
I. 0 

3 1. 2 

2. I 

1.6 
1.5 

........ 

....... 

........ 

15 
10 

20.4 
20 

18.2 

i n .  4 
13. 9 

19. ti 
11. 4 

20 
11 
11.3 
10. 2 
1 r, 

17.7 
16. 1 
11.1 

19. 4 

13.7 
13. 7 

........ 

....... 

..... 

1. G 
. 4  

2 

1. 4 
1.7 

2 

1.0 

.... 
1.9 

1.5 
. 9  

....... 

12.0 
3 

15.4 

12. ti 
13. :I 

16.4 

12 

....... 
14 7 

12 
7.2 

i l  

July 28 

......I Bug. C 

..... Auk. 3 

12. 5 
14. 5 

15 

14.9 

15.3 
14. X 
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13. 4 
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11 .......... 
11 I .......... 
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24 
3.8 
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20.99 10.87 I 1.44 13. ti5 1.05 14.34 1.48 11. % 18. ti0 2. 53 

- 
15.W 
- 

24.50 3. 80 27.3 
- 

2.8 
_.__ I Averagc increnae per ceut of stages, 13.07; of individuals, 13.89 (omitting No. 38, ninth stage). 

l h e  time of hatching of lobsters Nos. 16-36 is only approximate. .$, . ' 

F. C. B. 1895-Pace page 176. 

*&'or colore of this lobster iu sixtll stage H ~ O  plate 24: Voutral view of thorax, oiglltll stngc, ~ I I O W I I  iu flg. 89, plate 32. 3Accurato within 0.2 to 0.9 urm. JFor colored sketch of this lobstor in sixth stngu see plate 25. 6Dicd October 5. 

* 



‘I’HE AMEiiICAN LOdSTER. 177 
that tho dactyl is bent upward as much as forty degrees :LWiLy from the propodus, SO 

that the cutting edges meet but imperfectly. 
Larva No. 36, table 34, was nearly ready to molt to the fifth stage on July 17. It 

was of an opaque greeuish-brown color, the claws deep browii. The carapace liad a 
duil, bluish luster when strong light was reflected from it, a well-recognized inark of 
the molting state. 

Two days later it was in the fifth stage. The carapace and upper surfaces of the 
abdomen were now greenish brown. Tlie white tendon mark on the side of the cara- 
pace below the cervical groove was very prominent. The light areas on the first 
abdominal ring and upon the uropods were rather faint, and the chelq as usual, were 
tipped with cream color. 

which I shall discuss later, was dcvelopod 
in this larva to an unusual degree. A colored drawing of this lobstor after tho sixth 
molt, which occurred about July 30, is represeuted in plato 25. 

The remarkable ‘6 death-feigning 

The fifth larval stage lasted i n  five observed cases from 11 to 18 days. 

THE SIXTH STAGE. 

The average length of five lobsters kuowu to have molted six tiines was 16 mm., 
the extremes being 15 and 17 mm. 

I have already referred to the color of this stage, which is represcuted in an indi- 
vidual raised from the egg on plate 25. Thc’ general east of color of the upper parts 
is often dark grew or greenish-brown, aitd the 66tendon-marks” on the carapace have 
now become very conspicuous. Equally characteristic are the snow-white pleura of 
the first abdominal ring. 

The coloring 
is from the sixth stage of larva No. 3, table 34. The whole aniriiel is of a reddish- 
chocolate color, agt%in8t which the white spots contrast very sharply. I n  the cervical 
groove there is a narrow transverse white area, a large white spot on the distal 
extremity of the ineros of tlie cheliped, in addition to those already mentioned and 
the flattened rostrum is conspicuous for its abseuce of color, being but faintly tinged 
with greeu. 

A young lobster captured with the tow net in Woods Hole Harbor in the day- 
time, August 23, 1890, resembles the sixth stage, already described. The length of 
the lobster was 16.5 min. (For record of the capture of other lobsters in sixth sta,ge, 
Bee table on p. 187.) 

The individual color-changes which these lobsters undergo were well illustrated in 
a specimen, 16 mm. lotig, captured in the net July 24, 18!)0. Wlioti first taken it was 
bright bluish-green, excepting a slight amount of brownish pigineut visible on some 
of the appendages. This lobster was accidentally left over night in a glass dish of 
water on my work-table. In the morning it had a decided reddish-brown color and 
was very weak. Oiie is reminded of the similar but inore striking change in color 
which the remarkable little lizard Anolis priwceps, of the Southern States, undergoes 
when it is suddenly stimulated. 

Larva? have also beeu captured iu the tow, from 16 to 16 m u .  long, which resembled 
more nearly the fourth stage iu color, bu t  undoubtedly belouged to the fifth and sixth 
stages. 

A dorsal view of another lobster of this stage is given on plate 24. 

1. C .  B. 1895--1’2 
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A young lobster about six weeks old, raised froin tlie egg, and probably iii  the 
sixth stage, was light brownish-olive on the upper surface, tlie c h e k  being more 
decidedly brown. The usual 
cream-colored or white spots occurred on the carapace and appendages and the ter- 
minal spines of the abdominal pleura were whitish. Tlie large claws, which sliow no 
special diEerentiation, are held together in front of the auiinal as i t  swims forward. 
Wlien suddenly disturbed, the young lobster opens its claws, spreads wide its arm- 
like clrelipeds, at the same time raising itself into i i  tlireateuiiig attitude, ready to 
receive or strike a blow. Tlie iridescent pigment of tlie eycs is no longer visible. 
Some measurenieiits of parts of this lobster are ;LS follows: 

The uiider surface of tlie body was alinost colorless. 

Milliniu. 1 ters. 

Lerigtli ................................................................ 16 
Length of' thorax, imliiding roxtriiiii.. ................................ 8 
Groatust wiclt,li of' t l i o r : ~ ~ . .  ............................................ 4 

5 . 5  
...................................... I,cii<%li of ani.cnnsry flagellmii.. I 11 

~ & t i i  of propw~us of largo C I I C I ; ~ .  .................................... I 

Lobsters in the fifth stage, which are raised in aquaria, swim less at the surface 
than in preceding stages, going frequently to the bottom of tho .jars for their food, and it 
is during t,his and partly in the sixth stage that the pelagic life of the lobster comes 
to an end. It then sinks to the bottom and leads an entirely new life. Its larval 
characters have completely disappeared, and buds of' t h e  modified appendages of the 
first abdomiiial segment have begun to grow out. In locomotion and general habits i t  
resenibles the adult aiiirnal closely, but I he final adult condition is only a'ttained after 
a long series of iiiolts, which require, in a11 probability, from four to five years. 

The sixth stage lasted (in three cases observed) 9, 14, and 18 days, respectively. 

SEVENTH STAGE. 

The seventh stage can not be distinguished by any known characteristics from 
that which immediately precedes and follows. Unless one has watched and recorded 
the molts, it is impossible to say at this or a later period through just how many 
ecdyses the animal has actually passed. The larval stages merge insensibly into 
those of the adolesceut period, and these pass as grstlually into those of the adult, so 
it will be more profitable to follow the history of individual lobsters from this period 
onward rather than to attempt to describe stages which have no marked distinguishins 
characters. 

lu tablo, 34 I have recorded the molts of thirty-nine young lobsters raised during 
the summers of 1S91 mtl 1892. The increase at each ecdysis and tho increase per cent 
(that is, the ratio between the iictt1~Nl increase and the former length) are also given. 
Many of the adolesceut lobsters, which i t  shonld be understood are the remnant of' a 
much larger number which I attempted to raise, died shortly after the last recorded 
molt. Some, however, were living when T was obliged to leave Woods Hole, a t  the 
middle or latter part of August, and doubtless could have been reared had they 
received the necessary care. The life-history, as illustrated in tablo 34, has beeii 
followed from the time of hatching to the tenth stage or ecdysis, when the animal 
is over an inch long and about three months old. 

We have considered in detail at the close of Chapter 111 the bearings of these 
observations upon the rate of growth in the lobster. 
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DESCRIPTION O F  SMALL LOBSTERS. 

The nuniber of riiolts or the rapidity of growth is A qncstion \vhic:11 nom assunies 
special iuterest anti, its 1 sliibll eventu:illy show, it, is subject to consitlerAblc iiitlividuiil 
variation. 

Two yourig lobsters ibfter the seventli luolt ltie;l,siuxki 1S.4 illid 19.5 min. (NOS. I, 2 ,  
tsble 36) and remained in this stago 21 ant1 1s dihys respectively. 

Lobster No. Z (tilvble Y5).-Tho first oi’ these was raised froni tlte fouith stage. I ts  
color in the sixth stage is represented ou plpte 24. The animal after the scventli molt 
was light brown, tinged with green, when observed 011 August SO.  It, exhibited the 
‘4 death-feigning habit ” iii :L very market1 degree. Tltis lobster iiiolteci for the eiglith 
time on September 10, imd dictl the day following, wlieii it niensured 21.2 nim. It was 
hatched about Mity 27, iLnd WBS tlierefore 107  days old. 

Lobster No. 2 (table 35).-This young female lobster hat1 just niolted when first 
examined 011 July 13, and was then witliouL doubt in the sixth stage. l n  color it 
closely resembled fig. 37, plate 24. I t  molted for the seventh t ipe O I I  ,July 2’7, when it 
attained a length of 19.5 inin. Tlie color :it this time was bot little changed, being 
;I deep chocolate above, with the tendon i1i:brIis 011 the carapace equally ~>roiiiiiient. 

The triougalar rostriiin is somewhat iiarrower. Tho 6‘  linger ” of the large claw 
and the outer branoh of the titsil-fan are cream-colored. The latter, ;is in  the sixth 
stage, carries a very loitg fringe of setio, which becoines characteristic of the adolescent 
period. These seta, are ;Lbout two-thirds tlic leiigtli of tlie uropod. The left; cheliped, 
which was thrown off a t  tho ti& of the sixth molt, 11x1 grown out again, so t h a t  afmr 
the seventh ecdysis tho length of the new apl)cnd:ige was about seven-tenths of that 
0 1 1  tlie opposite side. The length of the right cltela was 6.5 inin.; of the left, 4.5 niin. 

The stallred eyes are now very l a~ge  ant1 contiiiue t’o grow relatively faster than 
the rest of the body until they attain groat promiiieiice in the adolescent ’stages, as 
already described. 

The first pair of i~bdoininal appendages are present as small buds, and after the 
next molt their size is Hot greatly increased. 

After the eighth molt (August 14, 1engt)Ji 22.G inm.) tlierc was but little noticeable 
change in color. The general cast is still brown, with ;I bluish.greeii tinge on the 

, carapnce. The length of tlie fringiug seta: of tail fan-Lj min.-iic:wly equals that of 
tlie telson. The mediau sternal spines are present on tho ‘second to fifth abdomind 
somites, mid have a bluish color. 

Lobster No. 3 (table 35).-This young feui:Lle lobster mas raised from the egg aitil 
placed uuder observation wheii in the third stage, July 4, 15!)!3. At this tiine i t  wiis 
11 rum. long. It molted to the sixth stage on August 13, :tnd wlicri 1 tinally left Woods 
Role on the 23d of this iiioiitli tlicre had bee11 110 1iotcwortliy cliiilige. Wheri csaniincd 
011 SPpteniber 22, by Dr. B. A. Anilrews, it had attained the lcngtli of 19.75 mni. It is 
tllerefore highly probable tliat only oiie iiiterveitiug molt had occurred iblid tlta8t this 
happened late in August or early in the following month. It died before another 
ecdysis, on the 5th of October, when it mas about 105 days old, having molted eight 
times. - Lobster No. 4 (table 35).-when this lobster came under systematic observation, 
011 the 25th of July, it was in tlie sixtli stage :~ i i ( l  16.3 nini long. An account of its 
ecdyses, which were cmefully watched, one occurring on that very day wliile in a dish 
npon my table, will be given in another place. (See 1). 183.) 
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Before molting tlie animal was of a dark iunbcr color and very sluggish. Imine- 
diately after this ecdysis (the seventh in number) the whole body was translucent, the 
general color being reddish-brow, with a slight greenish tinge on the c:brapace. Tlie 
large claws were a bright terra-cotta color. There was a prominent whitish crescentic 
spot immediately behind the cervical groove and the three characteristic tendon marks 
oneach side of the carapace were as prominent as in the sixth stage. (Compare plate 
24.) The pleura of tbe first abdominal somite were snow-white, and the uropods of the 
tail-fan werc, tipped with cream color. 

The lobster after tlie seventh molt keeps steadily upon the bottom, in wallciiig 
over which it us& chiefly the last tliree pairs of thoracic legs. The large claws and 
smaller chelate legs next to  them arc exteiidetl forward in  front ofthe head, although 
the latter appendages are oocasionally used for locomotioii. A very sligli t diRerentia- 
tion in the large cticlm is noticed, but in the eighth stage the diff’erencc is marked. 
A t  about the time of the seventh ecdysis the right anteniiary flagellum was lost; 
eight days later it appeared, in the process of regeneration, as a short spiral coil; 
this  continued to grow, nud after the eight11 molt, which occurred on the 8th of 
A u g u s t a n  interval of two weeks from the last-it was about its normal size. 

A t  tlie seventh stage pigment has been deposited below the enaniel layer of the 
cuticle in an amount which, though at first very slight, increases with evcry molt, and 
the color pattern becomes more and more complex. In the eigbth stage tho general 
color is deep reddish-brown, with olive tints. The characteristic tendon marks arid 
cream-colored spots are present. There is a dorsal light-green medial1 stripe on the 
carapace, very much narrower than when first seen ill the fourth stage. 

This lobster had undergone no appreciable cliange by the 23d of Aiigust, but 
when next cxaniined, September 22, it measured 29.5 mm. In tlie iiiterval of thirty 
days it had undoubtedly molted twice and was in the tentli stage. The iirst abdoniinal 
somite has very delicate, white appendages, which are distirictly two-jointed and raised 
from the surface to ;L nearly vertical position. 

Lobster No. 5 (table 35).-This lobster was hatched about May 25, atlid wlien 
isolated, on August 1, it measured 24 mm. It was probably in the ninth stage :hiid mas 
about 67 days old. The general color was dark green, touched with brown; large 
chelE olive-brown, reddening toward the extremities, with glistening white tips; the 
under side was a tint lighter. The uropods and telson are wliitisli, bordered with 
reddish-brown. The contents of the intestine can be seen through the slightly trans- 
lucent shell. Tendon marks on the carapace are prominent, as in the other cases 
described. 

Some measurements of this lobster are as follows: 

Lougth ................................................................ 24 
Lollgtll of cnm]Jace. ................................................... 11 
Greatest width of onq,,,, ........................................... 5 
Limglli of mitonnm f ngi.lliini., ...................................... 23 
1,engtli of 1nr e c d a  OIL .ither side. .................................. 9 
Groetwt brentth i)fchi:ln of 0x10 sidn.. ................................ :$ 

I Xensuronionts of‘ lobetor No. 5, in uinth stngo. 

1 Greatest breadth of olio111 of othor aido.. .............................. 
~- 

2.5 
-___ 

In the snialler of the two claws the extremities are nearly straight; in the larger 
the “fiugers7’ are more bent, and each bears a large tubercle a t  about the middle of 
the occludent margins. 
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The auirnal hides among the stoiies at the bottom of the aquarium, and behaves 
in most respects like an adult animal. The eyes are dull brownish-black, without 
iridescence. 

When examiued again on August 13 this lobster had molted, now for the tenth 
time, and was 2s intii. loug. The geuer:il color was dark browttish-green, with 
reddish-brown on tlie large clieligeds, as before. Tlie white or light color of the 
pleura of' the first abdotniiii~l segment and tail-fati is d.mured or has disiqqmired. 
The sliell pigments are now inore abunrlaut, and tlie cuticle 110s lost its translucency 
in consequence. 

The following measurements i1lustr:tte the growth of' some of tlie parts : 
- 

MciLsiiroiiients of lobstor No. 5, iu lciitli lobster No. 5, I U  t i i i i t l i  Milliiiiu 
stngo. stngo. tela. I_- 

Lengtll ................................ '11 r t l i  of cut,ting olioln. .............. 11 

Lcmrrtli from tivs of uxtendud c:licdi. ! I,i!n~tll of telson ...................... 4 

................... 1 k,ektost 1Jrencltii of ciit,tiIig clicla . __. 3 
.......... I i,onpt,~i of i1nctyl of cuttiiig clietn.. ... 5. i 

Lobster No. 6 (tablc %).-This was the oiily survivor out of i L  considerable number 
of lobsters liatched early in tho seasoil of 1892, and wlien first examined-about the 
first week in August--measured 18.5 nun., :~iid was probably iu the seventli stage. At 
this tiine a slight difference in the large o h w e  could be dc?tected, which increased 
with subsequent molts. There is itotliiitg riotoworthy iu whicli this yor111g lobster 
differed from those idready clcscribed. 

Lobster No. 1 (table 33).-1 liavo referred to this young femde lobster, which was 
hatched about June 20, 1893, and was alive when I left Woods Bole, August 6,1894. 
It was therefore 412 days old, und allowiag it t o  have attained tlie length of 28 miii. 

at  tlie teiitli molt--tlie :Lverage length oT tlireo individnals known to have readied 
this stage-it mist  have iiiolted thirteen times, which I alii confident is not far from the 
truth. It is probable that no molts occurred cluriiig the winter, the last two recorded 
having taken place May 21 and June 18, 1804. 

The brilliant color is itow wholly due to tlie pigments of t,lie sliell, wliicli is 110 
loiiger transparent, arid the color pattern is so complicated that it almost baffles ciescrip- 
tion. The body is light umber, freely speclrled xiid mottled w j  th darker shades. T'lie 
appendages itre reddish-brown and slightly translucent. Small light areas or suKu- 
Rions are scattered over the body. The teudon m:irlrs 011 tlio c:brspiu;e corresponding 
to those seen in tlie fifth and sixth stages are prominent, that below tlie cervical groove 
beitlg over :L niillimotei~ in diameter. Tlie pleura of the first abdoiiiiiml ring arc snowy 
white. The free edges of the segiiients of the body and appendages are bright blue. 
The Inrge cheh  are tipped with white. The opciiiiigs of tlie oviducts are clearly 
meii mid the copulatory poiicli is not yet closed. The color of the appendages on 
the under side is light reddish-brown. The tail-fati is of t h o  Same hue edged with 
deep red. The claws, which are tufted with set:1: a t  tlieir tilbs, show reniarlrably 
little differentiation. The eyes have a dark-purldislt pigincut m i l  have acquired the 
Characteristic large size and promineiioe of the adolesoent stages. 

(See No. 38, table 34.) 
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The followiiig measureineuts show the proportioils of some of the parts: 

Mensnrements. 1 Millirne- ~1 
terx. , M easuroinc~i ts . 1 Millime. j 

ters. 

Length, Junc 27.1894 13 j 1,ength of cnrnpaec. 
Greatest breadth of carapace ...................... 

....... ...................... 
.... BreTdth of telsou at ~ J U H B .  ............. 

Leiigtli of fringing Holm .............. 
Diameter of coriieu of lateral eye. -. . -. 

............ 
.................... 

~ I I & I I  of right i:her:l ( ~ G o ~ o ~ u s )  
Greatest breadth of eliela. 
Length of dactyl.. 

This lobster was kept in a sinal1 glass aquarium, and fed with clams.aiid with 
lobster aud cod eggs. It was undoubtedly undersized for its age, having molted about 
fifteen times. 

The three lobsters raised in 1886, which on December 10 measured 35,36.3, and 
51.8 rum., respectively (Nos. 7,8,9, table 35), had probably molted twelve times in the 
first two instances and fifteen times in the last. 

Lobster No. 20 (table 35).-W]len this young lobster was brought up accidenta,lly 
on a lobster pot in Woods Hole Harbor July 18,1891: i t  measured aiily 47 mm. (See 
colored drawing, plate 2G.) If i t  was hatched in the summer season i t  must have 
been a little over a year old, and i t  is very probable that in this case also there had 
been fifteen molts. 

The youngest lobsters taken in Casco Bay, Maine, October, 1893 (Nos. 1,2, table 
32),  were doubtless hatched in the previous June, aud were therefore about 1 G  weeks 
old. 

It is, therefore, clear that the young lobster varies very considerably in its rate of 
growtb, whether under artificial or natural conditions. 111 :I state OS nature the youl~p 
lobsters lmtched in Juue itre probably from 2 to 3 inches loiig when 1 year old. (See 

I will now add a tabular statement of the successive molts of the adolescent, lob- 
Piii~tlier details of their history 

They had probably passed from thirteeu to fourteen molts. 

pp. 96-99.) 

sters, whose developirient has just been cousidered. 
are given in table 34. 

'I'anm 35.--Simcessit~e molts of yonng lobsters and their measurements in millimeters. 
__. - ____-. . - __. __ 

I I 

1 
2 
3 

(No.3,taI)le:141.. 
(No.4, tnble M . .  
fNo.:17.tablu34). Oirt. 

4 (No.  34, table 
5 (No. 39, table 
6 (No. 38, tabla 
7 ( N o  17,tsble 
8 (No. 18. table 
9 (No. 19. tirbltr 

10 (No. 22, table 

235 29.5 ........................ .............. 24 28 .................. 
............................ '35 ........ 

1 ~ ~ . 5 1 ~ ~ . 2  28 2 0 . 0 !  .................. 1 
j .  ........................... 290.3 ........ 
1. ...... I.... ............. j ...................... / :::: :::::: :::: :::.I I . . - .  , 

Age in 
duy.9. 

__ 
107 
79 
105 
94 
RO 

294 
21T3 
'173 
173 

2300 
, I # I  I ,  ~.._____ - - - - ~ _ _ _ ~ -  - 

1 Approxiinato. 2 Number of i n o l t ~ ,  leiigtli, or nge ~ ~ t i m a t e d .  

T H E  MOLTING OF T H E  EMBRYO A N D  LARVA. 

The first cuticular structure formed in the egg is a delicate blastodermic mem- 
brane, which appears in the later stages of yolk soginelltation and has ofteii been 
erroneously cousidered to belong 1)riuiarily to the OVUIII. It becomes so firmly glued 
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to the priinary egg-uiembrane that any attempt iIt its removal almost inevitably results 
in strippiug off the blastoderm with it. It is, however, soon absorbed, or at least 
detached, BO that in the early egg-nauplius stages the shelling of the egg is quite au 
easy matter, yet when the egg-nauplius is fully developed the inlier layer of the 
capsule invariably sticks to the tips of the aiitennze, which are usually torn off with 
its complete removal. 

A t  a stage closely following the egg-nauplius the embryo is inclosed by three dis- 
tinct membranes. I think i t  probable that the delioate iuner cuticle, wliich can now 
be removed by the aid of hot water withut; injury to the parts, is a distiiict structure 
from the blastodermic membreiie just mentioned. The appendages a t  this time are 
gloved with a cuticular molt, evideiitly distinct froin that which comes off with the e g g  
capsule wlieii the auiinal is hatched. When eye pigment is formed these envelopes 
are very easily dernonstrated, as seen in cut 20, plate F, where they have been disteiided . 
by the prolonged actioii of picro-sulphuric acid. Up to this ti1110 it is therefore probable 
that at least three einbryonic molts have occurred. Others follow during the loug embry- 
onic life, and, as I have aIready S ~ O V I I ,  when the animal is sbont to hatch it is iuclosed 
in B cuticular molt which must be shed before it can enter upou its larval career. 

In the secoiid molt, iheoeding the second larval stage, the delicate shell is cast 
entire, the only break being, as in the later stages, along tho margins of the iuner fold 
of the carapacet l ia t  is, in the epimeral regiou of the branchial cavities aiid next 
t h e  abdoinen. The died cuticula is transparent, colorless, and flcxible, aid contains 
little or uo lime. The abdomen is usually withdra\vii last, as is the case in adult life. 

The cast shell a t  the fourth molt. whicli precedes the fourth stage, coiitains a 
little lime, but no pigment. The fifth ecdysis, which ushers in the fifth stage, is 
iiiore noteworthy. A larva of this period molted in a glass dish on my table in the 
forenoou of July 13,1893, and was soon attacked by others iii the dish and killed. Tlie 
carapace is gradually elevated froin behiud, and the animal escapes through tho open- 
iug tliiis formed. The ca1c:wous shell, which is of a beautiful light-blue color, retaius 
its shape perhctly. The carapace, as early as tlie fourth stage, has a characteristic: 
areolation (see fig8. 113 :md 1115, plate 35) and is covered with short seta. There is a 
wide median stripe or band of absorption which braiiches into the cervical groove 011 

either side and widens at  the rostrum. The carapace caii be eAsily split eloiig this 
thin unpigmented area. 

Tlie ecdysis of a lobster iu tho sixth stago, the color of which hats already'beeii 
described (No. 34, tablo 34), was observed uuder similar ciixumstances. On the 8th of 
August this lobster molted agaiii wliile 1 was watching iD. A t  about 9.30 a. in., when 
first exaiiiiued, the abdoinen was drawn away from the thorax, showing a distended 
pink membrane which connects these parts of the shell. Pifteeu minutes l i ter  the 
carapace was elevated, the pressure of tlie inclosed body swelling out the meiu- 
branes slowly. A t  10.24 a. in. the young lobster turned over on its side and iu three 
iniiiutes was out of its sMI, about aii hour liaviiig elapsed from tlie moment w11e11 
the process, already begun, was obseived. The eyes and celhdo-t,lioracic appenclages 
itre witlidrawii first, and when these are Dee tlie aiiiinal slips :%way froni the old shell, 
the abdomen coining out last, as iii tlie adult lobster. 

The color of tlic cast slicll is blue, with some grecii ~ n t l  brown pigmeiit on the 
tergal surfaces. Pigment is iiow gratlually deposited iu the outw calcified layer of the 
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shell, which soou becomes wholly responsible for the color of the animal. The dorsal 
median stripe of the carapace is much narrower th:in when first observed in the fourth 
stage (fig. 115), and the areas of absorption of lime salts from the lower segmeuts 
(meros and ischium) of the large chelipeds are clearly outlined. The molting and 
growth of the adult aniinal are fully discussed in Chapter III. 

COLOR VARIATIONS IN THE YOUNG LOBSTER. 

In the description of tlie larval stages just given I have purposely dwelt upon the 
color changes which the young animal undergoes. This is intended to supplement 
the previous observations upon the color variations of the adult. To sum up these 
detailed accounts, we find that the color of the first four larval stages is subject to 
considerable individual variation, due to the transparency of the shell and the con- 

In the first larva the pigment 
cells are relatively few, and respond to the sliglitest stimulus. With the growth of 
the animal they become very numerous, more differentiated, and so commingled that 
a very varied color pattern results. It is probable t h a t  in these stages their chief rdle 
is a physiological one. A transparent aud almost colorless larva swimming at  the 
surface of the ocean would undoubtedly be safer than a brilliantly colored one, but the 
indiscriminate destruction of these larvae is so great, both on the part of animate’ 
and inanimate foes, that such protection would count for little. That i t  really counts 
for nothiug is shown by the fact that the fourth larva (also a pelagic animal) is almost 
invariably richly colored and is far more conspicuous a t  the surfitce than it would be if 
colorless. Again, it is not likely that larvs  know any such thing as fear, aud the 
chromatophores appear to expand under any unusual stimulus. 

The color variations of the larva are the expression of physical and chemicd 
ch:tnges taking place in the body, as the result, for the most part, of physiological 
conditions. Some of these changes are sudden or discontiuuous, and have no adaptive 
or protective significance. 

After the feurth molt pigment begins to appear in the chitinous shell and a com- 
plicated color pattern is gradually produced which, as I have already shown, has, in all 
probability, a protective value. This happens when the young animal has given up 
its pelagic life and lives upon the sea bottom, having essentially tho characters of 
the furl-grown Inature form. 

. tractility of the chromatophores which lie beueath it. 

The color variations of the adult are discussed in Chapter VIII. 

THE DEATH-FEIGNING HABIT. 

It was a matter of no little surprise to find that young lobsters in the fourth and 
fifth stages sorrietimes exhibit in a striking degree the remarkable phenomenon known 
as “feigning death.” It is not strictly a habit, since i t  does not appear in all 1arv:e. 
Some display it upon tlie least provocation, the greater nuuiber but seldom or not 
at all. 1 have observed the same thing in a lobster over a year old, but have seeii no 
trace of it in the adult. 

A young lobster to which I have already referred (No. 3G, table 34) when examined 
two days after the fifth molt showed this peculiarity in a typical way. When stroked 
lightly with tlie finger it would immediately stiffen, and lie stretched out a t  the bottoiii 

for food call liardly fhil to be great dCstrCJ)Trs of criist:rcr:m lorvir.. 

____ ~ - - - -~ r 

I Such :LR herring, mackerel, atid menha(len, wllieli fmi i  their peculiar habits of stmining watei 
(See Iiotc: ou rnenli(tifon, p. 122.) 
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of the dish, on its side or back, as if paralyzetl. I ts  appearance is nom, however, 
very different from that of a dead animal. The large chelipeds are stretched forward 
in front of the head, and the other thoracic legs are drawn after them and heldclose 
together with their tips pointing forward. It usually remained in this position from a 
quarter of a minute to a minute, when it would slowly orieut itself and begin to move 
about, in a short time becorniug very active. This lobster on 0110 occasion remained 
in this stiffened, apparently paralyzed condition for the  s p c e  of cight minutes, aiid 
would have continued in it a longer tiiiie still lied it not been aroused. 

Wliile lying a t  the bottoin of the dish in this state, a convulsive movement 
of the swimmerets was detected and a twitching of various muscles over the body. 
The appendages sometiines quivered, as if the muscles were in tetanic contraction. The 
clielipeds and other walking legs remaiiied perfeebly rigid. When the animal finally 
recovered, the thoracic appendages were gradually re1.axed and, putting itself in a 
defensive attitude, it slowly swam oft. 

If water is squirted a t  i t  with a pipette it will sometimes roll over and immedi- 
ately straighten out as if dead. When disturbed and treated roughly with the finger 
or a penholder, it stiffens 111 the same may; tlie abdomen is bent up slightly; all the 
appendages are straigliteiied out; tlie smiininerets ibre bent backward and caii be seen 
to quiver; the beating of the scaphognathite does not cease. 

I have no doubt that this pheuoinenoii is strictly analogous to the (‘ shamming 
death” of insects,.but it is neither a habit nor an instinct. lt is, perhaps, tlie raw 
material, so to speak, out of which useful instincts are developed in some auimals. 
According to Darwin, there is great variation in the degree ill wliicli tliis instinct is 
manifested in insects. He observed ‘I a most perfect series, e ~ e i i  within the same genus 
(Curculio and Chrysomela), from species which feign only for a secoiid and somet’ m e s  
imperfectly, stmill moving their a n t e i i n ~  (as with some IIisters), and ndiich will iiot 
feign a second time however much irritated, to other species which, according to De 
Ceer, may be cruelly roasted a t  a slow firo, without the slightest niovementto others, 
again, which will long remain motionless, as much as twenty-three miiiutes, as 1 find 
with Clwysomela spartii.” In sevcit teen different species which he observed, iiicludiiig 
aii Iulus, a Spider, arid Oniscus, “both poor arid first-rate sliain~ners,~~ he found that 
“ in  no one instatnee was the attitude exactly the same, and in several instances the atti- 
tudes of the feigners and of the really dead were as unlilre as they possibly could be.,’ 

Romanes, in his Mental Evolution i t1  Aiiinials, has treated the subject of feigning 
death very fully, and has collected some very interesting facts. Two observations 
upon the crustacea m e  qnoted, one of Bingley upon the “comiiiou crab, which, when 
it apprehends danger, will lie as if dead, waitirig for an opportunity to siiilr itself int80 
the sand, keeping only its eyes above it,” and one by Preyer, who is said to have made 
crayfish  stand upou tlieir heads while in the hypnotic state” ! lionimes agrees witl; 
Preyer in attributing the shamming death in iusects to ‘I kataplexy,” or mesmeric sleep 
(in many cases the physiological effect of fear), bnt gives some remnrkxble cases ainoiig 
vertebrates in which it seems almost equally probablo that there is iiiteiitioiial purpose 
to deceive. 

The 6‘ shamming dead” in iusects and crustacea which leads simply to quiescence, 
and thus to their becoining conspicuous in the preseiice of tlieir eneinies, liatl bceii 

See Appontlix to Xlei i l tkl  Evolution 
~_ - - .  _. ~ -~ 

1 ClicLpter on  Iiistinct writtun for The Origin of Specios. 
in Animals, by George Jolrn ROIIICIIIOS, 11. 301. 



186 BULLETIN OF THE UNITED STATES FISH COMMISSIOK. 

intensified, as Darwin believed, through the agency of natural selection. It is evident 
that no such instinct could thus arise in pelagic animals, where the cessatioii of t h e  
natural movements through hypnotic or other influences would lead to vertical down- 
ward motion by the action of gravity, unless such iiiovenients were of decided benefit. 

It may be siguificant that the phenoinenon is seeu for the first time in the lobster 
when i t  is about ready to sink to the bottom atid assume tlie adult habits. I have not 
examined a sufficiently large number of tlie adolescent lobsters, from 14 to 3 inches 
long, to say how commonly they exhibit this peculiarity. I believe, however, that it is 
in this case a sporadic phenomenon, which has not a t  present become a habit. It is 
not easy to see, moreover, how: in the enviroiiiuent of these aniinals, where so iriany 
of their enemies are scavengers or omiivorous, i t  could be of much service to its 
possessor wlieii finally established on the bottom. 

THE FOOD OF THE LARVA. 

The food of the larval lobster must irecessarily consist for tlre most part of minute 
pelagic organisins, such as copepods and crustacean larvz. When watched in  con- 
fiuemeiit they may now and then be seen giving chase to copepods, sometiiues larger 
than themselves, aird often without success. 

I t  seems to 
snap up almost any moving object, liviiig or dead, wliioli i t  is able to seize and swallow. 
Thus 1 have found in the stomachs of tlie older larvz vegetable fibers, the scale of a 
moth or butterfly, and fine granules of sand. 

Ou June 17, 1893, I exanlined the stomaclis of a nunibcr of larvtc (raised in 
aquaria) 13 to 14 111111. long, probably in the fourtli aiid fifth stages, aiitl found them to 
contain tlie following substoirces : (1) diatoms iii abuiidarice, chiefly Navicula and the 
long tangled ribbons of Tabelaria; (2) remains of crustacea, probably parts of young 
lobsters; (3) bacteria in large rirnnbers; (4) cotton :md liiien fibers and parts of' alg,.t.; 
(5 )  amorphous matter, with sand p t ins .  The sediment of the .jar coiibained the same 
species of diatoms in abundance, and amorphous ddbris similar to that fourid ill tlie 
stomach and intestine. 

The stomach of' a larva captured in Vineyard Souiid August 12 (lengtli I5 mm.) 
contained the following orpaiiisms: (1) part,s of crustacea; ( 2 )  diatoms: (3) shreds of 
itlgao. In another young lobster titlie11 at tho same time (leiigth 17  miu.) thero were 
(I)  parts of crustacea, ( 2 )  large numbers of diatoms, (3) filaments of green algz and 
thin sheets or shreds of vegettible tissue, (4) the scale of o lepidopterous insect, ( 5 )  
bacteria, ( 6 )  amorphous matter in large masses. 

Messrs. Weldon and Fowler (201) came to the following conclusions after experi- 
menting with different kinds of food which were tliouglit might be acceptable to tlie 
larva? : 

It was clefinitely concliidecl from these exlmrimcnts that whatever food is iiscd must bo iloatiiig in  
the condition of small particles at ii short distance below tho surfhoe, i. e . ,  in the s:ime positioii an the 
natural pelagic food of the 1arv:o of tlio sea, whether this consist of Copcpotla, other Decapod larv;~, 
trochospheres, fish ova, or other nioinbers of the pelagio fauna. As to tho other two iitrnis of food tried, 
the Noctilucar were apparently eaten, the slirinip larva (Mysis stage) certainly were attacked, and 
from the fact that tlio young 1ol)sters attack ant1 devour cacli other i t  is probable that Decapod larva 
form at any rate part of the usual food. The contents of :I tow net tdwu near the Eddystone on 
August C, wliicli held :L young lobster, consisted chiufly of Megalops and Mysis stages of Deoapoda. 

The young lobster, however, shows little discrimination in its food. 
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The yolkof hard-boiled eggs, crushed crab, boiled liver, tow-net material, noctiluca, 
Copepoda, and live shrimp larva, were all partially, but nolie iLbsolutely, successful as 
a food supply. 

has already been referred to. When one lobster attacks another under these con- 
ditions the pursuer usuidly endeavors to get astride of his victim and nip into the 
nbdoinen at its junction with the carapace with its sharp-pointed prehensile legs. 
When the object is too heavy to float, suck as the egg or larva of tlie lobster, they 
frequently go to the bottolii; but if the animal is liealtliy it will be usually seen swim- 
ming about the aquarium dragging its prey with it and feeding upon it as it goes. 

HELIOTROPISM OF LARVAL LOBSTERS. 

The self-destructiveness of the yourig lobsters when too closely crowded in aquaria ' 

During the past six summers which I have spent a t  Woods Hole, 1889-1894, I have 
been struck with the scarcity of the larvze of the lobster in the waters of Vineyard 
Sound. The tow net has been frequently used both by day and night, aiid I have 
inade many-unsuccessful trips in search of young lobsters hi the season when one 
would expect them to be~commoii. Thus, on July 11, 1891, I towed all aroiuid Gay 
Heail, a mile beyoud the 1l)evils Bridge buoy, s i l d  iu Viiieyard Sound. We found 
only copepods, sagitta, young fish, mid fish eggs. The day was bright aiid the water 
had been calm for two days. At  
Menemsha we obtained one lobster with eggs liatcliiug out, but the fisheriuen reported 
that very few lobsters with old eggs were theu taken; that is to say, the hatchiug 
seasou was about over. 

The water was smooth; the wind had 
been southwesterly for four or five days. There mas very little surface m;itcrial, i I  

few barnacles, megalops and sagittas. 
The followiiig is a list of all the lobsters talken at tho surface of tlio ocoau during 

the six masous mentioned-tho capture wts iiiade in the daytime unless otherwise 
stated : 

The prevailing winds had beeii from the northeast. 

I l i a t l  a similar experience on July 1G.  

July 9,11188 
July 8,1890 
July 9,18QO 
July 16,1890 

July 24, I890 
July 28,1690 
Aug. 23,1890 
July 1,1891 

* Location, latitude 410 N., longitude 710 9' W. Obsorvntions irrailu by I'rofosaor Libbe), J d y  12, lX!IO, 
10.47 11. in. Surface tomgorature 03.80 I?.; bottom touipumhiru, 54.10 F. 

Larva? in the first stage have been t,akeu in Vineyard Sound as early as June 3. 
Lobsters in the fourth stage were captured by Viual N. Edwards, August 13, 1587. 
Young lobstors (stages not, determined) were also taken by  liiiii i u  Wootls Hole Barbor, 
Vineyard Sound, and ill tlic vicinity of Cay Head, in the uiouth of July, 1SS8. 
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Surface towing was dome at  the following places iii the same year without obtain- 
ing any lobsters: August 1, 17, and 18, Viueyard Sound; August 23, off’ Outtyhuiik; 
August 27,30, 31, Woods Hole Harbor. 

Professor S. I. Smith says of the young lobsters wliich he obtained in Vineyard 
Sound in the summer of 1871, that numerous specimens “were iuostly taken a t  tlie 
surface in the daytime, either with the towiiig or Iiand iiet” (182). Of the older pelagic 
stages he says: 

They appear to live a large part of‘tliu time a t  tho surface, as  iu tlie carlier stages, and were often 
seen swimming about anlong the surface animals. They weru frequently talceu from the  8th to tho 58th 
of Jiily, and very likely occur much later.’ 

We know that lobsters are now far less abundant around &lie Elizabeth Islands 
than they were twenty years ago, and we should expect to find that the young had 
diminished in a proportionate degree. Millions of larv:E, however, must still be 
hatched in Vineyard Sound and adjacent waters every year. What then becomes of 
them 9 I believe that they are eaten up by surface-feeding anirnals, principally fish, 
or meet their death froin indiscriminate causes. The tides teiid to disperm the young 
over a wide area, thus carrying them to and from the shores. Horizontal distribution 
alone would not account for the extremc scarcity of tlie young in Vineyard Sound at 
the present time. If, however, there were a correspoiidiiig vertical distributioii, the 
coriclusion which we have reached would not be warranted. I t  thus becomes a matter 
of much interest to determine the heliotropism of t’he law%, or the law which governs 
their vertical movements in the water. 

The results of my observations and experiments with larvar: lead me to couclude 
that thc young, free-swimming lobster usually displays what Loeb hiis called positive 
heliotropism (I25)-that is, it tends to swim toward tlie light or near the surface in the 
daytime. The conclusion therefore which we stated above, that t l ~ e  absence or extrenze 
searcity of young lobsters in  a region where the adults still abound i s  due to their destruc- 
tion, i s  supported by experimental testimony. The bearing of this fact upon the artificial 
propagatiou of lobsters I have discussed in an earlier paper (see !17). 

I will add a few notes upoii the experiinents which were made to test the helio- 
tropism of‘ tliese l a r v a  

Experiment Z.-On June 27,1894, I placed about 28,000 young lobsters, in the first 
larval stage, in the observation pool a t  the Fish Commissioii Station, to watch their 
behavior. The sun was intermittently obscured by clouds during the greater part 
of the forenoon. When liberated, the lsrvar: formed :L large cluster near the surface, 
where they remained for a short time. Then all went down to a distance of fiom 1 
to 2 feet, some apparently reaching the bottom, a distance of 3 feet more. A lot of‘ small 

‘With reference to  this subject, Professor Smith has kindly written in detail substantially as 
follows: ‘(AI1 tlie 1arv:o captllred in Vineyard Sound and neighborhood in  1871, on which my papers 
were based, were taken in the ‘dtlytime.’ My iiotes usually give only ‘day,’ or evening’ for time 
of‘ capture, but the 1arv;u of my first and second stagou, taken July 1, are uiarked ‘ forenoou.’ 
Since 1871 I have many records of first and second stages taken in  the ‘day’ and, as far as 1 can fiud 
now, only two cases of capture in  tho ‘evening,’ and one of these cases was when the electric light 
was used in the water to attract the surfaoc forms. The young in the adult form [equivalent to  fourth 
and posrJibly fifth and sixth stages described in this work] were, however, ofteii talrcii ill the cvening 
aud wore almost always attracted by the electric light. In my experience tho young of the adult 
form were much more frequently takou a t  the surface than t81ie larvat.” 

- . ._ - 
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cuiiners then made their appearance and snapped up the larva righ: aiid left. Two 
hours later the lobsters were diffused over the whole surface of the pool, a large num- 
ber of theiii swiiuiiiiiig close to the surface. The paler larva, with chromatophores 
contracted, can not be easily distinguished at  a distauce of a fern feet, but when one 
of tlieir eyes is turiied a t  the riglit angle it glows, like a minute electric spark, mitli a 
greenish light. A t  1 11. in. tlie surfitce OII tlic lee side of the pool swarnied with larvn.. 
Oocasioiially one could be seen to attack and drag another down. They swim about 
ttimlessly with consitlerablc mpidity, now rising or fitlliiig, and changing their direction 
frequeutly. The majority had I I O W  becoiue ’quite red. Later iu the afternoon nearly 
all liad disappeared, haviiig been swept out by the tide or destroyed by the cuuners 
and other fish in the pool. 

Bxperimmt 2.--On July 13,1894, I placed a number of larva, mostly in the first 
stage, in  a glass dish, next to the window iu the hatchery. The larvz immediately 
gathered on the side of tlie dish nearest the window. Turn the dish slowly through 
an augle of 180 degrees, and the lobsters iuvariably flock toward the source of light. 
This may be repeated indefinitely, but always with the same result. 

Experiment 3.-A box>was made with blackened sides, so that when a glass jar 
was set in it vertically, with its upper end exposed, ligli could enter ouly from <t b ove. 
When larva were placed in this, tlie stronger always rose toward the source of light 
iuto the illiiiiiiuated zone. Some, however, apparently the weaker ones, remained below. 

Experiment 4.-A light-proof box wits then coristructed with sliding lid aud eud, 
so that a long, closed jar could be laid in it horizontally. When tlie lid was removed, 
the larva swam up to tlio surface in different parts of the jar. When the diffused or 
direct suulight \vas admitted orily a t  the end the larva: iiivariably flocked toward tlie 
illuminated eiid aiid remaiued there. I f  any lagged behind, it was because they were 
too weak to swim. 

These’siiuple experiineuts seem to show conclusively that under ordinary circum- 
stances the larva of the lobster are positively heliotropic. I made no experiments on 
the effects of chaugiug the temperature conditious. The temperature of the water 
used was the same as that of the mater ruuuiiig through the aquaria, or about lo 
higher than the water teinporature of the harbor (see table 2). 

The secoud experiineut was tried in the suininer of 1893 with the rever8e result, 
tlie lobsters swiminiiig away from the source of light, showiiig possibly that under 
certain conditions the larvm are negatively heliotropic (97, p. 82). This experiment is, 
however, the least trustworthy of all, siiice there are a1 ways cross lights in B room mid 
the conditions are coiisequeiitly changing. Professor Eyder found that under similar 
circuinstaiices the larva gathered on the side nearest the source of light (172). 

The general conclusion reached, that larva swim up to the surface during the day- 
time and stay there, probably sinking a t  night and rising again with the approach of 
light 011 the following day, is supported by the record of the capture of larva wliicli 
I have already given. The taking of larva at  iiight seem to be the exception; tlieir 
capture by day the rule. 

. __ -__._ _ _ _ _  
‘In tho course of these expcriments I had the advantago of consulting with Profossor Loeb, to 

\vhose rososrchos onr lcnowlcdgo of holiotropisin in mimals is v6ry largely duo. 
‘110 also says: “At, night, or i f  light issliiit OW, tho young lobsters go to tho bottom of the tanks; 

ani1 it, scorns they may then bo most actively oiipgcd in feeding if food is placed within their reaclt.” 
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T H E  MORTALITY OF L A R V B .  

The following notes illustrcite the difficulty of raisiug the youttg of the lobster 
in close quarters. Old eggs  were always placed in the jars, but even when the water 
was agitated so that these were Boated, the youiig invariably preferred to feed on one 
another. The death rate, however, is clue in part to other causes besides cannibalism. 

On July 2d, 1893, 130 larvz in tho  sccond sttigo were placcd in :I 4-gallon ja r  and supplicd with 
running water. On July 3d, 108 were alivc; on July 4th, 9G; July 5th, 89,B of these in the third stage; 
on July 6th, 63 were alive, 47 of thcsc having molted for the third time. In  tho course of four days 
48 pcr cent hac1 succunibcd. 

On July 2d, 82 were living; July 
3d, 73; July 4th, 64, 2 of those having nioltcd to the sccoiitl stage; aiid on July 5th, 50 were alivr, 24 
in tho third stage. The third larvtq 26 in all, were left in this jar, and on July 6th 24 were alive; on 
the following day only 6. 

June 29t11,1893,1 placed 12 lobstcrs in  tho first larval stage in four flat glass dishes (3 to a dish). 
13y the 1st of July 10 wcrc ahvc, 4 in tho second stage; on July 5th 7 were living, a11 in the second 
stage, and July Gth 1 second larva only was alive. 

Earh 
lobster was 8 mm. long. On July 7th 2 in one dish wore alive, both in second stage and devouring 
the remaining larva; no change in the other dish. On the 9th, a t  9 a. m., 4 werc alive, 3 in the third 
stage and 1 in the first. 

All were living on the 13th, and on 
the 15th 3 were alive, haviug moltcd to the fonrth stage. The smallest had been attacked by the rest 
and its thoracic legs were enten off. I loft 2 fourth larvm in the jar, both of which were in the fifth 
stage on the 27th of the month. 

T H E  EFFECT O F  INCREASED TEMPERATURE ON T H E  RATE O F  DEVELOPMENT 
OF T H E  LARVAL 

On July lst, 100 second larva: were placed in a hatching jar. 

.July 6th I placed G first larvm 111 two flat dislics ( 3  to  a dish) with lobster eggs for food. 

I placed 4 third larvat in  a hatching ja r  on tho 7th of July. 

The following experiment is interesting in showing how the ralte of development 
is aEected by raising the temperature: 

July lst, 1893, I placed 100 first larva, of tho lobster in a hatching jar, with food, and heated the 
water by means of a block-tin coil to 74'. E'. Tho watcr in tho aquariti a t  this time registered 66.9" 
and that  of the  harbor 06". 

July 2d, 9 o'clock a. m., 56 were alive. Some werc wcak and lying 011 their backs at the bottom, 
an easy prey of the strong:. 

July 3d, 9.30 a. in., 56 alive, not looking healthy, many with air bitbbles in branchial cavities; 
temperatiire raised to Bo. 

July 4th, 41 alive, 28 i n  second Rtagn, 13 in third stage. 
. Jdy 5th; 24 alive; lrft third larvx., 18 in all, in jar. 
July 6th, 7 alive; tempcraturc of woter SOo. 
Jiily 7611, all living, mothor in fourth stage; left 6 thirtl h r v w  iii jar. 
. r d y  8th, all alive, 3 molted to  fourth stage. 

Ju ly  lltli ,  all alivc, 4 in fonrtli rjtnge, 2 in third Ktagr.  
July 13th, all alive; no chailgc; temperature 79"; left 3 larva: in fourth stagr in jar. 
July E t h ,  2 alive. 
July 17th, both living; temperature 7 9 O .  
Jnly 19th, both living; tcmperaturc 7SC. 
July 21st, both living; tcmpcraturc 75O. 
July 30th, one alive; temperatiire 78O.  
August 2i1, one alive, in fifth stage (length 13 mni.) ; ternperature 79O. 
Ailgust 5th, last one dead. 

We see that with a rise in temperature of froin 7 to  13 degrees the third molt was 
passed in about 5 days, which is not far froin the average age of' these lsrvao reared 

Onc foiirtli larva had one blind eye; the eye was 
small and pigment doficient. A l l  left in  jar. 
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under thc nsnal conditions. The fourth stage was reached wlieii the larva was 9 to 11 
days old, the average age uiitler normal conditioiis beiug about 1 3  days. The only 
fifth larva reared was from 33 to 34 days old, which is iiearly twice the age of this 
larva living under the usual teinpcix,ture conditioiis. If the larva had been less 
crowded in the early part of the experiment, and if the temperature of the water 
had been raised very graclaally, without fluctuations, it is possible that the results 
might have been more Favorable than they proved to be under the circumstances. 
This would require corisiderablo care aiid close watching, but the experiment, as 
l)erforined, seems to demonstrate the impracticability of making such attempts. 

The developmcut of tho embryo cau be hastened by artificially raising the tern- 
perature, but it i8 not certain that auy advantage would attond tho practice. Bumpus 
suggests (30) that if the young were 1i:ltched by artificially raisiiig the temperature 
of the water during the cold months of the year, and were tlieii liberated into the 
ocean, they would be certain to escape tlic attacks of many suninicr enemies. This is 
undoubtedly true, but it is almost equally certain that Ihe young lobsters would 
encouiiter new eiiemies iii winter and that indiscriminate destruction, which must be 
very great at any time, would then be enhanced. 

THE DEVELOPMENT AND MORPHOLOGY O F  THE BODY AND APPENDAGES. 

It was my original imtention to trace in detail tlie development of the form of the 
body and its appendages, but I liave not been able to devote as much time as I lied 
wished to this subject. With this in vicw, liowever, I have given a pictorial history 
of the developmelit of the most importaiit parts, which will be found chiefly on pladxs 
37-35. 

Professor Smith has already described the tegumentary appendages of the first 
three larvn: aiid the iLearly stages of tlie adult forin,” which, as I l i ~ v o  sliowii, compre- 
hend tlie fourth, fifth, a8ud in some cases tlie sixth stages. In  describing these I shall 
avoid repetition as far as possible, and pay most attention to those parts upon which 
few or no observations have been made. 

THlC UOUY. 

The cavapace.-The carapace arises in  the eiiibryo DS folds of B e  ectoderui, the 
lateral sild posterior part8 being the first to appeur (cut 34 and fig. 334). 111 tlie first 
larva it has $lie form shown in fig. 110, 1)late 35. It is somewhat gibbous bchiird, mid 
is armed in front with three downwardly directed processes, a median, slender, sh;Lrp- 
pointed rostrum, and two lateral teeth. There is also a Ireel-like process on the middle 
liue near tlie base of the rostrum. The latter is’ uearly it8 long as the rest of the 
carapace. The positioii of the future ccrviml fold or groove is very fii8i11tly marked. 
I n  the second and third larval stages the rostruin becoincs expaiidetl liorizontally into 
a thin plate with toothed margius, but illcreases very little in length (figs. 109, 111, 

In  the fourth larva (figs. 113, 115, plate 35) the cervical groove is well developed; 
tlis rostrum is a thin, triangular plate, bordered with spiries and plumose seta. The 
terminal spine is usually bifid at its apex, cariiiate below, and turned slightly upward. 
The length of the rostrum is now but little more than one-third that of the entire cara- 
pace. Tendon Inarks now inake their 
appearance, but are more pronounced i i i  tlie fifth aiid sistli stages (fig. 114). Areas of 
absorption, correspoHding to the mediau longitudinal stripe, the “ welt” and lateral 

112). 

The anterior lateral spiries are much reduced. 
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bright blue areas of the carapace of the adult lobster are clearly seen. The fitie trans- 
verse hair line, just above the cervical groove, behind the second antenna, can also be 
detected. The cross-shalml figure seen 011 the iipper surface is formed by the wide 
median absorption area mid t,he cervical groove with which it is continuous on either 
side. Besides the fringing hairs, the mliole surface is covered with short setta which 
correspond in some iiieasurc a t  least to the hair pores of the aclult carapace. In 
certain cases some of these changes, as in the relative lengths of tlie rostrum and 
anterior lateral spines, are far less marked. The anterior median carina is not promi- 
nent after the third stage. 

The carapace of the fifth stage is illustrated in fig. 114. The characteristic tendon 
marks, which have been described, are very conspicuous. The rostrum is iiarrower 
and in the sixth stage is about one-fourth the length of the eittire carapace. 

In a young lobster 35 milt. long, which had molted about twelve times, the shape 
and areolation of the carapace were very similar to that of the adult. 

The abdomirzal segments.--In the first larva (plate 20) the abdomen has its full 
number of' segments. The first is unarmed and partially covered by the carapace. 
The second, third, fourth, slid fifth somites bear early a prominent median spine, which 
projects upward and backwnrd from the posterior elid of the tergum. Each of these 
segments also bears upon either side :t long, sharply pointed pleural spine, which 
projects backward. 

The median spines, of which tlie last two are the longest, are gradually reduced 
during subsequent stages and finally disappear a t  the fourth molt. Meantime the 
pleural spines beconie shorter, shift their position slightly, and in the fourth larva 
point downward. 

The disappearance of the median dorsal spiiies is, however, not uniform, but 
subject to consiclerable variation, as shown by the following observations upon eleven 
larvze in the second and third stages. 

TABLE 36.-Turiution in lime of disuppeurance of the n&edinw tergal spines of the larval abdomen. 
... ... ... . 

__ . - ~ 

1 Second larva. ............... Rncl. 
2 ..... do ...................... Rud. 
3 ..... do ...................... 0 
4 _ _ _ . _ d o  ..................... 0 
5 Third 1an.s.. ............... 0 
6 . _ _ . . d o  ...................... 1 
7 .... .do ...................... Rud. 
8 ..... do ...................... 0 
9 ... .do .... 1 ................. 0 
10 ..... do ...................... 0 
11 .... .do ...................... Rud. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I I I -1 ____ -- - 

m d .  = spine rudimentary. 1 = spine present. 0 = spine abaont. 

We see by the preceding table that the median spine of tho second abdominal 
segment may entirely disappear at the second molt or persist in either a rudimentary 
or perfect condition even after the third ecdysis, mhile the spine of the third somite, 
though usually present, is sometimes absent in the third stage. (Nos. 5,  10.) 

The sixth abdominal somite bears at its posterior margin a pair of dorsal spines 
on either side of the middle line. These curve backward over the telson, and are 
much smaller than the iriediau spines (fig. 33, plate 20). They disappear at the fourth 
molt. 
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The respiratory orgalzs.-In the adult lobster there are twenty pairs of gills, one 
of which, belonging to the second pair of maxillipeds, is rudimentary. There are 6 
podobranchiz, 10 arthrobranchia+ and 4 pleurobranchia, distributed according to the 
followiug table: 

TABLE 37.-&aiichial fornlula. 

Arthrobranchim. 

Antorior. 1 Poutorior. 
Thoracio Rogrnonts and appendages. 

VI1,Arst niasillipod ............... 0 (ep.). 
VIII ,  second niaxillipod ........... 1 rud. (op.). 
I X  third inaxilli od ........ 1 (OP.). 

xi, second poroiopod .............. 1 (op.). 
XI1 third peroiopod ............... 1 (OIL) 
XLI~,  fourth peruiopod ............ 1 (OIL). 
XIV, fifth peroiopod.. ............. 0 

Total .......................... 6 (UP.). 

x Iirst poroiopoL .. : : 1.. ...... 1 W.). 

0 0 
0 0 
1 1 
1 1 
1 1 
1 1 
1 1 
0 0 

5 5 
-- -- 

ep. = opipodito. rud. = rudimentary. 

The first larva has no rudiment of a podobranchia in the eighth somite, but all 
the other branchia are represeiitcd. The podobrmchia of the following segments are 
very small and are partially exposed, together with their reniform epipodites. I n  the 
second larva the podobranchia are covered by the carapace (plate 31) and the branchial 
formula is complete (fig. 101, plate 34). 

The gills are developed in the embryo as simple folds or pouches in the body 
wall.' They belong t o  the trichobrancliiate type, the respiratory surface being gradu- 
ally increased by growth of the multiserial braiichial filaments. 

In  the fourth larva (fig. 10G, plate 34) the podobrauchia carries four rows of 
filaments, and the mastigobrauchia, or epipodite proper, is a long, tapering, hairy 
plate. 

THE VISUAL ORGANS AND APPENDAGES. 

Tho oce2lus.-The median eye, which is present in the first larva, is situated at 
the apex of a prominent median papilla, between the paired eyes and anteuuules. It 
is marked by a pear-shaped mass of dark pigment. It disappears in  tlre course of 
larval life, and no trace of it can be seen in the adult. The ocellus mas observed by 
Sars (175) iu the first larva of Homarus gamtnarus. 

The paired eyes.--Tlie compound or lateral eyes originate in the embryo as disk- 
shaped thickenings of ectoderm, and do not become lobate until a relatively late period 
(cuts. 27-34).2 Iu the suminer eggs eye-pigment is developed when the embryo is 
about 27 days old. It then appears as a thin line or crescent-shaped area, wheu seen 
from the surface. The eye-spot; increases gradually in size, aud its characteristic 
shape affords a conveiiient gauge t o  measure tho embryonic development. (Plate J.) 

In  the first lurva the eye is relatively very large. It is dorso-ventrally compressed 
or flattened, as in the einbryo arid in all subsequent stages. The stalks are propor- 
tionally shorter than in the fourth larva, and since they nearly nioct in the middle 
h e  in front of the brain, they are practically sessile and immobile. 
-_ -~ - _ _  -- -___- 

1 For an account of the development of the Dccapod gill suo 94, p. 392, figs. 193,230-233. 
The strnoture and development of the compound eyes of the lobster have been carefully worked 

ont by Parker (149). 
I?. C. B. 1895-13 
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The following measurements show the greatest diameter of the eye and the length 
of the eye-stalk, as compared with the length of the body, in the first and fourth larvx, 
in a lobster 58 mm. long (No. 5, table 32) and in an adult male: 

TABLE 3s. 

Greatest diamotcr of eyo.. .............. 
Length of eyu-stalk. .................... 
Length of body.. ....................... 

of body.. ............................. Ratio of diameter of eyo to total longth 

__~_. .______~ 

Moaaiiremunt,a. 

mvn. mn. 
0.74 0.8 
. 92  1.2 

8 14.5 

,092 .055 

First Fourth 1 larva. i larva. 
No. 5, 

table :12. 

1)Lm. 
3 
3 . 3  

58 

.052 

_- 
Adult 
lualu. 

7nm. 
7 

19 
264 

. o m  

The diameter of the eye, expressed in terms of the total length of the body, is 
much greater in the first than in the fourth larva, but is relatively twice as great in the 
latter stage or in a lobster 2 iiiclies long as in the adult condition. 

Labrum and metastoma.-Both the upper lip and paired metastoma have in the 
first larval stage (fig. 54, plate 28) the general form and appearaiice which they finally 
possess. The surfaces of the latter abound in setx. What look like seta: occur :ilso 
on the  labrum, but none are present in the adult organ. 

E'irst antenna.-The first ariteuna is a simplc appendage up to tlic time of hatch- 
ing. I n  au embryo about four months old (fig. 107, plate 35, and fig. 27, plate 17) 
it is tipped with short seta: and shows no trace of segmentation. When the embryo 
is five weeks old tlie first antenna has the appearance shown in figure 77. In the 
first larva th i s  appendage is no longer simple, as described and figured by Sniitli (282), 
but the inner, secondary flagellum (plate 27, fig. 40) is present, though a small rudi- 
ment, and bears a t  its apex a single plumose seta. When the stalk is examined from 
the under side we can detect traces of segmentation into three parts, but on the upper 
surface the proximal cuticular fold only can be seen. The appendage terminates in a 
small bunch of seta, one of which is conspicuous for its length. It is possible that in 
some cases the flagellum is not liberated until after the second iiiolt, as described by 
Professor Smith, but none such were observed. These appendages are immobile in 
the first larval stage. 

The superficial changes which take place in this appendage during the first five 
larval periods are illustrated in plate 27, and will not be described in detail. 

I n  the secoiid larva tlie segmentation of the stalk into three joints is sharply 
defined and the flagella shorn faint constrictions. Tlic clusters of olfactory seta, which 
increase in length and number with every molt, are developed during the first larval 
period and appear full-fledged irniriediately after the second molt. 

In  the fourth larva 
(fig. 43, au) it is a wide and shallow, -sha8ped depression, inarlrcd with brown pigment 
cells, bordered with short seta:, and containing a few otoliths or granules of sand. I n  
the fifth larva (fig. 44) tho closure of the aitditory sac has already begun. The pit is 
filled with otoliths and the irregular orifice is guarded by short, feathery s e t a  The 
constriction of the opening continues until in the adult stato it becomes a small pore, 
into which it is barely possible to insert the point of R pin. 

The first antenna of the European lobster, as represented by Sars (175, tab. I, 
fig. a), agrees essentially with that of Bomccrw americaws, but the secQndary flagellum 

(See p. 163.) 

(See p. 133.) 

The auditory pit becomes prominent after the third stage. 
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is more rudimentary. The antennular nerve mas traced by Sam toward the eud of 
the appendage, where it appeared to divide into two branches. 

Second antenna.-The outer antenna of the first larva (fig. 46, plate 27) consists 
of three parts, which are represented in the adult (fig. 118)-a two-jointed stalk, a 
segmented endopodite, and a scale-like exopodite, terminating in a sharp tooth and 
bordered on its inner margin with long plumose hairs. 

This is the first of the nauplitlr appendages to become bilobed (cut 30). In an 
embryo four months old, fig. 108 (compare fig. 77), the cuticular molt shows the traces 
of only a few terminal set= on either branch. 

The progressive changes in the second antenna during tho first five larval periods 
(figs, 45-49) consist mainly in the reduction of the scale arid its feathered settle, in the 
rapid growth and segmentation of the slender endopodite, and dil-ferentiation of the 
latter into stalk arid flagellum proper, and in changes in the stalk or protopodite. I n  
the fourth larva (fig. 48) the first segment (coxa) of the latter bears a prominent tubercle 
(already conspicuous in the third stage), on which the duct of the excretory organ 
opens, while the second segment or basis is divided by oblique constrictions into three 
parts, as in the adult lobster. Tho external division bears, next the articulation of 
the scale, tt stout spine which grows with the gradual reduction of the exopodite until 
it finally nearly equals the latter in length. The terminal settle of the flagellum are 
rapidly reduced and are barely recognizable in the third larva. 

The mandibles.-The jaws of the first larva (fig. 54) consist of a stout basal portion, 
with toothed, indurated, corolla1 surfaces, meeting on tho middle line opposite the 
mouth, and of a slender, t'hree-jointed palpus, which terminated in the specimen fig- 
uredin a single strong seta,. The cutting edges are asymmetrical, and at theanterior 
angle there is a stout, variously toothed process which is separated from the rest of 
the coronal surface by a, deep groove. As Professor Smith observed, this is most 
prominent 011 the left side. 

In the third larva the asymmetry of the coronal surfaces is even more striking, 
particularly in the toothed process on the outer side a t  the anterior end. On the left 
side this forms a widely overlapping fold, which carries throe sharp teeth. The process 
of the right side is smaller, but had also three teeth in the specimen examined. 

In  the fourth larva the mandible is deeply cleft by a wide groove, as in the adult 
(figs. 55-57), and the brush-like palpus folds over the cutting iiiargin iuto the fossa. 

I n  tho fifth stage the mandibles are still asymmetrical, and the teeth are no longer 
sharp but tubercular, ths  smallor being at the posterior angle. The stout-toothed 
process of the Grst larva remains as a blunt tubercle on the left side, where it was 
most prominent, but has disappeared from the right side. 

Pirst maziZZa.-The metamorphosis of this appendage from the larval to the adult 
condition is relatively very slight. It consists in the fir8t larva (fig. 51) of coxa, basis, 
and a one-jointed endopodite. All are armed a t  their extremities with set@ of various 
kinds-slender, sensory hairs on the outer segment, a double row of stout masticatory 
teeth on the basis, and a cluster of less regular, distinctly serrated, stiff bristles at 
the extremity of the coxa. 

1 The following abbreviations for the segmonts of the decapod limb will be usod: (1) coxa =Z cox- 
opodite; (2) basis = besipodito; (3) isChizLm=ischiopodite; (4) selacr=lueropodite; (5) caipus=carpo- 
dite; (6 )  propodus = propodite; (7)  dactyl = dactylopodite. 
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In the iourth stage (fig. 61) the endopodite is two-jointed, and is tipped with two 
nonplumose set:E. A few hairs occur ;Lt the distal articulation oil the inner side and 
a larger number at  the base on the outer side. The other brandies have more of tlie 
configuration and character of the adult state. 

In the fifth stage (fig. G3) the terminal segment of the endopodite is folded back 
toward the basal joint and belit somewhat as in tlie adult. The inner margin of the 
proximal segment has scntteriiig seta+ and tliose 011 the outer side near the base now 
form a dense bunch, most of which are feathered. The tegumental glaiids, which later 
are so abuiidant i r i  the foliaceous parts of the maxillae, can now be distinctly see11 in 
a t  least tlie basis. 

Second mamXa.-Tbe structure of the second maxilla of the first larva is repre 
sented by fig. GO, plate 29. It consists of two biramous lobes, the coxa and basis, the 
respiratory plate or ‘6 bailer” and median endopodite. The masticatory setie are some- 
times jointed and but sparsely plumose. The long sensory seta of the endopodite is 
also marked by transverse constrictions and has a few I&teral hairs, wliilc tlie fringing 
setae of the scaphognathite are all plumose and of nearly equal length. The posterior 
lobe is the wider and somewhat spatula-shaped, and this difference is emphasized after 
the second molt. Minor changes which occur in the course of the three following iiiolts 
concern chie0y the endopodite and the co~iformation of the mouth parts to the mandi- 
bles and of the scaphognathite to the branchial cwity. 

Pirst mazillipeds.--In the first larva these appendages have the form shown in fig. 
58, and if this is compared with the condition met with in the fourth stage (fig. 59) we 
find that the principal changes concern the two-jointed endopodite and the flagclliform 
exopodite. In  the fourth larva the latter is bordered on both inner and outer margins 
with plumose hairs. The seta: on both protopodite and endopodite are inore numerous, 
and in the latter branch are much reduced. The respiratory epipodite is relatively a 
little larger. 

Hecond maxilliped.%-In passing through the first four niolts tlie second pair of 
maxillipeds undergo but minor changes (figs. 63,64, plate 30). The exopodite becomes 
segmented, flagelliform, and setigerous. The segments of the endopodite, particularly 
their inner margins, become more densely studded with seta, inany of which are 
serrated. A rudimentary podobranchia is developod. The natural position of the 
appendages in the first three larval stages is cihown in plates 20-22. 

Third maxillipeds.-In the early larval stages (plates 20-22) these appendages are 
usually directed forward and bent into nearly a right anglo a t  tlie third articulation 
from the extremity. In the first larva (fig. G O )  the distal ends of t,he three terminal 
segments (dactyl, propodus, meros) are armed with stout set=, some of which arc 
serrated, while the inner margins only of the proximal divisions are setigerous. The 
exopodite reaches beyond the middle of the fifth segment, and is an important swim- 
ming organ during the first three larval stages. 

The right third mnxillipcd of the fourth larva is shown in its natural form and 
position in fig. 65. The appendage is still partially bent upon itself, as in the first 
larva, but the proximal half (first to fourth segnients) has been twisted through an 
angle of 90°, until what were the inner and outer margins have come to lie in a 
vertical plane. The proximal joints are trihedral, and what now forms the inner, 
upper margin has developed a row of stout, rather sharp teeth, which are very 
prominent in the adult. The podobranchia, which is rudimentary in the first stage, 
is now well developed. 
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The pereiopods.-The general structure of the pereiopods is shown in the various 

plates illustratiii g the larval and adolescent history. For a consicterable period before 
the time of hatching the great chelipeds can be distinguished by their size. A t  the 
time of hatching all have prominent podobranchis and long exopodites. After the first 
niolt the swimming hairs and seta? which garnish the endopodites are rapidlyevaginated. 
The first three pairs of pereiopods are subchelate. After the fourth molt (fig. 67, plate 
30) -bhe exopodites are reduced to rudiments and leave no trace in the sixth stage. 

The$& pereiopods.--In the first larva (fig. 6G) the first pair of pereiopods or large 
chelipeds are nouprehensile, armed with stout, scattering sets, of which those seen on 
the inner inargius of the meros and ischium are the representatives of stout spurs 
which are developed in the fourth larva. Both propodus and dactyl end in a strong, 
nearly straight spine, which in the latter joint is conspicuous for its length. 

Autotomy of the 1:irge chelipeds occurs in the fourth larva, but fusion of the basis 
and ischium is not effected until a t  least after the fifth stage (idate 33, fig. 96, and 
plate 30, fig. 67). 

In  the second, third, and fourth stages t,he prehensile claw is gradually developed 
(plates 20-23). Iu the third and fourth larva the opposed margins of the large claws 
are distinctly toothed, and the ladter end in incurved, horny tips. 

There is usually but very little or no difference in the size of the large chela niitil 
after the seventh molt. I n  the sixth stage the extremities are already provided with 
numerous tufts of sensory set* (compare plates 23-25). I n  the later adolescent stages, 
when the differentiation of the large claws is complete, these tufts are Inostly confined 
to the cutting claws, where they form a dense mat over the toothed margins and 
extremity of the propodus (plates 10-12). 

The dif-ferentiatiou of the chels for crushing and cutting is a gradual process, but 
is fairly well established in a Y O U I J ~  lobster 30 to 40mm. in length (plate 8). It rarely 
happens that both claws are similar in the adult stages (see Chapter IX). 

Scco>td and third pereiopods.-The structuro of these appendages, which agree, 
except in size, is illustrated by fig. 73. In the fourth larva (fig. 74) tho chelate struc- 
ture is pronouuced and the exopodite is a rudiment. 

Fourth and jvth pereiopods.-The dactyl of these appendages in the first larva 
(fig. 70, plate 31) ends in a very long, nemly straight spine, while the propodus bears 
a characteristic cluster of set% close to  its articulation with the dactyl. 

In later stages (fig. 76, plate 31) the terminal spine becomes reduced and the 
terminal cluster of serrated seta  on the propodus is then very conspicuous. I n  the 
fifth larva the constriction at tlie proximal end of the ischium is clearly defined and 
the exopodite has disappeared except RS a microscopic rudiment (not shown in fig. 76). 

The pleopods.-The second, third, fourth, and fifth pairs of abdominal limbs are 
visible as buds beneath the cuticle of the first larva and emerge after the second molt 
(plates 20, 21). 

The sixth pair of pleopods, which form with the telson the tail-fan, are seen as 
rudiments through the cuticula of' the second larva and are released with tho third 
molt. 

TEE DEVELOPMENT O P  TIIE FIRST PAIR OF PLEOPODS, 

No accurate observations have been made upon the development of the first pair 
of abdominal limbs, which are specially modified in the two sexes. They are the last 
appendages to appear, and their growth and differentiation are very gradual. In the 
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fifth stage they are represented by small rounded tubercles (fig. 78, plate 32). A t  this 
time there are no external characters by which the sex of the individual can be detcr- 
mined with certainty. 

I n  the sixth stage (fig. 95, plate 33; lobster No. 111, table 39) this appendage 
consisted of a small bud (0.1 mm. long); after the seventh molt (larva 15 mm. long) 
its levgth was doubled (fig. 83). 

In  lobster No. VI (table 39) this appendage in the eighth stage (larva 19.75 mm. 
long) was a simple bud of about the same dimensions (fig. 80). 

In another young lobster, probably a male in the eighth stage (length, 19.3 mm., 
fig. 901, the appendages of the first abdominal somite are similar to those of the sevent.h 
and eighth stages just referred to. 

I n  another case, that of a lobster in sixth stage (No. 11, table 39, fig. 84, plate 32, 
length of lobster 16 mm.), this appendage was about equal in size to t,hose just 
described. In still another lobster (No. VI, table 39), which was followed from the 
fourth stage onward through four molts, this appendage is a little larger and is 
partially segmented (fig. 85, plate 32) in the eighth stage. The under surface of the 
thorax of this lobster is shown in fig. 89, plate 32, where the openings of the oviducts 
are clearly seen, thus determining the sex. 

In a young female 35 mm. long (NO. X, table 39) this appendage measures 2 mm. 
and is composed of two joints (with possibly a, small coxal segment) of' about equal 
length (fig. 86). The distal joint is constricted into a number of smaller segments and 
bears a few very minute set%. When the female is 2 inches long the first pair of 
abdominal limbs have attained the lengt,h of only 3 mm. (fig. 88, plate 32). The 
appendage is exceedingly slender and, as in earlier stages, is devoid of pigment. The 
peripheral segment is multiarticulate and is fringed with fine, short hairs. 

I n  a male 36.3 mm. long (No. XI, table 39) the appendage, though very minute 
(2.3 mm. in length), has the same shape as in the adult. It consists of a tmo-jointed 
protopodite, a minute coxa and long basis, and a grooved distal segment (fig. 57). In  
a lobster but little larger (No. xu, table 39), length 40.3 mm., the appendages of the 
first abdominal somite are similar, but a trifle longer. As shown in the drawing of 
the under side of the thorax of this lobster (fig. 91, plate 32), they nearly meet on the 
middle line. 

We see that the appendage of the first abdominal ring may assert itself either in 
the sixth, seventh, or eighth stages. The buds are developed on the posterior margin 
of the sternum of the first abdominal somite, and in the early period of their growth lie 
facing each other, transverse to the long axis of the animal (fig. 95, plate 33). These 
minute delicate appendages do not at first show any trace of pigment. After s e g  
menting into two joints the appendage becomes elevated from the surface of the somite 
into a nearly vertical position. 

The sex can be determined as early as the eighth stasgo, but not, as Professor Ryder 
supposed, by the appearance of the appendages of the first abdominal ring. At this 
stage these vary from 0.20 to 0.27 mm. in length, aud may or may not be segmented into 
two joints (figs. BO,@, 90). I t  is  only by the openings of the sexual ducts that the S C ~  C U ~  

be distinguished at the eighth stage. The under surface of a female in the eighth stage 
(21.2 mm. long, No. VII, table 39) is shown in fig. 89, plate 32. The openings of the 
oviducts were discernible, and the development of the sterna, of the last and penulti- 
mate thoracic segments which enter into the formation of the seminal receptacle is 
slightly different from the conditions seen in the male. 
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The sex can not be determined by the abdominal appendages alone until after tibe tenth 

molt. In two lobsters, 35 and 36.3 mm. long respectively (Nos. x, XI, ta,ble 39), which 
bad probably inolted twelve times, me have no difficulty in deciding from the structure 
of the abdominal appendages (represented by figs. SG, 87) that the first is a female, 
the last a male. 

The gradual growth of the appendages of the first abdominal somite is illustrated 
in table 39. I n  a lobster 2 iuches long (51.8 mm.) these have a length of about an 
eighth of an inch (or 3 mm.). 

TABLE 39.-Prorogresaive stages in tlte developnaent of the appendages of the firat abdomiiral somite. 

1 . .  ~. . . -. 
1 . .  . . . . . . 
1. -. . . - -. 
Male. -. . 
Female . 

No. 

I 
I1 

111 
V 

I V  
V I  

VI1  
VI11 

I X  
X 

X I  
XI1 

XI11 

See fig. 84, Glate 32. 
Seo fig. 82, plate 32. 
Soo Ag. 83, plate 32 (bud without joints). 
See fig. 90, 
See fie. 80. I%?:? ' 

Number in tables. 

Fomalo . 
1 .  _ _  ._ ~. . 
1 . .  . . . . . . 
Pemalo . 
Malo.. . . 
. .do . . . . 
Fomale . 

(36, table 34) ...--. 
(36. table 34) ...... 
(34, tablo 34). - ~ - - . 
(34, table 34). . . ~ - . 

See figs. 85bIid 89, plate 32. 
Appondnge not sogmonted. 
Appendago consists of two minuto joints. 
See ilg. 86, plate 32. 
Seo fig. 87, plato 32. 
Seo fig. 91, plate 32. 
So0 fig. 88, plate 32. 

_____.._.._.....-- 
(37 table 34). 1. -. . 
(3 ' table 34). . . - . . 
(38 tablo 34). . . . . . 
(34' table 34). . . . . . 
(17( table 33). . . . . . 
(18' table 33.. . . . . 
(1.' tablo 32). ..-. . 
(19, tablo 33). . . - - . 

No. of 
molt. 

5 
6 
G 
7 
8 
8 
R 
10 
10 

3 12 
3 12 __.... ...... 

W W b .  
14 
16 
18.3 
18 
19.3 
19.75 
21.2 
26.6 
29.50 
35 
3G. 3 
40.3 
51.8 

,ength of 
first nb- 
domina1 
ippendago 

mm. 
'0 .11 

.27 
2.10 

. 2  

.27 

. 2  

. 25  
81.5 
8 2  
2 
2.30 
2. GO 
3.04 

P. __.. . . .I Seo fie. 78. ahto  32. I 

1 Tuborclo. 2 Bud. 3 Not rtocuratoly dotormined. 

b'econd, third, fourth, and $fth pleoFods.-The condition of these appendages in the 
second, third, and fourtli larval stages is illustrated by figs. 93,94 and 07, plate 33. Each 
appendage consists in the second larva of a s tdk  with the blade-like endopodite and 
exopodite. Rudimentary fringing setac are developed after the third molt, but the 
appendage is but little longer and otherwise unchanged. In  the fourth larva (fig. 97) 
the natatory appendages come immediately into use. The long fringing set@ grow 
out and the limb itself is almost double its former size. 

l 'hc telson and tail-fan."-The flat telson of the older embryos it3 deeply cleft 
into two lobes (fig. 721, which bear on their free termiual edges short interlocking 
seta. The bifurcate condition of the embryonic telson, which recalls very forcibly that 
of a protozoos and is probably the remuant of a former larval condition, is retained up 
to  the time of hatching and is lost only with the molt preceding the first larval stage. 

After the first molt the telson appears as a broad, triangular plate (plate 19, and 
plate 34, fig. 103) joined immovably to the abdomen and admirably adapted for 
swimming. By the aid of this peddle the animal darts rapidly backward with every 
flexion of the abdomen. The dorsal surface of the plate is convex, and its posterior 
iiiargin is incurved and armed with spines and stout plumose setac, as shown in the 
drawing. 

The sixth pair of abdominal appendages, which, as already mentioned, are clearly 
ouhlined beneath the cuticle of the second larva (fig. loa,, become broad lamellar pad- 
dles in the third stage (fig. 104), and in the fourth larva nearly equal the telson in length 
(fig. 105). The outer lamella is jointed at its posterior eud and bears on its upper 
surface, near tlie line of the articulation, a short median tooth, as in the adult State. 
After the fourth molt the caudal-fm is very similar to that of the adult. The telSOll iS 
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a quadrangular plate, about two-thirds as broad as long, with an even convex margin 
bordered with long fringing seta at its hinder end. The median spine has disa,ppeared 
and the long lateral spines are reduced t o  short, stout teeth. 

In the later adolescent shges the fringing set= of the caudal-fan become greatly 
elongated until they nearly equal the telsoii i n  length. The adult telson is somewhat 
spatula-shaped and about as broad as long at its base. 

T H E  METAMORPHOSIS O F  HOMARUS GAMMARUS. 

Sars studied the first three larval stages of the Europeari lobster in specimens 
which he collected at  the surface of the ocean. IIe saw enough to coirvince him t h a t  
they were at this time an easy prey to fish, swimmiug birds, and to ocean currents 
which swept them into unfavorable places (175). 

At Espevaer, a fishing-place on the coast of Norway, his atteiition was direct>ed to  
large numbers of lobster larva, which were there “packed together with an enormous 
mass of Oalunides (a kind of herring) and other species of pelagic animals, upon which 
swarms of herring and birds were feeding.” 

The abbreviation of the metamorphosis has been carried a little further in Homarus 
ganamurus than in the American species. The young of tlie two forms apparently agree 
in color, but are very dissimilar in size. According t o  Sam, the first three larva of 
the European lobster measure 10,14, aid 17 to 18 mm., respectively. If these meas- 
urements are reprcsentative, the first larva of this species is larger than the second 
larva of Homarus amcricanus, and the third larva Iarrger than the sixth stage. (See 
table 26.) 

The color of the third larva, according to Sam, is a mixture of yellow-red or brown 
and blue-green, arid at  this stage the integuxnent has lost much of its trausparcncy. 

The carapace, the large chelipeds, and abdomen in the first larva of the European 
species have reached a stage of development mhict corresponds very nearly to the 
second larval stage of the American form. This is best illustrated by tho rostrum, 
large chelz, arid telson. The second somite of the abdomen is devoid of the median 
spine, which, as we have seen (table 3G), usually disappears in the American form 
with the second molt. Sars says that even in the first stage the anlage of the uropotls 
Gail be discerned beneath the cuticle. These appendages, however, are not released 
until after the third molt, as in our lobster. 

THE SHORTENING O F  T H E  METAMORPHOSIS I N  T H E  LOBSTER. 

I have discussed in my work on the development of Alpheus (.94, p. 380) the 
abbreviation of the larval period in Crustacea, and described the remaa.kable exam- 
ples of this phenomenon which the study of the Alphei revealed. We will now consider 
the case of the lobster a little more closely than it was possible to do at that time. 
What is the cause of the suppression of the zoea stage in the metamorphosis of this 
animal? 

We can not doubt that this is a secondary plieriotnenou which has appeared in 
comparatively recent times, and that some of the immediate ancestors of the lobster 
went through the long metamorphosis after hatching, as the majority of Decapods do 
to-day. It is equally certain that something in the environment of these animals has 
called forth this change. Why should the lobster be better OE with a short metamor- 
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phosis than the common blue crab (Oallinectes hastutus) or common shrimp (Crangon 
vulgaris) in both of which the larval life is prolonged? The only clew to au answer lies 
in the study of the habits and economy of these animals. The course which tlie larval 
development finally assunies i i i  any species is a compromise between severd coiiflict- 
ing paths. A wide surface distribution is iiecessary for the coutinuance of certsin 
animals, but in order to secure this tlie larval period must be extended. O n  the other 
hand, a long life a t  the surface would be death to many species. 

Natural selection is operative at' all stages of development, and is effective in 
increasing the cliances of survival mainly in two distinct ways: (1) Either by increasing 
the number of ova or young produced, or ( 2 )  by shortening the path of development. 
I n  the letter case the number of eggs is diminished and tlie size of the egg increased. 

The crab and shrimp have adopted the former course and the lobster has followed 
the latter. A lobster 104 inches long lays, upon the average, 11,000 eggs, each of 
which is about 1.9 mm. in diameter, while Calliiiectos produces, according to S. I. 
Srnith (184), 4,500,000 eggs, each having a diameter of only 0.28 mm. Thus the crab, 
though much the smaller auimal, lays over four hundred times as many eggs. With 
the same nuniber o? eggs as the lobster and a long larval life, the crab could iiot 
snrvive. The lobster lives in deeper water than the crab and is probably more sensi- 
tive t o  cliauges iii teinperature. The larval period lasts from 5 to S weeks; t h a t  of 
Calliuectes probably longer, but this is not known. Any further shorteniug of the 
development of the lobster would lead to a considerable reduction in the number of 
eggs, and if the metamorphosis were lost completely so that the aninial left the egg in 
what now corresponds to its sixth or seventh stage the conditions of life would 
be very unfavorable for the young, on account of the sedeiitary habits of the adults. 
The adolescent lobsters (being thus concentrnted in a relatively sniall area) would 
fall in vast numbers tlie prey of fish and crustacea, especially to nieiiibers of their 
own species, before they could establish themselves securely in their retreats along 
the rocky shores. 

The advantage oj' a larval life lies in securing distribution, in this case an  absolute 
necessity, over wide areas up and down the coast, and a t  the same time in the iniinediate 
transportation of the young front the shore out of reach of many etaemies. This being 
true, why, it may be asked, has the larval development boen shortened at a118 This 
has been brought about, in all probability, because of the general slomiiess which 
characterizes the whole period of development and because of the great destruction 
which is wrought upon the pelagic larvle even under the most favorable conditions. 

It is very interesting to notice, as I have already mentioned (p. 800), that abbre- 
viation in development is carried a step farther in the European species. 

It is a well-known law tliat a fresh-water life tends to shorten the development of 
animals, and this mity be duo to the fact that the seasonal changes of temperature are 
far greater and more abrupt in inland waters than in the ocean. 

A life iu  deep water tends also to shorten development and eliminate the larval 
period. Where deepwater forms at the present day have an indirect development, it 
is possible t k t  the problem is complicttted by other conditions or that  tho bathic 
habit has been acquired in comparatively recent times. 

(See Chaptcr XI). 



Chapter XII1.-THE EMBRYOLOGY OF THE LOBSTER. 

I shall not attempt to give a detailed account of the embryonic history of the 
lobster, although for several seasons I ,have spent much t ime both in collecting and 
preparing material for this purpose. I will offer only a few notes on the early 
phases of development, and, to lend continuity to the whole, will sketch briefly the 
changes in external form which the embryo undergoes. 

Early embryologists, Rathke in particular, to whom reference has already been 
made (260), examined the older embryos of the lobster or dissected them from the 
egg membranes, but the only paper of this period which attempts to deal directly with 
the embryology of the animal is that of Erdl (629, published in 1843. Erdl treats 
of the laying of the eggs and the fastening of them to the appendages of the 
mother; of the nature of the laid egg and of the external anatomy of the older 
embryos; but his work was done before the modern methods of microscopical research 
had been discovered. This pioneer observer was thus greatly handicapped and his 
results are now of but little value. 

Smith figured and described the external anatomy of a well-advanced embryo from 
a lobster captured May 2,1572, at New London, Uonnecticut (282). This stage nearly 
corresponds to that shown in cut 38. 

In  September, 1891, a paper on the Embryology of the Lobster, by Bumpus, 
appeared, in which the early stages, to the close of the egg nauplius period, are care- 
fully described and illustrated by very accurate and beautiful drawings (30). 

A short account of my earliest studies appeared in 1890 (91), and this was followed 
by additional notes in May, 1891 (sa), in 1893 (96), 1894 (97), and 1896 (100). 

NORMAL DEVELOPMENT. 

THE MATURATION AND SEGMENTATION O F  THE EGG.. 

In the section on the growth of the germinal vesicle I have described the only 
stage in the maturation of the egg which has been directly observed (p. 154, plate 42, fig. 
161), where the germinal vesicle has approached the surface and is undergoing indirect 
division, being overtaken in the metakinetic stage. As already stated, it is evident 
that in this particular egg the geriiiinal vesicle was about to give off a polar body. 

Bumpus, who was the first to detect polar bodies in the egg of the lobster, gives 
the following account of them: 

They are present in many eggs, and appear to be attached at no special point of the vitellus, so 
far as the flattened area is concerned, being sometimes within i t  and sometimes without. It may be, 
however, that I have only seen them in secondary positions; for in some cases they seemed to move 
freely about within the egg membrane. They were not observed in process of formation, nor were 
they invariably present. Before the blastula is formed they disappear. (30) 

I was unable to satisfy myself that the polar cells could be distinguished with 
certainty, and so have not figured them. It is difficult to detect such minute bodies 
in so large and so opaque an object as the egg OS the lobster, and owing to mechanical 
causes, possibly through the emission of the polar bodies tliemselves, minute spherical 
globules of food yolk are set free and float in the fluid which underlies the eggshell. A 
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single globule of yolk is practically colorless, and as I have never detected the polar 
bodies in stained sections I can not affirm that the small particles which seemed to 
answer to their assumed appearance were not detached globules of yolk. I n  ovarian 
eggs which had failed to pass out of the body a t  the time of ovulation I have seen 
what looked like polar corpuscles, but here, although the nucleus of the ovum was 
a t  the surface, tlie observation could not be confirmed by histological analysis. The 
position of the nucleus in such cases seems to point to the extrusion of the polar cells 
under normal conditions, while the eggs are within the ovary or its ducts. 

I have already described and figured the egg of tho shrimp, Stenopus kispidus, 
in which two cells aid a single polar body can be distinguished in sections (95, fig. 
1, plate 6). One cell lies a t  the surface, and very near it in the space beneath the yolk 
and shell a spherical mass of deeply staining chromatin, corresponding in size with 
the nucleus of the superficial cell. It is probable that the latter represents the ger- 
minal vesicle after one division, and that the deeper lying cell is tho male pronucleus. 
(Compare 94, description of plate, p. 474.) 

TIIX EXTERNAL PIIENOXENA OF SEGRSENTATION. 

A colored sketch of the fresh eggs of the lobster is given in fig. 24, plate 17. These 
were laid in an aquarium, and when examined August 11, 1593, were closely adherent 
and could be separated only with diaculty. The fresh egg is spherical, oblong, or 
somewhat irregular in form, and measures about .& inch in diameter. (See p. 55.) It 
has in appearance a fine granular texture all over, owing to the uniform distribution 
and character of the yolk spherules, and the shell hugs the egg closely in all its parts. 

An early sign of development is the flattening of a part of the surface of the 
yolk and the consequent elevation of the shell over this area. A liquid, in which a 
granular substance is sometimes feebly developed while $he egg is still fresh, is 
pressed out of the yollc and fills the free space between it and the shell. This flat- 
tened area marks the animal pole of the egg and is very characteristic. The surface 
of the ovum is often flecked with light syots due to the irregular groupiug and per- 
haps looser arrangement of the yolk spherules. Light flecks, three to four in number, 
but of different character, now appear in the depressed area (fig. 215). These are cells 
which are approaching the surface, and their nuclei can now be seen shimmering 
through the green yolk. 

The phases which immediately follow are represented in figs. 216, 217, and 218, 
which were drawn from the same egg at  successive stages of clevelopment. The cells 
approach nearer to the surface, multiply by indirect division, diffuse about the animal 
pole, and bring on the superficial segmentation of the yolk into hillocks as seen in profile 
in fig. 218. The drawing shown in fig. 21G was made at 10.30 a. m. At the aninial pole 
there are seen two double rows of cells, 8 in each double row, or 16 in all. These are 
arranged in pairs-four pairs of daughter cells in each double row-the products of 
recent division. This egg appears in profile in fig. 218. The yolk is now in contact 
with the shell over less thou half its area, but the yolk hillocks appear about tlie 
animal pole only. A t  10.55 a. m., 25 minutes later, 20 cells could be detected. A t  12 
in., or 65 minutes later, this egg had the appearance shown in fig. 217. The segments 
or yolk hillocks were then farther apart. This process continued until the entire 
surface of the yolk was segmented. 

Opposite sides of the same egg in which that condition was already realized are 
represented in figs. 219 and 220. The former shows the animal pole, the latter the 
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vegetative. At  about 9.30 p. m., when I began these drawings, the nuclei were in kary- 
okinesis; a t  10 p. rn. nearly all were in the diaster stage (as represented here); a t  10.10 
11. m. superficial furrows began to appear, soparatting the daughter cells ill the region of 
the animal pole. A t  10.15 p. IU. cell cleavage was completed. The cells on the opposite 
side of the egg lagged somewhat behind the others, the cleavage furrows iu that 
region being completed about 5 minutes later. The yolk segments, both before and 
after division, were wedged rather closely together and were now polygonal in outline 
over the greater part of the egg. A t  11 p. m. this egg had the appearance represented 
in fig. 221, when seen from the animal pole. The yolk segments or hillocks now 
protruded, becoming very convex, and the whole egg took on a beautiful mulberry-like 
appearance, the segments which were visible to the naked eye being dark green with 
whitish protoplasmic caps or centers. At 1 a. in., or 22 hours after the last cleavage 
period was completed, the segments flattened down, slid by inntual pressure assumed 
a polygonal form, the energy which had been stored up during the int(ervn1 being nom 
directed to do the work of the next cleavage. 

A similar phase is illustrated by cuts 23, 24, plate G, the former showing the 
vegetative pole. When these drawings Were made, a t  12.55 1,. in., the iiuclei were 
mostly in the diaster stage of division, and in 70 minutes cleavage furrows were 
beginning to appear. 

An egg in a stage quite similar to that seen in fig. 221 is represented in fig. 222. 
When first observed, a t  10 a. in., from thirty-six to forty segments were visible over 
that  half of the egg correspouding to the animal pole. A t  10.65 the nuclei were in 
active division. At 11.30, when the drawiug was completed, cell-cleavage fiirrows 
were beginning to appear, and in 20 minutes the segmentation was completed over 
the greater part of the surface. At 12 m. (30 minutes from the time cell-cleavage 
became visible, and 65 minutes from the beginning of karyokinesis) the process was 
complete and the segments had begun to smell. The egg in this phase is represented 
by fig. 223. At 2.45 p. m. active karyokinesis again began, and a t  6.25, or in less 
than 4 hours, division of the segments was agaju completed. This phase of the 
segineritation lasted nearly four times as long as the former period. The drawing of 
it (fig. 224) was made at 9 p. m., and represents the side including the vegetative 
pole. (See figs. 218, 219, and 920.) The polygonal cells, near the central part of the 
area represented, were the last products of this segmentation. 

The time occupied in cell division is illustrated by another egg, which was under 
observation 74 hours (10.65 a. m. to 6.25 p. m.). It was of about the same age as the 
egg shown in fig. 222. A t  10.55 a. m. the nuclei were in the diester or mctakinetic 
stage of division. At 11.40 a. m., or 45 minutes later, eel1 division or segmentation was 
completed. At 1 p. m., 80 minutes later, the superficial furrows were very definite and 
the protoplasmic cap of each segment was more distinct when examined in reflected 
light. At 2.45 p. m., 105 minutes later, or nearly 4 hours from the beginning of the 
last period of segmentation, the segments were closely crowded and nuclei were agaiu 
in active division. (Stage of the equatorial plate.) A t  4.16 p. m., 14 hours later, 
cleavage amphiasters were formed, but  no furrows. At 6.25 p. m., 2 hours and 10 
minutes later, or 3 hours and 40 minutes from the time of appearance of the equatorial 
plate, segmentation mas completed. Here the total segmentation period lasted about 
6 hours and 45 minutes, of which 2 hours and 20 minutes were spent in quioscence 
and 4 hours and 25 minutes in activity. 
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CUT 20.-Egg enrhryo. showing Inom1)ranes nbnorrnnlly distendrd aftCT 
proli~~iyecl imuiersioli III Iiicro-nitric acid. 29 dinmeters. 

mbl, primary cgg-~r~embr~ne, formed in ovary. mb‘, secondary egg- 
momlir:i~rc, ~rolonpe~l  I n t o  tlie ntalk of ntt:~011111ent, formed by tbe 
cement glands. mba,  cnticulfw molt of cmhryo. 

CUT Zl.-I’rojection ot a11 ogg with 16 yolk-cells, 
a11 uenr tbo xnrfnce or approaching it. 

___- ._ 

Drawn by P. I€. Hrrvick. 

Cur Z?.-Prqjoction of an ogg with 28 yolk.cells, 3 in 
karyokinesis-mostly near tho surface. 

In these cuts the yolk-cella o d y  81’0 shown. Sections 
are rcpresonted by dotted lines in cut 22. 
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About 110 cells are present in the egg shown in fig. 223, and not far from 220 in 

the next phase (fig. 224). The h c k  of uniformity in cell division which was present 
in the earlier stages now entirely disappears. I n  other words, the individual rhythms 
of the component cells of the embryo appezr to be in harmony. 

At the next and following divisions (fig. 225) the protoplasm approaches nearer 
and nearer the surface, and the animal and vegetative poles are no longer distiii- 
guishable. A surface view of an egg intermediate between the stages shown in figs. 
224 aud 225 is repr€?St3Ut@d in fig. 244, plate 52. The ilivaginstion stage soon follows. 

INTERNAL UI-IANGES IN SEGMENTATION. 

The histological changes which take place in developnient up to the beginning of 
the invagination stage will now be considered. 

The segirientation nucleus in a single egg, from a batch which I obtained on 
August 1, was very eccentric in position, and 'in appearance resembled the germinal 
vesicle of the unextruded egg. The nucleus was spherical and lay in a spherical 
island of granular protoplasm. The nuclear nieinbrane mas very delicate, and could 
hardly be demonstrated in sections, while the chromatin had a rather coarse granular 
appearance. 

The first division takes place near the center of the egg, and the products move 
away from each other. In two eggs examiued, each of which contained two nuclei 
(possibly the pronuclei), one nucleus in each case lay nearer the center and the other 
nearer tlie surface. The nuclei are relatively small, and after a few divisions become 
very inucli smaller. Each is surrounded by a rayed body of protoplasm, in some 
cases (as in fig. 249) the rays being exceedingly numerous and delicate, reaching far 
out among tlie yolk-spheres. In an egg which was cut into 56 scctioiis, tlie first two 
cells appeared in the twenCy-fourth mid thirtieth sections, respectively. I n  each case 
the iiucleus was spherical, and tlie cell protoplasm formed a compact oval island, giving 
off' 110 long characteristic pseudopodia, as are seen in fig. 298. I n  another case, where 
the egg was cut into G4 sections, one cell appeared in the thirty-first and its sister 
cell in tlie thirty-ninth section of the series, the latter being in process of division. 

I n  the secoid and third segmentations which follow, producing four and eight 
cells, the products separate and migrate toward the surface. Tho greater number 
tend to move toward the side of the egg corresponding t o  the animal pole, where the 
yolk is first segmented (figs. 215-2lS, plate BO). 

I n  an egg containing nineteen cells, with yolk undivided, eight were in various 
stages of karyokinesis. Some cells were nearer, others farther from the surface, tlie 
majority being about midway between the center and periphery, in diff'erent parts of 
the egg. 

In another egg, where t h e  segmentation of the superficial yolk was completed, 
just thirty cells or yolk pyramids were present. (See figs. 219 and 230; a section of 
the egg is represented in fig, 242.) The constrictions of the yolk are not simply 
superficial, but cleavage planes often reach halfway down to the center of the egg. 
The nucleus with its rayed protoplasm lies toward the center of the convex face of 
each segmeut, but is still separated froin the surface of the egg by a considerable layer 
of yolk. The entire protoplasm is thus distributed among the yolk segments, none of 
it reinairling in the undivided yolk mass. In  surface views the nuclei can be seen 
shining through the thin stratum of yolk which lies between them and tho surface. 
Sometimes a segment is partly overgrow11 by the surrounding cells and squeezed below 
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the surface, as in fig. 238, but this must not be mistaken for one of the phagocytes or 
yolk cells, which are formed in an entirely different manner. 

Earyokinetic figures, which are clearly seen in all dividing nuclei, show that up 
to this time the pltlns of cell division is radial, for all cells a t  least which have 
approached as near the surface as those shown in fig. 242. A little later than this, fig. 
224, plate 50, and fig. 244, plate 52, when over 200 cells were present, phagocytes or 
yolk cells suddenly appear. One egg showed, when sectioned, the following condition: 

Number of cells at surface. - - - - -. - - - - - . . - - - - . - ~ ~ -. ~. . - - - -. . - - - - ~ ~. . - . -. - -. 219 
Number of yolk cells .. _ _ _ _  _ _ _ _  ___. ~. __. _ _ _  - ___. ._ -. _ _ _  ~ __.  - _ _ _  - _ _ _ _ _ _  _ _  _ _ _  11 
Total number of cells in e g g - .  . . - -. - . - - - -. . ~ - - -. - - -. . . . -. . . - - - -. -. -. -. . - . -. . 230 
Number of cella in active karyokinesis: 

17 

The yolk cells are in various stages of migration from the surface to the depths 
of the egg. Pour have reached points about miclw-ay between the surface and center, 
and one of these is in the metalrinetic stage of division. They originate by the 
tangential division of a certain number of the peripheral cells and by the multiplication 
of yolk cells thus formed. The peripheral cells at this time are not quite in contact 
with the surface of the egg, but are separated from it by a thin layer of yolk spherules. 
When a peripheral cell divides in a horizontal or tangential plane, the central daughter 
cell migrates into the gre.at yolk mass, filling the egg, while the other reniains at the 
surface and forms a part of the primitive blastoderm. The process is illustrated in 
figs. 236 and 243, the latter showing tbe formation of a yolk cell near the surface, and 
also the division of a yolk cell already formed. 

THE INVAGINATION STAGE. 

After astage similar to that shown in fig.225 is resched the peripheral cells continue 
to divide in radial planes, and their protoplasm soon bounds the surface of the egg. 
Cell division becomes more rapid over one side of tho egg, possibly that corresponding 
to the animal pole, but this was not finally determined. An area of rapid proliferation 
is thus distinctly marked off, and in the midst an invagination of superficial cells 
occurs. This begins by tlie in-wandering of a few cells, which is followed by the multi- 
plication of those thus immersed in the coininon food stock, and by tlie sinking in of a 
small area of the blastoderm about this point. In an ovate egg, like that shown in 
fig. 227, the invaginate area lies toward one of the poles. 

The depression is at first very shallow, but increases considerably in depth and 
becomes a well-defined circular pit. Later it elongates transversely (cut 26), and in 
abnormal cases a deep gutter is formed. The character of this depression is indeed 
subject to great variation. The pit a t  the surface lasts from four to five days, when, 
after becomiug elongated into a slightly triangular slit, by the ingrowth of the sides, 
it completely disappears. 

In an egg in which there is a distinct patch of cells marking the area of invagina- 
tion, but where the depression is very slight or has entirely disappeared, the embry- 
onic area which lies in front of the point of invagination is marked by a wonderful 
activity among the superficial cells. This is illustrated in fig. 252, plate 54. About 
the point of invagination there is a mass of several huudred cells, from which migra- 
tion into the yolk has taken place. Many of the cells, both a t  and below the surface, 
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Cuit 23.-Egg with aboutr 32 yolk mgiuonts present, seen 
froiii vegetative pole. About twoutyeight hours after 
fertilization. A t  12.05 p. m. tho nuclei were dividing, 
and a t  2.05 p. m. corresponding segmentntiou firrrowe 
i n  t he  yolk had appeared. 29 dinmetera. 

CUT 24.-Reverso side of sniiie egg, showing divided 
nuclei n t  tlie nniiiinl pole. Ilrawiiigs froiii living egg. 
29 diameters. 

Cui- 25.-Surfnco viow of oinbryo 8 day" old in invngina. CUT 20.--Siirfnm riow of cgg in iuvngiiiatinn stnge. Pi t  
tion Rtnge, showing pit  n t  siirtsco, embryonic nron, and vory distiuct, trnuavorsely olongntocl, sliowiug tendouoy 
innis of io-wniidclriug cells which poiietrnto deeply into to boroiiicl borsosboo-slispod. 29 diiirnetors. Embryo 
tho yolk. TIIORG nppcw iiow ns a doum ponr-slial)od nbout 8 days old. August 12, 1892. 
doiiil wlioii men tliroiigli tho s u p ~ r ~ o i r r l  parts. 20 di- 
amoters. From No. 3 (l), tublo 18, Ju ly  9.1890. 
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are in various stages of division, as shown by the clearly defined karyokinetic figures. 
The surface of the cgg at  the sides, but particularly in front of this area, presents a 
striking, and, for a transitory period, a very characteristic appearance. The nuclei 
are grouped in pairs, in short strings, or in clusters or nests of a dozen or more. I n  
many cases these nuclei are breaking down and giving rise to the plasma vesicles” 
and ‘(chromatin nebulae’? of Bumpus (30). The degenerating chromatin of these 
disrupted cells still reacts vigorously upon the staining fluids, and appears as a 
clouded mass of fine particles (fig. 237, Dg.) which in time becomes more diffused and 
scattered amid the adjacent yolk grauules (fig. 241). The pairs or chains of cells 
arise by the usual process of indircct division in radial planes. 

The cell nests, as illustrated in fig. 245, plate 52, are the result of a multiple karyo- 
kinesis, and are formed immediately by either one or two divisions from a single cell 
(yd). Since the active phase of th i s  process lasts but a brief interval, it is not siirprising 
that it usually escapes attention. I n  this egg, nests of nuclei are very abundant a t  the 
sides and immediately behind the region of ingrowth, and occur, as is well shown in 
fig. 245, both a t  the immediate surface (c-n) and below it. In  most cases a yo17c ball is 
formed with very definite outlines, its size depending upon the amount of protoplasm 
which it contains. The yolk ball is strictly aualogous to the superficial yolk-bearing 
cell and to the yolk pyramid. The superficial cell, which is a direct descendant of the 
enormous yolk segment or pyramid, lies this peculiarity in the lobster: By the time 
a distinct blastodermic envelope is formed it tends t o  beconie distinctly sepamtcd 
from the rest of the egg. A definite stratum o f  cells is thus formed consisting of yolk- 
laden discoidal or columnar cells. (See figs. 251 and 255, eo.) 

The appearance of the cell nest or cluster in  a restiug condition is shown in figs. 245 
and 247. The yolk immediately surrouudiug it is usually, but not always, segmented 
into spherical masses. Upou the side of the egg, opposite the embryo nuclei are far 
less numerous and very uniforinly discributed. No cell nests or evidence of active 
division are seen. 
. It will probably be found that, whenever clusters or nests of nuclei appear in 
the blastoderm or other parts of the embryo of Arthropods, they are tho result of 
multiple cell division. Some time ago I suggested (94, p. 487) that this would account 
for the nuclear clusters which Reiclienbach has figured in the large eudodermal cells 
which form the liuing of the mesenteron iu Astacus, and which he supposed were due 
to a process of direct division (163). Both in this case and in the lobster the division 
is attended by the dissolution of some o f  the chromatin. 

The histology of the embryo during the invagiuation period is illustrated by figs. 
246,251, 254. A t  a very early stage a few culls break with the surface and migrate a 
short way into the egg. A depression about the point of ingrowth soon appears, and 
the cells, being bathed with nutriment, multiply rapidly until the condition illustrated in 
fig. 251 is reached. They here form a t  the surface a definite layer of prismatic elements, 
each containing a quantity of yolk with definite boundaries. It should be noticed also 
that the nuclei of the in-wandering cells are oftcu inclosed in spherical magses of yolk. 

The histological processes which occur a t  this.period vary considerably in different 
embryos. Thus in fig. 246 we see a stage of development very similar to that of 
fig. 252, but a little earlier. In  the former (fig. 246) the cells about the area of 
invagination have multiplied until they form a large cluster at the bottom of the pit. 
A syncytium is formed, and the protoplasm of i;he outermost cells lies a t  the surface, 
while the neighboring yolk is thrown into long, tapering segments. Some of these 
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invaginated cells have wandered a short way oiily into the egg. Now, if we examins 
the peripheral cell envelope, we find abundant evideiice of cell division over the side 
of the egg where the embryo proper is soon to be built up. Nests of nuclei, often sur- 
prisingly large and numerous, are now and then seen in the midst of a spherical mass 
of yolk either a t  the surface or just below it. Isolated cells, though few in number, 
also occur, scattered through the peripheral parts of the yolk at t,his stage. What 
is their origin? They can not be referred to  invaginate cells, sirice none of these 
have yet wandered to remote parts. Furthermore, these cells tend, not to scatter, 
but to migrate in a body. They may be the descendants of the primary yolk cells or 
migrants from the peripheral cell envelope, or may originate in both these ways. 

A t  the time of invagination the egg of Alpheus is very si~nilar to that of the lob- 
ster in its histological relations. The main digerence which is apparent to the eye 
is in the larger size or greater amount of food yolk in the latter. I have described 
and figured the invagination stage of Alpheus in some detail in my work on the 
embryology of this crustacean (94, p. 400, plate XXXI). In this species the primary 
yolk cells persist and mingle with the wandering cells derived from the invagination. 
An egg of Alpheus saulcyi in the invagination stage contains about 460 cells, of which 8 
per cent-exactly 37 were found in two separate eggs-are primary yolk cells (5'4, p. 
432, table 1). These yolk cells do not appear to be much more numerous in tlie larger 
egg of the lobster (see cuts 21 and 22, showing eggs with 15 and 28 yolk cells respect- 
ively), but in this animal they degenerate faster than in Alpheus, so that a t  the 
invagination period very few are left. On the other hand t11e occurrence in the lobster at 
this time of nests of nuclei within the yolk ball, which lies j u s t  below the surface or Some 
times almost in contact with it, points to migration of cells from tlic surface after the 
invagination stage. In  any case most, if not all, such cells degenerate and disappear. 

In  an older embryo, represented in fig. 254, the pit in the invagination area is 
considerably enlarged, and below this a solid wedge-shaped column of cells is seen 
advancing straight down into the yolk or bonding slightly towmd the hinder end of 
the embryo. This mass of cells forms what has been called the thoracic-abdominal 
plate. It here gives rise in part to a mass of cells wllich migrate into the yolk and 
eventually form mesodermic and endodermic structures. I shall cd1 this cell-mess the 
mesendoderm. Regarding these cells we notice in  particular the peculiar association of 
the cytoplasm with the yolk, the pseudopodia by which they worm their way among 
the yolk spherules like so many a m e b s ,  the evidence of cell multiplication and of the 
degeneration or breaking down of cells. 

Signs of cell degeneration are also present in a striking degree over the embryonic 
areaof the egg. The surftlce cells form a single tier of short prismatic elements 
loaded with yolk, while beneath them we see a thin cloud of fine chromatin particles. 
These are mostly the remains of cells which have migrated thither from the mesendo- 
dermic mass, and possibly in part also of cells which hare wandered from the surf'ace. 

The embryo at a little later period has the appearance shown in plate 63. The 
ingrowing plug of cells has a rouuded, somewhat pear-shaped outline mlien seen from 
above, tho stem end of the pear pointing backward arid downward into the yolk. 
The embryonic area of the egg presents a beautiful mosaic of cells, among which 
karyokinetic figures are abundant. The dividing planes of these cells are always 
radial-that is, parallel with a radius drawn from the center to the surface of the 
egg, but mahe any angle with a line drawn upon the surface of the egg, such as thm 

. 
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CUT 27.-Surface viow of pmbryo, show- 
ing biids of flrst pair of antennm and 
clouds of in.wandoring cell#. Tbe lat- 
t e r  ext,end in grout cumulus-like fold8 
nnd surround large massen of yolk with 
thin layors of CCIIS. dmbryo about 9 
days old. August 0, 1801. 20 diameters. 

In cuts 25-33 the eggs were tired with 
hot water and Mayer's picro-sulplruric 
acid, and stained in Kleinenburg's biciuo- 
toxylou or Gronncher's bopx.cunuinu. 

PLATE H. 

Cui, 28.-Surfnce viow of cmbryo, show- 
ing bud8 of first puir of antennio rind 
of mnndiblea. Tlio stornodmum is  
present i n  form of a sm;ill transverso 
pit, on tlie levul of a line dribwu 
througli the poatorior margins of the 
nutonnrbrg buds. Tho outlines of tho 
masses of yolk.colls appear much 
Inore oirciunscribctl than in tlic curlier 
stago shown iii cut 27. Embryo D to 
10 day8 old. August 5 ,  1891. 29 dia- 
meters. 

CUT 29.--Surface viow of early egg. 
nauplius embryo, sliowing buds of 
the flrst and aeoond antonnm and 
the  mandibles. Mouth or opening 
of stomodmum distinct; in-wandering 
colla boncatli the tlioracio abdominal 
plate sliarled dark. The yolk-cells are 
still fiirtlrcr cironmsoribod to outward 
appenrnnco, having wuidored far intu 
tlie ogg. Optic diflks more olenrly do- 
fined. Euibryo about 10 clays old. 2D 
diameters. 

CUT 30.--Sorfnco sicw of egg nnnplius, 
sliglitly older tlinu that drown in cut  29; 
suoontl nntunniu bifid; Inbruin rind tho- 
rncic: abilouiinal fold Iiresciit; cmbryo 
about 11 dny8 old, J u l y  13. 20 dinme- 
tors. 

111 cnts 25-30 anrfnoo-cells nre roughly 
iudicntetl only in the iiriiiieilirite region 
of the embryo. 
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CUT 31.-Surface view of egg nauplius, 
ehowing thoracic abdominal fold. The 
mouth. 11s in cut  30, i8 screened by the lali 
rum, and the opt,ic disks are more sharply 
de5ned; second nutennu, forked; cuibryo 
about 12 days old. 29 diameters. 

CUT 32.-Surfnce view of egg nauplius, 
showing parts much more concentrated 
thaii in earlier stages. Aiitonnmexlribit 
traces of sogmeutntioii, aud tlio second 
antonnn, have n sloiitler iuiicrr braiich. 
The abdoineu is bifid at i ts  extromity, 
which nearly touches tliu labruiii ; optic 
disk lobular; embryo 14 to 10 ~ U Y H  old. 
August 1.1. 29 diaiiretera. 

CUT 33.--Stirfaco view of ombryo with Arst  
maxillu, buclcled; ouibryo 16 to 18 days 
old. August 5. 29 diauieterfl. 
In cllts 31-38 t h e  ifi little uttenipt  t o  

show more than tliu form of tlitr embryo. 
The series G to J reprosents the progrea- 
Hive developrneut of the suiuiiior ~ g g ~ .  
Compare the Rate ot l)evelopineut, pp. 
55 to 57, rind table 18. 

CUT 34.--Surfiice view of cuibryo, showing 
5 pnirs of pout.ninndibalar appeiiilngeH. 
The uiiteunu, havegrown obliquely buck- 
wnrd until they coine to lie ircarly])nrril- 
le1 witli tlroabrlomen. The tolson, which 
is now distinctly forked, partially ovor- 
lnps tlio brain. Eye-pigment not yot 
apparent. Nearly snmo stage ns 3 (5) .  
table 18; about 21 days old. Ibwii egg 
killed in Pereiiyi fluid, August 15, 1893. 
29 diaiuuters. 

I 

Dratuii by  F. H .  Herrick. 
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through the longitudinal median axis. There is no tendency to form radial strings 
or concentric circles of cells with refereuce to a given center at the surface, such as 
Reiclienbacli (263) has described in the crayfish, a fact already noticed by Bumpus (30). 
Diffused clouds or islands of chromatin particles, the wrecks of cell colonies, lie strewn 
over the embryonic are:L, particularly in its forward part. These are for the most part 
immediately below the ectoderm. The opposite side of this egg shows nothing par- 
ticularly noteworthy and has not been figured. The iiuclei are more scattered, cell 
division is less frequent, and clouds of chromatiii granules are much loss extensive. 

The internal structure of a little older embryo is illustrated by fig. 255, plate 54. 
The most noticeable changes are the great spread of the mesendoderni wliich, like a 
cloud of dense smoke from an engine, rises up and trails backward into tlie depths of 
the yolk with many rounded summits; the columnar form of the ectodermic cells-most 
pronounced in the region of the optic disks-and the swarm of degenerating par- 
ticles which underlie these regions. Sticking to the basal ends of the prismatic cells, 
numerous ameboid elements can also be seen. How do they originstel They must 
come either from the mesendoderm or from the ectoderm. That some of them migrate 
forward from the region of the thoracic-abdominal plate there can bo no doubt, and it 
seems almost equally certain tliat some come from the surface cells. The position of 
the nuclei of the peripheral cells frequentlypoints to the theory that some of thein are 
crowded below the surface by mutual pressure. On the other hand it is sometimes, but 
not always, the case that the boundaries of tho ectodermic cells are clearly defined. 
The ectoderm still consists of a single cell stratum. The ectodermic nucleus is sus- 
pended in the middle of the cell, cytoplasm filling the peripheral :mcl deutoplasm 
the central ends. Mesendoderin cells also travel backward and sideways from the 
thoracic-abdominal plate and settle down upon the ectoderm. The cells which migrate 
into the depths of the egg aud form the cumulus-like mass have this peculiarity- 
they form a connected syncytial mass; their nuclei are small and of irregular shapes. 
On the other hand aintnboid cells below the embryonic area frequently possess large 
spherical nuclei. 

LATER STAGES IN EMBftYQNIU DEVELOPMENT. 

The development of the external form of the embryo is illustrated by cuts 27 to 
38 and by plate 51. Tho inesendoderm cells p h y  an important r6le a,t the time the 
appendages are budding. I n  surface views they become less and less co~ispicuous, 
until in the late egg nauplius (cuts 31, 32) they have passed out of sight into the 
deeper parts of the egg. 

The appendages make their appearance in the following order: (1) First antenna?, 
( 2 )  mandibles, (3) second antenna, (4) first maxillx?, and the remaining tlioracic 
appendages in regular succession. They are all formed by the folding of the body 
wall or ectoderm, and contain solid yolk cores, until these are absorbed and replaced in 
part by the niesodermic: cells which migrate into them. The second antenna soon 
becomes bifid and bilobed at its apex (cuts 30-35), the inner branch representing the 
future long flagellum of this appendage. The first aiitennz remain single until just 
before the time of hatching, when the inlier branch or flagellum begins to grow out 
from the inner lower surface of the primary stalk. The optic disks we flat Etrem of 
rapid cell division, 

P. C. R. 1895-14 
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The relative position of the mouth and antenns is illustrated by cuts 28 and 20. 
I will add the account given in my paper on the development of Alpheus, where the 
lobster was also included, since it applies to the higher crustacea generally : 

Before the first antennm are folded, whan they are distinguished as dense patches of cells, some 
eggs show tht, primitive mouth as a miuute circular pit, lying nearly on a line drawn between the 
centers of these proliferating cell areas, but, 80 far as my observation goes, never distinctly in  front of 
them. The relative positions of the mouth and first pair of antenna: shift very rapidly during the early 
period of their growth, before the fully developed egg-nauplius stage. The pit elongates and becomes 
a, transverse furrow, aud by the  time the first pair of autennze are clearly marked off as rounded buds, 
and before the second pair are raised into folds, the mouth is on a line with the first of these append- 
ages. When the second antenna are elevated into folds the mouth is behind tho buds of the first pair, 
or on a line drawn between their posterior margins (94, p. 442). 

At a stage before the appearance of eye pigment, represented in fig. 232, plate 51, a 
diff’use but conspicuous patch of ectodermic cells is developed, similar to what I have 
already described in Alpheus (94, p. 414). In  case the egg is oblong this patch lies 
at one pole about 900 behind the embryo. 

A stage just previous to the appearance of eye-pi,pent is seen in fig. 234. The 
forked telson now covers the labrum and is reaching up in front of the brain. 

The relation between the age and size of the embryo under iiormal conditions- 
the eggs having been laid in summer-may be seen by comparing cuts 23-38 with 
table 18. Most of these are from the same batch of eggs. 

Eye pigment is developed in about four weeks, and the rate of growt3 of the 
embryo can thenceforward be gauged by the increase of the pigmented area (cuts 
3538). 

At a stage before the concentration of the embryo has begun, a little earlier than 
that shown in cut 29, Bnmpus (30) has described arid figured what has the appearance 
of a rudimentary pair of preoral appendages. These are elongated folds lying parallel 
with the convex border of the optic lobe, and separated from i t  by a slight furrow only. 
They are very transitory, disappearing completely after a brief interval. They cain 
be seen in some of my preparations, but are not shown in the drawings. 

HtSTOltY O F  THE YOLK CELLS. 

In  my paper on the development of Alpheus I have devoted a chapter to the 
“Originand history of wandering cells in Alpheus,” and 1 lrave little doubt that what 
is said there of Alpheus is generally true of the lobster and of most decapoda. 

In Alpheus, as in the lobster, a certain number of cells, 30 to  40, are budded off 
from the blastosphere, and form what I have called the priniary yolk cells. Wander- 
ing cells, or those which enter the yolk and move about in it, have a triple origin, 
namely, from the blastoderm, the invaginated cells, and the ventral plate. It should also 
be added that both the process of multiplication by indirect cell divisiou and that of 
dissolution or degeneration of protoplasm take place simultaneously in the wandering 
cells. 

During the egg-nauplins period there is a rapid diminution of the wandering cells, duo to cell 
disintegration and emigratiou to those parts of the embryo where mesoblastic organs are being laid 
down. The history of the  wandering cells in Alpliens is largely the history of the early develop- 
ment of the mesoblast and entoblast. The endoderm makes its appearance BY a distinct cell layer 
during the egg-nauplius period, and takes the form of a narrow sheet of rather large cells, between 
the yolk and the rudimentary heart, near the body wall. In the space corresponding to  the heart, 
blood corpuscles can already be detected, besides scattered mesoblast cells. Both the latter and the 
entoblast are derived from the wandering cells which come out of the yolk (94, p. 408). 
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In  the lobster there appears to be this difference, in that the primary yolk cells 

are for the most part, if not wholly, disintegrated before invagination occurs, and 
tske no part in development. This can not be shown to be the case in Alpheus. 

I have spoken of the formation of the primary yolk cells by tarigential division, in 
Alpheus and other forms, as a process of delawination, on the ground that they repre- 
sented a primitive endoderm, arid that the egg with primary yolk cells corresponds to 
theplanzcla stage of coslenterates. I first called attention to this mode of origin of 
yolk cells in decapod crustacea in my paper on Alpheus (94, p. 400), and found that 
in the lobster they arose by transverse division from the blastospheric cells or from the 
peripheral cell layer (since there is no true blastosphere in this egg). The budding of 
these cells, moreover, begins before the outwardly migrating cells have reached the 
surface arid completely surrounded the yolk. The regularity with which this process 
occurs “in such typical forms as Alpheus aud Homarus argues,” as I remarked in an 
earlier paper, ‘6  for its presence in allied spetties where it has possibly been overlooked.” 
A precisely similar origin and speedy dissolution of yolk cells has been recently 
described in Gebia by Butschinsky (31). It seems that there c m b e  no donbt that the 
formation of yolk cells a t  this early period is thelast trace of a process which was once 
of importance, but the rBle which they play now must be an exceedingly minor 0110. I 
have never found more than 28 of these cells in the large egg of the lobster (cut 22). 
Here, while it may be admitted that they are phagocytes or yolk digesters, the impres- 
sion mhicli they make upon this large mass of material is insignificant, and they are 
themselves soon disintegrated and become a part of the general food stock. It is pos- 
sible that they are the remains of a primitive hypoblast, that  they once played a more 
important part as digesters of the yolk than they do a t  present, and that this function 
was usurped by the mesendoderm formed a t  the time of invagination. The term trans- 
verse fissioninstead of delamination should, however, be used in speaking of this process 
(94, see pp. 400 and 419), since no true delamination occurs arid nothing certain is 
known about the origin and meaning of this process in the decapod crustacea. 

DEGENERATION OF UELLS. 

I have discussed the subject of cell degeneration in my paper on Alpheus (94, pp. 
425-431) and need not refer to the facts again in detail (see figs. 237,240,241, plate 52). 
The degeneration of cells in the ovary has already been mentioned (p. 152). In the 
embryo this breaking down and absorption of cells into the common yolk mass is first 
men in the primary yolk cells, and afterwards in the mesendoderm, where i t  soon 
becomes one of the most striking, and at the same time most puzzling, of all the 
varied phenomena presented by the developing embryo. If we examine a longitudinal 
section of the egg nauplius of the lobster, me find not a few chromatin balls, but a 
meteoric swarm of granulated bodies and naked chromatin grains coextensive with 
the embryo and reaching EL considerable distance into tho yolk amid the scattered 
mesodermic cells, but perhaps most abundant, as in Alpheus, in the neighborhood of 
the stomodzxm. A long, nebulous train of yolk splierules and granules extends 
forward a considerable distance in front of the mouth and is especially marked in the 
region of the optic disks, The labruni and the folds of the appendages which contain 
solid yolk cores abound also in these peculiar granulated bodies. They occur in less 
numbers in connection with the mesendoderm cells, which have at  this stage traveled 
through the greater part of the egg and form a series of irregular sacs filled with yolk. 
These yolk masses, with their surrounding sheet or advancing column of cells, corre- 
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spond to the endoderm sac of the crayfish. In the latter the peculiar cell fragments 
also occur. 

If one now examines very thin sections under high powca, he finds that the 
granules and the granulated bodies correspond in general to the structures found in 
Alplieus. The chromatin grains appear sometimes as naked masses in the yolk, atid 
stain either very iutensely or faintly. They are often vesiculated-that is, they appeer 
as hollow shells (fig. 241). Under favorable conditions it is easy to demonstrate the 
fact that  these bodies siirround particles of yolk, and occasionally they have a cres- 
centio shape, when they seem to be eiiwrappiiig a yolk spherule (fig. 240, plate 52) 
(94, p. 427). I have shoan that the ‘Lseuoudary mesoderm cclls” described in the 
crayfish by lzeichenbach (163) are undoubtedly products of degeuergtiou which are 
asterwards absorbed in the yolk. In this species the endodermic cells which are 
loaded with yolk probably divide by multiple karyokiiiesis, producing nuclear nests or 
clusters, some of which in time undergo degeneration. The iiaked balls of chromatin 
which are found in these cells are probably formed in situ, though they unquestion- 
ably shift their position in the egg. 

In a species of Cambarus, which I studied at a stage when five pairs of appendages 
were present, the endodermal nucleus was surrounded by a thin layer of protoplasm, 
which worked its way amid the yolk so as to practically surround a, pyramidal imss. 
This strongly recalls the serpentine manner in which the cells creep through the yolk 
in tho egg of the lobster. 

Later, when nine pairs of appendages are represented, the endodermal cells have 
nearly reached the ectoderm. The yolk within the confines of the ectoderm has an 
irregular, pyramidal, or radial cleavage. Oentrally it blends with a serum-like fluid, 
in which occasional granules or balls of chromatin are suspended. Small spherical 
bodies containing a single chromatin ball, or several balls, occur not only in the yolk 
underneath the ectoderm and in the vicinity of the endodermal mclei, but also in. the 
central yolk of the endoderm 8ac a t  various levels below the endodermal nuclei. This is 
a point of some interest in connection with the fate of these bodies. They wander not 
only peripherally but centrally.’ Rarely we meet one which is three or four times the 
average size, having a small chromatin spherule in its center. These latter become 
absorbed and gradually disappear (94, p. 428). 

As I have already shown, the plasmic vesicles described by Bumpu8 (30) in the 
ovarian egg are lnesoderinic cells in the process of degeneration. (For the origin and 
history of these bodies see p. 162.) 

Later, according to Bumpus, the plasmic vacuoles are represented by chromatin 
granules scattered about in the peripheral parts of the yolk. 

In the early cIeavage stages Bumpus says that the plasuia cells are &ill represented 
by chromatin grains, which “are no longer confined to  the periphery, however, but 
have advanced toward the center and formed an indefinite ring” (30).  In the speci- 
mens of eggs in the early cleavage stages which I have studied--stained chiefly in 
Eieinenberg’s hamatoxylon solution-I have never been able to detect any degenera- 
tive products whatever. They appear to have been completely absorbed or converted 
into yolk before this time. 

In a still later period, when the u -shaped embryonic area is differentiated, ‘ I  the 
plasma vacuoles,” according to Bumpus, 6‘ are represented by chromatin nebula, which 

__- 
I The movement of thew bodies is probably due wholly to extresepus mecheuioal om888  
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generally underlie the triangular and U-shaped areas)) and are “found as small clouds 
between and also outside the limits of the embryonal tract.” ITe says further that 
“chromatin grains, as was seen in the surface view, are mos6 abundant where ecto- 
dermal cells are most numero~s.~’ No inference is drawn from this, but plainly the 
trueone is not that the larger collection of endoderm cells are centers of cell degener- 
ation, but that  the mesoblastic cells attach themselves to those parts of the embryonic 
ectoblast which are growing the fastest, and by their own dissolution give rise to the 
‘(chromatin nebulm” 

Bumpus does not explain the origin and fate of tho chromatin particles which he 
accurately figures, but remarks that “ Structures comparable with the chromatin grains 
of the plasma cells are neither mentioned nor figured by Reiohenbach, though the 
so-called ( serum) may represent the region of their activity.” Further on it is said 
that “future comparison may prove these,” tho “ secondary mesoderm cells,” of Reich- 
enbach ((to be the same as the plasma vacuoles and their chromatin grains;” and 
again, “1 have been unable to find in Homarus preparations that throw any direct 
light on the so-called ‘secondary mesoderm.”’ 

I have shown (94)  that  the “secondary mesoderm cells” are not cells at all, but 
the products of cell degeneration, and that in their origin and final destiny they bear 
the closest resemblance to the “ chromatin nebula” of the lobster. 

ABNORMAL DEVELOPMENT. 

SEGMENTATION O F  THE EGG. 

In every batch of segmenting lobster eggs one is sure to meet with many irregu- 
lar forms, and in some cases the greater number appear to be abnormal. Nuclei can 
be detected at the surface of many of the segments, and if the egg is treated with 
Perenyi’s fluid or with an acid the dark-green segments and their nuclei contrast very 
strongly with a milk-white coagulable substance in which they seem to be embedded. 
Some eggs, which were laid by a, lobster on August 23, after a captivity of eight weeks . 
in a small aquarium, were light-colored, but wcre normally fixed to the abdomen, and 
were fertile, although the segmentation was exceptionally irregular. Sections of these 
eggs showed an irregular distribution of cells both at the surface and throughout the 
yolk. I n  some places cells appear to have been carried below tho surface by over- 
growth, and afterwards to have multiplied in the yolk. 

Eggs which are otherwise regularly segmented may contain a large superficial 
, mass of undivided yolk, as in fig. 226, plate 50. Here is a very large mass of yolk about 

the pole of the egg-a similar one lay near it on tho opposite side-and a considerable 
number of smaller segments. When this egg is sectioned it is found that the large 
yolk masses are nearly devoid of protoplasm, while the smaller segments contain each 
a nucleus which shows traces of degeneration. There is no nuclear membrane, and 
the chromatin has assumed a very irregular form. 

It is common to find eggs with yolk unsegmented with the exception of one or more 
small balls at the surface. Sometimes a single large segment is seen, looking as if it 
had been pinched off, and in this and in many other cases it is evident that the egg 
has in some way received harsh treatment. 

I n  one egg, rather more anomalous than usual, there was a single small spherical 
segment at one of the poles of the elongated egg, while the remainder of the yolk was 
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undivided. A single nucleus was visible in the small segment, but the egg in reality 
contained six cells, five lying in the unsegmented yolk. 

It would be interesting to know how many of the irregularly segmented cells 
eventually attain a normal condition. It seems probable that very many of them do, 
judging from the fact that the number of abnormal eggs which later appear when the 
nauplius stage is reached is much smaller, yet there is no evidence that any of the 
eggs are lost. 

TIIE INVAGINATION AND EGG-NAUPLIUS STAGES. 

I will now speak of some interesting variations which occur during the invagina- 
tion period and immediately after it. 

Instead of the normal ingrowth of cells from the surface into the yolk and the 
sinking in of others to form a small circular pit, there is what appears at the surface as 
a, deep transverse invagination. This is sometimes a long crescent-shaped or irregular 
transverse fissure, as in the egg of which cut 40 represents a median longitudinal 
section. 

In other cases, in which the processes of development have gone further, there is 
formed an irregular, oval, or circular disk of cells in connection with the invagination, 
as shown in fig. 229, plate 61. Here there is a well-defined rim on one side, while upon 
the other the structure seems to blend with the yolk. In a further-developed stage in 
the same process I find that the egg has often a well-defined, sometimes round, and 
very irregular circumvallate disk of cells. The cells within hhe vallum are densely 
crowded, and the presence of numerous karyokinetic figures shows tha t  at  times cell 
division may become rapid. Below the surface, both within and without the vallum, 
the granular masses of chromatin bear abundant testimony to the degeneration of living 
protoplasm which is taking place in the yolk. The columnar aspect of the marginal 
cells of the disk can be plainly seen. The way in which this condition is reached is 
illustrated by cuts 39 and 40. By the ingrowth (or infolding in consequence of unequal 
growth) of some of the superficial or ectoblastic cells into the massive ball of yolk, a 
tongue-shaped or island-like patch of cells is formed, on which the embryo proper is 
subsequently marked off (figs. 228 to 231). 

The egg-nauplius may arise in a depressed central part of the disk, as in fig. 231, 
or upon its margins, figs. 225, 230. 

We will now glance at the histology of some of the abnormal embryos. Cut 40 
shows a median longitudinal section through one of the earlier stages described. 
When the egg was examined from the surface a transverse irregular fissure was seen, 
corresponding to the pit (Pit)  where the sheet of cells dips below the surface. We see 
from a study of this egg that a considerable stratum of cells, including the invaginate 
&ea, has grown into the yolk, and that its edges are folded upon themselves. In  this 
case one side of the disk, correfiponding to the anterior end of the embryo, is at the 
surface, while the opposite side is deeply embedded in the yolk. Numerous cells have 
budded oE from this cell plate, particularly at  its poHterior end, where they multiply 
rapidly and move about freely in the yolk, like the normal mesendodermic cella. Like 
the latter, they move chiefly in a posterior direction into the deeper parts of the yolk. 
Many of these wandering cells are moreover already in process of degeneration. It 
looks as if there was a migration of cells from the surface behind the cell plate, but 
the appearances may be in this respect deceptive. The yolk flows over the engulfed 
cells, but I find in my preparations no new superficial layer of ectoderm established. 
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dut 39 represents a median longitudinal section through the embryo shown in 
fig. 230, plate 51. Here the entire embryo is immersed in the yolk or in a thin coagulable 
fluid derived from it, through which it can be seen, while the cell plate touches the 
surface in a narrow, bow-shaped area, but dips below again at  its peripheral margin. 
The cell plate beyond the confines of the thoracic-abdominal process and appendages 
of the embryo consists of a single layer of very large cubical or columnar elements 
gorged with yolk. In front and behind, the edges of this sheet unite to form a cul-de- 
sac, so that the whole structure resembles in form a flattened bag, which is partially 
buried in the yolk, with which it communicates by the opening or mouth of the sac 
belo?. The edges of tho plate are curled over in the yolk, like one of the limbs of 

b 
b 

CUT 39. -Ncdinn longitudinal sootion throu h ob- CUT IO.--Sngittol sootion tlrrough abnormal ON- 
normal onibryo siiown in  fig. 230, plat0 51. ! h o d  bryo in oarly stmago of development. Fixed in 
with picro.siilplriirio acid, Rtained 111 Xloincnborg's )icro-sulpburio acid, stainocl in Kloinonborg's 
hmnmtoxylon, AugUHt D, 1892. kmrnatoxylon, August 9, 1892. 

AbP, thoracic-abdominal proccsa. Deg., ogenerntinp 0011 R. ep,f., ingrowillg fold of eurfnoo.opithOiiu~1~. dfo, mouth 
of Htomodmum. Pit, pit fonood by ingrowing fold. 7, outward fold of surface opithelium. Y.C., scottorod aells in yolk. 
I/., food-yolk, abnormally oovoring embryo in out 39. 

the letter S. Iu  other respocts the histology of this egg-nauplius embryo resembles 
that of a normal form, except in perhaps a groat preponderance of degenerating cells. 
In the embryo, the surface view of which is shown in fig. 228, plate 51, essentially the 
same conditions are seen. These abnormal ombryos which have just been described 
are due in all probability to a disturbance of the normal mechanical conditions under 
which the egg usually develops. It is quite probable that they could be artificially 
produced, but no experiments have yet been made in this direction. 

I have noticed another interesting abnormal variation in the invagination stage. 
(See 91). At a period nearly corresponding to that shown in fig. 255, plate 54, there 
is a large irregular cavity or several communicating cavities in tho depths of the egg. 
This chamber contains very little yolk, and its wall is composed of cells which grasp the 



216 BULLETIN OF THE UNITED STATES I’ISH COMMISSION. 

yolk by long pseudopodia. The surface of the wall next the cavity is densely studded 
with nuclei. This irregular cavity is undoubtedly formed by a folding of the embryonic 
area, brought about by uuequal growth, like the cases already described, and morpho- 
logically lies outside the embryo. This is probably the same as the structure referred 
to by Bumpus (30, p. 238). It has nothing to do primarily with either the endoderm 
or the alimentary tract. 

It seems quite probable that inany of the abnormal stages already described may 
eventually attain to a normAl growth and development, but this is not certain. 

DOUBLE MONSTERS IN OVUM AND LARVA. 

Brightwell, who gave a description of the young of the European lobster (Eomarus 
gammarus), in 1835, was the first to notice double monsters in this species. He says: 
“Two specimens of the youug which appeared double were found, being strongly 
united in the head ” (24). I n  1886 tho first particular account of these monstrosities 
was given by Ryder (271), who describes four types of fusion among the free-swimming 
stages. It is to his kindness that I am iridebted for the opportunity of examining the 
six abnormal larva which he described, two of which I have figured. 

It seemed worth while to trace, if possible, the ’history of these abnormal larva 
back to their early embryonic stages, but although I examined many eggs from many 
individuals, I fouud only three monstrosities of this kind. The earliest is in the 
invagination stage, corresponding to that shown on plate 53, It has the appearance of 
a, normal egg, except that instead of a, single invagination there are two are&s of 
ingrowth. The axes of these two embryos appeared to be inclined to each other a t  
an angle of about 1350, and they were separated by considerably more than one-third 
the circumference of the egg. The posterior ends of these embryos are the nearest 
together, as with the others which I have observed. There is uo cellular union of the 
embryos in the yolk, but they meet in a common peripheral layer of cells, the uuclei 
of which are now widely scattered, except in the immediate embryonic areas. 

The next youngest stage obtained was the egg-nauplius, which I have repro- 
duced in fig. 235, plate 51. The two embryos are similar in every respect and lie almost 
exactly opposite each other. The thoracic-abdominal plate of one embryo is joined to 
that of the other by a long train of cells which extends through the yolk just below 
the surface. These have the general character of migrating mesendodermic cells, 
and some have already passed into the depths of the egg. 

In a little older double egg-nauplius the long axes of the two embryos make an 
angle of about 1600 with each other. Their posterior extremities are apposed and, 
as in the first instance, separated by about one-third the circumference of the egg. 
It is probable that had the two latter monsters been allowed to develop they would 
have appeared, when ready to hatch, as if fused, back to  back, like the fourth type 
described by Ryder, i u  which four eyes were developed, two to  each embryo, two 
distinct sets of mouth parts, and biramous locomotor appendages. As Eyder remarks: 
“This relation of two perfectly formed embryos in tlie same lobster egg is exactly tlie 
reverse of that which is observed in vertebrates” (272). 

In the first type of larva described by Ryder there are no eyes; the cephalo- 
thoraces are fused completely, both laterally and anteriorly, and tho soparate abdo- 
mens diverge at a wide angle. I n  his second type (fig. 200) there is a single median 
eye on the line of fusion of the cephalo-thoraces. The abdomens diverge at  a very 
wide angle, and, as seen in the drawing, there is a fusion of the first pair of antcum. 
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This shows that parts of the embryo on the middle line, including the oeellus, have 
disappeared, and that the large median pigment spot is beyond questiou the last trace 
of the fused compound eyes. 

In fig. 199, which illustrates the third type described by Ryder, the cephalo- 
thoraces are fused laterally and anteriorly; there is no median eye, but a pair of 
compound eyes, the right of which is the right eye of the right embryo and the left 
the left eye of the left. The stomachs are fused on the middle line, but there is no 
apparent union of the antenna or mouth parts. Behind the stomach the parts are 
all double. 

It is evident that the causes which have produced the monsters with a, single 
pair of‘ compound eyes (fig. 199) are of exactly the same nature as those which have 
produced the monster with a single median pigment spot. In the latter case their 
action has been more prolonged. It is also evident that these abnormal larva have 
been derived from embryos like those which I have described. There is, however, 
this noticeable distinction: In the abnormal embryos the posterior ends of the bodies 
are apposed and united, while in the larva the anterior ends are united, the posterior 
parts being widely divergent. It seems to me probable that the apposition and union 
of the tail ends of the embryo do not last long, and never involve anything more than 
the culls in the yolk; that two distinct thoracic-abdominal processes and two distinct 
tail folds are formed, which begin to diverge at  an early period. Along with these 
changes a process of fusion apparently takes place between the anterior parts of the 
two embryos, which are a t  first entirely separate and distinct, excepting €or the yolk 
and peripheral cells (ectoderm) which unite them. 

The fusion of parts does not take (‘place coincidently with the process of gastrula- 
tion,” as Ryder suggested, and does not begin to show practical results until after the 
egg-nauplius ‘stage. In regard to the way in which the differeiit degrees of fusion 
have been brought about, Ryder applies the rule adopted by ltauber for the interpre- 
tation of fish embryos-that the degree and manner of fusion is ‘(determined by the 
width of the angle at which the embryonic axes were primarily inclined to each other.” 
This principle probably applies to the double monsters produced from the lobster’s 
egg, but the process of fusion seems to me to be something entirely distinct from the 
concrescence seen in the parts of the normal embryo. We have to do here with the 
fusion of two embryos which are practically distinct from the first. 

N O T E  ON T H E  DEVELOPMENT O F  CAMBARUS. 

I received through the kindness, of Professor J. E. Reighard, in the fall of 1893, a, 
large number of crayfish of the species Cmnbarus imwmuis. They were tdmn from a 
pond in Ann Arbor, Michigan, on the 1Gth of November, when ice was just beginning 
to form. Many of the females were already “in berry,” and most of the eggs were in a 
very early stage of development, some, without segmentation of the yolk, having been 
recently laid. Several were in the eggneuplius stage, arid the oldest which I ex- 
amined corresponded to Stage H of Reichenbech (1G3), having all the thoracic append- 
ages, and the folded abdomen had grown forward so that it nearly touched the labrum. 

The eggs carried by each female are relatively very large (1.5 mm. in diameter) 
and few in number. They are of a light or sometimes rather dark coffee-brown, and 
appear to be insecurely fixed to the swimmerets, being liable to drop off or become 
detached, especially when several animals are kept together. The species is hardS 
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and wiil thrive in confinement, although, as Professor Reighard remarks, the eggs 
do not fare so well. 

The early phases of segmentation of the protoplasm and yolk correspond very 
closely to what has been described in the lobster. The protoplasm divides, and its 
products migrate toward a limited area of the surface of the egg, which becomes the 
animal pole. This lies usually, if not always, somewhere between the stalk of attach- 
ment and the opposite surfhce of the egg. 

I n  one egg which I studied three small whitish spots could be seen glistening 
through the brown yolk. These, which were some distance apart, marked the first 
cells to reach the surface and initiate the segmentation of the yolk. In another egg, 
which had 27 cells visible at  the surface, the shell was raised or distended over that 
hemisphere containing the animal pole. This distention of the membrane is not, 
however, so uniformly restricted to this part of the egg as is the case with the lobster, 
nor were the large yolk hillocks, so characteristic of the latter, discernible here. The 
cells are now visible to the naked eye a8 white dots. 

Other eggs are seen in which 40 or more cells could be detected lying rather near 
together and covering nearly half the egg, while the rest of the surface is without 
trace of protoplasm. 

The process of migration from depths of the yolk and division of those cells which 
have reached or nearly reached the surface continues until the whole superficies of the 
egg is dotted with cells, 80 or more in number. What corresponds to the animal pole 
can now be faintly distinguished where the cells are somewhat thicker or closer 
together. No segmentation of the superficial yolk has yet taken place, although the 
latter is apparently raised slightly about each cell. 

As celldivision proceeds, the number of surface cells becomes very greatly 
increased until 400 or more are visible. The egg then appears to be very nearly 
uniformly segmented a t  the surface, and in certain phases of LLrest77 has the usual 
beaded appearance. This is a late " yolk-pyramid" stage. 

The invagination stage soon follows, and a very distinct round pit appears at  the 
surface, very much in external appearance like the corresponding phase of the lobster's 
egg, excepting that the invaginate cavity is larger. 

An invagination of a different character sometimes occurs which is probably 
abnormal. A round, very symmetrical depression is seen in the midst of the cells 
corresponding to the animal pole. The depression is shallow, and at its bottom three 
or more cells can be seen looking as if they had been pushed below the surface at this 
point. The cells bordering this depression are sometimes arranged very uniformly. 
A similar pit was seen in the midst of the cells of the animal pole before they had 
spread over the entire yolk. In this case it was plainly abnormal. 

I have not yet studied all the phases of the external segmentation of Cambarus 
by means of sections, but from what has already been seen it is clear that it follows 
in all essential details the course of events which have been described in the lobster, 



Chapter XIV.-SUMMARY OF OBSERVATIONS. 
GENERAL REVIEW O F  THE LIFE-HISTORY O F  THE LOBSTER. 

I will now give a brief summary of the most important observations which have 
been detailed in th i s  work, emphasizing in particular those facts which bear upon the 
problem of the artificial propagation of the lobster. 

(1) Distribution.-The geographical range of the lobster covers about 20 degrees of 
north latitude, from the thirtyfifth to the fifty-second parallel, and includes a strip 
of the Atlantic Ocean 1,300 miles long and from 30 to 50 miles wide. Its vertical dis- 
tribution varies from 1 to upward of 100 fathoms. The most northern point a t  which 
its capture has been recorded is =enley Harbor, Labrador; the most southern point, the 
coast of North Carolina. The fishery was begun on the coast of Massachusetts and 
gradually extended northward. Consequently, at present the lobster is most abundant 
and attains the greatest size in the northerly part of its range, in eastern Maine, and 
in the northern maritime provinces of Canada. 

( 2 )  There is great diversity in the character of the environment which explains 
in some measure the many variations which occur in the habits of the animal, as in 
the time and frequency of molting, in egg-laying, in the hatching of the young, and 
in the rate of growth. 

(3) The lobster displays a considerable degree of intelligence and possesses organs 
to which the various senses of the higher animals have been ascribed. The tactile 
sense is diEused over the whole body, and the dead shell is perforated by  innumerable 
minute pores which are capable of transmitting stimuli to sensitive cells lying in the 
delicate skin below. It has the sense of smell and of taste, but it is doubtful if the 
so-called auditory organs are really ears. 

(4) The sea-bottom is the natural abode of the lobster in the adult state, and it 
never leaves it and never forsakes the water unless obliged to do so. 

( 5 )  Migrations.--No coastwise migrations are known to occur, but large numbers 
of lobsters move to and from deep water in fall and spring. This bathic migration 
varies in accordance with the character of the coast and nature of the bottom. It is 
influenced by the temperature of the ocean, by the abundance of food, and to some 
extent by the molting and breeding habits. 

(6) Many lobsters remain in the relatively shallow and cold waters of harbors 
throughout the winter, but a t  this season they are found only upon rocky bottoms, 
where food is most abundant. One may search for them in other situations, as on a 
weedy or muddy bottom, during the winter season in vain. 

(7)  Influence of tenaperature.-The optimuin temperature of the lobster is about 
650 P. When the temperatt;re of the sea marlis 500 to 550 in spring (May a t  Woods 
Hole) large numbers of lobsters begin to creep nearer the shores, and when again in 
the fall (October at Woods Hole) the temperature is near this point, they have already 
begun the outward movement. 

(8) I n  severe winters lobsters are either driven into deeper mater or, if living in 
harbors, seek protection by burrowing in the mud when this is available. This some- 
times happens when a sudden lowering of the temperature arises from any cause, and 
always when the animals are confined in pounds. I n  such cases a prolonged cold spell 
may prove fatal (see p. 26). The lobster is practically excluded from the coast Of 
Labrador east of the Straits of Belle Isle by the Arctic current and lingering ice. 
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(9) The adult lobster is essentially a nocturnal animal, being far more active by 
night than in the day. The reverse is true in the larval period, when the habits are 
entirely different. 

(10) Burrowing habits.-The lobster is a great burrower in the sea-bottom. This 
habit is developed to an extraordinary degree in pounds or inclosures, a t  all seasons, 
and is practiced, though less regularly, under other circumstances. (Compare para. 
graph 8.) The holes, some of which are 2 to 3 feet long, are solely for protection and 
are never used while the animal is molting. In the construction of the holes the largo 
claws are used, aud possibly the tail-fan. The lobster almost always enters its burrow 
tail first. 

(11) Food.-The adult lobster feeds chiefly upon fish, dead or alive, and upon inver- 
tebrates. It also takes a small quantity of vegetable food, such as algz and eelgrass. 
Fragments of deed shells, coarse sand, and small gravelstones are also swallowed. 
The former yield lime, which is absorbed and finally laid down in the skeleton. Many 
small fish which inhabit the bottom fall a prey to the sharp cutting-claw of the lobster, 
which it uses with great skill and dispatch. The larger lobsters prey invariably upon 
the smaller or weaker ones when they can. 

(12) The food is seized, torn, and  crushed by the large claws, and then taken up by 
the appendages about the mouth (maxillipeds, maxillae, and mandibles), by which it 
is successively torn and chopped fine, when this is possible. While the animal is 
eating, a stream of fine particles is pa.ssed into the mouth, thence to the gastric mill 
or masticatory stomach. Here the food is ground a'nd the fluid or digestible parts 
are strained into the small delicate intestine from which they are absorbed. The 
indigestible refuse is regurgitated from the stomach-bag. 

(13) Imlpregnation.-In copulation the female receives the sperm from the male in 
packets or spermatophores, which are depositfed in an external chamber, the seminal 
receptacle. This is a blue, heart-shaped structure, situated on the under side of the 
body, between the bases of the fourth pair of legs counting from the large claw-bearing 
appendages. It opens to the exterior by a median slit with elastic edges, which can 
be easily pressed apart. 

(14) The male does not discriminate the sexual condition of the female, which may 
be impregnated at any time. It is, however, probable that copulation takes place most 
commonly in spring. The sperm retains its vitality for a long time, in some cases 
for a t  least several months before it is used. 

(15) Egg laying.-Much confusion has existed concerning the time when the eggs 
are laid. This has resulted chiefly from the fact that the eggs are carried by the 
females for the space of from ten to eleven months before they are hatched. Sbout 
80 per cent of the spawning females lay their eggs at a definite season in the summer 
months, chiefly July and August. The remainder, about 20 per cent of the whole 
number, extrude eggs at other seasons-in the fall and winter certainly, and possibly 
also in the spring. 

(16) I n  the western end of Vineyard Sound and the region about Woods Hole the 
greater number of eggs are extruded during the latter part of July and the first half 
of August. The summer spawning of each year lasts about six weeks, and fluctuates 
from year to  year backward and forward through an interval of about a fortnight. 

(17) This variation in the time of the production of the eggs is due to the fact that 
the ovarian ova require at least two years of growth before they are ready for 
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extrusion. Anything which affects the vital condition of the adult female will thus 
affect the time of spawning. 

(18) The spawning season in the middle and eastern districts of Maine is about two 
weeks later than in Vineyard Sound. In  1893, 71  per cent of the eggs which were 
examined from the coast of Maine were extruded during the first half of August. 

(19) A t  Woods Hole, Messachnsetts, 168 eggbewing lobsters were captured from 
December 1,1893, to June 30,1894. Out of this number 44, or 25.6 per cent, bore eggs 
which had been laid outside of the summer months, chiefly in the fall. A lobster cap- 
tured at Matinicus Island, M h e ,  February 4,1893, with the yolk unsegmented, and 
therefore in a very early stage, is mentioned in table 13, No. 20. Similar captures 
recorded in tables 12 and 13 show that the laying of eggs in fdl and winter is not rare. 

(20) Lobsters laid eggs in confinement only twice during the six summers which I 
spent at Woods Hole, although ripe females were frequently placed in the aquaria, 
When kept under these conditions, or even in floating-boxes outside, the eggs are 
usually not laid, but are absorbed directly from the ovary. 

(21) Law of production of eggs.-The law of the production of eggs may be 
expressed arithmetically as follows : The numbers of eggs produced at each reproductive 
period vary in a geometrical series, while the lengths of the lobsters producing these eggs 
vary in 4% arithmetical series. A lobster 8 inchos long produces about 5,000 eggs. 
According to this law, a lobster 10 inches long would produce 10,000, ala-inch lobster 
20,000, a 14-inch lobster 40,000. An examination of table 15, in which the number of 
eggs borne by over 4,000 lobsters is tabulated, shows that this law holds good up to 
the fourth term. When a lobster attains a length of 14 to 16 inches this high standard 
of production ceases to be maintained. A 17-inch lobster produces about 63,000 eggs. 

(2.2) The largest number of eggs recorded for a single lobster is 97,440. I n  one 
case the lobster was 15 inches long and in another 16 inches. In neither was the 
animal able to  fold its tail on account of the large number of its eggs. This suggests 
that  the rudimentary condition of the swimmerets on the first abdominal somite in the 
female is necessary for the protection of the eggs. The egg-bearing female goes about 
with the tail folded. This would be impossible if these appendages were of the usual 
size and carried the usual number of eggs. 

(23) The average weight of a 10g-inch female lobster with eggs is 19 pouuds, the 
eggs weighing about 2 ounces. A 15-inch lobster, which weighs upward of 4 pounds, 
sometimes carries a burden of a pound of eggs. The number of fresh eggs iu a fluid. 
ounce is about 6,440, and they weigh about 1 ounce avoirdupois. 

(24) Itwubation period.-The period of incubation for the summer eggs at  Woods 
Hole is from 10 to 11 months, in one case lasting 335 days, from July 1,1890, to Juno 
1,1891, when the young were just begiuning to hatch out. 

(25) The general range of the hatching period of summer eggs at Woods Hole is 
from May 15 to July 15. The greater number are hatched in June. 

(26) The hatching of a single brood lasts in some cases over a week, owing to the 
slightly unequal rate of development of individual eggs. 

(27) The period of incubation of the summer eggs varies with the temperature of 
the water. In Newfoundland the hatching period is said to be from three to six weeks 
later than at Woods Hole (16th or 20th of July to  the 20th of August). 

Thus the 
hatching of young lobsters has been observed in November in Newfoundland and 
Woods Hole, and in February at Gloucester, Massachusetts. 

(28) The hatching period also varies with the time of egglaying. 
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(29) Time of smwl maturity.-Female lobsters become sexually mature when from 
8 to 12 inches long. I n  100 
dissections recorded in tiable 20, 25 females were found, from 9i56 to 12 inches long, 
which had never laid eggs, but in 8 of these the ovaries were nearly ripe. Of the 17 
immature, G were 104 inches or over in length, and in most cases the ovaries would 
not have become mature for two years. 

(YO) Frequency of spawnipg.-The lobster does not spawn oftener than once in two 
years. The spawning interval is probably a bienuial one, one set of eggs (summer 
eggs) being laid in July or August (at  Woods Hole), and the following set in two years 
from that time. One has only to examine the ovary of a lobster (see fig. 138, plate 38) 
which has just hatched a brood-that is, one year from the time of the last spawning-to 
be convinced that annual spawning is an anatomical impossibility. The conclusion 
reached from a study of the growth of the eggs is confirmed by tihe percentage of 
egg-bearing females captured during the fall and winter. I have shown thst conclusions 
deduced from statistics of this kind are often erroneous, especially when observations 
have been made in a single locality. When the results of the catch in the harbor of 
Woods Hole and off No Mans Land were averaged it was Sound that about one-ha.@ 
of the adult females had external eggs, which accords with the view that the spawning 
interval is a biennial one. 

(31) Rellttive abundance of the gems.-The relative number -of males and females 
varies considerably in certaili localities, as at No Mans Land, May, 1894 (table 22), 
especially in places affected by the inshore migrations, where the males seem to take 
the lead. In other places the number of the sexes is about equally divided; this would 
always be true if our observations were extended over a sufficient period and area. 

(32) MoZting.-By far the greater number of lobsters molt during the months of 
June, July, August, and September, but there is no month in which soft lobsters may 
not be caught. The male probably molts oftener than th6 female, which would accord 
with the larger proportion of soft male lobsters captured and with the greater size 
attained by the male. 

(33) Molting lobsters are more ofteu taken on sandy or weedy than on rocky 
bottoms. 

(34) In preparation for the molt organic matter is absorbed from the shell, makingit 
very brittle. Mineral salts are also extracted from certain definite areas of the carapace 
and chelipeds, an essential condition for the safe passage of the molt. 

(35) I n  molting, tbe carapace is raised up behind and the body is drawn out through 
the opening thus made between carapace and abdomen. Normally, the shell comes off 
entire, and there is no break in any of the membranes except that  between the carapace 
and the rest of the body, The flesh of the large claws is drawn through the narrow 
openings of the joints of the limb by the elasticity of the muscles and previous removal 
of blood from the extremity. This difficult process is also aided by the absorption of 
lime from certain joints of the old shell. 

(36) The lining of the alimentary tract is molted, and the gastroliths which are left 
in the stomach are eventually dissolved. Thegastrolith is a specializedpart of the lining 
of the stomach. It 
agrees in chemical composition with the rest of the shell, excepting in the greater 
proportion of calcium salts. The view that the function of the gastroliths is to supply 
themolting lobster with an immediate supply of lime for the hardening of its soft shell 
must be abandoned. The gastroliths more probably represent a mass of lime which 

The majority of all 104-inch female lobsters are mature. 

It is formed in a gastrolithic sac, which is an organ of excretion. 
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has beeu excreted in the course of absorption of mineral salts from certain areas of 
the shell. The subsequent assimilation of these bodies thus becomes of secondary 
importance. It was found that small lobsters (3 to  4& inches long) filled their stomachs 
with fragments of dear1 shells of mollusks and crustacea, probably for the purpose of 
obtainiug an immediate and abundant supply of lime for hardening the skeleton. 

(37) Hurdcning of the  new skell.-From six to eight weeks are necessary under 
ordinary conditions to produce a shell which is as hard as the one cast off, and lobsters 
destined for the market are in better condition in from ten to twelve weeks after 
molting. 

(38) Rate of growth.-From the data at  hand we conclude that the rate of growth 
varies considerably with the individual and its surroundings. The length of the 
youiig lobster when it hatches from the egg is about 7.84 nim., aud the increase in 
length at each molt is about 15.3 per cent. The lobster molts from 14 to 17 times 
during the first year. A lOg-inch lobster has molted from 25 to 26 times, aud is about 
5 years old. 

(3!)) Regenerution of pucl'ts.-All the appendages are capable of regeneration, the 
time required for this process depending upon the time of the accident with respect 
to  the molting period and on the ternporature of the mater and the abundance of food. 
Defensive mutilatiou or autotoiny is perfectly developed only in the large chelipeds. 

This con- 
clusiou is reach seums and 
comparing them with the measurements of large lobsters of known weight. Most 
accounts of the weights of these animals are unreliable. 

(41) The weight does not bear a constant relation to the length, owing to the occa- 
sional loss of the appendages. The large chelipeds alone coiitribute from one-quarter 
to  one-half the weight of the eiitire animd, and in giants like the Belfast lobster the 
weight of the large chelipeds is more than two-thirds that of the entire body. The 
weight is also subject to great variation in consequence of the molt, when a heavy 
shell is exchanged for a much lighter om. 

(42) The adult male is as a rule heavier than the adult female of the same length, 
and this difference increases with age in favor of the male. 

(43) The egg-bearing females with eggs removed weigh less than the female lobster 
of the same length without exteriial eggs. 

(44) En,emies.--Every predaceous fish which feeds upon the bottom may be an 
enemy of the lobster. The cod is one of the most destructive to smdl lobsters, after 
the larval stages are passed. 

(45.) !Cegun,etatuZ glands.-Besides the heir pores, the sliell is perforated by innu- 
merable minute pore canals which lead iiito tegurneutal glands situated in the soft skin. 
Each gland has a capillary duct of its ow11 which opens by a pore canal at the surface 
of the sholl, and each has oue,or two peculiar cells which resemble nerve or ganglion 
cells. These orgaus are found widely diffused over the surface of the body, and they 
also occur in the walls of the cssophagus and intestine. It is probable that those in 
the swimmerets of the female secrete the cement by which the eggs are glued to the 
body, and that in some parts of the body, as in the labrum, they have a secondary sen- 
sory function, and are the organs of taste, but this is uncertain. 

(46) Color.-The color variations of the lobster, some of which, like the red, blue; 
and cream colored types, are nonadaptive, and this is also true of the remaskable color 
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variations in the larva and older stages. The normal coloration of the lobster has, 
however, a protective significance. 

(47) Abnormal variatioIzs.--Normally the large claws are differentiated for either 
cutting or crushing the food, but a rare variation occurs in which the same type of claw 
is developed on both sides of the body. The large crushing-clam may be either upon 
the right or left side of the body, but this is a question of heredity, and it is probable 
that all the young of a brood have the 1a)rger claw developed on the same side. 

(48) Repetition ofparts.--The large chelipeds of the lobster are especially liable to 
secondary outgrowths, which undergo a peculiar fission, giving rise to what appears a t  
first sight as a double claw. It is usually a double part rather than a double append- 
age, although duplicate limbs occasionally occur. 

(49) Striccture of ovary.-When the ovary is ripe it is of a dark-greeu color and 
can be dimly seeu through the membrane between the carapace and (‘tail.” I f  the 
wall of such an ovary is cut the eggs immediately flow out in a stream. The eggs if 
immature invariably adhere together or $0 the substance of the ovary. 

(50) After ovulation the ovary is collapsed, of an opaque white color flecked with 
green spots, ripe eggs which were left behind-or yellow spots, the remains of similar 
eggs from the last reproductive period. The presence of degenerate eggs thus proves 
that the animal has already become sexually mature and has previously laid eggs. 
The ovaries of lobsters which have never before produced eggs have a uuiform tint- 
yellow, pink, g a y ,  or green-and are unmistakable. (For histology of the organs, 
see Chapter x.) 

(51) Development of ova.-The eggs are developed from mesodermic cells of the 
ovarian stoma,and the massive food yolk is derived from three sources: (1) Prom the 
protoplasm of the cells destined to become eggs; ( 2 )  from the degeneration of follicle 
cells, and (3) from the ovarian glands. 

(58) When the lobster hatches, its reproductive organ is a minute cluster of 
cells ,Az mm. in diameter, and in the case of’ the female it i;akes from four to five years 
for the organ to reach maturity. 

(53) The sperm cells are probably motile in the final stage of their history, but 
nothing is known either as to how the spermatophores are conveyed to the seminal 
receptacles or how the spermatozoa reach the eggs aud fertilize them. 

(54) Young.-The lobster hatches from the egg as a pelagic free-swimming larva. 
It lives a t  the surface of the ocean from six to eight weeks, when, after having niolted 
five or six times, it goes to the bottom and appears in  habit and general structure like 
a very small adult animal. After reaching the bottom i t  travels toward the shore and 
establishes itself in rock piles in harbors and at tho mouths of rivers, where it remains 
until driven out by ice. A t  very low tide they can be found by diggiiig away the 
loose stones. The smallest, from 1 to 3 inches long, go down deep among the loose 
stones, where they are secure from every enemy. When they reach the length of 3$ 
to 4 inches they become bolder, leave their burrows in the rock biles, and seek the 
shelter of stones, beneath which they excavate a shallow hole. Young lobsters are 
also found in eelgrass and on sandy bottom in shallow water. 

(55) At the time of hatching the egg membranes burst iiito two halves and are 
drawn off over the head. A t  about the same time the little lobster sheds its entire 
cuticle; the plumose hairs which garnish its appendages arc evaginated and, leaving its 
mother, it swims up to tho surface. The first larva has long rowing exopodites on its 
thoracic appendages, and a six-jointed abdomen with spatulate telson. At the second 
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molt rudimentary abdominal appendages appear on the second to fifth abdominal 
somites, iuclusive, and the branchial formula, is completed. 

(56) At the fourth molt it Ioses the use of its larval swiinming organs, but still 
remains a5 the surface, propelling itself forward by its swimmerets and backward by 
flexion of the abdomen. It is now from three to four weeks old, is half an inch long, 
and has characteristic colors. 

(57) After the fifth molt is passed the young lobstor still swims at  the surface, 
though it is possible that some leilve it during this stage. When the sixth stage is 
reached, age five to six or eight weeks,'length about three-fourths of an inch, it remains 
at the surface for a t ime at least, but goes to the bottom t o  stay before the seventh 
molt is passed. At the sixth molt all trace of the larval swimming organs is lost. 

(58) The molts follow each other at rather short intervals, and during the first 
year of life, supposing the animal to  have been hatched in June, the lobster molts 
from fourteen to seventeen times and attains a length of from 2 to 3 inches. The 
main facts of the subsequent life-history need not be repeated. 

(59) The problem of artificial propagation of the lobster will be solved when 
means are devised by which the 1arv:E after hatching can be reared in large inclosures 
.until the fifth or sixth stage, when they are able to  take care of themselves. 

( G O )  Pood of larum-The food of the larval lobster consists of minute pelagic 
organisms of all kinds. They shorn little discrimination at this time, snapping up any 
floating objects not too large for them to  manage. 

(Gl) Heliotropism of lartm.-In the pelagic stages the young lobsters are positively 
heliotropic, rising to the surface in the daytime and staying there, and going down at  
night. This habit is not invariable, but the capture of the young by day is the rule, 
by night the exception. 

(62) 8uruivaZ of Zarum.-Great destruction is wrought upon the free-swimming 
stages by both animate and inanimate enemies. A survival of 2 in every 10,000 
larva hatched would niaintain the species at an equilibrium, and the destruction of 
the young under the present conditions of the fishery is probably even greater than 
this implies. (For a discussion of this subject see No. 97 of Bibliography.) 

(63) The general scarcity of the young in the hatching season in-places known to 
abound in lobsters is due (1) to their wide horizontal distribution, and ( 2 )  to their 
destruction. 

(G4) The whole course of development and later growth is slow. The slow larval 
development secures the necessary transportation from the shores and wide horizontal 
distribution, which is absolutely necessary for the life of the species. An abbreviated 
metamorphosis such as is found in this animal appears to be a compromise between a 
still longer dovelopment which the animal would have to go through if the egg 
possessed less yolk, and the limitations to protoplasmic activity which are imposed by 
the temperature of the North Atlantic Ocean. 

For the facts pertaining to the development of the embryo the reader must refer 
to Chapter XIII, and for details and the discussion of general questions to the body 
of the work. 

I?. C. B. 1896-16 



Appendix 1.-PREPARATION OF THE EGGS. 

The eggs of the lobster may be easily prepared for the study of the external surface 
in the following way: The fresh eggs are to be placed in either freshor salt water, which 
is heated to near the boiling point, until the green pigment coloring the yolk is perma- 
nently converted into bright red lipochrome (see p. 137). They should then be trans- 
ferred to cold water and shelled under the dissecting microscope. The eggshell when 
distended slightly with water may be removed by means of very fine-pointed forceps, 
nipping the shell and holding it with one pair of forceps while the shell is ruptured 
arid the egg carefully released with tlie other pair. 

There are two periods in the course of development when it is difficult to remove 
the shell without iujury to the embryo. Tliese are a t  the close of segmeutation, when 
the blastoderm secretes a fine membrane, which becomes soldered to the shell so that 
when the latter is removed the blastoderm itself is torn away; and, secondly, either 
during tho egg-nauplius stage or shortly after it. I n  the early egg-nauplius two 
membranes can be removed, an  outer thick one, the eggshell (composed of the primary 
and secondary egg membranes), and an inner cuticle, the secreted product of the 
embryo. This last usually sticks to  the tips of the antenrm, the second pair in par- 
ticular, and carries thein with it when it is removed. It sometimes happens that the 
entire embryo is thus stripped off. 

After shelling, the eggs should be placed a t  once in Mayer’s concentrated picro- 
sulphuric acid, and left from two to three hours. They may be then transferred to 
70 per cent and finally to 80 per cent alcohol, and the latter should of course be 
changed until all trace of the yellow salt is removed. 

I have frequently made use of 70 per cent alcohol instead of water in making up 
the picro-sulphuric acid solution, and i t  is usually successful. I used it with excellent 
results ten years ago in studying the eggs of Alpheus, but the aqueous solution is 
perhaps better on the whole. I have tried a great variety of killing and fixing 
reagents, but none are to be compared for reliability with picro-sulphuric acid in the 
concentrated form. 

The eggs are stairled by placing them in 8 vial of borax-carmine for the space of 
two to three minutes or longer, just long enough to stain the surface cells only. The 
diffuse stain must then be thoroughly removed by acidulated alcohol until the eggs 
have a light-yellow color, the nuclei of surface cells only being stained red. Turpen- 
tine is one of the best clearing reagents, none of the essential oils in common use-oil 
of cloves, origanum, thyme, or bergamot-ogering any appreciable advantage over it. 

Clearing requires but a few minutes, and while it is in progress the eggs should 
be placed in a solid watch glass with turpentine, ant1 examined under a dissecting 
microscope. With a very small and thin knife they may be cut into halves in any 
desired plane. It is better to roll the egg under the knife edge, and thus cut into the 
surface all the way round before pressing the ltnife through the egg. The eggs cut 
like cheese at first, but later become brittIe and are very apt to break if left in tur- 
pentine for too long a time. It is thus best to place a few at  a time in the clearing 
fluid, and cut them at once. 

226 
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In the treatment of these eggs I have profited by the experience and advice of 
my friend Dr. William Patten, whose method of mounting the ova of Arthropods,l and 
orieuting them for the microtome, which I have esseutially followed, leaves little to be 
desired, A cell is made of strips of cardboard of the desired tliiclmcss, and the 
respective hemispheres of each egg are fixed in place by a small drop of concentrated 
Schallibaum’s fixative. The cell maybe flooded with turpentine while the process of 
fixation is going on, and when dreined thick balsam is added and the cover glass is 
afterwards applied. In  this way thb most perfect and beautiful preparations can be 
made. 

Eggs are hardened in the same way, when the object is to cut them into sections. 
They may be successfully embedded in either paraffiii or celloidin. Bunipus bas 
described his successful use of the latter reagent, which lie heartily recommends? 
This method is undoubtedly the surest although the most laborious to pursue. /I I have 
obtained excellent sections of the early and late stages of development by the paraffin 
method, and for the older embryos it is certainly preferable. Turpentine and all the 
essential oils soon harden the yolk so that it firmly resists the knife. The eggs should 
therefore be allowed to remain in the clearing fluid for the shortest possible time only, , 

and then thoroughly saturated with paraffin. The inebhod which Patten has given 
for orientation cau hardly fail to meet with success. 

Appendix 11.-COMPOSITION OF THE SHELL AND GASTROLITHS OF THE 
. LOBSTER. 

[By ALBERT W, SMITH, Ph. D., Associate Professor of Chemistry itt the Cast SchooZ of AppZied Science.] 

The analyses of the shell of the lobster were made from four distinct individuals, 
taken at Woods Hole, Maasachusetts (Xos. 1 to 4 in the table below), and were selected 
with reference to the molting period. The description of the shells and lobsters from 
which they were taken is as follows : 
No. 1. Hard-shell female with external eggs, August 3, 1894. 
No. 2. A hard-shell female lobster near the point of egg-laying; length, 11 inches; Ju ly  16,1894. 

No. 3. From a female near the point of molting; length, 10 inches; August 2, 1894. 

The 
ovarian eggs of this lobster were mostly absorbed. 

(The gastroliths 
of this “shedderr’ are described on p. 89, and their chemical analysis is given in No. 3a of 
the following table.) 

(See 1). 48.) 

NO. 4. The molted shell of a male 11 inches long:. (See No. 2, table 24, Rind p. 89.) 

The gastroliths subjected to analysis have the followiiig history : 
No. Oa is taken fresh from the gastrolithic E U ~ C  of a “Lthedder.” (For drawing of this gastrolith sepa- 

No. 3a is from lobster No. 3 of this table, taken fresh from the gastrolithic sac of the animal shortly 

NO. 4a is from the  lobster whioh cast off shell No. 4 of this table, taken from the stomach of the animal 
(For drawings of this gastrolith see cut 8, plate C ;  for 

rated into its constituent spicules see fig. 165, plate 42.) 

before i t  was ready to  moIt. 

when soft and preserved in alcohol. 
description of lobster No. 2, table 24.) 

.__ 
Orienting Small Objects for Sectioning, and ‘‘ F i x k g  ” them, when Mounted in  C e k  (Ameri- 

oan Naturalist, vol. 28, pp. 360-362, 1894.) 
9Amerioan Naturalist, vol. 26, pp. 80-81, 1892, 
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Composition-air dried. 

Weight in grams ........................... 
Calculated as calcium oxide-CaO.. ....... 

Magnesium oxide-MgO .............. 
Alumiuum oxide-AI, OE--(F@O~). ... 
Sodium oxide-N%O.. ................ 
Silion-SIO, ........................... 
Phos horio anhydride--P,O 5.. ........ 
Sul furio anhgdride-S03 ............ 
cartonic clioxidc-CO,. ............... 
Water at 1000 C - S O . .  ...................... 

Calcolated as calcium carbonaLCaCOs . . 
Calcium phoephate-Cn, (PO&. ...... 
Calcium aulphate--CaSO~, ............ 
Nagncsium carbonat&-N COS. -. . , , . 
Sodium carbouats-Na,C& . . _. . __._. ~ 

Alumina, A1,0a-(Fq03) .............. 
Silica-SO,. .......................... 
Organic mattor and water, by differ. 

ence ................................. 
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I__ 

1. 

11.87 
22.87 
3.18 
0. G8 
0.89 
0.14 
3.53 
0.34 
21.20 

43. (i8 
7.70 
0.58 
3.50 
1.51 
0.68 
0.14 

42.21 

Table showing oomposition of the shell and gastroliths of the lobatw. 

I 

9. la 
80.41 
1.30 
1.30 
1.67 
0.4G 
4.36 
0.40 
23.00 

44.60 
9.52 
0.68 
2.73 
2.85 
1.3G 
0.48 

Car 

2. 
- 

1.37 
45.85 
0.30 
0. 20 
1.09 
0.10 
4.43 
0.07 
37.00 

72.44 
9.67 
0.13 
0 . m  
1.87 
0.W 
0.10 

.............. 

21.51 
23.11 
1.14 
2. 04 
1.00 
0.29 
3.81 
0.31 
17.05 
7.40 
32.83 
8.32 
0.53 
2.39 
1.80 
2. 0s 
0. a9 

51.80 

ace. 

3. 

8.48 
24.94 
1. 81 
1.04 
1.35 
0.08 
5.12 
0.58 
17.70 

32.93 
11.18 
0.99 
3.38 
2.31 
1.04 
0.08 

48.09 

_I 

__ 

...... 

As will be seen by reference to the table the princip 

I Gastroliths. 

37.80 I I 14.97 

I_ 

3a. 

...... 
49.14 
0.40 
0.04 
1.34 
0. 00 
4.10 
0.08 
37.10 

78.87 
9.08 
0.14 
0.84 
2.28 
0.01. 
0.00 

8. 69 

...... 

I_ 

4a. 

3.9'3 
50.82 
0.48 
0.06 
0.55 
0.08 
5.12 
0.35 
35.00 
3.50 
78.46 
11.18 
0.59 
1.01 
0.93 
0.06 
0.08 

7.89 

I_ 

.Dart of the mineral structure - 
in the carapace is made up of carbonate of calcium, with Borne considerable proportion 
of calcium phosphate and of magnesium compounds. The gastroliths differ in being 
much more largely mineral, and in consisting almost entirely of carbonate and phos- 
phate of calcium. All of the specimens contained iron, its quantity being so small 
that it was not thought advisable to make a separation of it .from the aluminum. A 
minute proportion of potassium also was present in every case, but its quankity was 
so small that it was detected with difficulty by the spectroscope in the separated 
alkali salts. 

No successful determination of th0 quantity of chitin in the carapace wa8 attained, 
and no separation of any of the other organic constituents was attempted. The total 
quantity of organic matter and water is reported as the difference between tho sum of 
the calculated percentages of inorganic salts and 100. 

The portiou of the shell subjected to analysis was taken in each case from the 
carapace, from the part bounded by the cervical groove in front and ths branohio- 
cardiac groove above. 



Appendix 111.-BIBLIOGRAPHY. 

In the following bibliography the literature of the lobster, especially that relating 
to its habits aud development, will be found to be fairly complete. All papers possess- 
ing scientific or historical interest to which reference is made, though some of them 
are of minor importance, have been included. 

Since, in my chapter on the embryology of this species, I have uot entered into 
the comparative development of the crustacea, it has been necessary to  refer to but few 
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Appendix 1V.-DESCRIPTION OF PLATES. 

PLATE 1. 

Fig. 1. The Belfast lobster. Dorsal view of male lobster, captured a t  Belfast, Maine, May 6, 1891. 
Original iu pos- 

For detailed measurements see table 30, No. 1. A little less than 
Living weight a little over 23 pouuds. 
session of the author. 
one-fourth natural size. 

From photograph of skeleton. 

PLATE 2. 

Fig. 2. Ventral view of large lobster shown in plate 1. 
Fig. 3. Ventral view of small lobster for comparison with fig. 2. Egg-bearing female; length Sginches; 

Most of the eggs which were attached to  the abdomen hare  weight about lt pounds. 
been removed. 

Both figures reproduced from photograph. About one-fourth natural size. 

PLATE 3. 

Female, length 114 inches; weight about 2 pounds. Cap- 
tured near Mount Desert, Maine. From photograph from life, April 10,1894. For colored 
drawing of this lobster see plate 16, fig. 21. 

PLATE 4. 

Fig. 4. Profile view of living red lobster. 

A little over one-half natural size. 

Fig.5. Adult male lobster, dorsal view. Lengt'h 121$. inches : weight 2 pounds 14 ounces. From 
photograph from life, December 8,1893. A little under one-half natural size. Membrane 
between thorax and abdomen unnaturally distended. 

This lobster, with those represented by the three following plates, figs. 5-8, was captured at Woods 
Hole, Massachusetts, December, 1893, and sent alive to  Cleveland, Ohio. 

PLATE 5. 

Fig. 6. Adult male. Ventral view of lobster shown in plate 4. From photograph from life. A little 
under one-half natural size. 

PLATE 6. 

Fig. 7. Adult female lobster with external eggs, dorsal view. Length 111% inches; weight 1 pound 13 
ounces. From photograph from life. A little over one-half natural size. 

PLATE 7. 

Fig. 8, Adult fernale. Ventral view of lobster shown in plate 6. The dark-green eggs attached t o  the  
swimmerets under the tail are very clearly seen. A colored sketch of one of these eggs, 
showing the coutained embryo, and a cluster of cggs from the swimmerets are represented 
by figs. 25,26, plate 17. 

A lobster of this size prodncos on the average about 19,000 eggs. The seminal receptacle is seen 
between the bases of the third and fourth pairs of walking legs. Compare this with the 
organ as it appears in  the immature lobster shown in plate 11. 

One-half natural size. 

238 
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PLATE 8. 

Fig. 9. Immature female lobster, dorsal view; length 44 mm. (1.73 inches). From photograph, life- 
size. 

This and the immature or adolescent lobsters rcprcscnted by plates 8-13, figs. 9-18, mere collected 
in Casco Bay, Maine, in Small Point Harbor and vicinity, from August 31 to  October 19,1893. 
The photographs mere all made from the alcoholic specimens. They aro described in table 
32, pp. 163-165. 

sab NO. 1, tablo 32. Theright cutting- 
claw is smaller than is normal, due to the fact that  i t  has becn recently cast off and is 
now only partially restored. 

Casco Bay, Maino, October, 1893. See table 32, No. 2, for further details. 

All  are life-size. 
Fig. 10. Immatureinalo lobster; length 40.3 mm. (1.59 inches). 

(See Chaptcr IV.) 
Fig. 11. Immature female lobster; length 64 mm. (2.5 inches). 
Fig. 12. Immature male lobster; length 58 mm. (2.28 inches). 

NO. 7, table 32. 
No. 5, table 32. 

PLATIP 9. 

Fig. 13. Immature female lobster; length 75.6 mm. (2.98 inchee). NO. 16, table 32. The right cutting- 
From 

No.8, table 32. From photograph; 

claw is smaller than normal. 
photograph ; life-size. 

life-sizo. 

See fig. 10, pl. 8, with description given above. 

Fig. 14. Immature male lobstor; length 67 iniu. (2.64 inches). 

PLATE 10. 

Fig. 1s. Immatiirc female lobstor; dorsal view ; length 86.5 mm. (3.41 inches). NO. 21, table 32. From 
photograph ; lifo-size. 

PLATE 11. 

Fig. 16. Voiitral view of immatnre female lobster shown in plate 10. Length 86.6 mm. (3.41 inches). 
No. 21, table 32. From photograph; life-sizo. The semiml roceptacle is scen between the 
third pair of walking legs. The normal rudimentary condition of the first pair of swim- 
merets is also well shown. Compare with plate 7. 

PLATE 12. 

Fig. 17. Immature inale lobstor; length 92.3 mm. (3.G4 inches). No. 23, table 32. From photograph 
life-size. 

PLATE 13. 

Fig. 18. Immature male lobster; lengbh 110 mm. (4.34 inches). No. 32, table 32. From photograph 
life-sizo. 

PLATE 14. 

Fig. 19. Male lobstor showing abnormal, symmctrical development in large claws. Instead of the 
nsual differentiation of tho great claws, one for crushing, the other for cutting (well 
shown in fig. 6, pl. 5), both are here similar and belong to  the cutting type. Length 10 
inches; taken at Woods Hole, Massachusetts. See p. 144. From photograph from alcoholic 
specimen; about four-fifths life size. 

PLATE 15. 

Fig. 20. Right crushing-claw of lobster, probably a male, preserved in  the mnseum of the Peabody 
Aoademy of Sciencc, Salom, Massachusetts : Estimated weight of live lobster, about 25 
pounds; weight of skeleton of claw (inchiding tho fifth joint or carpus), the parts shown 
in the drawing, 162 onnces. Natural size. 

Fig. 20a. Right crushing-claw of female lobster, of about average size; length 11 inches; weight 1s 
ponnds ; shell fairlyhard. Captured at Woods Hole, Massachusetts, July 24,1894. K a t m d  
size. 

This dmwing of the claw of a lobster of average size, placed by the side of tho mammoth speci- 
men for the sake of comparison, shows more forcibly than words or figures can the great 
difference in size which may exist between adults of the mme species. Both drawings 
are life-size, and to iusure accuracy their outlines werc csrefully traced from tho objects 
themsolves. The living weight of tho smaller claw (including tho entire limb) was about 
10 ounces, that of the larger about 10 pounds. (See p. 115.) 
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PLATE 16. 

Fig. 21. Red female lobster, colored from life. Length 118 inches; weight about 2 pounds. Captured 
An examination of‘ the reproductive 

For photograph of 

Length 10 inches; weight about 1) pounds; shell mod- 

in the vicinity of Mount Desert, Maine, April, 1894. 
organs showed that  the lobster had not yet reached sexual maturity. 
this lobster see plate 3. 

erately hard. Woods Hole, Massachusetts, August 14,1891. About two-thirds life-size. 

A trifle under one-half life-eize. 
Fig. 22. Adult male lobster, colored from life. 

PLATE 17. 

Fig. 23. Eggs of lobster showing an unusiial color variation. Drawn from life. The embryo was 
somewhat past tho egg-nauplius stage. The lobster, which was 12) inches long and 
weighed 2 pounds 5 ounces, wm captured a t  Woods Hole, Massachusetts, Dcceniber 4, 
1893, and sent to  me alive. These eggs turned a very light salmon-color when boiled, Six 
times natural size. 

Laid in  aquarium at the United States 
Fish Commission station, Woods Hole, Massachusetts. Drawn August 11, 1893. When 
first examined the eggs were closely adherent, and the gluo which bound them together 
was very soft. The ovary of the lobster was examined on August 17; it was of small size, 
and contained but  few unextrnded eggs, which were partially absorbed. About 6 times 
natural size. 

Drawn from life 
December 7, 1893 The entire mass of eggs are attached to each other and to  tho s r t a  or 
hairs of the swilnniing feet, as shown in the drawing. A single detached seta with a 
number of eggs glued to  i t  is here represented. 

Fig. 26. Profile view of embryo released from eggshell; taken from a cluster Iilre that  in  fig. 25. 
Drawing made December 12, 1893, after killiug the embryos with hot water. Embryos 
from the same lobster (see fig. 8) lived eight days in damp seaweed, in a cool room, and 
could apparently have been kept alive under the same couditions for a mud1 longer time. 
Enlarged 33 times. 

Drawn and colored from life. 
Eggs from same batch as those shown i n  fig. 25;  female reproscnted by plate 7. The 
conspicuous green yolk, whioh is restricted to  the upper half of the egg, fills tlie cavity 
of the mid-gut. This evnntually forma the “liver” or gastric glands, the anterior lobos 
of which are clearly seeu in fig. 28. The clear space to  the right (on tho lower side in  
fig. 28) represents the heart. Below it the intcatine joins the mid-gut. The eye is shown 
as it appears in reflected light in  fig. 27, as in transmittcd light in fig. 28. (See p. 169.) 
Enlarged 33 times. 

Fig. 24. CIuster of fresh eggs of lobster, colored from life. 

Fig. 25. Cluster of egg embryos from swimmerets of female shown in plate 7. 

About 13 times natural size. 

Fig. 27. Side view of embryo, as seen through the transparent shell. 

Fig. 28. Dorsal view of embryo shown in fig. 27. Enlarged 33 times. 

PLATE 18. 

Fig. 29, Lobster hatching. Drawn from life July 5, 1891. The membrane of attachment (secondary 
egg membrane) has split along the middle line and is being drawn off over the head. The 
inner par t  of the shell (primary egg membrane or “chorion") invested the embryo a8 an 
exceedingly delicate, transparent membrane, and was ruptured (above the eyes) by needles 
in order to  show it. When the  outcr membraue is borne away it usutblly drags the deli- 
cate inner one with it. 

Fig. 30. Lateral view of a lobster, teascd from an egg which was about ready to hatch, t o  show the  
embryonic cuticle which must be shed before the first swimming larval st;ige is reached. 
The healthy embryo sheds this skin either at the time of its esckpe from the eggshell or 
very soon after it, The intestinal concretions arc clearly seen in both this and the pre- 
ceding figures. The pigment cells of the  skin and othcr details are purposely omitted. 
Drawn from life. Enlarged about 33 times. 

Pigmentation of skin 
not represented. Rudimentary exopodites of thoracic appendages present. Length 
16 mm. July 2, 1891. Enlarged 9 times. 

Enlarged 33 times. 

Fig. 31. Profile view of lobster in fifth stage. General color reddish-brown. 
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PLATE 19. 

Fig. 32. First swimming stage of the lobster, usually called tho first larva or the first schizopod 
Atage. Dorsal view. Drawn from life July 3, 1890. The bright vermilion pigment cells 
or chrometophorcs of the skin are here expanded under stimulation. Under some condi- 
tione they contract, and the animal becomes very pale-blue, in consequence of the blood 
pigment. The stomach-bag on the middle line behind the eyes, the lobes of tlie ;yellow 
“liver” on either side of this, the  heart behind the stomach, and the intestine passing 
beneath this from the btomach to the hinder end of the body, are clearly dimerned through 
the  h n s p a r e n t  shell. The yellow cast of color is rather too pronounced, especially in the 
abdomen. For color of eyes, see‘ p. 169, and fig. 27. Length about 7.8 mm. ($6 inch). 
Enlargod 22 times. 

PLATE 20. 

Fig. 33. Profile view of tho  first larva of the lobster. Length about 8 mm. .July 22, 1891. The trans- 
parency of these larvm is often very great, and many of the organs, such as the heart, 
gills, and alimentary tract, are seen with great cleibrness through the Ahell. (Compare 
fig. 32.) The “liver ” or gastric gland, usually of a golden-yellow color and resembling a 
cluster of grapes, is the most voluminous and conspicuous of the internal organs. The 
shading by stipple in this and the two following plates is purely conventional, no attempt 
beiiy made to represent the pigmented skin. Enlarged 30 times. 

PLATE 21. 

Fig. 34. Second larva; profile view; drawn to tho some scalc as fig. 33. The second larval stage is 
preceded by the second molt. Beside the striking increase in size in all tho parts of the 
body, tho most iinportant changes are the growth of the antenna and the appearance of 
rudimentary legs or swimmorets on the under side of the abdomen-upon the second 
to  fi€th somites, inclusive. Length about 9 mm. (0.35 inch). Enlarged 30 timca. 

PLATE 22. 

Fig. 35. Third larva; lateral view. Drawn July 15, 1891. Tho principal cliaxiges wliicli aro cmpha- 
sized a t  the third iriolt concern the antenna, tlie growth of the t,horacic appendages, chicfly 
seen in the large clams, and the acquisition of the last pair of obdominnl :bppendages, 
which, with the telson, constitute a very importaut locomotor organ, the propeller gr 
tail fan. Longth 11.1 mm. (0.44 inch). Enlarged 22 times. 

PLATE 23. 

Fig. 36. Fourth larva; dorsal view. Length 14.6 mm. Drawn and colored from life August 7, 1881. 
This represents tlie average normal color of this stage, yet, as will be seen in  Chapter 
XII, this is subject to  considerable variation. The brilliant peacock-green or intense 
yellow-green spots upon the carapace and abdominal segments are charactcristic of this 
period, but it is difficult to  reprosent these pigments in their natural glow and purity. 
Enlarged 104 times. 

PLATIC 24. 

Fig. 37. Sixth stage; dorsal view. Outline from a young lobster 15.3 rum. iong, July 14,1891; color- 
ing from lobster No. 3, table 34, in  sixth stage raised from fourth larva; length 15.5 mm. 
Enlargod 8136 times. 

PLATE 25. 

Fig. 38. Young lobster in sixth stage; profile view. Raised from the e g g ;  lobster No. 36, table 54. 
The white spots or teiidon- 

They are somewhat less 
The fifth stage usually resembles the sixth very olosely, 

Length 16 mm. 
marks on the carapace are very characteristic of this period. 
prominent in the fifth stoge. 
particularly in color. 

Drawn and colored from life, July 30, 1892. 

Enlarged 11+ times. 
F. C. B. 1895-16 
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PLATE 26. 

Length 47 mm. Fig. 39. Soung, immature lobster; male. Drawn and colored from nature July 18, 
This animal was injured and brought up by accident in  a lobster pot in  Woods 1891. 

Hole Harbor. (No. 22, table 33.) Enlarged 2% times. 

PLATE 27. 
[The stage or molt to which each drawing belongs is shown by roman nnnierals on plates 27 to 35.1 

Fig. 40. Right first antcnna of first larva, from below. Tho inner branch or flagellum of this append- 
age is now present as a very small unsegmented riidiinent, which grows out of the pri- 
mary stalk from i ts  under side toward the middle line. 36 times natural sizc. 

Segmentation of flagellum of exopodite not 
yet visible, or but faiutly marked; eudopodite tipped with one long and one or two short 
sctia; shows slight traces of segmentation. Nino bunches of olfactory se ta  present, 4 to 
6 i n  a Imncb, distributed in  two longitudinal rows. 

Outer 
and inner branches separated by pressure. 

Masses of browii pigment are seen in the 
auditory chamber. Segmentation of parts very distinct. au, auditory organ. 36 times 
natural size. 

Fig. 44. Left first antenna of fifth stage, from below. Parts shown in 
natural position. 36 tinios natural size. 

Fig. 45. Riglit first and second antenum of first larva, from above. Inner edge of exopodite of first 
antenna bears a fringe of 22 to  23 plumose seta. 36 times natural size. 

Fig. 46. Right second antenna of second larva, from above. 3G times nat4ural sizo. 
Fig. 47. Left second antenna of third larva, from above. 
Fig. 48. Left second autenua of fourth larva, from below. Flagellum divided iuto 40 segments. 36 

Fig. 49. Proximal portion of left first and second antenna of lobster in fifth stage, seen from below. 
gr, papilla on which green gland 

Fig. 41. Left first antenna of' second larva, from below. 

36 times natural size. 
Fig. 42. Left first mteuua of third larva, from below. 

Fig. 43. Left first antenna of fourth larva, from above. 

Segmentation of flagella more marked. 
36 times natural size. 

Lobster No. 3, table 34. 

36 times natural size. 

tiinee natural size. 

Lobster No. 28, table 34. 
opens. 36 times natural size. 

Drawn without pressure. 

PLATE 28. 

Fig. 50. Left first and second antenna of fifth larva, as seen from abovo. From lobster No. 28, table 34. 

Fig. 51. Right first maxilla of first larva, from anterior face. 
Fig. 52. Terminal joiut of left fifth pereiopod of first larva from anterior side. 50 times natural sizo. 
Fig. 53. Tip of endopodite of' first maxilla of first larva. 
Fig. 54. Front view of mouth and surrounding parts-labrum, mctastoma, and mandibles-of first 

larva. Dark-red chromatophores occur on the mandibles and labrum. The mandibular 
palp sometimes carries two se ta  a t  its tip. 

Fig. 55. Right mandible of fourth larva, from behind, showing groove and cutting edge. 36 times 
natural size 

Fig. 56. Left mandible of fourth liirva, from outcr side. Hard, chitinous part next to cutting edges, 
bluish steel color. 50 times natural size. 

Fig. 57. Mandibles of fifth larva, from anterior side. Drawn from the molted shell of lobster No. 
23, table 34, August 10, 1892. Length of larva before molt 13 mm. 36 times natural 

36 times natural size. 
153 timos natural size. 

45 timos natural sizo. 

154 times natural size. 

size. 
PLATE 29. 

Fig. 58. Left first maxilliped of first larva, from the inner side. 
Fig. 59. Left first maxilliped of fourth larva, from outer side, showing tegumental glands in second 

Fig. 60. Right second maxilla of first larva, from outer side. 
Fig. 61. Right first maxilla of' fourth larva, from inner side. 
Fig. 62. Right first maxilla of fifth larva, from outer side, showing teguments1 glands in second 

segment (basis). Drawn without pressure, From lobster No. 27, table 34. 50 times 
uatural size. 

125 times natural size. 

segment (basis). 52 times natural size. 
153 times natural size. 

52 times natural size. 
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PLATE 30. 

Pig. 63. Left second maxilliped of first larva, from anterior face. Epipodite is developed on basis; 
no distinct podobranchia. 

Fig. 64. Left second maxilliped of fourth larva, from anterior face. I’odobranchia prcscnt, but rudi- 
mentary as in the adult. 

Fig. 65. Right third maxillipcd of fourth larva, from dorsal surface, natural position. 22 times 
natural size. 

Fig. 66. Left first pereiopod of first larva, from below. The arthrobranchiiu which issue from the 
membranes between the body and appendago, and are soinctiiues torn off with the lattor, 
tire also shown in fig. 65. 52 times nat,ural size. 

Fig. 67. Left tirst pereiopod of fourtli larva, from below. Tbe small tubercles of the chela are 
scarcely visible in this position. The exopodite (compare fig. G G ) ,  now a short rudiment a t  
the base of tho appendage, does not entirely disappear until the fifth molt. 22 times 
natural size. 

Fig. 68. Part of left third maxilliped of fourth larva, from below, showing serrated inner uiargin of 
third segment. 22 times natural size. 

Fig. 69. Left third maxilliped of first larva, from above. 

PLATE 31. 

Fig. 70. Left fourth pereiopod of first larva, from abovo. 50 timos natural size. 
Fig. 71. Serrated spine from propodus of lof t  secolld pereiopod of fourt8h larva. 153 times natural size. 
Fig. 72. relson of embryo with eye pigment, July 26. Picro-sulphuric acid preparation; teased from 

Fig. 73. Right socond pereiopod of first larva, from the side. 50 times natural size. 
Fig. 74. Left secoiid pereiopod of fourth larva, from above. 
Fig. 75. Left fifth pereiopod of fourtli larva, from above. 
Fig. 76. Left fourth pereiopod of fifth larva,, from above. The podobranchia with epipodite, the arthro- 

Fig. 77. Antenwao of embryo, the telson of which is shown in fig. 72. 

50 timos natural size. 

36 times natural size. 

50 times natural size. 

egg in glycerin. 22 times natural size. 

22 times natural size. 
22 times natural size. 

brancliim and the pleurobranchia are here shown. 30 timos natural size. 
22 times natural size. 

PLATE 32. 

Fig. 78. Bud of first left abdomiunl appendage of fifth larva; length of larva 14 mm. Drawn from 
niolted shell of lobster No. 36, table 34. July 30, 1892. 63 times uatural size. 

Fig. 79. Seminal roceptacle of female. Lobster No. 17, table 33. Length of lobster 35 mm. 14 times 
natural sim. 

Fig. 80. Left first abdominal appendage of lobster No. 37, table 34; eighth stage; length 19.75 mm. 
(0.78 inch) j raised from egg. 

Fig. 81. Ventral view of young female lobster; length 51.8 mm. (2.04 inches); No. 19, table 33. The 
seminal receptacle is here shown in process of development. Compare with plate 11. 5.3 
times n a t n r d  size. 

From lobster No. 34, 
table 34. 63 times 
natural size. 

Fig. 83. Left first abdominal appendage of lobster No. 34, table 34, in seventh stage. Length of lob- 
ster 18 mm. (0.71 inch). 63 times natural size. 

Fig. 84. Left first abdominal appendage of lobster in sixth stage. No. 36, table 34; length of lobster 
16 mm. 

Fig. 86. Left first abdominal appendage of female in  eighth stage. Lobster No. 3, table 34. Length 
of lobster 21.2 mm. Appendage segmented into two parts. For ventral view of thorax of 
this lobster see fig. 89. 63 times natural size. 

Fig. 86. Left first abdominal appendage of female. Length of lobster 35 
mni. (1.39 inches). 

Fig. 87. Left first abdominal appendage of male. No. 18, table 33. Length of lobstor 36.3 m n .  (1.43 
inches). 14 times natural size. 

Fig. 88. Left first abdominal appendage of female. No. 19, tlable 33. Length of lobster 51.8 mm. 
(2.03 inches). For seminal receptaole of this lobster see fig. 81. 14 times natural size. 

63 times natural size. 

Fig. 82. Loft first abdominal appendage of the sixth stage of development. 
Drawn from molted shell, Length of lobst,er in sixth Ntage 16.3 mm. 

63 times natural size. 

Lobster No. 17, table 33. 
14 times natural size. 
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Fig. 89. Ventral view of female lobster in eighth stage. From lobster No. 3, table 34. Length of lobster 
For first abdominal appendage of this lobster, see fig. 85; for color 

Length of lobster 19.3 mm. (0.76 inch) 

Length of lobster 40.3 mm. (1.59 inches.) 

21.2 mni. (0.83 inch). 
in sixth stage, see pl. 24. 

eighth stage. August 14, 1892. 63 times uatural size. 

3.5 times natural size. 

5.3 times natural size. 
Fig. 90. Left first abdominal appendage of young male. 

Fig. 91. Ventral view of young male. No. 1, table 32. 

 LATE 33. 

Fig. 92. Left cheliped of fourth larva (No. 23, table 34) in process of regeneration from stump, seen. 
Drawn from molted shell of fourth 1:irval stage from below. 

August 9, 1893. X ,  plane of fracture. 1-7, segments of limb. 22 times natural size. 
Length of larva 13 mm. 

Fig. 93. Left fourth pleopod of second larva, from outer face. 
Fig. 94. Left second pleopod of third larva, from outer face. 
Fig. 95. First abdominal segment of shell of lobster No. 34, tablc 34, in  sixth stage, seen from behind. 

Raised from egg, and followed from third larval stage. Lengtli of lobster 16.3 mm. A 
colored drawiug of this lobster is given in  tig. 38, plate 25, and a drawing of the first 
abdominal appendage in fig. 82. 16 times natural sizc. 

Regenerated from the contli- 
tion shown in fig. 92 after the iutcrrentioii O f  a single molt. 2-4, 
segments of limb. 22 times natural size. 

Fig. 97. Left second pleopod of fourth larva, from anterior face. cad, endopodite. 36 times natural 
size. 

Fig. 98. Sterna of the last three thoracic somites of fifth larva. From No. 36, table 34. Length of 
lobster 14 mm. j sex doubtful. 

Fig. 99. Left fourth pereiopod of fourth larva, in process of regeneration. Length 
13 mm. 2-7, segments of limb. 22 times natural size. 

bYg. 100. Right second antenna of lobster in  seventh stage, in process of regeneration, seen from above. 
No. 34, table 34. Drawu from molted shell, August 8, 1892. 

PLATE 34. 

95 times natnral sizo. 
36 times natural size. 

Fig. 96. Left cheliped of molted shell of fifth larva, seen from above. 
X, plano of fracturc. 

July 30, 1892. 47 times uatural size. 
No. 23, table 34. 

22 times natural size. 

Fig. 101. Respiratory organs of secoud larva, from left side. 

Fig. 102. Telson of second larva, from above. 
Fig. 103. Telson of first larva, from abovc. 
Fig. 104 Caudal fan of third larva, from below. 
Fig. 105. Caudal fan of fourth l a v a ,  from above. Alcohol-glycerin preparation. Set:u all plumose. 30 

Fig. 106. Podobraiichia of left second pereiopod of lobster, probably in  fourth stage, from inner side. 

8-14, appemt1:~gos of corresponding 
eoiuites of body. 36 times natural size. 

36 times natural &e. 
50 times natural size. 

36 times natural size. 

times natural Him. 

The gill now carries four rows of branchial filaments. 36 times natural size. 

PLATE 35. 
Fig. 107. Left first antenna of the embryo shown in figs. 27, 28, plate 17. Frontal view. 63 times 

Fig. 108. Right second antenna of the same embryo, from below. 
Fig. 109. Rostrum of second larva, from above. 
Fig. 110. Profile view of carapace of first larva. 
Fig. 111. Profile view of carapace of second larva. 13 timos natural size. 
Pig. 112. Profile view of carapace of third larva. 13 times natural size. 
Fig. 113. Profile view of carapace of fourth larva. From molt, July 15. Dorsal view of same given 

in  fig. 115. The entire outer surface is now studded with short s e t a  13 times iiatural size. 
Fig. 114. Profile view of carapace of fifth larva, showing tendon marks. General color of larva 

brownish-green j carapace brown. 6 times natural size. 
Pig. 115. Domal view of carapace of fourth Iarva, from moIted shell. Profile view of same is given 

in fig. 113. The median area of absorption is now a broad band which widens in the 
rostral regions and unites with the cervical groove on either side to form a cross-shaped 
figure. 13 times natural size. 

natural size. 
63 times natural size. 

37 times natural size. 
13 times natural size. 
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PLATE 36. 

Fig. 116. Section of reproductive organ of embryo near time of hatching. 
Fig. 117. Section of right reproductive organ of first larva. 513 times 

natural size. 
Fig. 118. Right second antenna of an adult female lobster, orergrown with alga, (chiefly UZva and 

Laminaria), seen from above. Taken from lobster 
pound a t  Vinal Haven Island, Maine, August 26, 1893. 

Fig. 119. Oviduct and part of ovarian lobe from left pide, showing a row of unextruded eggs in duct. 
Length of female about 10 incllcs. Woods Hole, 
Massachusetts, August 3, 1894. od, oviduct. Two-thirds natural size. 

Fig. 120. Reproductive organs of adult male lobster from above. Duct of testis in natural position 
on right side, dissectcd out on the left. Dotted lines ( I  to 5 )  mark planes of section of 
the vas deferens and refer to  figures on plate 37. a, proximal segment; b, glandular 
segment; c, ductus ejaculatorins; in, intrstine ; 99, gastric gland. Two-thirds natural size. 

Fig. 121. Disk-shaped concretion, probably containing gl~vogen, from maxilla; cracked by pressure. 
133 times natural &e. 

Fig. 122. Large granular cell from first maxilliped, probably glycogenous in fiinction. August 17,1893. 
733 times natural size. 

Fig. 123. Reproductive organs of adult female dissectcd out, viewed from above; ovary rioarly ripe. 
Length of lobster 108 inches. No. 77, table 20. August 21, 1890. od, oviduct, Two- 
thirds natural size. 

513 times natnral size. 
R. O., reproductive organ. 

Length of l o b ~ t e r  about 10-b inches 
Two-thirds natural size. 

External eggs in yolk segmuntation. 

PLATE 37. 
Fig. 124. Transverse section of proximal end of TOR defcrens of adult lobster. Plane of scction marked 

“ 1” in fig. 120. This 
and figs 125-128 are from the samc orgnu and illustrate the anatomy of the diff’erent parts of 
the male duct. 36 times natural size. 

Fig. 125. Transverse section of vas deferens of adult lobstor. Plane of section marked “ 2 ”  in fig. 120, 
ep, epithelial lining of duct. 

Fig. 126. Transverse section of vas deferens of adult lobster, showing thick musciilar malls. Plane 
of section marlced “4” in  fig. 120. c. mu, circular musclos; 7. mu, longitudinal muscles; 
BZ. S., blood sinus. 36 times natural size. 

Pig. 127. Part  of transverse section of vas dofcrens, iu plane marked t r 5 ”  in  fig. 120. bm, basement 
membranc; c. mu, circular muscles; ep, epithelial lining constituting the spermatophoral 
glands; 1. mu, longitudinal muscles; mb, membranous sheath. 

Fig. 128. Part of transverse section of vas deferens through glandular portioii, in plane marked “3,” 
fig. 120, showing spermatophoros, contained sperm and glandular lining-epithelium. The 
ge1:itinons Npermatophore is LI secretion of the latter. a, h, compartments of duct; f, 
inward fold of epithelium of duct; Sp, sperm; Spy, inner gelatinous substance of sperma- 
tophore. 36 times natural sizo. 

Fig. 129. Ripe sperm cells : b, c, froxn the vas defercns of an adult male and a, from the seminal 
receptacle of a fernale. About 650 times natural size. 

PLATE 38. 

Duct filled with sperm ; lining-epitheliuni consists of small flat cells. 

8p, sperui culls; mb, connective tissue sheath of duct. 

36 times natural sizo. 

190 times natural size. 

Fig. 130. Seminal receptacle of adult female, from abovo. 
Fig. 131. Ovaries of immature lobster, seen from above. 

Natural size. 
Length of lobster 44 mm. (1.73 inches). 

Length of ovary 15 mm. ; diameter of lobe 3 mm. Color opaque 
white. 

Length of lobster 74.5 mm. (2fif inches). 
Length of ovary 41 mm. ; diameter of lobe 1 mm. From No. 98, table  20. Natural size. 

Represents relative size of ovarian eggs one 
year older than those shown in fig. 134. 

Drawn to same scale as fig. 133. This illus- 
trates the size at tho time of egg-laying of the immature eggs which are to  form the next 
generation, and which will be ready for extrusion two years hence. One year later they 
attain the relative size shown in fig. 133. 44 times natural size. 

The difference in  rdat ive size between theso 
eggs and those shown in fig. 134 represents a growth of about six weeks in siimmer. 
44 times natural size. 

From No. 2, table 32. 
Oviduots, though undoubtedly present, not seen in dissection. Natural size. 

Fig. 132. Ovaries of immature lobster, seen from above. 

Fig. 133. Egg teased from fresh ovary shown in fig. 138. 

Fig. 134. Ova teased from fresh ovary shown in fig. 136. 
44 times natiiral size. 

Fig. 135. Ova teased from fresh ovary shown in fig. 137. 
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Fig. 136. Ovary immediately after egg laying, seen from below. From lobster No. 52, table 20. The 
oviducts are filled with unextruded eggs; a few of thesa ova are also seen in the ovaries. 
Immature eggs from this ovary are shown in fig. 134. The yellow flocks are the remains 
of unextruded eggs of a former ogg generation; tha t  is, they have been in  the ovary two 
years at least. July 28, 1891. 

Fig. 137. Ovary of lobster No. 87, table 20, bearing external eggs. The latter have been laid about 
six weeks (date of laying about July 10). The ovarian eggs possess a dark-green core and 
lighter periphery. A t  the period of ovulation they are colorless, as shown in figs. 134 
and 136. August 21, 1891. Drawn in natural size from life. 

Fig. 138. Ovary of female which has recently hatched a brood. Taken July 30,1891. For doscription 
of lobster see No. 95, table 20. The pea-green color is characteristic of the ovary a t  this 
time. The contained eggs, one of which is shown in fig. 133, are approximately one year 
old. The difference in  relative size between the ova shown in figs. 133 and 134 thllt3 
represents a year's growth, while the relative difference in size between the ova shown in 
figs. 134 and 135 represents only six weeks of summer growth. 

We thus see that  a generation of ovarian ova grow very rapidly during the first sum- 
mer following the  last ovulation. They then enter upon a period of quiescence, growing 
but  slowly, like the external embryos during the succeeding winter. The second snmnier 
following ovulation is marked by a second period of rapid growth, followed in  turn by a 
second period of quiescence during the succoeding wintcr. At the beginning of the third 
summer after ovulation this generation of eggs is rcady for extrusion. That  the spawn- 
ing periods are thus two years apart is  a valid inference drawn from the study of the 
anatomy of the reproductive organs. Yellow spots mark as before the remains of degen- 
erat8e eggs which failed of omission a t  the last reproductive period. The characteristic 
condition of the  ovary shown in this drawing proves that  annual breeding is an 
impossibility. 

PLATE 39. 
Fig. 139. Part of transverse section of ovary of lobster, No. 52, table 20, with external eggs in  oarly 

segmentation, the ova having boen laid about thirty-six hours. The poculiar glandular 
organs are uow seen in  the peripheral parts of the lobes. 0. G., ovarian gland; 0. JY., 
wall of ovary. 

Glands absent; ovaries 
approaching maturit,y. 

August 19,1890. 
The nucleus or germinal veBicle is shown in one of tlie nearly ripe eggs. (For more 
detailed drawing of nncleus, see fig. 160.) BZ. S., blood sinus; Ct, nodule of counective 
tissne. 

Fig. 162. Part of transverse section of ovary of lobster No. 52, table 20, showing follicle cells which 
have wanderod into the egg and are undergoing degeneration. Dg, vesiculated masses of 
chromatin, the fragments of degenerated cells; BZ. S. ,  blood siuus containing blood 
cells. 457 times natural size. 

Fig. 143. Part  of transverse section of ovary, the same as in fig. 141, showing the gland-like organs. 
BZ. S., blood sinus (dotted line should be continued across gland). 211 times natural size. 

Drawn in natural size and color from lifc. 

' 

Drawn in natural size and color from lifo. 

36 times natural size. 
Fig. 140. Part of transverse section of ovary of lobster No. 94, table 20. 

Fig. 141. Part of transverse section of nearly ripe ovary, from lobster No. 75, table 20. 
36 times natural size. 

0. O., ovarian gland 22 times natural size. 

PLATE 40. 
Fig. 144. Right pleopod of adult female lobster, seen from posterior surface. Drawn from alcoholic 

preparation, with camera and dissecting microscope, the cuticle being romoved from one 
side to  show distribution of cemcnt glands in  swimmerets. 4 times natural size. 

Fig. 145. Fold of glandular epithelium from transverse section of ovary of lobster No. 75, table 20. 
From same as fig. 141. y.9, body resembling yolk spherule. 190 times natural size. 

Fig. 146. Transverse section of lobe of ovary shown in fig. 131, plate 38. 67 
times natural size. 

Fig. 147. Part of transverse scction of ovarian lobe from a lobster with external eggs near the point 
of hatching. The condition of this ovary closely corresponds to  that  shown i n  fig. 138. 
June 30, 1890. 

Prom No. 2, table 32. 

BZ. S., blood sinus. 36 times natural size. 
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Fig. 148. Part of transverse section of ovary of lobster No. 51, table 20, sliowing the inner or primary 
egg membrane (shaded dark), and the follicular epithelium by which it is secreted, UZ. S., 
blood sinus. 211 times natural size. 

Fig. 149. Part of transverse Section of ovary of lobster No. 52, table 20, showing part of an egg and 
follicular cells in coiltact with it. Those which have wauderetl into the yolk after- 
wards degencratc. The external eggs borne by this lobster wcre in an early stage of 
segmeiitatioii. f. c., follicle cells immerscd in the yolk. 211 times natural size. 

PLATE 41. 

Fig. 150. Dogenerating cells from tlie ovary of lobster No. 76, table 20. The larger body to  the left is 
tho rcinains of what was once a mature cgg, which having failed of emission a t  the time 
of egg-laying has suffered degeueration. The tough egg niembraiie seenis t o  defy com- 
plete absorption. To the uiiaiclcd eye such an egg appears as a yellow fleck, if visible at 
a11 (see fig. 136). 

Fig. 151. Part of liorizontal soction of ovary from lobster No. 76, table 20, showing ova inclosed in  
folds of folliculor epithelium. This ovary was slit open along the mid-dorsal line, pinned 
out, hardened, and scetsioned in  longitudinal, horizontal planes. 

Fig. 153. Part of transverse section of ovary of lobster No. 52, table 20, showing tho developing ovum 
and its rel?tion to  the folds of glandular epithelium. Roinnants of degenerating cells can 
bedetectediu this egg. (See figs. 139 and 149.) B. M., bnsenientmembrane; Bl. S., blood 
siiiiis ; G.  E., glandular epithelium. 281 times natural size. 

F. G., 
vacuoles, probably representing fatty globules which liave been reiiioved in tho process of 
preparing the tissue for sectioning j ya, bodics resembling yolk spherule. 253 times natural 
size. 

540 times natural sizc. 

67 times natural size. 

Fig. 153. Glaiidular epithelium from transverse section of ovary of lobster No. 75, table 20, 

PLATE 42. 

Fig. 154. Ovum in early stage of growth, from ovary of lobster No. 52, table 20. I>iameter of egg 
& mm., of nucleus 341 mni. 

Pig. 155. Young O V U ~  from same ovary as the last. 353 
times natural size. 

Fig. 156. Young ovum froin SENUO ovary as tho last. This nucleus contaius two nucleoli. Diameter 
of egg 

Fig. 157. Young ovum from same ovary as the last. Diameter of egg a little over +g mm., of nucleus 
I+ mm. 

Fig. 158. Nucleus of ovum from transverse section of ovary of lobster with external eggs about t o  
hatch. From same as fig. 147. Diameter of egg mm., of nucleus mm. 353 times 
natura1 size. 

See fig. 140 for ovarian 
section. Diamcter of egg 1& mm., of nocleus mm. 353 times natural size. 

For ovariaii section and po8ition 
of nuclous, ace jig. 141. 353 
times nazural size. 

Fig. 161. Nucleus of egg in process of emittinq polar cells. From section of unextrnded egg taken 
from the oviduct. Diameter of egg 1.31 mm., of nucleus -& min. The nucleus is in  process 
of lraryokinesis and lies close to  the surface of tho egg. The axis of the nuclear spindle 
appears somewhat oblique to  the surface. 

Fig. 162. Bifurcated rostrum of lobster tiilren a t  Woods 11010, Massachusetts. Dorsal view. Two- 
thirds natural size. 

Fig. 163. Profile view of tho same. 
Fig. 164. Ovaries of lobster, from below, showing bifurcation in left anterior lobe. 0va1.y light golden- 

Fig. 165. Part of gastrolith, separated into its constituent spicules, taken fresh from the mall of the 
For chemical aualysis, see No. Oa of table, 

Compare cut 8, plate C. Tho broad flattened spioulo at the lower right- 
5.3 

353 fiuies natural size. 
Diameter of egg -r$ nini., of iiuclens .j's mm. 

mm., of nucleus & iiim. 353 tirncs natural size. 

353 times natural size. 

Fig. 159. Nucleus of ovum from nearly ripc ovary of lobster No. 9.1, table 20. 

Fig. 160. Nucleus of ovum from ovary of lobster No. 75, table 20. 
Ovary ripe. Dialactor of egg 15 mm., of nucleus di mm. 

July 28, 1891. 353 tiines natural size. 

Two-thirds natural size. 

yellow color. Ova very immeture. May 19, 1892. Two-thirds iiatural size. 

stomach of a lobster nearly ready to  molt. 
Appendix 11. 
hand cornor of the drawing is froiii the  peripheral convex margin of the gastrolith. 
times natural size. 
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PLATE 43. 

Fig. 166. Bud of right fourth pereiopod in  process of regeneration from young lobster probably in  
fourth stage. August 3, 1893. 47 times natural size. 

Fig. 167. Part  of transverse section of oviduct of lobster, with ovary nearly ripe. July 25, 1893. 270 
times natural size. 

Fig. 168. Part of transverse section of oviduct of lobster, with external eggs in  early yolk segmentation. 
For a drawing of this ovary see fig. 119, plato 36. 

Fig. 169. rmgitudinal  section of first, sccond, aiid third segments of right first perciopod of young 
lobster in  sixth stage. The 
right cheliped of this lobster was regenerated between tho molts of tho fifth and sixth 
stages. When the animal was preserved, Aiignrt 17,1893, the right regenerated cheliped was 
slightly smaller and moro translucent than tho left. No rudimentary tissue out of which 
the new limb is differentiated can be cletectecl jn the series of sections through plane of 
fracture. About 47 times natural size. 

Fig. 170. Internal surface of cuticle of second joint (basis) of first maxilla macerated in B01a Haller's 
fluid, showing chitinous tubules of tegumental glands, and characteristic rosettes of what 
appears to  bo calcareous matter. From male lobster 10 inches long. J u l y  31, 1893. 140 
times natural size. 

Augnst 10, 1893. 
Shown in its miturd position in  wall of stomach, in fig. 183. Fiscd in  picro-sulphuric 
acid; stained in  borax-carmine; embedded in celloidin. GP., cuticiilar portion of gastro- 
lithic plate. The demarcationbetween the layers is not so sharp as shown in the drawing. 
171 times natural Nizc. 

At a a 
mass of large disk-shaped concretions, probably of a glycogenous nature, is seen. Compare 
figs. 121 and 122. The blackened margins of cuticle on either side of appendage reprc- 
sent the remains of clotted blood on surface of the stump. 

Fig. 173. Section of bud of right first (crushing) cheliped of adult male lobster, showing the co1umn:ir 
epithelium, the new cuticle, blood sinuses, and connective tissue. 
phuric acid; stained in  Ehrlich-Bioucli mixture; embedded in celloidin. Augnst 9, 1892. 
47 times natural size. 

Fig. 174. Part of longitudinal section of first larva through heart (Et.) and right rudimentary repro- 
ductive organ (ov), cutting also int,estine ( i n )  ant1 gastric glands (99). 67 t imes natural sizv. 

PLATE 44. 

August 3,1894. 270 times natural size. 

Plane of' section shown i n  cut 15. Length of lobster 18 nmi. 

x y, plane of fracture; 1, 9, 3, segments of limb. 

Fig. 171. Part of section of g:istrolithic plate from fomalo lobster with Iiard shell. 

Fig. 172. Section of left first pereiopod of lobster 9 inches long, in proccss of regeneration. 

About 6 times uatural size. 

Fixed in picro-sul- ' 

Fig. 175. Right fourth pereiopod of adult lObSt6r i n  process of regeneration, from below. 

Fig. 176. Stump of right first pereiopod of adult lobster in courso of regeneration, from below. 

Fig. 177. Surface view of membrane between old and new shells of molting lobstcr. 

Color, 
bright coral red. 

Bud 
and surface of scar dull white. August 9, 1892. Two-thirds natural size. 

This membrane 
is eonspicuons at tho time of shcddiug. It is noncelliilar, but  is marked by the cell 
iml>ressions of the chitinogenous epithelium. 

Fig. 178. Right second pereiopod of adult male in  process of regeneration, from below. New append- 
ago reddish, tinged with blue a t  thejoints. 

Fig. 179. Left second antenna of adult lobster in process of regeneration, from above. June 30, 1892. 
Two-thirds natural size. 

Fig. 180. Antennm of the Isopod, Ligea oceanicn, from above; that  of the left side in  the course of 
regeneration. Beaufort, North Carolina, June, 1885. 4.7 times natural size. 

Fig. 181. Regenerating left antenna of the same, showing the now flagellum inclosed in the exoskeleton 
of the joint, which serves a8 a brood pouch. 16 times natural size. 

Fig. 182. Left first cheliped of adult lobster i n  process of regeneration, seen from the inuer and 
anterior side. Color, bright red, bluish at joints; cuticle thrown into thin creases. 
Longitudinal axis of body in direction of arrow. 5.3 times natural size. 

Fig. 183. Profile view of masticatory stomach of lobster, showing gastrolitliic ph te ,  for the structure 
of which see fig. 171, plate 43. Lobster with hard shell, approaching the molting time 
August 10, 1893. 

Two thirds natural size. 

733 times natural size. 

August A, 1892. Two-thirds natiiral size. 

Two-thirds natural size. 
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Fig. 184. Profile view of masticatory stomach of male lobster 7.5 inches long. Nearlr ready to  molt, 

showing gastrolith in  place in  the wall of stomach. For drawings of the gastrolith as it 
appears when it is dissected out and separates into its constituent spicules, see fig. 165, 
plate 42. Two-thirds natural size. 

PLATES 45a and 45b. 

Fig. 185. Molted shell of lobster shown in fig. 186. This represents the size of the 
lobster before the molt. Length 54 inches. Natural size. 

Fig. 186. The soft lobster, shortly after the shell shown in fig. 185 was cast off. Lengt,h, Ff inches. 
Natural size. Tliese drawings show tho average increase i n  size which is effected by 5 

single molt 'ROC Chapter 111). 

No. 1, table 24. 

PLATE 46. 

Fig. 187. Left cheliped of lobster, from below, showing budding and repetition of parts in propodus or 

Fig. 188. Same a8 fig. 187, seen from abovo. 
sixth joint. 

Both figures from photographs, and both natural size. 

PLATE 47. 

Fig. 189. Part of right crushing-chela of fcmalo lolmter, 11 inches long, seen from above, showing 
budding of flactyl. Two-thirds iiatural size. 

Fig. 190. Propodus of left crushing-claw, from below. This ond figs. 191-196 are from specimens in 
Peabody Academy of Science, Salem, Massachusetts, all from adult lobsters. Two-thirds 
natural size. 

Fig. 191. Left crushing-claw, seen from above. Outgrowth from dactyl in horizontal plane; dactyl 
closcs under propodus. Two-thirds natural size. 

Fig. 192. Loft crushing-chela, from above. Secoiidary dactyl bent doanward sliglitly j no teeth ; 
dactyl laterally compressed. 8, spine of d:ictyl in primary symimtry; SI, spine of dactyl 
in secondary symmetry. This supernumerary appendage probablr rcpresonts two dactyls 
€used togethcr. Two-thirds natural size. 

Fingers bent up; dactyls articulate at joint with pro- 
podus; primarydactyl and ono of the adjacent secondary dactyl united. s, supernumerary 
dactyl in  primary symmetry. Two-thirds natural size. 

It is bent horizontally upon itself, into an 
anglo of about 80°, this being probably due to irregular growth in  the regeneration of e . 
lost part. Two-thirds natural size. 

Two-thirds natural size. 

are not, howevur, apposed. 

Woods Hole, Massachusetts, July 13, 1894. 

Fig. 193. Riglit cutting-chela, from below. 

Fig. 194. Dactyl of left cutting-claw, seen from below. 

Fig. 195. Chela of second or third pereiopod, from below, showing two supernumersry dactyls. 

Fig. 196. Right dactyl of cutting-clicla, seen from outer side. Bifurcating branches boar teeth, which 
Two-thirds natural size. 

PLATE 48. 

Fig. 197. Doformed right cutting-claw. Accessory appendage bent downward from horizontal plane 
about 50". The sniall terminal joint of the twperwlded par t  probably represents two 
dactyls fused together. 8, spine of dactyl in primary symmetry; 81, spine of dactyl in  
secondary symmetry. Two-thirds natural size. 

Fig. 198. Right cuttiug-claw. Propoilus apparently deformed by tho irregular growth produced in 
the regeneration of a lost part. 

Fig. 199. Double moiister of first larva of lobster. Raised at Fish Commission station, Woods Holo, 
Massachusetts, by Profossor .J. A. Ryder; seen from above. 

Fig. 200. Double monster of first larva of lobster, from Professor J. A. Ryder. Fusion of the organs u t  
the anterior estrernity has been oarriod to such a degree that  the compound eyes are now 
represontod by a sniall median spot of pigment. 13 times natural size. 

Two-thirds natural size. 

13 times natural size. 

PLATE 49. 

Fig. 201. Gland-cell from tegumental gland of sooond maxilla. 
several clays, and stained in inethyl green. 733 times natural size. 

Fig. 202. Glanil-cell from same preparation a s  fig. 201. 733 times natural R i m .  

Macerated in  B61e Haller's fluid for 
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Fig. 203. Part of macerated tegumental gland from metastoma. Compare also fig. 214. From female 
withripe ovaries. August 9,1893. Stainedin methyl green. Central cell takes on deepcst 
stain. 773 timer, natural 
size. 

773 times 
natural size. 

gd.0, gland-cell ; It, central reticulated body ; s.c, ganglion cell. 

Fig. 204. Cell from macerated tegumental gland of first maxilla. 

Fig. 205. Gland-cell from same preparation as fig. 204. 
Fig. 206. Cell from macerated tegumental g1:ind of abdominal appendage of female before egg extru- 

sion. Ovaries ncarly ripe. Attenuated, central end of cell very refractive. Small 
bodies, apparently accessory nuclei, are prescnt in cell. 

Fig. 207. Same preparation as last, rolled undcr cover-slip and seen from opposite side. 773 times 
natural size. 

Fig. 208. Tegumental gland from metastoma of female with ripe ovaries. Macerated three days in  
BBla Haller’r, fluid and stained in methyl green. The duct ( d )  of the gland could bo seen 
to open directly into a smiill central chambcr, as in  fig. 212. 513 timcs natural 8ize. 

Fig. 209. Gland-cell from tegumental gland of abdominal appenclage of female, which had recently 
laid eggs in an aquarium a t  the United States Fish Commission station, Woods Ilole, Mas- 
sachusetts. Macerated in  BEla Holler’s fluid. Augnst 14, 1893. 773 times natnral Him. 

Fig. 210. Tegumental gland from abdominal appendage of female lobster lO+ inches long, prcparing to 
molt. Chromic :mid preparation, st:iined in the IChrlich-Biondi anilin mixtnre. Picro- 
sulphuric acid gives Name result. Cells apparently shrunken, transparent, non-granular ; 
nuclei clear. August 17, 1893. 513 times natural size. 

External eggs in  
yolk segmentation. Central ends of gland-cells are filled with dark zymogen granules. 
Nucleus of gland-cell stains green. that  of central cell always red, in  the 1‘:hrlich-lliondi 
mixture. August, 1893. gd.c, gland-cell; 8.0, ganglion cnll. 513 times natural size. 

Fig. 212. Section of tegumental gland from abdominal appendage of fomale lobster with mature 
ovaries. Central par t  of gland has a bluish clouded appearance. Nuclei may be green or 
red according to  the  degree with which the stain is extracted. Stained in the Ehrlich- 
Biondi mixt8urc. August 4,1893. (I, duct of gland; n, nerve-supplying gland; R, central 
reticulated body. 513 times natural size. 

Fig. 213. Gland-cells from sanie prepar?tion as figs. 204, 205. Central ends of cells attenuated, and 
strongly refractive. 

Fig. 214. Maccrated tegumcntd gland from metastom,?, of female, showing the central reticulated 
body, gland-cells, ganglion cell, and duct of g1:ind. d, 
duct of gland; R, reticulated body. 773 times natural size. 

Stained in methyl green. 

773 times natural size. 

773 times iiatural size. 

Fig. 211. Tegumental gland from abdoniinxl appendage of female after ovulation. 

773 times natural size. 

From feniale with ripe ovaries. 

PLATE 50. 

Fig. 215. Egg before yolk haB segmented. The whitish spots are due to  the presence of cells which 
are approaching the surface on onc side of the e g g .  The yolk is later massed up ribout 
these in  hillocks, as in  fig. 218. 29 times natural size. 

Fig. 216. Surface view of egg with 16 cells present near tho siirface, two double rows of eight cells 
each. The cells have just  divided. This drawing was made a t  10.30 1). m.; a t  10.55 p. m. 
20 cells could be discerned near tho surface. 

Fig. 217. Saae egg as fig. 216; drawing macle 19 hours later (12 p. m.), showing the colls more diffuscd 
over the  siirface. 29 times natural size. 

Fig. 218. Same egg as in  figs. 216 arid 217; rolled to  show animal pole and yolk Ilillocks in profile. 
Drawing made a t  10.55 p. m., whea 20 yolk elcrations had bccn forinoil. On the outskirts 
of these, other cells can be seen lying below the surface and destined soon t o  become the 
center8 of new hillocks. 

Fig. 219. Surfaco view o f  egg showing yolk segments i n  active division ; 10.15 p. m., segmentation 
furrows completc. This sido of egg corresponds to tho sido shown with yolk hillocks in 
profile, in fig. 218. Nuclei all dividing at 10 p. ni. j a t  10.10 p. in., fnrrows began to appear, 
separating cells. 

pig. 220. Reverse Side Of egg Shown in fig. 219, corresponding to  tho right side of the egg shown in 
fig. 218, opposite the yolk hillocks. Wlieii drawn :it 9.30 p. ni., nuclei were invisible; a t  
10 p. m. they were very distinct and in diester phnse; :Lt 10.16 p. m. mgmentation fnrroms 
coinpletcd. 29 times natural size. 

29 times natural size. 

29 times natural size. 

Same e g g  as shown in fig. 220. 29 times natural size. 
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Fig. 221. 

Fig. 222. 

Fig. 223. 

Fig. 224. 

Fig. 225. 

Fig. 226. 

Fig. 227. 
Fig. 228. 
Fig. 229. 
Fig. 230. 

Fig. 231. 
Fig. 232. 

Fig. 233. 

Fig. 234. 

Fig. 235. 

Fig. 236. 

Fig. 237. 

Fig. 238. 

Fig. 239. 
Fig. 240. 

Surface view of segmenting egg, under observation 5 hours (8 p. m. to 1 a. m.). At 12 o’clock 
the segments shown in tlie drawing were vory coi~vex at surface, standiiig far apart as if 
the egg were breaking up. At 1 a. m. the segments were closor together and nuclei were 
about to divide agaiu. 29 times 
natural size. 

Drawing begun a t  11 a. m. ; when completed, half an honr 
later, the nuclei had divided and segmentation furrows were making their appearance. 
29 times natural size. 

Surftlce view of same egg, drawn 3t 12 m. Division of cclls mostly completed. 29 times 
natural size. 

Surface viow of same egg as in  figs. 222 and 223, a t  9 p. m., in  advsriced stage of segmen- 
tation. At 2.45 p. m. nuclei were dividing; a t  6.45 p. m., whon examincd, division was 
completed. 

Surfacc view of egg in advanced stago of yolk segmoiitatiou. Froe-hand drawing. 29 times 
natural size. 

Surfaco view of egg in abnormal yolk segmentation, showing a larger yolk mass a t  tho lower 
part of the figure and a number of smaller regular seginonts. A similar large yolk niass 
occurs on the opposite side of the egg ncxt to the 0110 shown in tlie drawing. 29 tinies 
natural size. 

Drawing made a t  11 p. m., after completion of division. 

Surface view of segiuonting egg. 

Drawing made at 9 p. N. 29 times natural size. 

PLA’IE 51. 

Surface view of egg in  invagination stage. 
Surface view of abnormal embryo in  egg-nauplius sttige. August 10. 29 times natural size. 
Surface view of abnormal embryo. 
Surface view of abnormal embryo in egg-nauplius stnge, I’, cells approaching surface; 

Surface view of abnormal embryo in egg-nauplius stage. August 8. 89 timm natural size. 
Lateral view of embryo, showing large white patch behind abdomen. August 5. 29 times 

natural size. 
Lateral vicw of embryo about 5 weeks old, showing lateral fold of carapace covering the 

antenna, the heart ( H t . ) ,  the intestine containing characteristic concretions (P), the 
tclson (2’) overlapping brain and optic lobes, ani1 the lateral indentations of the yolk 
corresponding to divisions of the midgut. 

Surface view of embryo about 25 days old, showing tho large optic lobes of cephalo-thoraoio 
appendages. The telson touches the brain, and the crescentic fold of the carapace 
extends forward as far as the Grst maxillipeds. August 3, 1892. 29 times natural size. 

Lateral view of double monster in  egg-nauplius stage. August 13. 29 times natural size. 

August 3, 11.30 a. m. 29 times natural size. 

August 8. 29 timos natural sizo. 

r, outward fold of surface epithelium; y, yolk. August 9. 20 times natural size. 

July 29. 48 timcs natural size. 

PLATE 52. 

Part  
(?I 

Part  

of transverse metion of egg in stage between that  shown in figs. 224 and 225, yolk cells 
c )  being formed by tangential division. About 70 t8imes natur:d size. 
of longitudinal section of ogg in egg-nauplius stage, showing degenerating cell (0s). 

Part  of scction of segmenting egg, showiiig cell migrating from surface. 40 times 

Section of segmenting egg, showing yolk cell near center. 40 times natural size. 
Degenerating colla from same preparation as shown in fig. 237. y 8,  bodies resembling yolk 

457 timos natural size. 

natural size. 
July 31. 

July 31. 

spherules. 457 times natural size. 
Fig. 241. Vesiculated masses of chromatin (Dg) undergoing dogenoration in the yolk. From 

transverse section of early egg-embryo. July 18. 
Fig. 242. Section of segmenting egg. Drawn July 31’4 p. in. ; 34 cells present. 40 times natural sizo. 
Fig. 243. Section of egg in late segmentation, showing formation of yolk colls and division of these 

i n  y o k  Augutjt 1. 8 o, eo11 a t  surface iiudergoing tangential division; ?/ c, yolk cell in 
process of division. 40 times natural size. 

Fixed in Pereuyi’s finid. 
About 50 timos natural size. 

457 timos natural size. 

Fig. 244. Surface view of egg in late segmentation of yo lk  July 11. 
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Fig. 245. Part of transverse section, showing multiple karyokinesis and formation of nests of nnclei. 
Part of section behind and t o  one side of invagination 

c n, cell nest a t  surface; y w, cell nest in  yolk; ?/ I I ' ,  ccll iu 

in, area of invagination. 

Stage like that  shown in fig. 252. 
area. 
multiple karyokinesis, situated in yolk ball. 

211 tiincs natural sizc. 

Same sories as fig. 241. 
457 times iiatural size. 

Fig. 246. Part of transverse section through embryo in invagination stage. 

Fig. 247. Part  of section of egg to show nest of nuclei a t  surface. 
Fig. 248. From section through embryo in invagination stagc, showing multiplo karyokinesis and 

format,ion of nuclear ncsts at surface, like that  shown in fig. 247. 211 times natural Rim. 
Fig. 249. Part of sectiou of egg containing two nuclei, tliis one near surface. 285 times natiiral size. 

211 times natural size. 

PLATE 53. 

Fig. 250. Surface view of cmbryo i n  invagination stage. The embryonic area of this egg lie0 i n  frout 
of the shallow pit. Cells :we most nnmerons iminediatcly i n  front of this deprcssion and 
about the extreme anterior margins of the espowd snrfacc. The rapid proliferation of 
cells i n  these regions gives rise on the one hand to tlie thoracic-abdominal plate, and to 
tho  optic disks on tho other. Karyokinetic figures of divlding cells are seen scattered 
ovcr the cntire snrfarc of the cgg. The cquatorial plate is in cach casc vertical, and may 
make any angle with the longitudinal axis of the embryo, or with a line drawu through 
any prolifcrating center. Numerous grannles, tho products of cell degeneration, are 
commonly seen. The reverse sidc of this egg shows nothing peculiar. Nuclei are thoro 
less numcrous, and the superficial cells are larger. Flecks or clouds of granules, floating 
in the yolk below the surface, are seen here and there with no regularity. The nuclei 
ovcr most of the surface, excepting those at the extreme periphery, wore drawu by air1 of 
the  caniera lucida, as wore tho cell ontlines in  the  more ceatral parts. From a picro- 
sulphiiric acid preparation, stained in borax carmine, the egg cut in  two, and the 
hemispheres mounted in  balsam. August 6, 1892. 500 times natural size. 

PLATE 54. 

Fig. 251. Part of transverse section through area of invagination ( is) ,  showing columnar surface cells 
(ec) filled with yolk aiid invaginate cells, lying betwecii and within yollc niasses. Some 
of the latter cells just below the surface are undergoing degeneration; some i n  the 
deepest parts of the egg are creeping with their long pseudopodia betwcen the yolk 
sphcrules. These play the par t  of phagocytes and also contribute to  the tissues of 
the crnbryo. 

Fig. 252. Surface view of crnbryo in region of invaginato area, showing clustcrs of cells at surface, 
produced by multiple karyokinesis. A, anterior; P, posterior cud of egg; Deg, degcncr- 
atipc cells; c a, embryonic area; I n ,  area of invagination; y n, cell nest, produced by 
multiple karyokinesis. 

Fig. 253. Part of longitudinal section of intestine of embryo in  a late stage of developmcnt, showing 
concretions in the lumen of the organ. b ni, basement membrane; ep,  intestinal cpithe- 
lium; p, intcstinal concretion. 360 times natural size. 

Fig. 254. Part of transverse section through invaginate area of an earlier stage than last, showing 
in-wandering masses of cells. A, anterior; P, posterior; In, pit of invagination; y c, 
invaginate cells. 

Fig. 255. Part of longitudinal section through area of invagination, showing the :Ldvancing cumuli 
of cells, which are pressing into the deeper parts of the egg and investing large masses of 
yolk. The distinctly columnar superficial cells, gorged with yolk, are also shown. In the  
embryonic arm these become very tall, and beuoath them there are clouds of disorganized 
chromatin granules, the remains of degenerated cells. A, antcrior ; I>, posterior; Deg, 
degenerating cells; e c, ectoderm; Xes-en4 mesendoderm; In, pit of invagination; OD, 
optic disc. 89 timcs naturai size. 

Teased from 
picro-sulphuric acid preparation and mounted i n  glycerin. 360 times natural size. 

360 times natural size. 

89 times natural size. 

89 times natural size. 

Fig. 256. Concretion from intestine of an cmbryo which was nearly ready to  hatch. 
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MALE LOBSTER. Weight, 23 pounds 



PLATE 2. Bull. U. S .  F. C. 1895. The American Lobster. 
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I+om pltologvaplt. 

VENTRAL VIEW OF MALE LOBSTER. 
VENTRAL VIEW OF FEMALE LOBSTER. 

Weight, 23 pounds. 
Weight, 1h pounds 
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Pkolqrapl ied from 7i  f e .  
ADULT FEMALE LOBSTER. 



PLATE 4. Bull U S F C. 1895. The Amellcan Lobster - 
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ADULT MALE LOBSTER. Dorsal view 
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c 

1’/to/ograplictl j’rottL l i jk 
ADULT MALE LOBSTER. Ventral view. 



PLATE 6. Bull. U S F C 1895 The American Lobster. 

Fig. z 
lJ/kotogl'lLZ,hed fkolll  1 ' i j C .  

ADULT FEMALE LOBSTER WITH EXTERNAL EGGS. Dorsal view. 



. 
Bull. U. S. F C. 1895. The American Lobster. PLATE 7. 
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ADULT FEMALE LOBSTER WITH EXTERNAL EGGS. Vontral view, 
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IMMATURE LOBSTERS. Natural sizo. 



Bull. U. 5. F. C 1895 The American Lobster PLATE 9. 

Fiy 14 

I 
From ~ ' / l O l O ~ , ' U ~ / ~ .  Female. Rlale. 

IMMATURE LOBSTERS. Natural size 



Bull. U S F. C. 1895. The American Lobster. PLATE 10. 
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I").() 111 ] , / I  0 tO( l  ruph . 
IMMATURE FEMALE LOBSTER. Natural size. Dorsal view 
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~ i . 0  it& pl i  o r oy rap k . 
IMMATURE FEMALE LOBSTER Natural sne Ventral vlew. 



PLATE 12. Bull. U 5. F. C. 1895. The American Lobster. 



Bull U S F C 1895 The American Lobster PLATE 13. 



Bull. U S. F. C. 1895. The American Lobster. PLATE 14. 
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ADULT MALE LOBSTER WITH ABNORMAL SYMMETRY IN LARGE CLAWS. 
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li: H. Hwriok nd ?rat. del. 
RIGHT CRUSHING-CLAWS OF LOBSTERS WHICH WEIGHED 23 AND l &  POUNDS. Life size. 

PLATE 15. 
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Bull. U. 5. F.  C 1895 The Amencan Lobster. PLATE 18. 

_____. 

F. H .  Heir ick  ad nnt. del. 
LARVA HATCHING FROM EGG, LARVA REMOVED FROM EGG-SHELL, AND YOUNG IN FIFTH STAGE. 





PLATE 20. 
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Bull. U. S. F. C. 1895. The Amerlcan Lobster. PLATE 21. 
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3. H. ad not c/e/.- 
SECOND LARVAL STAGE 



PLATE 22. Bull. U S. F. C. 1895. The Amerlcan Lobster. 

lf7, H. Herrick ad itat. del. 
THIRD LARVAL STAGE. 











Bull. U. S F. C 1895. The Arrerican Lobster PLATE 27. 

Fig. 40 Fig. 41 

Fig.46 m- u 

Fig. 43 

___ 
$. Id.  f i w p i c l i  ud NUL dd. 

MORPHOLOGY OF APPENDAGES. 



PLATE 28. 
Bull U. S F. C. 1895. The American Lobster. 

Fig. 55 



PLATE 29. 
Bull. U. S. F. C. 1895. The American ~ _ _ _ -  Lobster. _-- 



Bull. u. s. F. C .  1895. The American Lobster 
PLATE 30. 

I 

--- 
a’. IT. Hewick ad nat. del.  

MORPHOLOGY OF APPENDAGES. 



Bull U S F, C 1895. The American Lobster. PLATE 31. - 

/Fig. 71 

Fig. 70 



Bull. U. S. F. C.  1895. Tho American Lobster. PLATE 
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PLATE 33. 
I Bull. U. S F. C 1895 The American Lobster. ______ _____ 



PLATE 34. Bull U S F C 1895. The Americnn Lobster - 
~- -.. - -  - ~ - _ _  

- - - - - - - __ _ _ _ _  

MORPHOLOGY OF APPENDAGES AND BRANCIIIA 
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I Fig. 107 .Fig. 108 
3 

\ Fig. 109 
\ 
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Fig. 114 

THE CARAPACE AND ANTENNA. 



PL4TE 36. - ___..______ 
Bull. U. S. F. C. 1895. Tho American Lobster. 

Fig. 116 Fig. 118 1 

!'3 
Fig. 121 

Fig. 122 

THE REPRODUCTIVE ORGANS AND OTHER STRUCTURES 
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PLATE 39. 
Bull. U. S. F. C .  1895. The American Lobster. 

Fig. 142 

L c. - 
3. II. l T c w i c k  ad nat. del.  STRUCTURE OF THE OVARY. 



Bull. U. S. F. C. 1895. The American Lobster. PLATE 40. 



U. S. F. C 1895. The American Lobstel PLATE 41. 

v 
Fig. 150 



PLATE 42. Bull U S F C 1895 The American Lobster. 

Fig. 154 
Fig. 155 

Fig. 158 

Fig. 161 

Fig. 164 

..d 

Fig. 156 

Fig. 159 

Fig 162 

Fig. 157 

Fig. 180 

Fig. 163 

P. IT. Rerriclc ad #at. d d .  

METAMORPHOSIS OF GERMINAL VESICLE, SPICULES OF GASTROLITH, AND OTHER STRUCTURES 



PLATE 43. Bull. U S F C 1895 The American Lobster. - 
pig. 167 

___ 

Fig. 168 

Fig. 171 

Fig. 173 
- ._ -- z ~ ~- 

P. H. Derrick ad nat. del .  
REGENERATING LIMBS, 'WE OvlDUc 

- -  __ - 

.T, AND OTHER ORGANS. 



Bull. U. S. F C. 1895. The American Lobster. PLATE 44. - 

Fig. 176 Fig. 177 

FIG. 180 

Fig. 178 

---_____ 
8. ITwrick ad wat, del. 

REGENERATION OF APPENDAGES. THE GASTROLITHS. 



PLATE 45 a. 

-1 ~ _ _ -  Bull. U. 5. F. C. 1895. The American Lobster (To face Plate 45b. )  
-. ____- 

Fig. 185 

F. 13. T€eiticl; ud ?rat. de l .  
CAST-OFF SHELL. Natural size. 
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Bull. U. S. F. C. 1895. The American Lobster. (To face Plate 45 a.) PLATE 45 b. 
____ 

% - _ _ _  ~ - --._I_ - ___ . - - _- 
p* n. Hci*rick ad ?tat. del.  

SOFT LOBSTER AFTER ESCAPE FROM SHELL SHOWN ON THE LEFT. Natural size 



Bull. U. S. F .  C .  1895. The American Lobster. PLATE 46. 

Pig. 1%'. 

- - -- 
pi -om phofograpb. 

Fig. 1SS. 

_. -___- ~ - 

ABNORMAL CHELIPED. Natural size 



Bull. U. S. F. C ,  1895. The American Lobster. PLATE 47. - 



Bull. U. S. F. C. 1895. The American Lobster. PLATE 48. 

- ____ 
li: u. Hpwic~lc mi mt. ad. 

DEFORMED CLAWS IN ADULT AND DOUBLE MONSTERS IN FIRST LARVA, 



Bull. U .  5. F. C. 1895. The American Lobster. PLATE 49. 

Fig. 201 Fig. 202 

Fig. 206 

Fig. 203 

- 
l? E. R e w i r k  ad not .  ad. 

STRUCTURE OF TEGUMENTAL GLANDS. 







PLATE 52. Bull. U. S F. C 1895. The American Lobster. - 

Fig. 240 

U 

Fig. 241 

- ~ _ _  
F. H.  Hewiclc ad nat. de?. 

DEVELOPMENT OF EMBRYO. 
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Fig. 2 5 0  
I", H. Hewick ad tiat. del .  

EGG-EMBRYO. INVAGINATION STAGE. 
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2.-A PRELIMINARY REPORT UPON SALMON INVESTIGATIONS 
I N  1894. 

BY BARTON W. EVERMANN, Pn. D., 
IchthyoZogist of the United States Fish Commission. 

IN IDAHO 

In  this report are presented the results of certain investigations, carried on under 
instructions of the Commissioner of Fish and Fisheries, concerning the abundance, 
distribution, and spawning habits of the species of salmon which have spawning- 
grounds in the waters of the State of Idaho. ’ 

The alarming’decrease in the salmon catch of the Columbia River within recent 
years, the importance of preventing the continuance of this decrease, and the desire 
and hope that the salmon industry may be rebuilt to its former importance: render 
imperative a most careful study of the natural history of the salmon and a more accu- 
rate knowledge of the locatioil of their spawning-beds, their time of spawning, and the 
temperature and othor physical conditions under which their spawning takes place. 

These investigations were really begun in 1893, when the present writer, assisted 
by Dr. Charles H. Gilbert and Dr. Oliver P. Jenkins, both of Stanford UniverBity, 
made an examination of the obstructions in Snake River and in the Pond d’Oreille 
River, the report of which has been published.” During the spring and summer of 
1894 they were continued on the Columbia and lower Snake River by Dr. Gilbert, 
whose report is now in preparation. 

I left Washington September 1,1894, and, being joined at  Terre Haut;e, Ind., by 
Dr. J. T. Scovell, proceeded to Shoshone Palls, Idaho, where the work was begun. 
Our attention was directed chiefly to three localities: (1) The streams and lakes at 
the headwaters of the Salmon River; (2) the streams and lakes at the headwaters 
of Payette River; (3) that portion of Snake River lying between the Great Shoshone 
Balls and Huntington, Oreg. 

In the following pages is given a somewhat detailed account of the physical 
features of t3e waters of each of these regions, and then follows what we have been 
able to learn regarding the three important species of Salmonidae whiah ascend to the 
waters of Idaho for spawning purposes. These species are: (1) The chinook salmon 
(Omorhynahus tschawytscJha); (2) the blueback salmon or the redfish of Idaho (Onco- 
rhynchus nerka); (3) the steelhead or salmon trout (Salmo gairdaeri). 

Although less than five weeks’ time was given to this work, it is believed that 
new and very important facts were discovered regarding these three valuable food- 
fishes, and only the lateness of our arrival upon the spawning-grounds prevented our 

“Report of the Commitlsioiier of Fish and Fisheries on Investigations in the Columbia River Basin 
in regard t o  the Salmon Fisheries ; issued a8 Senate Mis. Doo. No. 200, Fifty-third Congress, seoond 
sesaion, 1894. This report contains “A report upon investi ations in the Columbia River Basin, with 
descriptions of four new species of fishes, by Charles H. d b e r t  aud Btlrton W. Evermann.” 
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making still farther important observations. In addition to the definite information 
gained, the investigations are of great value in that they show us just what problems 
connected with these fishes can be studied with acivantage in these waters and indicate 
when and how these problems may be best investigated. 

The investigations show undoubtedly that very important spawning-grounds of 
the chinook salmon, redfish, and steelhead are found in Idaho, and that it is upon these 
grounds that we must depend in large measure for the natural increase necessary to  
the continuance of the salmon industry of Columbia River. The actual extent of 
these spawning-beds, the actual time of spawning in different streams, and severa1 
other questions of importance, can be learned only through a series of observations 
covering the entire breeding season of each species. For the recifish and the chinook 
salmon which ascend to the headwaters of Salmon, Payette, and Weiser rivers, this 
time apparently lies between July 1 and October 30; for the steelhead, observations 
should cover the time from April 1 to early summer, at least. 

While making these inquiries and iuvestigationsin Idaho we were the recipients of 
many favors and courtesies from various citizens of that State. To all who rendered 
us assistance in any way I desire to express our appreciation of the kindness shown 
us. We are uuder especial obligations to Mr. Liberty Millet and Mr. Joseph McMeekin, 
of Upper Salmon Falls, who not only showed us every kiudiiess during our week’s 
stay with them but who were kind enough to keep an accurate record of their seining 
operatious after we left. This record involved a large amount of work, in that it 
includes the weight, length, sex, and condition of every salmon which they caught, 
items of information of very great value to us in our investigations. To Mr. George 
H. Day, of Upper Salmon Falls, and Messrs. George W. Bell, Robert E. Conner, and 
Charles Harvey, of Lower Salmon Falls, we are under obligations for numerous favors 
shown us. Mr. William O’Brien, of Ontario, Oregon, not only furnished valuable 
information regarding his own fishery at Weiser, but he very kindly obtained for me 
as complete data as possible couceming the salmon and salmon-trout catch of all other 
fishermen between Huntington and Glenn Ferry. 

I desire to mention also Messrs. Frank 0. Parks, of Sawtooth; J. L. Fuller, of 
Bliss; Calvin White and William C. Jennings, of Salmon Meadows, and Thomas C. 
McCall, of Payette Lake, whose numerous kindnesses enabled us to accomplish much 
more than would otherwise have been possible. 

SALMON RIVER BASIN. 

The Salmon River is the largest and most important tributary of Snake River, in 
Idaho. It has its sources in Alturas and Custer counties, on the eastern slope of the 
Sawtooth Mountains, and, after a very crooked course for several hundred miles, it 
finally empties into Snake River near the northeast corner of Oregon in about latitude 
460. This river is said to be one of the most important salmon streams in the Columbia 
Basin. I know nothing about this stream, however, except at its headwaters in the 
vicinity of Alturas Lake, where we made observations September 11 to 14, inclusive. 

Alturas Lake.-This small lake lies on the east side of the Sawtooth Mountains, 
about 45 miles northwest from Ketchurn, the nearest railroad station. The elevation 
of the lake above sea level is about 7,335 feet, or 200 feet lower than the mining camp 
of Sawtooth, which is given as 7,536 feet by the United States Geological Survey. 
The lake is about a mile in average width, 3 miles in greatest length, and is estimated 
to be about 200 feet in greatest depth. The inlet is at  the upper end and is called 
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Lake Creek. It is formed of two smaller streams, one coming down from Old Baldy 
Mountain on the right, the other from the Manly Creek summit of the Sawtooth 
Mountains. Lake Creek is about 8 miles long. Near its mouth i t  is about 30 feet 
wide. The upper portion of the stream is a rapid mountain creek with many falls 
and cascades, but the last 3 miles are through a relatively level meadow or wooded 
plain. The shores are usually covered with a dense growth of low bushes, chiefly 
willows. The bed of the stream is of fine white sand in the quiet reaches and of 
coarse granite gravel in the swifter portions. There are numerous gravel bars where 
the water is a foot or less in depth, and many quiet pools with a depth of several feet. 
The water is extremeIy clear and very cold, its teniperature September 12 being 450 F., 
or less, There appears to be no vegetation of auy kind growing in the water. 

The outlet of Alturas Lake is a stream some 40 feet in width. About a quarter 
of a mile below Alturas Lake this stream flows through another very small lake and 
then, flowing 6 miles northward, joins Balmon River just below Stenton’s ranch. From 
the left it receives two small tributary creeks, the outlets of Pettit and Twin lakes. 
These are two small lakes situated att the base of the mountains only a few miles 
below Alturas Lake. 

flalnaom River.-The main division of this river rises 011 the divide between Saw- 
tooth and Ketchum, the divide which forms the watershed between the waters of 
Salmon River on the north and those of Wood River on the south. That portion of 
Salmon River above the mouth of Alturas Creek is about 12 to 16; miles long, but it 
carries less water than Alturas Creek does. Its course is through a narrow valley, 
free of trees in the mail1 and meadow-like in character. Along its shores is usually 
a heavy growth of small bushes. 

A t  the junction of Alturas Creek and Salmon River the former is perhaps 80 feet 
in average width and 3 feet in average depth, while the latter is somewhat smaller. 
The water in each is very clear and cold, the temperature September 13 being 4 7 O  F., 
at noon. 

Above the mouth of Alturas Creek Salinon River receives a number of small 
tributary streams, the principal ones from the left being Beaver, Smiley, and Wash- 
ington creeks, while those from the right are Pole, Lost, and Warm Spring creeks. 
Below the  mouth of Alturits Creek, on the right, are two rather larger creeks, known 
as Champion and Fourth of July creeks, while from the opposite side, and about 
midway between these, Salmon River receives Roaring Oreek. Still fmther down 
are Big Redfish Lake and Stanley Lake, each of which pours its waters into the river 
through a short outlet. These lakes were not visited by us. Redfish Lake is said to 
be a long but warrow lake into which redfish come in large numbers. Stanley Lake 
is smaller, but a lake of considerable importance. 

PAYETTE RIVER BASIN. 

The Payette River is one of the important streams of Idaho. The main river 
rises on the southwest slopes of the Sawtooth Mountains in latitude about 440 lo’, and 
immediately west of tho headwaters of Salmon River, the Redfish Lakes lying at  the 
foot of the range on the east side. After flowing westward about 90 miles it isjoined 
by a stream from the north known on the maps as North Fork of Payette River. It 
is this fork with which we are at present chiefly concerned. At the head of this fork 
are important spawning-grounds of the chinook salmon, the redfish, and the steelhead. 
The Payette Lakes are situated here. 
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Pugette Lakes.-The group of small lakes known as the Payette Lakes is situated 
at the head of the North Fork of Payette River in the northern end of Boise County, 
Idaho, about 125 miles north of Boise. There are three or four of the Payette Lakes, 
but the only one in which the redfish certainly occur is Big Payette Lake, which is at  
the head of the North Fork proper. This lake is quite irregular in form. Its greatest 
length is about G& miles and its greatest width about 2 miles. Toward the upper or 
northern end there is a very narrow arm, about 28 miles long, extending southeastward 
from the east side. The lake is surrounded by granite mountains, and its shores are 
for the most part precipitous and rocky. The water is clear and cold, the surface 
temperatureat noon September 27 being 500. I n  places where the bottom was of 
white sand we could easily see to a depth of 20 to 30 feet. Some soundings have been 
made, and the greatest depth found was 140 feet, though the depth is currently 
believed to be much greater. 

About 9 miles above Big Payette Lake is Upper Payette Lake, the outlet of which 
is the inlet to  the larger lake. We examined the last 5 miles of this stream September 
27, and found it to average about GO feet wide and 2 feet deep on the shallows, while 
in the numerous pools and quiet reaches depths from 5 to 50 feet are found. The 
water is excoedingly clear, and the bottom of coarse sand can be distinctly seen even 
in the deepest portions. The water is also very cold, the surface teniperature from 
10 a. m. to 3 p. ID. September 27 being 450. 

The valley of this stream is apparently from 1 to 2 miles wide and is covered with 
a heavy evergreen forest, chiefly of Murray pine and Douglas fir. The immediate 
batiks of the stream are covered in most places with a dense chaparral of willows, 
birch, cottonwood, and other low bushes. The stredm is very tortuous in its course, 
and in many places is clogged by large amounts of logs and other drift material. The 
bottom in most places is of coarse white sand or fine white gravel. There are iiumerous 
shallows where the current is very swift, and usually below each is a deep, quiet pool. 

North Pork Payette River.-The outlet of the Payetto Lakes is North Fork of 
Payette River, which, flowing southward through Long Valley about 100 miles, joins 
the main river north of Boise; then, after flowing eastward for abont 50 miles, it 
joins Snake River near the town of Payette. I examined this river through the 
first 4 miles of its course immediately below Big Payette Lake. The river here will 
average over GO feet in width and 2 feet in depth. The current 011 the riffles was about 
1 foot per second. 

The water was, of course, very clear and cold. The temperature taken at four 
places September 26 when the air was 670 was 550,54.5O, 53O, and 53O. respectively. 
The bottom is of coarse sand in the deeper places, gravel where the current is swifter, 
and still coarser gravel and larger rocks where the current is swiftest. The banks are 
tsually low and of grgvel and sand. Murray pine is the principal tree in the valley, 
and thereis a good deal of underbrush or chaparral. 

About 20 miles below Big Payette Lake the North Fork is joined by two streams 
of nearly equal size, from the left or east, known as Lake Fork arid Gold Forlc. At 
the head of Lake Fork is Little Payette Lake? a small lake only a mile or so east of 
Big Payette Lake and separated from it by a low rocky mountatin. Redfish are not 
known to enter this lake. 

Gold Fork is a somewhat larger and colder stream coming down from the moun- 
tains farther east. 
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SNAKE RIVER. 

During former investigations in the Columbia River Basin, particularly those of 
1893, considerable information was gathered regarding the physical characters of 
Snake River, and something was.learned about the salmon and other fishes occurring 
in that stream. This information has already been published." In that report are 
given descriptions of the various falls iu the Snake River, and a consideration of each 
as a barrier t o  the distribution of fishes in that river. The investigations upon which 
that report was based showed that salmon can not possibly ascend Snake Biver 
farther than the foot of Shoshone Falls; and it was also believed that certain falls 
below Shoshoue Falls (Auger Falls, Upper Salmon Falls, and Lower Salmon Falls) 
interfere seriously with the ascent of salmon. 

During my trip to Idaho in September and October, 1894, I made still further 
investigations along that portion of Snake River between Twin Falls and Weiser, 
Idaho, a distance of more than 200 miles. It was desired to determine more accu- 
rately: (1) The character of Auger Falls, Upper Salmon Palls, and Lower Salmon 
Palls, and the part each plays as a) barrier to the free movement of fishes; (2) the 
abundance of salmon in that part of Snake River. 

It was desirable not only to learn as much as possible regarding their abundance, 
but to locate their spawning-beds, determine their spawning time and habits, determine 
the location and importance of the salmon fisheries of the Snake River, and to make 
investigations with reference to locating a salmon-hatchery at some point on Snake 
River. 

Twin Falls and Nboshone Falls.-Both of these falls were visited by us. At  Twin 
Falls there is a vertical descent in a single plunge of about 180 feet, while at the 
Great Shoshone Falls, 4 miles farther down the river, the descent is 210 feet. Each 
of these is, of conrse, an absolute barrier to the ascent of fish. As already stated in 
the report referred to, the construction of fishways at either of these falls seems 
entirely impracticable. 

Auger Palls.-About 10 miles below Shoshone Falls axe Auger Falls. These are 
a long series of rapids and short falls, occupying 250 to 300 yards of the length of the 
river, as we have already described. It does not seem possible that many salmon 
would be able to sustain the long and continuous effort necessary to pass up through 
these turbulent rapids, though individual fish may occasionally succeed in doing so. 
One man with whom we talked at Shoshone Palls tells of a fisherman mho claims to 
have seen aome salmon at the foot of Shoshone Falls. 

I visited Auger Falls September 9 and spent several hours examining that part 
of the river. Although it was at a time when we might expo& to find fish there, we 
did not see a single salmon attempting the rapids or in the quieter water below. 
Immediately below these rapids a small stream known as Rock Creek flows into Snake 
River from the south or left bank, and it is claimed that salmon entered this stream 
formerly. 

Mr. I. B. Perrine, of Blue Lakes, situated about 4 miles above Auger Falls, says 
he has killed salmon in this creek and that they used to run into it in considerable 
numbers. 

* A  Report upon Investi ations in the Columbia River Basin! with descriptions of Fonr New 
Speoies of Fishes, by Charles &. Gilbert and Barton w. Evermann, in Report of the Commissioner of 
Fmh and Fisheries on Investigations in the Columbia River Basin in regard to the Salmon Fisheries. 

F, C. B. 1896-17 
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Upper Salmon Palls.-These falls are situated about 25 miles below Auger Falls, 
and have been sufficiently described in the report of the investigation of 1893. Salmon 
pass over these falls inkconsiderable numbers. A fishery has been maintained more 
or less regularly each year near Lewis’s Ferry, about 4 miles above these falls. During 
last October, Mr. E. E. Sherman operated a seine at this place and caught about 300 
salmon. He regarded this as very poor fishing, and finally abandoned this ground and 
went to Glenn Ferry, where he hoped for better success. 

From Upper Salmon Falls down for xbore than a mile the river is, for the most 
part, full of short rapids and irregularities; about 2 miles below the falls is a consid- 
erable rapid at  the head of a large island owned by Mr. Liberty Millet. At  the head 
of this island, in the main stream, which flows to the left of the island, is the largest 
and most important salmon spawning-ground of which we know in Snake River. The 
spawning-bed is at the foot of the rapids and is on gravel bottom where the water is 
from 1 to 5 feet deep. From this island down for about 5 miles the river is compara- 
tively quiet; there are a few very swift places, but nothiug that would interfere with 
salmon until Lower Salmon Falls are reached. 

Lower 8aZmon Palls.-These falls are very similar to the Upper Salmon Falls and 
are situated about 6 miles below them. Through most of their width these falls are 
20 to 30 feet in vertical descent, but at  about a third of their width from the right bank 
are two places where the lava ledge has become worn or broken down so as to mate- 
rially decrease the vertical portion. At the top of each of these chutes the water 
takes a vertical drop of about 10 feet, and then descends 20 or 30 feet more in a boiling, 
seething rapid before reaching comparatively quiet water. 

Toward the left bank of the river the ledge is broken up into benches resulting in 
irregular series of shorter falls, up which salmon are able to  go, only, however, with 
more or less difficulty. The facilities for observing the salmon ascending the left por- 
tion of the falls were not good, as it was impossible to reach any point from which one 
might watch any portion where the salmon attempted the ascent. But by taking a 
boat below the falls on the right bank one can cross to some exposed portions of the 
ledge at  the right side of the first of the chutes already mentioned, and from this point 
the entire length of the chute can be wahhed. 

I first visited these falls September 16, and, crossing over to the ledge, spent some 
time watching the salmon jumping. We saw some thirty or thirty-five attempts mado 
by salmon to ascend the falls, but all failed; these attempts likely represent only a 
few different fish, as each fish probably made more than one attempt. During the 
time we watched I never saw more than two fish in the air at the same time. The fish 
kept to  the water until within 10 to 20 feet of the foot of the vertical portion, Our 
first sight of the fish would be when he shot out of the water like an arrow speeding 
toward the top of the falls; for 10,15, and often 20 feet he sustains himself in the air, 
and then drops into the turbulent water at the foot of the falls, or strikes the column 
of falling water at some point belom the lip of the ledge; occasionally he strikes near 
the top where the water is scarcely vertical, and then, with every muscle strung to its 
utmosttension, thebody quivering in every inch of its length, he fights the descending 
torrent, rettiiniug his position perhaps for several moments; but the contest is an 
unequal one and the salmon is finally carried down and into the pool below, perhaps 
to reuew the fight after a period of rest. Often the leaping salmon would strike in 
the seething water at the foot of the fall and there he would sustain himself at the 
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top of t8he water for a longer time. Jus t  under where we stood was a nook where the 
water was lesa turbulent, and there we could occasionally see salmon apparently resting 
before making another attempt. 

We visited these falls a t  other times, on October 1,2, and 7, and saw a few salmon 
jumping each time, but never saw one succeed. In years past this is said to have been a 
favorite place for the Indians to spear or gaff the salmon. A few salmon are still taken 
in that way by people living in the vicinity. The second chute can not be reached 
without considerable danger, nor can it be seen very well from any accessible point; 
it appears, however, to offer less difficulty than the first, and a good many salmon prob- 
ably pass up the stream at that point. The large majority of salmon that make these 
falls, however, probably go up at some of the places nearer tphe left shore. Yet even 
these offer such serious obstruction that it is quite certain that many salmon which 
would otherwise reach the spawning-beds above are prevented from doing so by Lower 
Salmon Falls. There do not appear to  be any suitable spawningplaces below these 
falls in a distance of several miles. The river in this part of its course is usually quite 
deep and the bottom is said to  be very rocky or else muddy. A little blasting at  these 
falls would make it very much easier for the salmon to ascend. The expense would 
not exceed $100 to $300 and I believe it would result in a considerable increase in the 
salmon supply of Snake River. 

finalee River below Lower h'almon Falls. -Immediately below Lower Salmon Falls, 
Snake River is quite deep and filled with large detached masses of lava. Even where 
the water is shallow these irregular, jagged lava rocks are so abundant as to render 
the use of the seine impossible. 

Farther down, near the mouth of the Malade or Big Wood River and on to below 
Bliss, there are some gravel bars, but we could not learn that they have ever been 
used as spawningbeds. In the vicinity of King Hill, some 18 or 20 miles below Bliss, 
or 25 miles below the Lower Falls, are said to  be some spawningbeds. King Hill was 
formerly resorted to by the Indians during the salmon run, and a few are said to visit 
there each year yet. 

Five or six miles below Eing Hill is Glenn Ferry, in the vicinity of which some 
fishing is carried on. The railroad leaves the Snake River just below Glenn Perry 
and does not return to it until below the mouth of the Boise River, more than 125 
rr~iles below Glenn Ferry. Very little is known concerning this portion of the river, 
and we do not know of any salmon fishing below Glenn Ferry until we reach the 
mouth of the Boise and Owyhee rivers. Beginning at  that place there are fisheries 
scattered all along for about 60 to 76 miles, or from the mouth of the Boise to Hunt- 
ington, and perhaps farther. 

The time at our disposal did not permit us fo visit all the fishermep in this part 
of the river, but we were able to get 8ome figures regarding the number of salmon 
and steelhead which they caught during the past fishing season. These figures 
will be found farther on in this report. Several men whom we interviewed gave 
valuable information regarding the salmon and other fishes of Snake River. 

In the following pages are brought together under each species all the important 
facts learned regarding it (1) at the headwaters of Salmon River, (2) at the head. 
waters of Payette River, and (3) in the Snake River. 
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THE CHINOOK O E  QUINNAT SALMON. 

Headwaters of LIaZmon River.-The headwaters of Salmon River have long been 
known as containing important spawning-grounds of the chinook salmon. All persons 
familiar with the region with whom we talked spoke of the salmon as spawning there 
in p e a t  numbers. Ten and fifteen years ago they were very abundant, but ell agree 
that the number spawning there now are as nothing compared with former years. 

Mr. F. 0. Parks, postmaster at Sawtooth, has observed the fish of that region for 
several years, and he givefi the following concerning the occurrence of chinook salmon 
in the headwaters of Salmon River: 

The salmon (called dog salmon here) appear above the mouth of Alturas Creek about July 25. 
They are then in  excellent condition, and people spear and shoot them for food. There is no regular 
shipping of fish from here; the fish are taken chiefly by  miners and ranchers, and by tourists and 
oampers, who often ship some home. They begin spawning about August 10 and keep it up  until 
about September 1. On September 1, 1896, a Mr. Benson shot four near the  mouth of Alturas Creek. 
About August 20 or 25, Mr. B. Carlo, of Sawtooth, shot and speared fourteen Iargo salmon in  Alturas 
Creek, half a mile above its mouth. [The writer saw the heads of most of these lying on the bank a t  
Stenton’s ranch, where the fish had been dressed.] The best 
spawning-beds are in the last 14 miles of Alturas Creek. There are other large spawning-beds in 
Salmon River immediately below the  mouth of Alturas Creek and at various places on down the river, 
at least as far as the  outlet of Redfish Lake. I have seen them as far up Salmon River as the month 
of Pole Creek, several miles above the mouth of Altnras Cresk. Fully three times as many go up 
Alturas Creek as go up Salmon River above the mouth of Alturas Creek. I caught two in Pole Creek 
last August, and saw four dead ones there. 

The salmon t h a t  come here will average about 15 pounds in  weight. The largest I ever saw 
weighed 40 pounds, and the smallest about 8 poudds. The males are of a very dark lead-color, with 
some dirty red on the sides; the females are more silvery. . When the spawning time arrives the male 
digs out a hole in the  gravel with his nose; he  soruetimes turns on his side trnd may scoop out the  
gravel some with the hump on his back; he also seems t o  use his fins for this purpose. The female 
comes along and, passing over the hoIe scooped out by the male, lays her eggs, and the male comes 
and plunges around some, probably pouring out tho milt at the same time. They always stand in the 
current with the head up stream. I think they all die after spawning; I do not believe any ever 
return t o  the sea; have seen many dead ones every year. I never know ono t o  take a hook, nor did 
I ever find any food in their stomachs. They spawu 011 the riifles in  shellow water. 

More than six years ago 
they were much more abundant. 

These fish were ripe when taken. 

There were more salmon this year than for the past five or six years. 

Thomas B. Mulky, of Stanley Basin, made the following statement: 
The salmon come in Ju ly  and their spawning is finished in September. Yesterday (September 

12) I saw as many m lU0 live “dog salmon” in  Salmon River between Basin Creek and Valley Creek. 
Saw a good many dead ones, also. They spawn all along in  tha t  par t  of the river. I think all the 
salmon which spawn here die after spawning, none ever returning to  the  sea. 

Mr. B. S. Brown, of Bliss, Idaho, gives the following information: 
The dog salmon come into Upper Salmon River about A u y s t  1 and spawn very soon after. The 

largest spawning-bed tha t  I know is in  the rivcr at the mouth of Roaring Creek. They go up Altnras 
Lake Creek about a miIe above Stenton’s ranch and up Salmon River to  jus t  above White’s ranch. 
The height of their spawning here i H  between August 10 end 15. I think they all die after spawning. 
The largest I ever saw weighed 50 pounds; the smallest I have seen were about 18 inches long. 

On September 13 I examined very carefully at  least 2 miles of Salmon River next 
below the mouth of Altiuras Creek; I also examined more than a mile of the river 
above the mouth of Alturas Creek and a mile or more of the lower portion of Alturas 
Creek. We walked along the shores or banks and counted all the salmon we saw. 
Only one live salmon was seen; it was covered with sores and would certainly die 
Boon. Along the banks or in the water we counted 72 dead salmon; of these, 31 were 



SALMON INVESTIGATIONS IN IDAHO. 261 
males, 36 females, and 5 too rotten to determine the sex. Five females which we exam- 
ined measured 38, 32, 37, 39, and 44 inches, respectively, in total length.. One male 
measured 53 inches long. All of these fish were much decayed, and we noticed that, 
as a rule, the males were more decayed than the females. The indications are that 
the Hpawning in this part of Salmon River is completed, and most of the salmon dead 
or gone early in September. The presence of salmon in the river in Stanley Basin as 
late as September 12, as noted by Mr. Mulky, probably indicates that the spawning 
takes place later there than it does. farther up the river where the waters are colder. 

Headwaters of Payette River.-This is also an important spawning region for the 
chinook salmon, as may be seen from the intarviews given below. Mr. W. 0. Jennings, 
who lives at the Meadows, about 10 miles from Big Payette Lake, says: 

I have been familiar with Big Payette Lake and the sllrrounding country for twenty-five years. 
The salmon (the males of which we always call “dog salmon”) come up Payette River into Long 
Valley about July 4; saw some on that  day a few years ago in Gold Fork, about 15 or 20 miles above 
its mouth. They are most abundant about August 15 to September 15, when they are spawning. 
They spawn earlier in Gold Fork and a little later in  North Fork aud Lake Fork, the time for the last 
two being September 1 to  20. Gold Fork is a colder stream than either of tho others, and I am con- 
fident the ealmon rud into it earlier and spawn there earlier because it is colder. I think that  75 per 
cent of all the salmon that  come up Payette River spawn in Gold Fork. These three forks are nearly 
of the same size, and their mouths are very close together. 

I have seen salmou up Gold Fork 10 t o  12 miles, and as much as 16 miles up Lake Fork; have 
seen them i n  North Fork occasionally at the outlet of Big Payette Lake. These salmon will average 
10 pounds or more. Therc are a good many small ones, weighing 4 to  8 pounds, but  these are all males. 
They spawn on the  riffles in  Payette River, North Fork, Lake Fork, aud Gold Fork, the principal 
spawning-grounds being in  Golll Fork. They very rarely enter Big Payette Lake. I once killed one 
above the lake and heard of mother. 

I think a11 thesalmon which comeup here die after spawning; have seen thousands dead alongthe 
river. I think they come up from the  sea, of course. I do not know when the  young go down to the 
sea. A half-breed once toldme tha t  in  Spokane River the young salmon go down stream i n  the mush 
ice in the  spring. He says the Indians and French would catch thom by the  thousands in the 
mush ice. They would average 14 inches long and were very good whon fried. I do not know whether 
there is any t ruth in this or not. The salmon were much more abundant formerly than now. 

Mr. Thomas McOall and his son, Dawson McOall, state: 
We have lived at the lower end of Big Payette Lake several years; have not paid much attention 

t o  the salmon, bu t  know tha t  they come up the  river within a mile or so of the  lake; have a n  interest 
in  a seine with which on0 haul w&9 made about August 1, but  only two salmon were caught. The 
other owners did a good deal of fishing in August and got a good many fish. At one haul they got 
thirty fish. The two gotten August 1 were females and weighed about 8 pounds esuch. One shot a 
few days ago was a male weighing about 8 pounds. 

This is the only 
fish seen i n  the lake which we thought was (I salmon. Tho Indians come in here in the early fall and 
camp along the  river. 

My examination of Payette River (or North Fork, as the outlet of Big Payette 
Lake is called) did not result in the discovery of a single live chinook salmon. About 
2& miles below the lake we found one dead female,% inches long. h number of 
deserted wickiups along the stream showed that the Indians had been there recently. 

Most of the people of whom we inquired stated that the salmon came somewhat 
earlier and in larger numbers than usual this year. Evidently the spawning season in 
this stream occurred much earlier this year than the last of September; not only were 
no live fish men, but nearly all the dead ones had disappeared, either by decay or by 
having been eaten by coyotes or other animals. 

We think wo m w  one in the lake at the outlet, but  it may have been a redfish. 

They get a good many salmon which they cure for winter use. 
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&make River.-The spawning-grounds of chinook salmon in Snake River between 
Huntington and Auger Palls have been, and perhaps still are, the most important in 
Idaho. Uertain it is that more salmon fishing for commercial purposes is done here 
than in any of the other streams of the State. Owing to the interesting fact, not 
hitherto noted by anyone writing upon the salmon, that the spawning takes place in 
Snake River from six weeks to  two months later than in theheadwaters of Salmon 
and Payette rivers, we were able to learn more regarding it from personal observation 
in Snake River than elsewhere. 

Mr. William O’Brien, of Weiser, Idaho, says: 
I have been fishing for about sixteen years, off and on, principally for salmon trout, salmon, and 

sturgeon; also pay some attention to  chubs, whitefish, and suckers. 
I call these fish chinook salmon. They appear in this part of the river about the middle of 

August, but, as my fishery is on the Oregon side, I am prohibited by the law of that State from fishing 
until the 15th of September. We get our best salmon fishing between then and the 15th of October; 
they are most abundant, however, in latter part of August and early September. Up to  the present 
time (September 21) have caught about 175 salmon. They will average 12 to 25 pounds, or about 15 
pounds dressed. Have taken about 25 or 30 young ones this year; never B&W any of these small ones 
until four or five years ago. All that I noticed were males. Some chinooks probably come up during 
the high water in July. They begin to get ripe about October 1 to 15; then they are not so good. I 
know of one large spawning-bed a t  Washoe near Ontario. This bed is of gravel in water 1 to l+ feet 
deep. I think 
all the salmon that spawn here die after spawning. Have seen weak and dead ones floating down 
about last of October and early November, and some drifted up on shore. Have caught spent fish, 
but they were no account, 80 we threw them away. 

While at Mr. O’Brien’s fishery, September 21 and 22, the following additional 
information was gained: The fishery is 4 miles below Weiser and on the Oregon side 
of the river. Fishing began this year on September 18. The seine is 12 to 14 feet 
deep, about 350 feet long, and 2&-inch bar. To operate it requires three men, a horse, 
and a boat, arid the seine is hauled over the same ground each time. Starting a t  the 
upper end of the seining-ground, the man in the boat rows straight out from the shore 
as far as he can, the seine beginning to pay itself out when the boat is 150 to 200 feet 
from the shore; when he has gone as far out as he can, he rows downstream as fast 
as possible, the shore end being pulled downstream by the horse at  the same time. 
When the boat is about two-thirds of the distance down to  the landing-place it is 
pulled in toward the shore, and the oarsman, assisted by the third man, takes hold of 
the rope at the lower end of the seine and pulls it in t o  the shore, while the other man 
and the horse manage the other end. 

When the area, inclosed by the seine became small the fish would begin to dart 
from one end to the other; seldom would one get away, but most of them would soon 
become entangled in the seine. Then one of the men would hold a guuny sack into 
which another man would push the fish, and then they would be carried down t o  the 
live-boxes, where they are kept until ready to dress or sell. The place where the 
seine is hauled out is a long, broad gravel bar between which and the shore is a 
long, narrow, shallow strip of water, Mr. O’Brien has dammed this both a t  the lower 
and upper ends, thus making a pond into which he can put his fish and keep them 
alive indefinitely. He says he has had as many as 600 or 700 fish in this pond at 
one time. 

He Sells his fish (1) to farmers who come to his fishery for them, (2) to men who 
peddle them over the country, (3) some few to the hotels and others in Weiser, and ( 4 )  
in the latter part of the season he ships a good many by express to various l>oiuts, such 

Have seen the old males turn on side and flip the tail as if scooping out the gravel. 

This, of ooume,’ wonld be late in the aeason. 
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as Pocatello, Butte, etc. He lets the farmers have the fish at 25 cents a fish. For 
those which he ships or sells to the hotels he gets about 4 cents a pound. A few years 
ago he got 8 to 10 cents a pound. The fish ha was getsting while we were there were 
in excellent condition; the flesh was firm and of a good color, the nose of the males 
was not yet much hooked, the teeth not enlarged, and the body not covered with sores, 
The females examined were full of roe, but not yet ripe. . 

Mr. William Kinney fishes some on the Idaho side, about 3 miles below Mr. 
O’Brien’s, but he was not doing any fishing a t  the time of our visit. 

Through the kindness of Mr. O’Brien I have been furnished the figures given in 
the following table. These figures cover not only the catch of Mr. O’Brien for the 
season of 1894, but that of seven other fishermen operating between Huntington and 
the mouth of the Boise River. 

Approximate number of oliinook salnion and steellieads aauglit i n  Snake River betwean Huntington and 
Weiser in September and Oatober, 1894. 

Name of flshgrman. 

Cole & Hopper .................. 
William Kinney & Co.. .......... 
William O‘Brien.. ............... 
Purcell & Co. .  ................... 
Pickler & Co. .................... 
Erricson & Co ................... 
MiltunlTopper.. ................. 
&.Duncan ...................... 
Ball & Renmy ................... 
C .  MoDowell.. ................... 

Location of 5shory. 

- 
10 miles above Riintington. .......................... 
7 milos below Woiser. ................................ 
4 miles below Weisor.. ............................... 
4 milos above Weisor. ................................ 
5 miles above Weisor.. ............................... 
8 milos abovo Woisor.. ............................... 
10 miles above Weisor ................................ 
12 milos above Weisor ................................ 
Opposito Ontario ..................................... 
At mouth of Boise River.. ........................... 

No. of 
chinook 
salmon 
oaught. 

400 
250 

*885 
600 
400 
200 
500 
200 
50 

(t) 

No. of 
ltcellloedr 
caught. 

200 
650 

*1.516 
200 
400 
100 
300 
500 
100 
(t) 

*Of  tho 385 chinook salnion caught by Mr. OBrien, 250 wore malcs and 185 females; of the 1,516 steelheads, 834 wore 
males and 682 femalcs. Mr. O’Brien estimntos that the ma10 Chinooks caught by him averagod 38 inches long and 25 pounds 
in weight; tho feinules a4 iuohea long nul  10 pounds in weight; the male stoollieads 80 inches long and 12 pounds in weight, 
and t,ho foinalos 28 inches long and 12 pounds in weight. Not over 5 or 6 of tho female ohhooks were ripe. 

t No flgures obtained. 

William Betz and Henry Oleson, of Glenn Ferry, Idaho, state :’ 
We have fished more or less for three years; mostly for sturgeon, but catch some salmon. The 

salmon appear here abont September 15 and are thickest about September 30. We see most dead ones 
during first half of November. We think most of them die, but  some may get back to  the sea. The 
first ones which come up we call “silver sahnon,” or, when the meat is very red, “wdmon b ~ l l y . ~ ’  
Those which come later have hooked noses and are “dog salmon.” They spawn on gravel beds in  this 
par t  of the river, but wc never noticed their spawning habits particularly. 

Mr. Robert E. Conner, of Lower Salmon Falls, says: 
I have lived here near these falls since 1882. &’or the first four or five years after my coming 

salmon were abundant; have seen the chute full of salmon; there must have been a thousand in sight 
at one time. But there has been a great decrease in the last four or five years. They used to  come 
earlier than they do now, as early as August 1, I think. During the last fcw years I have not noticed 
them until September. Think they spawn upou 011 the riffles above the falls; have noticed them in 
shallow water along the shore. The Indiaus that  come hero say the salmon prefer the sandy beds, 
and that  the coarse gravel which tho miners have piin into the river has caused the salmon to  seek 
other spawning-beds. 

No one bas ever carried on salmon fishiug here to any extent, but this used to be a famous Indian 
fishing-ground; they don’t couie here much now. The run usually begins about September 1 of late 
years and continues about a month. Used 
to  see many dead ones, but  not many now; the coyotes pick them up. I think all the salmon that 
come here die. I never see m y  salmon exccpt during the fall, and never saw any little ones. 

“Camas .Jim” is sure this is the case. 

The salmon that  I 808 here will average 15 to 20 pounds. 
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Mr. E. E. Sherman, who lives 3 miles below Upper Salmon Falls, says: 
The first salmon to  run in the  fall are what we call “silver salmon.” They come about September 

10 and continue until about October 15; occasionally catch them later, with “dog salmon.” Last 
year I caught perhaps a ton at Mr. Millet’s fishery. They would average about 8 pounds; tho 
largest weigh about 15 pounds, and the smalleet about 3 pounds. They spawn on the bars in  the 
river, where the dog salmon spawn a little later. Can tell 
them from the dog salmon by the difference in  color, shape of head, shorter nose, and smaller teeth. 
I never see them at auy time except early in the fall. 

The “dog salmon” arrive about September 30, and are most abundant about October 10, bu t  
continue until the  last of October. The smallest weigh about 
6 pounds, the largest probably 60 pound8, or 49 pounds dressed; they average about 15 pounds. 
Last year I caught about 6 tons, which I sold at 3 cents a pound to  people who would come to the 
fishery for the fish, then peddle them out, chiefly at Oakley, Goose Creek, Raft River, etc., getting 6 
t o  8 cents a pound. 

There is a good-sized spawning-ground at Millet’s 
Island, and a large one about 8 miles above Millet’s a t  Lewis’s Ferry. They get sore late in  the fall, 
especially the males. Have seen a good many dead dog salmon, and have seen them fighting a good deal. 

It is scarcely necessary to state that the names ‘(dog salmon,” ‘(silver salmon,” 
“silversides,” L1 salmon belly,” 6‘ chinook salmon,77 aad ‘1 quinnat salmon,” as used in 
Idaho, all refer to  the single species Oncorl~ync~~us tsclhawytscha. The individuals 
which arrive earliest in the season are in the best condition and are known as silver 
salmon, silversides, or salmon bellies, while the distorted, disfigured, and dying indi- 
viduals seen late in the season are generally known as dog salmon. Chinook” and 
“quinnat” are not often heard among the Snake River fishermen. 

Since my return home from Idaho Mr. Sherman has kindly sent me the follomi~ig 
information regarding his fishing during the season of 1894: 

From October 1 t o  October 15 I fished about 2 )  miles above Upper Salmon Falls. I did not keep 
any record of my catch, but  it amounted t o  about 3,200 pounds. The fish were not numerous, but  
were about as thick when I quit as at any time. About one-third of those caught were fcmales and 
about half were ripe. They would average about 10 pounds each. Our seining-ground here was on 
a spawning-bed, and there are still other spawning-beds above the upper falls. Thinking I might do 
better I went to  Glenn Ferry, and from October 20 to  26, inclusive, I fished a t  a point about 2 miles below 
theferry. I caught about5 tons of salmon, hut they were in  bad condition and I saved only about 1 ton. 
The run at that place was said to have been about October 10. The fish that I got were all spent fish 
a d  about a third of them were females. 

I never saw a dead silver salmon. 

They are ripe when they first come. 

The dog salmon spawn on coarse gravel bars. 

Charles Harvey, Duret, Idaho, gives the following: 
I am mining just below Lower Salmon Falls; have been here only one year. Caught a few salmon 

for my own use last year. Dog salmon came up last year about the  last of September. Two weeks 
ego (about September 2) there were a great many salmon here at the falls. Most of the fish which get  
over the falls do so near the left Rhore and the left one of the two middle chutes. On Monday, September 
17, caught a 20-pound female “silver salmon” with a grab hook at the chute. It was in excellent 
oondition; the eggs were not yet ripe and the flesh was firm and of fine flavor. 

Mr. George W. Bell, also living st Duret, says: 
I have lived here near Lower Salmon Falls since 1889; have paid some attention t o  the  salmon. 

Think they former!y came up earlier than they do now-as early as last of July. They used t o  be more 
abundant than now. Indian8 u ~ e d  to  get a good many. There is only one run, Iastiag about a month. 
Camas Jim, an Indian who fishes a good deal, says there are not many fish this year. 

Mr. Liberty Millet, Salmon Palls, Idaho, gave us the following information: 
Have lived here on this island below Upper Salmon Falls for ten years, and have fished for eight 

yeers. Salmonwere formerly much more abundant than now. They usually appear about S 
1, but  I have caught some in  August. The early ones we call “silversides.” The ones we call “c 
do not come until later, say about September 15 to Oct,ober 1, and continue until the  last of 
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The fir&, i. e., the  I (  silversides,” are notripe. The males will average 15 t o  20 pounds, the females about 
10 pounds. The “chinooks” will average, leaving out the small males, about 15 pounds. The largest 
will weigh 40 pounds. The smallest ones are always Iittle males weighing about 3 pounds, and they 
are nearly all ripe. Do not think 1 ever saw a female weighing under 8 poiinds. 

The height of the spawning season is about the middlo of October. They spawn on rather coarse 
gravel with some sand in  it, in  1 to 12 feet of water. The principal spawning-ground here is st the 
head of the island. The area covered is about 1,000 feet up and down the river and about 600 feet in 
width. When the spawning time 
arrives the saImon throw the gravel about a good deal; they throw it up into ridges crosswise with 
$he stream, like windrows of hay. The tops of the  ridges are sometimes EO near the surface of the 
water that  a, boat drags i n  passing over them, while between the ridges the water may be 4 or 5 
feet deep. Both the male and the female probably work the gravel about; they appear to turn more 
or less on their sides and work the gravel up with their fins. I think they cover the  eggs pretty deep, 
for the sinal1 trout, whitefish, chubs, and other small fish that eat  salmon spawn are there in great 
numbers. Small trout which we often catch in  our seine are so gorged with salmon eggs tbat  the eggs 
fall out of their mouths in great numbers when we hold them by the tail. The children bait their 
hooks with salmon spawn and catch great numbers of what we call young trout [they are not trout, 
bu t  the  Columbia River chub, Myloaheihs oaurinus], which bite very quickly, and when they take 
them off the hook they find their stomachs full of salmon eggs. 

I do not know when the eggs hatch. Have seen myriads of very little fish, 1 to 19inohes long, in 
the shallow water in the  spring, but  I do not know whether they are salmon fry or not. I think the 
yoiing salmon must s tar t  down stream soon after hatohing. I never noticed m y ,  or many, of these 
little fry after high water in May and June. 

I do my fishing from about October 1 to October 25. Last year (1893) I leased my fishery to  Mr. 
E. E. Sherman. In 1892 my season’s catch amounted to  between 7 and 8 tons, dressed. This included 
a few salmon trout. Most of the early catch w e  males, but  later there are a good many females. We 
sometimes fish for a week or ten days without getting a single female. 

My seine is 300 feet long, 10 feet deep in  the wings, and 14 feet deep in tho center; the mesh is 4 
inches, or 2-inch bar. I haul the seine in 10 to  15 feet of water aud right over the spawning-ground. 
Have caught as many DE 200 at a single haul. I sell my fish principally here on the ground to  farmers 
and others who come for them. They get them for their own use or to  puddle over the couatrg, chiefly 
down in the Raft River and Goose Creek country. I get 3 cents a pound, dressed. 

A good many salmon die late in the fall, bu t  I do not think all die. Have sometimes soen old 
males with scars heeled up. I have always thought these were fish which had spawned at least once 
before, but  it may be the  wounds were reoeived in some other way. 

Dr. Scovell and I spent the week from October 1 to  7, inclusive, at Mr. Millet’s, 
which afforded us good opportunities for observing the salmon at that place. Although 
the fish had not yet come in numbers sufficient to justify operating the seine, Mr. 
Millet and his brother-in-law, Mr. Joseph P. McMeekin, at our request, made several 
hauls each day during our stay. This enabled us to see the method upon which their 
fishery is conducted, as well as to note the abundance and condition of the salmon. 

As already stated, Mr. Millet lives upon a large island in Snake River, below Upper 
Salmon Falld. Immediately above the island is a considerable rapid. Only a small 
portion of the river flows to the right of the island. The width of that portion flowing 
to the left of the island is 428 feet, measured at the lower end of Mr. Millet’s hauling 
ground. At  this place there is a gravel bar or isIand, 44 feet wide, separated from the 
main island by a shallow channel 59 feet wide. This leaves only 385 feet as the dis- 
tance across the main channel between the small gravel bar and the left bank of the 
river. The depth in this portion of the river was found to be 14 to 20 feet near the 
left bank and less and less toward the gravel bar. The bottom temperature at 9 a.m. 
October G was 820. 

The seining is carried on about as follows: From a point about 300 yards above 
the gravel bar, and as near the rapids as the current will permit, the boat is rowed 
rapidly across*the stream until most of the seine is paid out. Then, at a distance of 

On the other side of the bar is another smell spamning-bed. 
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Condition. 

.......................................... .......................................... 
Nearly ripe 
Not ripe 
Ripe .... do 

._..do 

Nearly ripe 
Notripe 
... .do.. 
Ripe 
... .do. 
Not ripe 
;Ripo 

... .do.. 

... .do.. ... .do.. ....................... 
Ripe 
Not ripe 
.. .do. 
... do 
Ripe 
Nearly ripe 
.. .do. ... do 
Not ripe 
Ripe 
... do. 
Not ripe 
Ripe 
Not ripe 

Not r pe 
Ripe ... do ... do 
. ..do.. 
Ripe ................ 
Not ripe 

................ 

.......................................... 

!Not ripe 

Nearly ripe 

Newly ripe 
Part1 p ripe 

....................... 
...................... 

about 300 to 350 feet from the shore, the boat is headed downstream, while the man at  
the okher end of the seine walks down the shore rapidly euough to keep approximately 
even with the boat, being careful at  the same time not to  let out so much rope as to 
allow the seine to get so far from the shore as to permit any salmon to run around at  his 
end of the seine. At the upper end of the gravel bar the narrow channel separating 
it from the main island is quite shallow, permitting him to wade across to the bar. 
By the time he has reached the upper end of the bar the boat is at  the lower end, both 
ends of the seine are now brought up to the land, and pulling in begins. This requires 
only a few minutes. The salmon caught are thrown out upon the bar and knocked on 
the head so as to keep them from floundering back into the water, the seine is loaded 
into the boat, and everything is ready for another haul. 

The upper ground hauled over comprises a considerable portion of the principal 
spawningbed. The depth of water there is 3 to 10 feet, while lower down the depth 
is as much as 15 feet. I n  the upper part the bottom is of coarse gravel, while below 
it is of finer gravel, with some sand. 

In  the following table are given important data regarding the catch of salmon st 
this place during the fishing seasou of 1894: 

Table showing catch of chinook salmon at Liberty Millet's Fishery on Snake Biver, at Upper Salmon T a l l 4  
Idaho, September 29 to November 1,1894. 

Length. ('Weight. Condition. 

. Inchee. Potmda. 
1- 

............................. ................................ 
38 20 Not ripe. .................................... .................................... 

............................. ................................ 
.................................... 

................................ .................................... 

.................................. 
................................... 

................................ .................................. .................................. 
; .......... .................................... ................................ ................................... ............................. .................................... .................................... ............................. ................................... .................................... ................................ .................................... ................................... ................................. .................................... ................................ ............................. ............................... ............................... .................................... 

.................................... .................................... ................................... ........,.......... 
14% Ripe. 

(. ......... 

1804. 
Sept. 29 
Oot. 1 
oat. 2 

Inches. 
a1 ......... 
bO ......... 

...... 32 
2 23 ._._.. 2Q ...... 23 

E 3  ......... 
4 4 4  

1 a4 

A . M .  

Oct. 3 

Oot. 4 

30 
31 
81 
32 

37 
43 
28 
31 
21 
40 
21 
21 
21 
21 
30 
2'3 
43 
32 

E] 

2 
30 
41 
30 
27 
28 
32 
23 
30 
32i 

...... ...... ...... ...... 
6 ...... ..___. ..__.. ...... 
6 

7 
1 
2 
3 
4 
1 

2 
3 

..__.. 

...... 

...... ._____ .-._.. ..---. 
4 .____. 

Males. I Females. 

Weight 

Pounda. ........ ........ ........ ........ ........ ........ 
* -. -. . -. ........ 

301 
14% 

::% 10% 

118 
121 
19 
304 
84 

"4"a 
4 
4 
aa 
8 
31 
29 
11% 

94 
2 p  

lif 

Et 

l i  5 

......... 

a One nearly ripe female oaught but not measured nor weighed 
b These weie not weighed; four of them measured 30, 30&, 31, aid 10 inches, respectively. 
o Caught nothing. 
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Table showing catch of ckimook salmon at Millet's Wshery-Continued. 

Condition. _- 
Nut ripe.. ... do .. .do. 
Ripe 
Nenrly ripe 
Ripe. 
Notripe 
Ripe 

Ripe ... do 
Not ripe 
Ripe 
 do.. .. .do. 
Nearly ripe .. .do. 
Nearly ripe.. 
Ripe 
Scarcely ripe. ... do.. 

Ripe ................ ... do. ............... 
.. .do. 
... do ... do ................ 
... do .. .do.. 
.. .do.. .............. 
... do 
... do .... do 
._..do 
,...do. 
,...do. ... do.. 
,._.do 
.__.do ... .do.. .............. 
Ripe ................ .... do .... do .... do.. ... .do.. ... .do.. ... .do.. ... .do.. .............. .... do.. .... do.. .... do. ... .do. .... do ... .do.. ... .do.. ... .do. ... .do.. 
.__.do ................ 
._..do ................ ... .do.. ... .do.. 
._..do ... .do. ... .do.. ... .do.. 
.._.do.. ... .do.. 
.__.do ... .do.. ... .do.. 
.._.do 
.._.do ................ 
. -..do.. ... .do.. .. -.do.. ... .do.. 

Nenrly ripe ................ 

...................... 

................ 

Date. 
Length. Weight. Condition. 

Inches. Pounds. ............................... .................................... ................................... .................................... ............................. ................................... ................................ .................................... '. ........... 
.................................... 

................................ .................................... .................................. 
............................. 

.................................... 

................................... 

................................... ........................... .................................... ........................... .................................. 
20 .......... Spent. 
20 .......... Do. 

21 .......... Ripe. 

................................... .................................... 
.................................... .................................. 

29 .......... ITot ripe. .................................... .................................... .................................... .................................... ................................... ................................... .................................. .................................... .................................... 
29 .......... Spent. 
28 .......... 
20 .......... "'go. .................................... .................................... .................................. .................................. .................................. .................................. 
34 12 Spent. .................................. .................................. ................................... ................................... .................................... .................................. .................................. ................................... .................................. 
a2 12 
29 10 %g- .................................. .................................. .................................... ................................... .................................. .................................. .................................. .................................. .................................... .................................. .................................. 

E Ri%%i 30 
86 .................................. .................................. .................................. .................................. 

1894. 

Oct. 5 
P. M. 

Oct. e 
P. M. 

lot. loa 

OOt. 11 

oct. 1: 

I Males. I Females. 
nul 

Length -- I 
.... .... .._. 
0 ._.. .... .._. .._. 
1 ... .._. .... ._.. .._. 
2 

2 
._.. 
.... ._.. .... 
bl .... .... ._.. 
c2 

a3 

.._. ._.. 

.... 
-._. .... 
__*. .... .... .-.. .... -..- 
e4 

Inchea. 

28 

._.I 

1 ._.. .... ._.. .... .... 
2 

a 
.__. .-.. 
.-.- .... .-.. .... .... 
4 .... .... .-.. .... .... .... ._.. 
6 ._.. .... .... .... 
1 .... .... .... .... .... 

............. 
f6 I 

I 

Neight. 

Poundn. 
10% 
17% Y 

13a 

4 
62, 
6% 
7f 

14 

10 
4 
96 

3b 
3% 
10 
9 
9 

1% 
4& 
4 

........ ........ ........ ........ ........ ........ . . -. . f . . ........ ........ ........ ........ ........ _ _  ..--. ........ ........ ........ ........ ........ ........ ........ ........ 
3 
6 

13 

11 
11 

4 

14 

10 
22 
14 

3b 

36 

g t  

1:i 

3 
9 
2 

1;g 

10 
3 

2 
26 

4 
I 
10 
4 

4 
24 

I_ 

a No fldiine done from Ootober I unlil October 10. 
L Totii&& 6 .  total Weight, 732 pounds. 
c Totnl catoh,' 4 total weight, 81 pounds. 

267 

d Total oatoh 11; total weight l97g pounda. 
e Total oatch: 3 ;  totnl weight, 'a38 pounds. 
{Total catch, 3; total weight, 481 pounds. 
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1894. 
Oct. 12 
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Table ahoining catch of chinook aalmon at dlillet'a IWwy-Conthued. 

--- 
Inches. 

2 28 ____.. 32 ._..-. 38 ...... 

Dah. - 1 No' 1 Length 
- 

Poundo. 
8 

12 
. 14 

8 
14 
10. 
15 
10 
9 

10 
25 

2jj 

12 

3 

;& 
13 
411 

29 
7 

10 
2134 
25 
4 

10 
18 
18 
24 
6 
3 
3jj 

1% 
11 
13 
9 
6 

28 
14 
12 
13 
14 
31 
24 

29 
10 
25 
15 

6 

13 
12 
2jj 

25 
32 
21 
12 
3 
3jj 
3 

23 
21 
31 
23 
24 
22 

:9 

4& 

74 

5' 

i' 

Sjj 
9 

10 
7 

Inches. Pounds. 
Ripe ................ 30 14 Ripe. 

__._do .................................... .... do .................................... 
.__.do.. .................................. .... do .................................... 
__..do. ................................. .... do .................................... .... do .................................... 
___.do .................................... .... do .................................... .... do..... ............................... 
.___do ................ 37 18 Spent. 

..do .................................... ::..do .................................... 
___.do ................ 30 ii Ripe;. .... do ................ 30 
._..do ___.  ._.__. _ _ _ _ _ _  31 g& Do. .... do .................................... .... do .................................... 
__..do .................................... 
.... do .................................... .... do .................................... .... do .................................... .... do .................................... ... .do.. .................................. .... do .................................... .... do.. .................................. .... do .................................... .... do. ................................... 
___.do. ................................... .... do .................................... .... do .................................... .... do .................................... .... do .................................... .... do .................................... 
.._.do ................ 36 .... do ................ 22 

.__.do .................................... .... do .................................... .... do.. .................................. 

.___do.. .............. 35 18 Ri e 
_._.do ................ 28 13 go. ... .do. .............. .I. ................... 
._..do.. .................................. 
___.do. ................................... .. ..do. ................................... ... .do.. .................................. .... do .................................... .... do. ............... 38 .... do ................ 32 ... .do.. .................................. 
_.__do .................................... 
._..do .................................... ... .do. ................................... 
__..do.. .................................. .... do.. ................................... 
.. . .do. ................................... ... .do.. .................................. 
._ . .do ................................... 
.__.do .................................... ... .do. ................................... .... do. ................................... .... do...... .............................. .... do .................................... .... do .................................... .... do .................................... ... .do.. .................................. .... do .................................... .... do.. .................................. 
__..do .................................... .... do .................................... .... do .................................... .... do .................................... .... do .................................... 
... .do.. .................................. .... do .................................... 
_ _ _ _ d o  .................................... .... do.. .................................. .... do... ................................. ... .do. ................................... 

..do ................ 37 18 Xi e 
15 go. 
7 Do. 

._ 

___.do ................ 21 1 2 .  . Notripe. 

:; Rigao. 

...... 
3 ...... ....... ..---. .___-_ 

...... ...... ...... .-_--- 

.-.**. ...... 
I""4 

.. 

..___. ...... ...... ...... .____. ...... .___.. 

.___.^ 

...... ..-.-. .._-.. I::::::/ .___._ 

, 

...... .-.--. 
2 .-.-. ___.-. .___.. .___.. 
3 

4 

...... ..__.. 

.___.. ...... .__.-. .__.-. ...... ...... 

...... 
6 ...... ._._._ ..--._ ...... ...... ...... ...... ..-.-. ...... 
6 ...... ___.__ ...... ...... ._.__. ...... ...... ._.-._ .----_ ...... __._.. ...... ...... 

is 
26 
32 
28 
34 
28 
28 
27 
40 
28 
32 
34 
28 
23 
20 
21 
20 
31 
20 
40 
21 
23 
40 
a8 
20 
21 
34 
29 
42 
26 
19 
22 
29 

30 
31 
28 
24 
39 
30 
28 
30 
31 
42 
37 
20 
42 
30 
41 
34 
40 
29 
20 
29 
30 
30 
19 
40 
42 
38 
34 
20 
22 
20 
39 
32 
41 
39 
38 
32 
34 
30 
29 
29 
28 
22 
20 
20 

1: 

Males. I Femelea. 

Weight. I Condition. 1 Length. I Weight. I Condition 



SALMON INTEsTIGATIONS IN IDAHO. 

Table ahowing catoh of ohinook salmon at Millet's &hery-Continued. 

Date. 

1894. 
Oot. 14 

Oot. 16 

, 

Oct. 16 

Oot. 17 

38 
28 
38 
90 
23 
34 
30 
24 
27 
20 
34 
20 
20 
18 
15 
40 
30 
32 
36 
37 
24 
28 
39 
30 
42 
32 
30 
18 
30 
41 
43 
26 
28 
31 
27 
32 
30 
26 
22 
23 
39 
40 
42 
30 
32 
32 
41 
34 
32 
21 
42 
32 
33 
32 
30 
41 
36 
41 
31 
21 
26 
24 
26 
30 
39 
43 
30 
30 
28 
30 
28 
32 
31 
32 
44 
42 
43 

%E,' ~ Length. 

Inches. 
~- 

7 36 ...... 31 ...... ...... 
1 

2. 
....... ....... 
...... ...... .-.-.. 
.-.->, 

....... ...... .-_..- ...... 
3 ..__.- ...... .-..-. ....... 
3 

4 
...... 
.._.__ ...... ...... ...... 
..__.. 

1 ...... ._..__ ....... . - - -. . , ...... ...... ...... ...... .._._. ...... .-__.. .-..-. ...... 
2 ...... ._____ ...... ...... ...... ...... ...... ...... ...... 

__.___ ...... ...... .-_-.. ...... ...... 
3 ....... ...... __.___ ..__._ 

, .1 ...... ...... ...... ...... ...... ...... ...... ...... ..___. ...... 
2 .-..., ...... 

Males. Bemdeea. 

Weight. I Condition. 

Pounds. 
13 
10 
15 
10 
20 
11 
8 

17 
. .15 
10 
10 
5 
15 
4 
5 
3 
2& 
25 
12 
14 
I9 
20 
8 
10 
iaa 
12 
36 
14 
13 

11 
25 
20 

10 
12 

14 
14 

1 

3h 

Oh 

9% 

IO$ 

78 
22h 
26 
34 
122 
15 

. 15f 
32h 
18 
15 
74 
27 
14 
16 

::a 

6% 

27 
10 
26h 
13 

'9% 
lo 
11h 
23 
26% 
23 
12 
104 
12 
11 
15 
14 

;;E 
29 
29 

Incheo. Pounds. 
Ripe .................................... ... .do. ................................... 

--..do. ................................... ... .do.. .................................. 
.... do .................................... .... do. ................................... 
No record ............................... .... do .................................... .... do.. .................................. 
.-..do.. .................................. .... do. ................................... 
Ripe 34 13 Ripe. ... .do.. .................................. .... do .................................... . -..do.. .................................. .... do ................ 30 12 Ripe. .... do.. .................................. ... .do.. .................................. ..... do.. .................................. .. ..do.. .................................. .... no ..................................... ... .do.. ................................... .. ..do.. .............. a2 17 Notripe. 

_ .__do  ................ 32 12 ,Spent. .... do ..................................... .. ..do.. .................................. ... .do.. .................................. .... do .................................... 
_._.do .................................... 
._..do 36 

.... do.. .................................. 

... .do.. .................................. .... do .................................... .... do.. .................................. 
:.:.do .................................... 
... .do.. .................................. 
... .do.. ................................... ... .do.. .................................. .... do .................................... 
.... do. ............... 33 .... do ................ 35 
. ._ .do ................ 35 14 Do. 
.__ .do  ................. 34 17 Do. 
... .do.. .............. 36 13 Spent. 

.__.do ................ 30 8 , Spent. ... .do.. .................................. 

...... do .................................... 

.,..do .................................... ... .do. ................................... .. ..do. ................................... .... do ..................................... .... do. ................................... ... .do. ................................... ... .do. ................................... 
__. .do ................ 30 10 Sent,. .... do. ............... 33 17 g o t  ripe. ............ so 11 Spent,. 
.. .do.. .................................. .... do .................................... .... do .................................... .... do. ................................... .... do.. .................................. ... .do.. .................................. ... .do.. .................................. ... .do. ................................... ... .do.. .................................. .... do .................................... 

.__.do.. .................................. .... do.. .................................. .... do.. .................................. 

._..do ................ 38 28 Not ripe. .... do ................ 82 14 Spent. 

.... .do.. .............. 36 16 Ripe. 

.... do. ................................... ................ 

.._.do ................ 36 14 Ripe. 

.._.do ............... 32 Spent. 

..... do.. .............. 26 7 Spent. 

................ 
l: ' Ripe. 

:: Ri%b. 

.... ................ do 33 14 Ripe. 

: - .-do - _.- 

.... do ................ 31 10 , Do. 
I I I I 

269 



270 

Date. 

BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

Table showing catch of chinook salnion at Millet's Fishcry-Continued. 

- 
No* Length. --- 

Date. - [ No* I Length. 
1-1- 

I__.-.. I 

Pounds. 
26' 

12 

6 
10 

5 
5 
61 
25 
32 
20 
84 
9 
y 
28 
12 
16 
4 
4' 

25 
9' 

26 

M t  
8% 

12 
12 
19 

28 

25 
25 
20 

10 

3 
11 
1% 
12 
191 14 
28 
26 
24' 
15% 
33 

32) 

lot 

9* 

2 p  

2 

2 
;' 

"B 

2 p  

? 
26 
12 

!:' 
11% 
14 

7 
10 
20 

t:' 
29 
24 

11 

9% 

16 

20h 

:' 
27 

Inches. 
Ripe ......................... .... do ......................... 

. _ _ . d o  ......................... ... do ....................... 
_ _ _ _ d o  ........................ 
. - . .do ........................ .... do ......................... .... do ......................... 
. .-.do.. ....................... ... .do. ............... 36 
.... do ................ 35 .... do. ........................ 
- . . .do ......................... 
___ .do  ......................... ... .do.. ....................... 
 do.. .............. 38 ... .do. ............... 30 ... .do.. .............. 39 
__ . .do  ................ 31 .... do ................ 29 ... d o . .  .............. 38 .. -.do. ............... 38 ... .do. ............... 40 
.__.do. ........................ ... .do. ........................ 
.... do ......................... 
. - . .do . .  ....................... .... do ......................... .... do ......................... .... do ......................... 
.-..do. ........................ .... do ......................... 
._..do ......................... .... do... ...................... .... do. ........................ 
. .--do. ........................ .... do ......................... ... do.  ........................ .... do. ........................ .... do. ........................ 
. - . .do ......................... 
..-.do ......................... 
.-. .do ................ 36 
. .~.dO. ............... 34 
..-.do ................ 30 ... .do.. ....................... 
. - - .do ......................... 
. . - .do  ......................... .... do ......................... .. ..do.. ....................... ... .do.. .............. 36 
--..do ................ 34 ... do ................ 38 .... do ................ 39 ... .do.. .............. 34 
.__.do ................ 30 
. ._.do ................ 36 .. ..do.. .............. 32 .... do ................ 34 .... do ......................... .... do ......................... .... do ......................... .... do ......................... 
. - . .do. ........................ .... do ......................... .... do ......................... .... do ......................... .... no.. ................... ,. - - .... do ......................... .... do ......................... ... .do.. ....................... .... do ......................... 
..-.do. ........................ 
. -..do.. ....................... .... do.. ....................... 
..-.do.. ....................... 
... .do.. ....................... .... do ......................... .... do ......................... .... do ......................... 

... .ao. ........................ 

. 

.... do ......................... 

Oot. 18 

40 
29 
30 
29 
22 
30 
24 
21 
22 
38 
45 
36 
24 
26 
22 
42 
31 
34 
20 
20 
41 
27 
40 
28 
26 
26 
30 
30 
28 
38 
27 
42 
40 
40 
38 
38 
36 
34 
37 
28 
29 
20 
18 
30 
31 
30 
38 
30 
42 
40 
40 

40 
24 
20 
40 
31 
24 
41 
24 
40 
31 
30 
31 
30 
31 
22 
38 
36 
30 
36: 
28 
28 
40 
39 
27 
32 
34 
20 
28 
42 
30 

a2 

._..-. .._.-. _..--. ...... .__._. ...... ...... 
3 ...... ...... ...... ...... ...... 
1 ...... ._.--. ...... ...... ...... ...... ...... . . . . . . .  ...... ..__.. ...... ...... ._.--. ._.--_ ...... 

Males. 

Weight. I Condition. l- Length. 

Oot. 18 

._..-. .._.-. _..--. ...... .__._. ...... ...... 
3 ...... ...... ...... ...... ...... 
1 ...... ._.--. ...... ...... ...... ...... ...... . . . . . . .  ...... ..__.. ...... ...... ._.--. ._.--_ ...... 

Femalee. 

Weight 

Pounda 

__ 

........ ........ ........ ........ ........ ........ ........ ........ ........ 
20 
10 ........ ........ ........ ........ 
3 
17 
15 
9' 

19 ........ ........ ........ ........ ........ - -. -. . -. ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ 
18 

E* ........ _._._ _., ........ ........ ........ 
13 
14 
14 
17 
17 
10 
23 
14 
16: ........ ........ ........ ........ ........ ....... ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ - 

Condition. 

Not ripe. 
Ripe. 

Ripe. 
Spent. 

Spent. 
Ripe. 
Not ripe. 

Do. 

RIB"o. 

Spent. 
Ri e %b. 

Spent. 
Do. 
Do. 
Do. 

Not ripe. 

Do. 
Do. 

Ri%o. 



SALMON INVEBTIGATIONS IN IDAHO. 

Table shotving catch of chinook salmoit at Millet's Fishery-Continued. 

1894. 
Oct. 10 

271 

--- 
Inolres. 

2 ...... ._.-.. ...... ...... ...... .-.-.. ...... ...... ...... ...... ...... ...... 

Incheo. Pounda 
Ripe ................................... .... no. .................................. .... no...... ............................. ... .do.. ................................. 
.... do ................................... 
._. .do ................................... .... no...... ............................. ... .no. .................................. 
. -. .no.. ................................. ... .do. .................................. .... no ................................... ... .no.. ................................. .... no ................................... .... no ................................... .... no ................................... .... do ................................... .... no ................................... 
.._.do ................ 28 11 .... do ................ 38 18 

..no 35 let .... do ................ 29 
._ . .do  ................ 30 .... no ................ 35 15 .... do. .................................. .... no. .................................. .... do ................................... 
.... do .................................... 
. ._ .do  ................................... .... no. ................................... 
.... do ................................... ... .do.. ................................. 
Spent  .................................. 
Ripe ................................... 
Spent .................................. 
Ripe ................................... ... .do.. ................................. .... no ................................... ..... do ................................... 

. ~ . . d O . .  ................................. 

... d o . .  ................................. .... do ................................... ... .do.. ................................. .. -.do.. ................................. .... do ................................... .... no ................................... .... no.. ................................. .... do ................ 36 18 .... do ................ 34 16 .... no ................ 34 17 

.... no ................ 38 20 

.._.do 40 23 
_ _ _ _ d o  ................ 33 16 

do 30 11 ... .do.. ................................. .... no ................................... .... no. .................................. .... do.. ................................. .... do ................................... .... do ................................... .... no ................................... ... .ao.. ................................. ... .do.. ................................. .... no ................................... 
.... no. .................................. .... do .................................. .... do ................................... 
. . - .no ................................... .... do. .................................. .... no ................................... .... a0 ................................... .... do ................................... .... do ................................... ... .do.. ................................. ... .do.. ................................. ... .do.. ................................. ... .do.. ................................. ... .do.. ................................. 
.-..do.. ................................. .... do ................................... .... do ................................... 

. ................ ::* 

. . _ .no  ................................... 

... ................ do 30 10% 
................ 

.... ................ 

...... ...... ...... ...... 
oct. 20 1 ...... ...... ...... ....... ...... _..-.. ..__.. 

...... ...... ._.-.. ...... ...... ..--.. ...... ...... ...... ...... ...... ...... ...... ...... ...... _.__.. ...... ...... ...... ...... ...... ...... 
2 .._.-. ...... ...... ...... ...... ..__.. ...... ...... ...... ...... ...... ...... ..--.. ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ._.-.. ...... ...... 

.-**.. ...... 

38 
40 
28 
25 
25 
30 
44 
20 
25 
33 
31 
28 
24 
28 
20 
35 
20 
40 
35 
37 
26 
25 
27 
28 
22 
25 
42 
38 
27 
27 
41 
26 
42 
26 
39 
41 
40 
20 
21 
34 
26 
25 
28 
22 
30 
40 
20 
43 
40 
44 
29 
33 
30 
20 
28 
42 
43 
28 
34 
40 
40 
28 
30 
20 
20 
26 
41 
30 
22 
28 
40 
40 
40 
86 
22 
31 
25 
20 
44 
26 
82 
20 

Males. I Females. 

Weight. 1 Condition. I Length. I Weight 

Pounde 
24 
26 
10 
7 
66, 

15 
28 
3 
7 

20 
16 

989 

2 
I;% 

10) 
103 
22 
4 

206 

10 
8 

10 

7 
2.5 
23 
20 
20 
24 

25 

17 
26 

96 

72 

2f 

48 

3 

'"9a 
t 

14 
6 
8 

11 
7 

3 
26 
23 
30 
12 

24 
20 

16 
2Q 
28 
10 
14 
3 
3 
Q 

Ob 

2 
6 
84 

22 
24 
22 

14 
9 
9 

30 
10 y 

Condition 
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Pounds. 
11 
20 
24 
121 
10 
Q 
39 
26 
25 
27 

1;s 
27 
19 
'20 
7 

. .23b 
gp 

23 
23 
8 
0 
7 
7f 
12 
6% 
I]* 
10% 
9a 
7 
10 
8 
101 
1g 
12 
8 

0 
10 
26 

0 
25 
10 
6 
4 

2;2 

22f 
12+ 

s t .  

20% ma 

10 

14 
10 

:!' 
181 
27 
0 
8 
5 
7 
7 
74 

23% 
26 
13 

i:' 
4 
8 

24 
22. 
I8 
10 
24 
10' 
-16 
25 
18 
22 

. 8 
16% 

BULLETIN. OF THE UNITED STATES FISH COMMISSION. 

Table showing catch of e l h o o k  salrkon at  NiZlel's fishery-Continued. 

Inches. Pounds. 
Ripe .................................... .... do .................................... ... .do.. .............. 35 16 Ripe. 
... .do. ............... 30 
... .do.. .............. 40 
.__ .do .  ............... 32 

... .do.. .............. 14 Do. 35 .............. 151 Do. ... .do.. 35 .... do .................................... 

._ . .do .................................... .... do .................................... 

.... do .................................... 

.... do .................................... 

. . - .do  .................................... .... do .................................... 

.... do .................................... 

. . - .do .................................... 

.... do. ................................... .... do .................................... 

. . - .do .................................... .... do .................................... 

... .do.. .................................. 

. .-.do .................................... .... do ..................................... 

.... do .................................... 

.... do .................................... 

.... do ................................... :. 

.... do .................................... 

.... do .................................. :. 

.... do .................................... .... do .................................... 

.... do .................................... .... do .................................... .... do .................................... 

.... (10 .................................... .... do ..................................... 

.... do ..................................... 

.... do .................................... .... do .................................... .... do .................................... ... .do.. .................................. .... do ................................. 1.. 

.... do .................................... 

.... do .................................... 

... .do.. .................................. 

.... do .................................... .... do .................................... 

.... do .................................... .... do .................................... ... .do.. .................................. .... a0 .................................... .... do ..................................... ... .do.. .................................. ... .do. ................................... 

.... do .................................... .... do ................................. 'i. 

.. ..ao. ................................... 

.... do .................................... .... do .................................... .... do .................................... .... do .................................... 
_ . _ . d o  ................ 37 22 I Ripe. 
__. .do. .  .............. 20 10 , Spent. 
..... do ................ ad 16 Do. .... do.. .............. 26 D Do. 

_ . _ . d o  ............... 40 20 Ripe. .... do .................................... 
.... a. .................................... .... do .................................... 
..-.do .................................... .... do .................................... .... do .................................... .... do .................................... .... do .................................... .... do .................................... ... .do.. .................................. .... do.. ................................... .__.ao ................ 32 14 Spent. .... 10 Do. do. ............... 28 ... .do. ............... 14 DO. 30 

;: n?g, 
.... do ................ 30 :?a Spent. Do. 

.... do ......................... : .......... 

.... do .................................... 

_____ 
Males. I Fomales. 

Date. - 1 No./ Length 

28 
26 
46 
44 
41 
43 
30 
25 
42 
38 
40 
25 
40 
26 
40 
40 
26 
20 
25 
25 
30 
24 
30 
29 
25 
44 
30 
25 
30 
36 
29 
26 
41 
25 
26 
28 
42 
25 
41 
36 
22 
24 
41 
32 
28 
24 
33 
25 
40 
44 
41 
30 
37 
43 
26 
21 
21 
23 
22 
22 
41 
43 
33 
37 
40 
20 
24 
41 
42 
28 
28 
41 
26 

41 
27 
40 
24 
34 

a3 

Weight. 1 Condition. 



SALMON INVESTIGATIONS I N  IDAHO. 

J'OZL1LQ8. 

7 
3t  

25 
4% 
9& 

25 
3 
5 

26 
32 
26 
E+ 

27 
2 y  
8 
8& 
7 

23 
6 

18 
8& 
0 
1.q 
22 
23 
12b. 

S t  
7 

12 
14 
20 
18% 
7 
7 
8+ 

10 
15 
6 

10 
10 
90 
1na 
9 
9 

21 
3 
z+ 
;& 
6b 

23 
IO 
11 
14.  
14 
238 
24 

Table ahowing catclh of chinook aalmoic at Xtllet'a FiaAwy-Continuod. 
0 

Mnlos. I Femnlos. 
I I  

-. 1- 

Inches. Pounds.. ................ Aipe 28 1% .._.do ................ 39 23 
._..do 30 12 .... do.. 38 16 
.__.do. .  .............. 37 ..... do.. .............. 82 
... .do. .................................. ... .do.. ................................. ... .do.. ................................. 
___.do . .  ................................. ... .do.. ................................. 
.... do ................................... ... .do. .................................. ... .do.. ................................. 
... .do.. ................................. ... .do.. ................................. .... do ................................... 
.... do ................................... ... .do. .................................. .... do ................................... 
 do.. ................................. 
.... do.. ................................. 
.... do.. ................................ ... .do.. ................................. 
... d o . .  ................................. 
... .do.. ................................. ... .do.. ................................. 
... .do.. ................................. ... .do.. ................................. ... .do.. ................................. 
... .do.. ................................. .... do ................................... ... .ao.. ................................. ... .do.. ................................. 
... .do.. ................................. 
. . ~ . d O . .  .............. 29 
__..do.. .............. 28 .... do ................ 37 14 
.._.do. ............... 38 18 

... .do.. .............. 2.4 .... do ................ 30 

.... do. 34 

.._.do ................ 26 10 .... do ................ 35 18 ... .do.. .............. 33 16 

... .do.. .......... :. .. 30 12 

.... do ................ 30 ... .do.,. .............. 40 .... do ................ 35 .... do.. .............. 32 .... do. .................................. 
.Xo record .............................. 

do.. ................................. 
::::do ................................... ... .do.. ................................. .... do ................................... 

................ 
.............. 

.... ................................. do.. 

l i b  

.do.. 29 y 
3 

... .............. 

............... 

, .__.do ................ 36 15 

.do.. 37 15t 

2 
;P 

... .............. 

20 
21 

..__.. 

...... 

...... ...... ...... ...... ...... ...... ...... 

._._.. ...... 

._._.. ...... ...... 

...... ...... ...... ...... ...... ...... 

...... ...... 

Oct. 24 

20 
40 
23 
26 
42 
18 
19 
40 
46 
41 
25 
43 
40 
24. 
25 
22 
40 
25 
34 
26 
26 
32 
39 
35 
31 
25 
24 
3U 
32 
38 
38 
25 
34 
26 
25 
32 
20 
33 
30 
44 
36 
29 
29 
37 
18 
15 
19 
20 
22 
40 
20 
30 
32 
31 
41 
30 
26 
30 
24 
41 
44 
33 
33 
18 
42 
44 
26 
42 
26 
40 
26 
39 
22 
24 
21 
80 
30 
20 

...... 
1:::::: 
...... 
...... ...... 
...... ._.__. ...... ._._.. 

2 ._._.. ...... ...... ...... .____. ...... 
3 ...... ...... ...... 

...... ...... .___.. ...... ...... ...... ...... ...... 
4 ...... ...... ...... ...... .___.. ...... ...... .__._. 

...... ...... ...... ...... ...... ____.. ...... ...... ...... ...... 
1 ...... ...... ...... ...... ...... 

Weight. I Condition. I Longth. I Woight. 

.... do ................ 38 
___.do 34 ... .do.. ................................. 
... .do.. ................................. .... do. .................................. .... do.. ................................. .... do ................................... .... do ................................... .... do ................................... 
_._.do 31 

................ 

................ 

23 
164 

12 
If 

6% i a  
8 

... .do.. ................................. 

.... do.. ................................. ... .do. .................................. .... do ................................... 

Condition. 

Ripe. 
Do. 

Spent. 

Do. 
l?&. 

Spent. 
Do. 
Do. 

Spent. 

Do. 
Do. 
Do. 

Spont. 
Do. 
Dn. 
Do. 

Spont. 

Ri%. 

ltig"O. 

Ri%;. 

R i p .  
D O .  
Do. 
Do. 
DO. 
Do. 

Il ipo 

273 

F, 0, B, 1806-18 



274 

~~~ 

Weight. 1 Condition. 

Pounds. 
23 Ripe 
10 .... (10 

O& .... do. 
10 .... do. 
8 .... do 
6 .... do 
7 .... do 
3 .... do ................ 

... .do.. .............. 
9 I .... do ................ ... .do. ............... 

20 

2 ... .do.. .............. 
13 .... do 
44 .... do 
3 .... do 

14 .... do. 
1 4  .... do 
29 .... do 

9 .... do 
28 ... .do... 
3 .__ .do  ................ 
4b .... do. ............... 

18 .do 
178 ... .do.. .............. 
10 .... do ................ 
10 .... do. 
l o  .... (lo 
118 .... do 
26 .... do 
27 .... [lo 
17 .... do 
I8i .... do 
22 No rccord ......... :. 
26 .... do 
10 .... do 
12 .... do 
8 .... do 
9 .... do 
7 .... do. 
8 .... do 

76. ... .do.. .............. 
8 .... do ................ 
3 .... do ................ 

14 ... do ................ 
np .. . .do . .  ............. 
12 I N  o record 
3 .... de 
10 .... do 

8% ... .do.. 
18 .... do 
8 .... do 

12 .. ..do. 
134 .... do.. 
sa .... do. 
74 .-..do.. 
6 .... do.. 
8 ... ,do..  
8 ... .do _ _  

23 ,110.. 
15 .... do ................ 

.... do.. 
11 ... .do.. 
19 .... do 
27 .... do 

B .... do.. 
6 .... do 

14 .... do 
54 .... do 
6& .... do 
11 Ripe ................ 
8 , _ _ . d o  ................ 

24 .... do ................ 
7# ... do ................ 
14 .. -.do.. ....................... 

... .do.. 
22 ... .do.. 

I 

................ 8 . ___do  

... ............... 

20 Ripe ................ 
103 ... .do.. .............. 

74 ._..do 

... .............. 

... .............. ;;& ,110.. 

;;b ... .do. ........................ 
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Length. Weight 

Incheo. Pounds. 
___- 

................................... 
.................................. 
................................... ................................... ................................... 

................................... 
.................................. 

25 7 
14 30 

30 
39 
39 19 

3 
................................... ................................... ................................... .................................. ................................... ................................... ................................... ................................. 

38 19 

3 34 1 yJ 
35 174 .................................. ................................... ................................... ................................... ................................... 

................................... 

................................... 

.................................... 
................... 

................................... ................................... ................................... ................................... .................................. ................................... 
30 12 
30 
32 
32 15 
a0 
38 
34 16 

::* 
:t 

.............................. 
................................... 
................................. ................................... ................................... 
................................. 

................................... 

................................... 

.................................. 

.................................. ................................. ................................. 
................................. ................................. 

33 15 
34 21 
32 144 ................................. ................................. ................................... .................................. ................................. ................................... ................................... 

................................... ................................... 
30 12 
32 18 

23 % 1 12 
.I.. ....... 
.I. ........ ................................. ................................. 

Table shozoing catch of cliinook salmon at  Millel’cr WsWcry--Continiicd. . 

Oct. 25 

Oct. 26 

Oct. 27 

I-+--=- 

...... ._._.. ...... ...... ...... ...... 
1 ...... ...... ._._.. ...... ...... ...... ...... ...... ...... ...... ...... ..__.. ...... ...... ...... ...... ...... 

...... ...... 

._._.. ...... 

.-_-_. ...... ...... .___.. 
1 _.___. ...... ...... ..--.. ...... ...... ...... ...... ...... ._._.. ...... ._._.. 
2 .-.._. ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ..__.. ...... ...... ...... ...... ...... ...... .___.. ...... ...... ...... 

.---_. ...... ._.._. ...... ...... 
1 ...... ...... ...... ...... ...... ...... ...... 

18114. Inches. 
.. 
28 
24 
26 
25 
24 
22 
18 
37 
26 
31 
46 
30 
19 
17 
32 
31 
42 
26 
42 
18 
23 
19 
34 
34 
28 
27 
29 
30 
40 
43 
35 

38 
40 
26 
27 
25 
25 
z2 
24 
37 
31 
26 
28 
18 
33 
29 
80 
18 
26 
27 
27 
34 
27 
32 
32 
28 
26 
24 
27 
24 
40 
32 
33 
35 
30 
32 
44 
24 
24 
32 
24 
26 
28 
26 
38 
26 
30 
36 
40 

a6 

a9 

Muleu. I Fcmrtles. 

Condition. 

Ri e Bb. 
Do. 

Spent. 
Ripe. 

Spont. 
lti e 5,. 

Spont. 
Do. 

Ri%b. 



SALMON INVESTIGATIONS IN IDAHO. 

Weight. Condition. 

Pounds. 

- 
I;& Ripe 

do 
................ .... ................ 

7 . __ .do . .  .............. .... do..  .............. ;:* ... .do.. .............. 
SI+. ... .do.. 
30 ... .do.. 
7% .... do..  
7 .... do 
6 .... do 
8 .... do 
I6 .... do 
10 .... do 
22 .... do 
6& .... do 
4 .... do 
9 .... do 

26 ... .do.. 
2 .... do 
24 .... do 
Si ... .do. 

10 .... d. 
8 ... .do.. 
6 .... a0 

22 ... .do.. 
21 .... do 
20 .... do 
12& .... do 
26 ... .do.. .............. 
292 No rooord.. 
26 ... .do.. .............. 
28 .... do ................ 
26 .... do. ............... 
36 .... do ................ 
2 .... do ................ 
7% ... .do.. 

30 Ripe 
23 ... do.. 

... .do.. 

......... 

.............. 

;;& ... .do.. 

Table d~ozuing catch of chinook sahotb at Millet's Fil'lkery-Continuucl. 
____ 

I Fomalea. I I  Malea. 
- 

- 
Length. Weight. 1 Couditiou. 

Inches. Pounds. 

______ 

36 19 K i p .  
32 14 Spent. 
28 9 DO. 
30 
34 .................................. .................................. .................................. .................................... .................................... ................................... .................................... .................................... .................................... .................................... .................................... .................................... .................................. .................................... .................................... ................................... .................................... .................................. .................................... .................................. .................................... .................................... .................................... 
36 15 Spent. 
30 
33 

14 DO. 36 
36 18 Ripo. 
28 9 Spont. 
32 12 Do. 
34 14 Do. 

? E:: 

.................................... .................................. .................................. .................................. 

1894 Inoheo. 
Oet. '27 ~ 1 1 28 ...... 26 

.___.. 25 

._.._. ...... ...... ...... ..*._. 

.___.. ...... 

42 
42 
25 
26 
2.1 
26 
81 

I _ _ _ _ _ . I  28 
I...... .._._. 
._._._ _ _ _ _ _ _  ...... ...... ...... ...... ..___. 
.___._ _.__.. 
....... 

...... ...... 
__.___ 

Oct. 31 . _____  
...... 

36 
24 
20 
25 
40 
19 
39 
26 
25 
25 
24 
38 
36 
38 
28 
42 
44 

Nov. 1 

__ 

..____ 18 .___._ 28 ...... 45 ...... 38 ...... 34 ...... 38 

Nov. 1 

Sunimary of catch of chinook salmon at Uppw Salmoii Tall8, Snake River, front Septsnkber 29 
to Noventber 2,1594, inclusive. 

..____ 18 .___._ 28 ...... 45 ...... 38 ...... 34 ...... 38 

Datu. Dato. M n l o ~ .  I Fomalcs. 11 1 ___ 
Sept. 29 ........................... 
Oot. 1 ................. 
Oct. 2 ................. 
oot. a ................. 
oct. 4 
Oot. 5 ................. 
Oot. 6 ................. 
Oot. 10 ................. 
Oot. 11 ................. 
oot,. 12 ................. 
Oot. 13 ................. 
Oat. 14 
Oot. 15 ................. 
oot. 16 ................. 

................. 

................. 

1 
6 .......... 
18 1 
4 .......... 
11 .......... 
10 1 
12 .......... 
20 7 
28 3 
17 3 
26 0 
49 G I  
26 5 '  
35 14 ~ 

Oct,. 17 ................. 
Oat. 18 ................ 
Oct. 19 ................. 
Oot. 20 ................. 
oot. 22 ................. 
Oot. 23 .................. 
Oat. 24 ................. 
Oet. 25 ................. 
Oct. 26.. .............. 
Oct. 27 ................. 
Oct. 31 ................. 
Nov. 1.. ............... 

Total.. ................ - 

29 
28 
56 
67 
62 
93 
14 
26 
41 
36 
8 
4 

732 

5 
8 
12 
14 
7 
38 
1 
11 
10 
9 
8 

170 

.......... -- 

275 
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Fishermen. 

Summary of catch of chinook salmon i n  Snake Riser betweem Huntington and Auger Falls, 
September to November, 1894. 

Place. Males. Females. Total. 

Pureell & Co. .............. 
Pickler & Co.. ............. 
Erricson & Co ............ 
Milton Hopper.. ........... 
William Duncan.. ......... 
Hall & Reamy ............. 
Libert Millet. ............ 
E. E. f&erman. ................ 

Grand total 

Cole &Hoper . .  ........... 10 miles above Huntsington .................................. 
William inney & Co.. .... 7 miles below Weiser ........................................ 
William O’Brien. ........ .I 4 miles below Weiser ................... 1 250 1 135 I 

4 miles above Weiser ........................................ 
5 miles above Weiser ........................................ 
8 miles above Weiser ......................................... 
10 miles above Weiser ....................................... 
12 miles above Weiser ....................................... 
pposite Ontario. ............................................ 

ear Upper Salmon Falls.. .............. 732 170 
.do. ....................................................... 

......................................................................... ~~- 

400 
250 
385 
600 
400 
200 
500 
200 
50 
002 
320 

4,207 
- 

Headwaters of Weiser River.-In order to reach the Payette Lakes we traveled by 
wagon from Weiser, a distance of about 120 miles, chiefly through the valley of Weiser 
River and its upper tributaries. This afforded us some opportunity to  learn of the 
occurrence of salmon in that region. 

The Little Weiser River flows through Indian Valley, 60 miles north of Weiser, 
and we were informed that a few “dog salmon” are seeu in that stream each fd. 
They come there to spawn in September. The stage-driver says he saw three or four 
at the ford above Indian Valley post-office about September 19. People in the vicinity 
spear them to some extent. 

Just above Council Valley we examined Weiser River for about a mile of its 
course (September 25), but saw no fish. Persons living in the neighborhood told us 
that they caught four salmon about September 2, and saw a good many others. Those 
caught weighed 9 pounds or less each and were not ripe. They are said t o  be more 
common this year than usual; none were seen last year. One man says there were ten 
times as many this year as in any recent year, but there are scarcely any now com- 
pared with ten years ago. They go 5 to 8 miles above Council Valley to spawn. 
Most of themen with whom we talked think tliet late in September is the spawuing 
time, but our observation indicated that it is somewhat earlier. 

Mr. Oscar Ferguson, of Council Valley, says: 
The fish here now are all regular salmon, though somo call the earlier ones “salmon trout” and 

the late ones “dog salmon.” The regular belmon trout come in the spring. Tho salmon ere spawning 
now; saw thorn 2 miles above the stago station at Seavey’s ton days ago; saw twenty-fiveor thirty and 
killed three fine oms, each 2 to 3 feet loug. Found a recently dead female a few days ago above 
Seavey’s. 

The atage-driver says he saw three or four salmon at the ford of Weiser River 
below Price Meadow about September 15. . 

It 8eem8 probable that a good many salmon still spawn in this river. The upper 
portion of Weiser River and its tributaries appear to have excellent water and all 
suibble conditions for salmon spawning-grounds. 

She was full of eggs and had not begun spawning. 
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THE REDFISH OR BLUEBAUK SALMON. 

Headwaters of flalrnon River.-The redfish or blueback salmon ( Oncorhynchus 
nerka) is the most iniportant of all the salmon of Alaska, where it is known as the red 
salmon. In the Lower Columbia, where i t  is known as the blueback salmon, it is 
exceeded in importance only by the chinook salmon, the catch of bluebacks in the 
Columbia River in 1892 amounting to 8’73,106 fish, or 4,365,530 pounds. That this 
species spawns in largo numbers .in the Columbia basin is certain, but we know very 
little regarding its spswniiig habits or the location of its spawning-grounds. Dr. Bean 
has studied it in Alaska, but  not until now has any naturalist studied it at any of its 
spawning-grounds in tho Uolumbia basin. 

So far as is yet known, tho lake region at  the headwaters of Salmon River contains 
some of the most important spawning-grounds of this species. I observed it at Alturas 
and Pettit lakes, and it is known to occur in Redfish Lake, Stanley Lake, and perhaps 
in one or two other small lakes of this group. They are also known from the head- 
waters of Payette River (Big Payette Lake), from WaIlowa Lake in Oregon, and from 
Okanagan Lakexiti Washington. 

Redjish at Abticras Lake.-Mr. I?. 0. Parks gives the following information: 
The redfish appear at Alturas Lake usually about August 1, and reach the inlet of the lake aboiit 

August 5, wlieu some are nearly ready to  spawn; others are tight and the  flesh firm and without sores. 
They are then more wild and active than later. There are two distinct sizes, those of one size weighing 
3 or 4 pounds, mhilc those of the other size are very much smaller, woighing less thau half a pound 
each. The small and large ones ncarly always school separately. Have seen no big ones for three 
years until this year. Four years uud more ago tlio large ones mere common. About 1881 a prospector 
took 2,GOO pounds fresh from Alturas Lake to  Atlanta aud Rocky Bar, mhere he sold them to the miners. 
Formerly many were saltred and barreled. At one time there was ta lk  of starting a cannery here or 
at Rcdfish Lake, but the passage of a law prohibitiug traps stopped the matter. 

Most of the fish seem to be males. We get them when they first oome in, with grab hooks and 
spears. They spawn only in tlie inlet; do not believe they over spawn in the lake. The small ones 
rim up the  inlet at least 3 miles, where the  water is so shallow that their backs stick out. The large 
ones spawn in the  lower par t  of the inlet. The spawning habits of the large and smell ones are 
essentially the same. They spawn upon the  gravel bars in  shallow water. While on the spawning- 
beds the males fight a good deal; they bite each other upon the baok and hold on for quite a while. 

The spawning begins early in August and is usudly over by the first of September. Finding them 
still spawning to-day (September 12) was a great surprise to  me. When we started out this morning 
I did not believe we would And any redfish. 

I think thcy come np from the sea each year; have never seen any in the lake in the  winter and 
do not believe any stay there. I have never seen them in or about the lake except from about the I& 
of July to  late in  September. I think they practically all die after spawning; a few may get baok t o  
the sea. The little ones I have always regarded ns the  same as the big ones, size being the  only 
difference. I never found auy food iu  their stomach, and never knew them t o  take a hook. 

The ones we got to  day (September 12) will average in size with those of former years, both the 
large ones and the  small oues. Have seen some weighing probably 6 pounds. Mr. Ferris, an old 
fisherman here, says he has caught them x-eighing G pounds. 

There is not much variation in their time of arrival. They seem to have oome a little later and 
in greater numbers this year than for several years; tlie large ones espeoially were more abundant 
this year than usual. The greater abundance this year may be due to  the unusually high water of 
last spring, which may affect fish in  two ways: (1) By reaching farther out  t o  sea; (2) by enabling 
fish t o  get over falls, which prove a barrier in lower water. 
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Mr. B. 5. Brown, of Bliss, Idaho, says: 
I was at Alturas Lake about August 15,1893, and saw 400 or 500 small redfish, but no large ones. 

They were in tho inlet about 2 miles above the lake and were spawning. Have seen these little 
redfish fight just like dogfish (chinook salmon). The little redfish I have never seen in any of the lakes 
up there except Alturas Lake. Have seen the large ones in Big Redfish Lake, Stanley Lake, and 
Pettit Lake. Saw them spawning iu Big Redfish Lake about AuguBt 18, 1893, and about August 15, 
in 1887, 1888, and 1889. I was there in each of those years and salted quite a lot of them. Have seen 
them in Salmon River about 3 miles below Stenton’s ranch, and never saw any in  Salmon River above 
the mouth of Alturas Cregk. I am sure they come up Salmon River and I believe they till die after 
spawning. The large ones will average 3 to 4 pounds. There appear to be more males than females. 

On September 12 we visited Alturas Lake and examined the inlet for about 3 
miles in the lower part of its course. We started at the lake and followed all the 
windings of the stream, and then returned to the lake, keeping in sight of the creek 
all the way. By thus examining every foot of the stream we probably saw every red- 
fish in that part of its course. In  this distance I counted 114 sinall redfish and 14 
large ones. Twelve of the large ones were on a shallow gravel bar near the mouth of 
the stream, and the other 2 were about a mile farther up, and on the same riffle with 
29 siuall ones. Other bunches of small ones of 23, 13, 9, 6, and fewer, were seen. 
These,were all on the riffles in shallow water and enga’ged in spawning. They were 
invariably in the current with head up stream. We noticed that they scooped up the 
gravel into piles or ridges, using the nose, pectoral fins, tail, aud sometimes the back. 
These piles of gravel were not large, however, and could riot be noticed at a very 
great distance. Frequently we noticed the fish in pairs, a male and a female, the 
female being usually a little in advance of the male. W e  supposed that they were 
spawning when in such position. 

Sometimes there was considerable fighting among the males. They would catch 
each other by the pectoral fin or by the nose, and hang on quite teneciously, mean- 
time slowly floating down stream. Then they would release their hold and return to 
the shallow water, perhaps to renew the fight in a few moments. Immediately below 
each riffle, sometimes above, was a deep hole into which the fish would go when dis- 
turbed. By retiring into the bushes where they could not see us, we usually hail to 
wait only a few minutes when they would again return to the riffle. After having 
been disturbed ouce, however, they became more timid aud more easily frightened. 

I have spoken of “small redfish” and “large redfish.” The small redfish is what 
has been known as Kennerly’s salmon (Oncorhynchus kennerlyi), and it has by some 
been regarded as a species distinct from the largo redfish (Oncorhynchus aerlca), while 
others have regarded it as a landlocked variety of the large redfish. The structural 
differences upon which the separation has been made do not appear upon an examina- 
tion of a large number of specimens of each size. At  present I am inclined to regard 
them as being specifically identical, though a fuller knowledge of the migrations of 
each may justify their specific separation. 

In the water, both males and females of the large fish were quite red, the males 
but little more intense than the females. The sinall males are of a dirty red on the 
back, and much brighter red on middle of side; on the back are about thirty small, 
round black spots, not greatly unlike those on the cnt-throat trout. The under parts 
were a dirty white; dorsal and anal fins, pale or dirty red; other fins smoky, The 
females were darker arid less red; the spots were plainer, and the general resemblance 
to the cut-throat or black-speckled trout was more marked. By the use of e small 
seine we caught 29 small ones and G large ones. 



SALMON INVESTIQATLONS IN IDAHO. 

The sex, weight, and condition of each are given in the following table: 

Sm, weiglit, and coibdition of redficrh oaught i n  the inlet to Alturas Lake, Idaho, September 11, 2894. 

Mule.. ............... 
Do ............... 

Pemale .............. 
Malo.. ............... 
Bolualo .............. 

Do ............... 
Male ................. 

Do 
Do ............... 
Do.. ............. 

Do ............... 

............... 
Do..  ............. 

1 Weight. ~ Conditioii. 11 Sox. weight. I- 
fiI1.V. 02. 

H Scarcely ripe. 
74 Itipe. 

8 , .Do. 
1 Do. ............... 

!i Rip?" 
D o  

7 I Do. 

I !* 5b I~artlyspent. I1 Do ................ 

66 Do. 

ii Pirrtlyipsnt. 
6A Rine. 

Malo .................. ................ ................ Do ................ 
1 Female ............... 
1 Do ................ 

Do.. ............. 
Do ............... 

Bemnle .............. 
Do ............... 
Do ............... 

Male.. ............... 
Do ............... 

weighed. 

3 lo& 
3 
3 

2 

-- 

3 I;& 

Lila. 02. ................. ................ 
Do ................ 
Do. .  .............. 6 

Do ................ 
Do ................ 

Fomalo ............... 
Male.. ................ Not 

279 

Condition. 

Ripe. 

Partly 8pent. 

Spent,. 
Pnrtly Spent. 
Spent. 

Ripe. 

DO. 

DO. 

Do. 

DO. 

Ripe. 
Partly apont. 

Rlpo. 
Spcnt. 

Do. 
Do. 

I 

Average weight of 28 small redfish, 64b ounoos. Average weight of 6 large redfish, 3 pounds 4a ounces. 

Of the 29 small redfish, only 4 (2 males and 2 females) were without sores or muti- 
lations. The fraying out of the fins seems to begin first with the caudal, then on the 
front of the dorsal and anal, and later upon front of ventrals, and to aorne extent upon 
the front of pectorals. Besides the fraying out of fins, there are sores sometimes upon 
the body in different places. Whether these mutilations are due to the wear and tear 
incident to the long journey from the sea (if they really come up from the sea), to  the 
wetwing incident to spawning, to their fighting, or to general physiological collapse, is 
not certainly known. I am inclined to think it is chiefly due to thewear and tear of the 
journey up from the sea, but am not at all certain that this is the correct explanation. 

Besides tho 128 redfish which we saw in the stream, we counted G dead ones along 
the creek. We examined the inlet of Pettit Lake, also, but we saw no live fish; on 
the bank we found one large fish which had been partly devoured by some animal. 
And this suggests a reasonable explanation of the scarcity of dead fish. If all or 
nearly all the redfish dio soon after spawning, as is generally believed, and as seeins 
probable, inore dead fish ought to be seen. But the dead fish are eaten by various 
animals, as we have observed, and inany of them are no doubt eaten or carried away 
soon after dying. 

Headwateys of Payette River.-At the liead of the North Fork of Payette River 
are the small lakes already described. I n  the inlet of Big Payette Lake, the principal 
one of the group, important spawning grounds have existed and the evidence given 
below shows that considerable iiumbers of redfish still come there, 

Concerning the fish of the Payette Lakes, Mr. IT. C. Jennings gives the following: 
Have lived near Pnyette Lakes 25 years. Heard of the redfish in those lakes even before I came 

here. For many years I put 1111 a good ninny for use. Two fisheries were r u n  here for soven or eight 
years, betweun 1870 and 1880, by Hughcs & Bodily aud Louis Fouehet. They put up great quantities 
of redfish. Hughes & I3odily put  up about 75,000 fish one year. They quit fishing in 1876; no one 
flehed in 1877, but in 1878 Fouohet came back aud fished one or two years. Fish were not abundant 
enough to  make i t  pay, so he quit, and there has been no commercial fishing here for ovor te.n years. 

Formerly the redfish were very abundant; tho mater was literally full of them; there were 
millions of them. Very few during reeeut years. They sppenr about August 10th to l5tli each year, 
and continue to be seou up to the last of October, or until 8now comes; have seen them in great numbers 
Iate in Ootober. They come from the lake They appear a week or two before they are ready t o  spawn. 
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into the inlet and lie i n  the  deep holes until ready to  spawn. The height of the spawning season is  
throughout September. Then they come upon the gravel beds i n  the shallow water. Their spawning 
habits are very much the  same as those of the  dog (chinook) salmon-usually see a male and :I female 
together. The males fight a good deal; bite each other, especially on the back. Have seen them 
fightingvery often. Both male and female SCOOP out the  gravel with their tails. 

The principal spawning-beds were i n  the inlet 2 t o  3 miles above the lake; they go up 5 or G 
miles, however. When they were so abundant many used to S p S W l l  around the edges of the lake on 
sandy places where there are springs which ineke the watcr colder. This spawning in  the lake took 
place a t  same time as tha t  in  the inlet. I never knew but  few to go up as far as tlie Upper Lake, 
which is 9 miles above the  Big Payette Lake; they rarely go farther than 5 or G miles lip. I never 
saw any in  the outlet of the lake. Have never seen them i n  any of the lakes about here except Big 
Payette Lake. Some SOY they have seen them i n  Little Lake, which is about three-fourths of a mile 
east of Big Payette Lake, but  I never saw any there, though I have noticed a few i n  the outlet (Lake 
Fork) of tha t  lake. 

I do not believe the redfish come up from the sea or return t o  the sea, but believe they remain 
right here in  this lake and i ts  inlet during the entire year. I have seen them in the lake at all tim:s 
of the  year. They are not red except in  the fall; a t  all other times they look like trout, b u t  the  
shape of the head is -different. They will not bite a hook during the spawning season, but at any 
other time they take the hook readily; can catch them with hook baited with meat of any kind. 

They belong in the  
lake. The thing that bothers me is this: I f  they come np from the sea, why is it that, on their way 
np, a million will come up the North Fork while few or none go up Lake Forlc into Little Lake, and 
not one goes up Gold Fork? All three of these streams come together less than half a milo apart and 
they are all of about the same size and geueral character. Gold Fork is probably some colder than 
either of the others, but, aside from this, the streams are essentially alike. It may be tha t  these 
redfish do come up from the sea aud that, when they come to these three forks, every one of the 
thousands knows which of the three roads t o  take i n  order to  reach tho spawning-beds in  and above 
Big Payette Lake, but I don’t Believe i t .  

There are both large and small redfish here; the large ones run 4 to  5 pounds undressed, or about 
2+ pounds dressed. In putting them up we always counted 40 fish t o  the  100 pounds. The males are 
heavier than the females. 

There used t o  be millions of them here. So thick were they that  often, in  riding a horse across 
at the ford, I have been compelled to get off and drive them away before my horse would go across. 
Thousands of dead ones would be seen along the shores and in the deep holes. 

I wish to  repeat that  I am confident the redfish do not return to  the  sea. 

Mr. N. B. Robertson, of Weiser, Idaho, says: 
I came down from Big Payotte Lake last Friday (September 14) ; WDE a t  the heed of the lake on 

Thursday (13th instant), a11d looked for redfish, but  saw none; examined about a mile of the inlet. 
People up there say they have seen none thirc year, and few if any for fivo years. The last time I A ~ W  

any there was in 1888-in September-when there were a good many, some of which I caught. One 
man put  up 800 pounds, and Jennings, Folsom & White had about GOO pounds. This must have been 
about September 10. The fish were ripe at that  time. The large ones averaged about 24 pounds 
dressed. Have seen small ones G to  8 inches, which were said to  be redfish, but  thoy nwre not ripe 
and not much red. They were called young redfish at the lake, and probably were such. 

But they are never seen 
in the lake except right at spawning time, and then only at the  bar at tho mouth of the inlet. They 
spawn in shallow water where tlicre is not much current, and where the bottom is sandy or of gravel. 
They used t o  begin spawning about the last of July. 

Fifteeii or twenty 
years ago he would salt down 30,000 to 40,000 pounds every year, and ship them out to  the mining 
camps. William C. Jennings, of Salmon Meadows, knows more about the redfish of Payotte Lake 
than anyone else. 

Mr. John W. Smith, of Council Valley, Idaho, has observed the redfish at Payette 
Lake. He says: 

I saw redfish in the inlet t o  Big Payette Lake some time early i n  September. T>hey were 4 or 5 
miles above the  lake; there were 20 or 30 in  one place and several i n  other places. All of these were 
large ones. a 8 0  saw a good many small ones, usually schooling by themselves; in one bunch of 

I think the  redfish stay in  the lake and run up into the inlet to spawn. 

Louis Fouchet used to  come in about the first of July to get ready for fishing. 
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small ones I saw one large fish. f-lave not seen many during the last few years; E ~ W  none in  1890, 
1891, or 1892. They may have been there in 1893, but I did not iiotico any; other parties said there 
were none last year. 

I have heard i t  claimed that  a few years ago the redfish spawned at the head of Crazy Woman 
Island, in Payette River, 2 miles above Emmettsville, or about 20 to 25 milos above Payette. This 
was D year when the water W ~ E  EO low tha t  tho fish were uuablo to reach tho lake. They go up the 
inlet of Payetto Lake 6 or G mi!es. I never saw nor heard of redfish in any of the Payette la lie^ 
except Big Payette Lake. They have been rcported from Weiser River, about 75 miles above Weiser, 
but I do iiot know if they were really redfish. 

They are reported more abundant thgu usual at Payotte Lake this year. I have seen them coming 
up iuto the  lake in  great numbers, and t,liey were thcn all bhte, there being very little red upon them. 
I am sure they come into thelake from below. They are rtirely seen upon the spawning-beds until in 
September. 

At Council Valley, Idaho, we saw Mr. Alexander Eessler, who had recently re- 
t,urned from a trip to Payette Lake. He gave us the following importan t information : 

At the end of the Grst meek i n  Septernber of this year I visited the inlet to  Big Payette Lake, aud 
while there spent two days catching redfish. This was on Septembor 8 and 9,and we got about 175 
fish. At least half of them were of the small form, less than a foot in length. Most of them were 
females [this is p r o b b l y  a mistake. E.] and nearly all mere spawniug or ready to  spawn; solno were 
about spent. We caught them with grab hooks in  the inlet about 3 miles above the lake. They 
were very abundant; we saw o m  bunch in  which there aeemed to  be as many 11s a thousand. We 
must liave seen 2,000 to  3,000 altogether. We noticed that  most of them lay hi deep water during the 
day and came upon the rimes t o  spawn chiefly at night. We camped by the stream and at night could 
hear them splashing about in tho sfialloiv water. The small ones mere not much red outside, but 
their meat W ~ E  redder than that  uf the  large ones. Most of tho small ones and some of the large ones 
were blue like trout. 

During the spawning they fight a good deal. 

I think they all die after spawning. 

This ie the only year I ever paid any attention to  these fish. 

My own observations on the redfish of Big Payette Lake were made September 26 
and 27,1804. On September 27 I took a sailboat aud Dr. Scovell a rowboat at  the 
lower end of the lake and crossed the lake to the head, making such observations 
en route as we could to determine the presence of fish. Dr. Scovell followed up the 
east (left) shore, examining the shoal water as he weut. We saw no redfish in the 
lake, though trout were very abundant. At  the mouth of the inlet is a considerable 
bar, over which we had to drag our boats. After getting iuto the inlet we were able 
to ascend it about 2 miles, when a drift of logs prevented further progress with the 
boats, Leaving the boats at this place and carrying oiir seining outfit with us we fol- 
lowed on up the stream about 3 miles farther. The thick chaparral along the stream 
made it very difficult t o  get down to the mater at  mauy places. We put in the entire 
day, however, and succeeded in examining nearly every rod of the last 5 miles of the 
stream. 

About 4 miles above the mouth of the inlet we found six large redfish spawning 
on a gravel bar in shallow watur just below a deep hole filled with logs and brush. 
When disturbed the fish would run up into this deep hole and remain concealed some 
time before returning to  the riffle, The temperature of the water on the riffle at 2 
p. in. was 450, and the depth about 18 inches. We matched these fish quite a while 
and saw them fighting some. Whenever two males came near each other, one would 
swim rapidly up to the other and catch him by one of the fins, usually the pectoral, 
or by the back. He would keep his hold quite a little while, the two meanwhile slowly 
drifting down with the current. At  least two of the Rix were males, agd two or three 
of them were covered with sores. Afar repeated attempts we caught one of the six, 
which proved to be a spent female 1 foot 8 inches long, aud weighing 2 pounds 2 
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ounces. This fish was very thin and weak, and its fins were very much worn. Every 
time we attempted to get any of the others they would run under the brush in the 
deep pool above. These six are the only live redfish we saw in this stream. 

As we were crossing tlie bar at the mouth of the inlet we saw a large fish which 
may have been a redfish, but we did not see it plainly enough to enable us to be cer- 
tain as to tlie species. A t  various places along the stream we saw dead redfish in 
various stages of’ decay. We counted a t  least fifteen sniall ones and four or five 
large ones. Fragments here and there indicated that the dead fish were being eaten 
by animals of some kind, probably fishers, wolverines, wolves, etc., which occur here. 
One female redfish, 11 inches long, was found full of eggs; whether she got killed in 
some way we could not determine. All the small ones we examined were females. 

There may have been a few other live fish lying in the deep holes under the drift, 
but there could not have been many. The clearness of the water and the care with 
which we examined the stream precluded the possibility of many escaping detection. 
Evidently the spawning season of the redfish in this stream was practically over at 
this time, and nearly all the fish had gone or had died and disappeared. 

THE SALNON TROUT OR STEELHEAD SALMON. 

One of the most interesting and important results of our work in  Idaho was the 
discovery of the fact that  large numbers of steelheads spawn in the streams of that 
State, and that the catch of steelheads in the Snake River i,s almost as important as 
that of the chinook salmon. During our stay a t  Weiser and Upper Salmon Palls we 
saw a number of steelheads caught. An examination of these specimeiis shows them 
to be Xalmo gairdneri. 
but the evidence that this species breeds in all these streams is quite trustworthy. 
The name by which this fish is usually known in these Idaho localities is “salmort 
trout,” although “steelhead” is occasionally heard along Snake River. 

We saw no specimens in Salmon, Weiser, and Payette rivers, ’ 

Headwaters of Xalmon. River.-Mr. P. C. Parks; Sawtooth, Idaho, says: 
The salmon trout come to the Alturas Lake region about May 5, and are seen up to about June 10. 

Some spawn in Salnion River and Slturas Lake outlet, while otliors go up into tho inlets where they 
probably spawn on the same gravel bars used later by tho redfish. Tlirir spawning habits are about 
the samc as those of the redfish. Have seen 
some dead ones, but do not think many die. They are of various sizes, not iu t w o  sizes as the rodfish 
are. The largest I have seen would weigh about 14 pomids, the srnallcst about 2 pounds, while the 
average weight is probably nearly 8 pounds. They are becoming less abundant ertoh year. The small 
ones are very scarce. 

They will sometfirnos take a hook baited with their 
own spawn tied up in mosquito bar. Their eggs are 
about the size of thoso of the redfish. 

Color: Along middle of side as red as the redfish; back, steel-color ; the female has less red an& is 
more silvery. 

We saw no salmon trout here a t  thc time of our visit, unless the fry which we 
found in little pools along Salmon River were salmon trout. The little pools and 
ditches in the vicinity of Stenton’s ranch and elfiewhere contained large numbers of 
young trout. We caught 50 or more of these fry which mea8ure 1 4  to 2& inches in 
length. We have no means of telling certainly whether they are young 8cdrnn gaird- 
iaeri or Sulmo mykiss, hut are inclined to believe them the former. 

Their D O Y ~  get hooked an& sonio sores appear later. 

We catch them with spears and grab hooks. 
About one-third of those we get are females. 
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Mr. B. S, Brown, Bliss, Idaho, says: 
The salmon trout arrive April 1 or earlier. They spawn in April, going up into the outlets of 

the lakes and sometimes using the same spawuing-beds which the dog salmon use in tho fd l .  They 
stay here a t  least until May 15. The largest I ever saw weiglied perhaps 12 pounds, the smallest 4 or 
5 pounds. I uever saw many dead ones; they probably all go back to the sea. 

Head,watem of Payette River.-Mr. W. C. Jennings states : 
The salmon trout come up Payette River about April when the water is high. Never saw any 

above the lake. They will bite a hook ocoasionu;lly. They mill weigh from 5 to 30 pounds; have 
heard of them weighing as much as 40 pounds, but they probably do not average more than 10 pounds. 
I think they come up from the sea and that  they do not die, but  return to  the sea or at lcast go down 
stream when the water gets low. 

,Snake River.-Mr. William O’Brien, Weiser, Idaho, says : 
I first noticed these fish here about 18 years ago, but they are now more abundant than the 

chinook salmon. They come up early in  September and remain in  Snake River until about April 10, 
when they run up into the smaller streams to spawn. Do not think they spawn in Snake ltiver. I 
think they spawn from April 15 to about May 10. Never caught any ripe salmon trout in  tho river, 
Six years ago my catch of salmon trout was ubout 18,000 pounds, or about 2,250 fish, the average 
weight being about.8 pounds. Since t l m  they have decreased, so tha t  last year I got only about 
8,000 pounds, or 1,000 fish. But there are more fisheries now than there were a few years ago, so that  
the dearease in  salmon trout is mom apparent than real. We get them in the river from September 1 
t o  December 1, and again in  April. I expect t o  t ry  for them about the first of next February, and 
believe I shall find some. 

in the tables of this report. 
The catch of Mr. O’Brien and of the other fishermen interviewed will be found 

According to Mr. R. B. Coiiner : 
The salmon trout appear a t  Lower Salmon Falls as early as February, March, and April. Never 

The fish which we call “steelheads” are the first salmon that  saw any except in  those three months. 
come up in September. 

Mr. E. E. Sherman says: 
The salmon trout come chiefly in  April; not so many in the fall. They are pretty oommon in the 

I uever got auy in  tho spring, but others sometimes get them with spears 

Mr. Charles Harvey caught a 15-pound male steelhead” at Lower Salmou Falls 

Mr. Liberty Millet says: 
J catch salmon trout a t  same time with the chinook salmon, but they are not very common. They 

They weigh as much as 
I think they eat tlie salmon spawn in the fall. 

spring, bnt  hard to  ctLtch. 
or grab hooks. They me said to  riiu up Salmoli and Cedar creeks, above Upper salmon Falls. 

about the last of August, 1594. He thinks they spawn iu the spring. 

seem to be hero all year. 
15 poiiuds, and probably spawn in the spring. 
During the entire fishing season of 1894 caught only 10 salmou trout.” 

People catch them with hook and linu sometimes. 

UONCLUSIONS. 

From tho investigations detailed jn this report it appears: 
(1) That tho chinook salmon, the redfish, and the salmon trout all occur in 

considerable numbers in tlie headwaters of Salmon and Payette rivers. 
(2) That the chinook salmon and the salmon trout still ascend Weiser Xiver in 

limited numbers, and that the chinook salmon and salmon trout are found in large 
numbers in Snake River, which they ascend as far as Auger Falls. 

and weighing 6% and 7+ pounds, respeativoly. 
They wore all unripe females, and weighed about 8 pounds eiich. 

_ _  - __-- _______ --___- 
“Two whiah mere caught October 5, mid which I saw, were both fernalos, 27 and 28 inches long, 

The 8 others werc caught later. They were unripe. 
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(3) While the number of fish of these three species now ascending the streams 
is very few compared with former years, important spawning-beds of the chinook 
salmon and salmon trout are still found in all these streams, and of the redfish in 
the inlets to Alturas, Redfish, Pettit, Stanley, and Big Payette lakes. 

Many questioiis concerning these species, however, are still unsettled, and i t  
is important that the investigations be continued. What has already been done is 
valuable chiefly for the reason that we now understand more clearly the riature of 
the problems that require solution and are better able t o  pursue the investigations in 
such ways as will lead to definite and practical results. 

Among the problems which require further investigation may be mentioned the 
following: 

(1) The migrations of the blueback salmon or redfish should be definitely made 
out. We should be able to settle the question whether the large redfish or the little 
redfish, or both, come up  from the sea; and its spawning habits should be more care- 
fully studied. Observations should begin in July a t  the outlet and inlet of one or 
more of the lakes in which they are found, and should continue until in October. 
Observations should be made on each of the lakes at the head of Salmon River, at 
the head of Payette River, and on Wallowa Lake, in Oregon. In addition to these 
localities, investigations should be made to  determine the location of other spawning- 
beds in Washington and elsewhere in the Columbia Basin. This would include Lake 
Washington and the lakes on the Upper Columbia, and the Olranagan rivers. Tho 
spawning-beds at  present known do not account for the immense annual catch of 
blueback salmon in the lower Columbia; there must be other important spawning- 
grounds of this species in the Columbia, Basin. 

( 2 )  The chinook salmon and the steelhead should be studied through at least one 
entire spawning season at their spawning-beds in Idaho, and the relation of tempera- 
ture of water to time of spawning should be made out. 

As to the artificial hatching of redfish, I have no doubt it could be carried on 
very successfully and profitably either at  Big Payette Lake or Alturas Lake. The 
number of spawning redfish that could be obtained at  either of these places would 
supply eggs Rufficieut for considerable fish-cultural operations; and the number of 
chinook salmon eggs that could be gotten in the same waters would still further 
increase the value of these places as desirable hatchery-sites. The distance from 
railroads is the only difficulty. A temporary station, however, could be established 
and conducted profitably at either of these places. 

For the hatchery of chinook salmon the vicinity of Upper or Lower Salmon Falls 
offers many advantages. Near Lower Salmon Falls an abundant gravity supply of 
water can be obtained from the river or from creeks and springs, as may be desired, 
At the Upper Falls, or at  Millet Island, an abundance of what I suppose would be 
excellent water can be obtained by gravity from the river or from springs, or both. 
The distance from Bliss, the nearest railroad station, would be 5 to 10 miles over a 
fairly good road. 

The supply of salmon eggs that could be obtained here would be sufficient to 
guarantee a fair output for the station. Additional supplies of eggs could be obtained 
a t  Weiser and other points between Huntington and Glenn Ferry. At O’Brien’s 
fishery, near Weiser, the salmon could be held in a pond until ripe. 



3.-NOTES ON AN INVESTIGATION OF THE MENHADEN FJSHERY IN 1894, 
WITH SPECIAL REFERENCE TO THE FOOD-FISHES TAKEN. 

. BY HUGH M. SMITH, M. D., 
Assistant in charge of Division of Statistics and Methocis of fke Fisheries. 

GENERAL IiWPORTANCE O F  THE MENHADEN INDUSTRY. 

The tsking of menhaden (Brevoortia fyra1z1zus), for the purpose of converting them 
into oil and guano', is one of the most prominent fisheries prosecuted with vessels on 
the eastern coast of the United States. The fishery is carried on in every coast State 
from Maine to North Carolina, inclusive, with the exceptions of Massachusetts and 
New Hampshire, and is very extensive in Ithode Island, Connecticut, New Pork, New 
Jersey, and Virginia. Purse seines, operated from steam and sail vessels, are used in 
taking the fish. I11 the more northern States steamers predominate, while south of 
New Jersey sail vessels are more iiumerous. The shore industry dependent on the 
fishery is very important, affording employment to  many persons and representing 
large investments. 

At present between 50 and 55 menhaden factories are jn operation annually; the 
value of the plants is about $925,000, and the additional cash capital is $700,000. The 
number of persons employed as factory hands and in other capacities about the factories 
is about 1,GOO. The vessels engaged in taking the meiiliaden and in transportiug the 
catch number about 135, worth, with their apparatus and outfit, over $960,000. The 
fishermen number about 1,800. Tho total investment in this industry amounts to fully 
$2,580,000. 

Tho number of fish tiken and the quantity of oil and fertilizer prepared annually 
vary considerably from year to year. Some years over 700,000,000 fish have been 
handled by the factories. The fish are much fatter some seasons tlian others, and 
similar quantities will yield very different quantities of oil. During the past three or 
four years, between 400,000,000 and G00,000,000 menhaden have been utilized each 
seasou, the value of the fish in a crude state being froin $1 to $4 per 1,000, depending 
on their fatness. The average value of tho manufactured products has been over 

At  the meeting of the United States Menhaden Association in New Pork in 
January, 1895, the report of the secretary showed that 44 factories mere in operation 
during the season of 1894, employing 1,056 men on shore and 1,301 on vessels; the 
fishing fleet consisted of 28 sailing vessels and 56 steamers j the total number of fish 
utilized was 533,361,000, which yielded 1,999,505 gallons of oil and 47,639 tons of scrap. 
These figures apply only to menhaden firms who are members of the association. 

$1,000,000. 

28 5 
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OBJECT AND METIIODS O F  THE INQUIRY. 

The menhaden fishery has +received much attention from Congress, the legislatures 
of most of the States whose citizens are engaged therein, and several Federal and 
State courts. The fishery lias encountered great opposition on account of its 
supposed injurious influence on the abundance of other fishes, especially those species 
which prey upon the menhaden and are taken by anglers and in the professional line 
fisheries. In recent years, probably no fishery on the Atlantic coast has attracted 
more attention, occasioned more discussion, and been the object of sixch marked 
opposition. 

The contention is made by sportsmen and others, and very generally accepted by 
the newspapers and the public, that in menhaden fishing large quantities of game and 
other Sood-fish are taken; that these are usually landed a t  the factories, where they 
serve the same purpose as menhaden; that on account of the extensive menhaden 
fishing along the coast the supply of food-fish has been greatly reduced; that 
important fishing-grounds for game fishes have been ruined; that where food-fish 
are not actually caught in the purse seines they are driven off'; that  fish which 
frequent the bays and there undergo the spawning process are prevented from 
reaching the desired grounds by the presence of menhaden vessels a t  or near the 
mouths of the bays. Of the foregoing objections to the fishery, greater importance 
is laid on the first two points. 

All of these statements are denied by the menhaden fishermen.. They assert that 
the quantities of food-fish taken in the menhaden fishery'are insignificant and do 
not even regularly supply the vessels, crews with food; that  desirable fishes are not 
utilized for oil aid guano; that the food-fish destroyed in a season by any one of the 
thousands of sharks killed each year in the menhaden fishery would vastly outnumber 
those caught by the entire fleet of vessels. The menhaden fishermen contend that 
there is no proof that their operations have even remotely aflected the abundauce of 
other fish and that this fishery is as legitimate and no more destructive than many 
other fisheries which are sanctioned by popular opinion. 

Neither party to the controversy has brought forward any facts or made any 
arguments which the other felt bound to  indorse, owing to the ez parte nature of the 
testimony; and during the entire controversy there has been an absence of detailed 
authentic data bearing on that phase of the subject now under consideration. 

I n  the Report of the Commissioner of Fish and Fisheries for 1802 the following 
statement is made : 

Since i t  appears probable that the menhaden fishery will for some years at least be the object of 
legislative consideration and personal controversy, i t  seems important to secure and have available 
for iise all information that can possibly be obtained that is calculated to aid in the solution of the 
very dificult problems involved. It is therefore conceived that raluable material relating to the 
special point under discussion may be obtained by placing the field foree of the division [of fisheries] 
on vessels fishing off various parts of tho COast, and having the agents make actual records of the 
results of every seine-haul during a period of two or three mouths. While this plan would involve a 
study of a small part of the inenhaden fleet, i t  would nevertheless afford a valuable basis for 
generalization. 

I n  1894 the Commission made arrangements for carrying on the inquiries in 
question. Owing to the uecessity for undertaking important field work of another 
character, it was impossible to utilize the full force of the division to which the 
investigation was assigned, and it became necessary to restrict the inquiry to two 
vessels, whose operations during the entire season it was the intention to cover. 
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Before the beginning of the  fishing season, correspondence mas opened with 
several prominent owners of vessels and operators of factories, explaining the object 
of the investigation and asking permission to place an agent on one of t’heir vessels. 
It was finally decided to take advantage of the oflers of Messrs. Luce Brothers, of 
Niantic, Connecticut, and Mr. A. J. Morse, manager of the Americau Fish Guano 
Company, of Harborton, Virginia, the Commission meeting all expenses connected 
with the work. 

The steamer &uic7cstep, hailing from New London, Connecticut, wits the vessel 
ogered for this purpose by Messrs. Luce Brothers. To this vessel, on May l G ,  1894, the 
Commission assigned as its agent Mr. Clarence E. Latimer, a former employee of tho 
office, recently connected with the fisheries division of-the Eleventh Census. A t  
the end of two weeks, illness necessitated Mr. Latimer’s withdrawal from the work, 
and his place was supplied by Mr. W. 1’. Hay, teacher in zo6logy in the Washington 
City High School. On June 22, owing to insufficient accommodations 011 the Quickstq, 
Mr. Hay was transferred to the steamer Arizona, of New London, which vessel was 
the basis for observations during the remainder of the season. On August 1, Mr. 
Hay was relieved. by Mr. Andrew E. Marschalk, who continued on the vessel until 
the suspension of fishing, on November 7. 

The Arizona is a screw steamer of 103 net tons, valued, with its outfit, a t  $25,000. 
The vessel’s crew consists of 2 captains, 2 mates, 1 pilot, 1 engineer, 2 firemen, 2 
cooks, and 30 fishertnen. Two purse seines are used, the vessel being what is known 
as a “do~ble-gang’~ steamer; only one other such steamer was employed in 1894. 
The seines are about 11,000 meshes (1,400 feet) long and 715 meshes (100 feet) deep, 
the sizes of mesh being 2& and 24 inches, stretch measure; the cost of each seine 
rigged is about $900. Four seine boats aiid two (‘drive7’ or cLstriker” boats are 
carried. 

On May 7, Mr. E. F. Locbe, field agolit of the Commission, began his observations 
on the steamer J. 1% Eau~7chs, of Onaucock, Virginia, and continued with the vessel 
until December 3, being relieved during the month of October by Nr. Edward E. 
Race, field agent. 

The J. W. Hawkins is a screw steamer of 125 net tons, with a value of over 
$20,000, including outfit. It carries 1 captain, 1 mate, 2 engineers, 2 firemen, 2 cooks, 
and 18 fishermen. Two seines are carried, but only one is in use at a time; it 
was 9,520 meshes (900 feet) long and 750 meshes (85 feet) deep; its value was about 
$700. Duriiig a part of the season the vessel had a larger seine, 1,500 feet long and 
150 feet deep. 

The instructions issued to the agents called for the exercise of great care in 
obtaining and recording correct data. For each haul of tho seine it was required 
that a record be made showing the following information: Date, hour, location of 
fishing-ground, quantity of menhaden taken, the number of each kind of other fish 
taken, the disposition made ‘of fish other than menhaden, and physical observations 
on the condition of mater, direction of wind, etc. On charts the position of each 
seine haul was indicated in such a way that reference might be made to the record 
for a history of the haul. General notes on the condition of the fishery, the abundance, 
size, movements, and spawning condition of the fish mere desired. The sgonts were 
cautioned to  avoid the expression of any opinion as to results of the investigation 
and to refrain from a discussion of the general menhaden question. 
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OUTLINE OF THE VESSELS’ MOVEMENTS. 

By the selection of vessels making their headquarters on Long Island Sound and 
Chesapeake Bay, respectively, and fishing chiefly in or near these bodies of water, it 
was possible to  cover the most important fishing regions on the coast and to secure 
data that were typical of a large part of the menhaden fleet. It happened, however, 
that the vessels in question did not confine their operations to  the vicinity of the 
factories which they supplied, but extended their cruises over a wide area, and, in 
fact, took fish from Maine to Nodh Carolina, inclusive. 

Prior tro June 22, during the period when the observations were conducted on the 
steamer Quickstep, that vessel mostly frequented the outer coast of Long Island, a 
few lots of fish being obtained from the northern part of the New Jersey coast and a 
few off Rhode Island. During the last few days of June and until July 3 the Adzona 
fished in Long Island Sound and off the adjacent coasts of ‘Rhode Island and Massa- 
chusetts. Prom July 5 to 15 most of the time was spent in New York Bay, one visit 
being made to the New Jersey coast. During the last two weeks in July most of the 
fishing was done o b  the southern part of New Jersey and in New York Bay. During 
August and September practically all the time was passed in or near the mouth of 
Delaware Bay, where an unprecedentedly large body of fish was found. By October 1 
thevessel moved east, and during the remainder of the season restricted its operations 
to Gardiner Bay, Neapeague Bay, and the Long Island coast. 

The observations on the J. W. Euwkins beg%n May 7 and ended December 3, fishing 
having commenced a few days before the agent reached the vessel. Up to June 18 
all the fishing was done in Chesapeake Bay. The vessel then went east, and on June 
29 began a six weeks’ fishing cruise on the coast of Maine, chiefly near the mouth of 
the Kennebec River and in Casco Bay. On August G the vessel left, Maine waters 
and started for the Chesapeake. Ten days were passed in Boston Harbor, where fish 
were found to be abundant. Fishing mas renewed in the Chesapeake on August 30 
and continued until October 13. The steamer then again cruised east and had a few 
days’ fishing off the coast of New Jersey and New York. The remainder of the season 
was passed near the mouth of tho Chesapeake and along the coast of Virginia and 
North Carolina, the final set being made November 27,s  miles north of Cape Lookout, 
North Carolina. 

GENERAL RESULTS OF THE FISHERY. 

The season of 1894 was, on the whole, considered a very fair one for the menhaden 
fishery. While none of the menhaden firms made a great deal of money, nearly all 
had a balance to their credit at  the close of operations. There was e large body of 
menhaden along the entire coast from Maine to North Carolina. One of the vessels 
on which observations were conducted had a much larger catch than usual, but the 
other‘s output was less than the average in recent years. 

During the time when observations were conducted 011 the Quickstep, that is, from 
May 16 to June 21, the catch of that vessel was 2,532,000 menhaden. The number of 
menhaden taken by the Arizona iu the remainder of the season mas 16,174,800. The 
combined catch of these two vessels, while their operations were being studied by 
agents of the Commissiou, was therefore 18,706,800 menhaden. The Arizona took 
about 5,870,000 fish before June 22, and during the entire season obtained 22,000,000 
menhaden. The catch in 1894 was the largest in the history of the vessel, with the 
exception of one season, when nearly 23,000,000 were secured. 
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The catch of the steamer J. W. Hawkim during the year 1894 was 9,301,966 
menhaden. This was much less than in the previous season and far below the average 
of the past two or three years, and was smaller than that of other steamers fishing 
for the same firm. Prior to the arrival of the Commission’s agent the vessel took 
43,000 menhaden. 

The inquiries of the Commission thus related to and completely covered the fishing 
operations during which 27,065,755 menhaden were caught, t.his quantity represeiitiiig 
about one-twentieth of the total yield of menhadeu iu 1894, and affording, with the other 
data obtained, a reasonable basis for generalizations on certain important points. 

The five weeks’ fishing of  the Quickstep on the Long Island coast was quite 
successful. Fish were abundant and on some days large catches were takeu. The 
average number of fish to a set was 43,000. Each o f 9  hauls out of a total of GO 
resulted in the ca8ptureof between 100,000 an:l 200,000 fish. On June 18 230,000 
menhaden were secured iu 3 hauls off Shinnecock, Long Island, aud on June 14 
220,000 fish were taken in 4 hauls off Bridgohampton and Amagansett, these being 
the largest daily catches. At a single haul off Shinneoock (on June 19) 200,000 
fish were obtained. 

The prinaipal feature of the operations of the Arizona was the extent of the fishing 
in Delaware Bay and off the adjacent coasts of Delaware and New Jersey. Of 558 
times tho seines of the Arizona mere set between June 22 and November 2, 212 sets 
were made in or off’ the mouth of Delaware Bay and 164 additional sets in the ocean 
immediately adjacent to Capes May and Henlopen. Menhaden were more abundant 
in the Delaware Bay region during August and September than in any previous 
season, so far as available records show, and the Arizona took more menhaden in a 
single month than during a similar period in any other year in her history. The 
August catch of the vessel was 6,434,500 fish, of which 2,744,000 were secured in 
Delaware Bay, and 3,166,500 off the adjacent ocean shores. In September 3,210,000 
fish were taken in this bay and 1,440,000 off the adjoining coasts. 

The average number of meiihaden taken at  each seiue haul of the A~ixona was 
30,860. While this was less than the average for the Quickstep, there were many days 
when the Arixona’s total catch was double the largest daily yield of the other vessel. 
The single haul in which the largest number of menhaden were secured was on 
September 1, off Hereford Inlet, New Jersey, when 150,000 were taken. The following 
days were noteworthy in the Arizona’s fishing operations for the quantities of menhaden 
caught: July 9, 362,000 fish in 14 sets in New York Bay; July 16, 554,800 fish in 9 
sets off Squan Beach, New Jersey; July 19, 535,000 fish in 6 sets off the southern 
shore of New Jersey; July 23, 388,000 fish in 8 sets in New York Bay; August 6, 
525,000 fish in  15 sets off the southern coast of New Jersey; August 7, the same 
number in 11 sets on the  same ground; August 29,398,000 fish in 12 sets in and near 
Delaware Bay; August 30, 395,000 fish in 7 sets off Cape 1Clay; September 1, 475,000 
fieh in 5 sets off the southern part of New Jersey; September 12, 425,000 fish in 12 
sets in Delaware Bay and vicinity; September 17, 379,000 fish in 16 sets in Delaware 
Bay; September 20, 451,000 fish in 8 sets in the same place; October 27, 321,600 
fish in 9 sets off Montauk Point, New York. 

Of the 1,078 seine hauls of these vessels, 132 resulted in the capture of no 
menhaden, owing to various causes. Shyness of the fish, failure to drop the seine 
around the moving school in a, way to iiitercept it, fouling of the seine by the tide, 

F. c. B. 1886--10 
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breaking of essential parts of the net, and several other causes contribute to the 
making of a relatively large number of “stabs,” as such failures are called. The 
J. W. Hawkins had 96 and the Arizona and Quickstg 36 Li stabs.” 

EINDS AND NUMBERS OF OTHER FISH TAKEN. 

The extensive areas covered by these vessels, tho size of the seines used, and the 
frequency with which the hauls were made, would naturally be expected to yield a 
large variety of fishes that were among or adjacent to the schools of menhaden. An 
analysis of. the records shows that there were taken with the menhaden some sixty 
species of fishes, which, considering the sichness of the fish fauna of the east coast, 
is perhaps a smaller number than might have been anticipated. 

The fish which appear most prominently in the returns are those which, like the 
menhaden, swim a t  or near the surface, such as bluefish, alewives, shad, butter-fish, 
and mackerel. With the exception of flounders and skates, which :we taken in 
comparatively shallow water, the typical bottom fish, such as cod, pollock, hake, 
haddock, etc., are very sparingly represented in the catch. 

The number of other fish taken with the menhaden was 94,795. Of these, 93,893 
mere what are ordinarily termed food-fish, and 902 were of no recognized value as 
food. The former consisted chiefly of a fish useful in the manufacture of oil and 
fertilizer in addition to having considerable value as food and bait. Omitting these, 
the number of food-fish taken was 6,990. 

Outside of the menhaden more alewives were taken than all other fishes com- 
bined. Over 86,000 appear in the returns, nearly all being caught on the New 
England coast by one vessel; about half were obtained at  one haul in Boston Harbor. 
These fish were usually among schools of menhaden, although in some instances the 
alewives greatly outnumbered the menhaden or appeared to be unmixed with other 
fish. Alewives swim a t  the surface like menhaden, and, when accompanied by 
menhaden, the eutire school may be mistaken for the latter fish. The alewives 
contain some oil, and are suitable for use at the menhaden factories. On the Maine 
coast, where they are known as 6‘ kyacks” or “blueback  herring^," they have for 
many years been utilized in larger or smaller quantities for fertilizer. I n  addition 
to the alewives retained, a number of large schools were released after their identity 
was discovered; these do not appear in the returns. 

The fish of which the next largest number was taken was the bluefish. Only a, 
few single seine hauls yielded a noteworthy number of bluefish, the bulk of the 
catch being made up of fish taken in small quantities in numerous hauls. The 
aggregate number was 2,274. Tho largest number secured in one haul was 140; 
this was in Chesapeake Bay. 

The shad caught with the menhaden numbered 1,816. These were taken under 
the same conditions as the alewives, and nearly all were obtained a t  the mouth of the 
Kennebec River, Maine; in three seine-hauls, on July 5, 11, and 16, 1,700 were caught 
with 111,200 menhaden, 6,400 alewives, and small numbers of t3kates, flounders, 
mackerel, haddock, goosefish, and other species. 

About 800 butter-fish, mostly of a size too small to serve as food, were ortught. 
Two hundred of these were taken in two hauls. 
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slowires or hcrriiig (Clupoa psoudoharon- 
gus, C. mstivalis) .......................... 

Amber-fish (Sorich dumorili lelandi). ....... 
Anchovy (Stolcphoros mitchilh) ............ 
Bluefish (Pomntomus saltatrix) ............. 
Bonito (Snrda sarda). ....................... 
Buttor-fish (Stromateua triaortnthus) ........ 
Catfish (Ameiiirus albidus) .................. 
Cero (Scomboromorus regalia) ............... 
Cod (Gadus morrliun). ...................... 
Croaker (Micropogon undulatus). ........... 
Cunuer (Ctonolabros adsporsus) ............ 
Cutlas-fie11 or hnirtuil (Triohiurue lopturus) . . 
Drums (1’0 ouias oromis, Scircna occllnh). . 
Filefish or &lflsli (Alutcrnsoba?pffl). ....... 
Bloundors (Parnliohthys denlutus Plouro- 

noctes maculntus Achirue insoiatus, 

Gar (Tylosurus, spocica: .................... 
Coosofish (Lo hicis piscatoriun).. ........... 
ixaaaook (Mofnnogrammus iuglifinus) ....... 
Hnko (Ph cis chiiss) ........................ 
Rickor d a d  (Clupca mediooris). ........... 
Eingfii1 (Mootioirrhus saxntilis) ............ 
Lampre (Petrcmyzon ninrinua) ............. 
I4umpfis?i (Cyclo~torim lumpus). ............ 
Mackoral (Scomber scombrue) ............... 
Pi ofish (Si hostoma fuscuiu) ............... 
I’o%ook (Z’chmhius virons) ................. 

Limanda forrugin&). ..................... 

The mackerel family is represented in the catoh by the common mackerel, the 
Spanish mackerel, the cero, and the bonito; the numbers of each of these fish appear- 
ing in the returns are G31, 150,3, and 35, respectively. 

Nearly 500 squeteague or “sea trout” were taken. Of other members of the drum 
family, the croaker and spot mere obtained in considerable numbers, while the red 
drum and the black drum were rarely caught. 

Flounders belonging to four spccies were often seined, although the aggregate 
catch mas comparatively small. The summer flounder was taken in largest numbers. 

Nearly 400 sharks were secured. Among the species represented were the common 
dogfish, the dusky shark, the hammerhead shark, the, thresher, the sand shark or 
shoveluose shark, and the angel-fish; the dogfish and dusky shark predominating in 
numbers. 

Almost as numerous as the sharks were the skates and stingrays. Of the 370 
taken, a very large percentage mere brier rays and comnion skates, 

The cod family was represented in the catch by 1 cod, 1 pollock, 23 haddock, 40 
hake, and 30 whiting or silver hake. 

Following is a detailed statement of the number and kinds of fish taken, exclusive 
of inenliadeii : 

86,896 
1 
2 

2,274 
35 
811 

2 
3 
1 

134 
4 
2 
11 
9 

380 
6 

11 
23 
40 
0 
1 

11 
8 

6 9  

Kind of fish, Kind of flfih. Numbor 

Pom nno (Trnohinotus carolinus). ........... 
Rud&r.tlsh (Soricla zouata).. ................ 
Scu1l)ins (Ccttus, species). ................... 
Sou I (Stonotomoa ollrysops) ................. 
Seabnss (Contropristis st.riatua). ............. 
Sea hnrrin (Clupoa Irarcugus) ............... 
%a.lioorse (%ippocnmpus iluasonius). ........ 
Sca-ravcn (Hoinitripterua auierionuus) . . -. - . . 
Sua-robins (Priouotus carolinus, chiefly). ..... 
Stirid (Clupea snpidissimn) .................... 
Sharks (Carcharinus obscurim, S ualus 

ncfmthins, 8 hyrna zygrcna, Caro?inrina 
nmoricanua, &ustolna canis. Alcpins vul. 
pes, Sqnatina equatiua).. .................. 

Skntesandra 8 fltda oriuncea, It. e lanteria, 
R. lrovie deyatis centrurus, &nopture 
puadrilolk) ................................ 

Spanish mackerel (Soomborcmorus mncu- 
latus) ...................................... 

SpoP (Loistomus xnntJiun~a) .................. 
Squotcaguo or weakfish (Cynoaoion rogalis, 

C. mnoulatns) .............................. 
Stri ed baas (ROCCUR lincatiis) ............... 
Swohsh, awoll-tonds (Chilouiyotorue goo- 

matrious, Tctrodon turgidus). .............. 
Tautog (Tautoga onitia) ...................... 
Whiting or silver hnko (Merlucius bilinoaria) . 

8 
1 

10 
73 
so 

5 
4 
1 

43 
1,816 

388 

372 

150 
20 

8 
1 

8 
17 
80 11 Totnl ................................... 1 94,795 

The animals besides fish taken with the menhaden were not especially numerous 
or important, but represented n comparatively large number of species of mollusks, 
crustaceans, reptiles, echinoderms, aud posifers, mosb of which were bottom forms. 
The mollusks consisted of 2 oysters (Ostrea virgi?zZica), 75 mussels (Xytilws e&&), and 
34 squid (.LoZ+JO pealei). Besides 12 lobsters (Astacus umericanus), and 322 blue crabs 
( Callinectes hastatws), numerous other crustaceans were obtained, such as rock-crabs, 
spider-crabs, hermit-crabs, shrimp, and horseshoe or king crabs, of which no accurate 
couut was made. The order of reptiles was represented by 2 loggerhead turtles ( T l d  
assochelys caretta) and 1 green turtle (Chelonia mydm). Several species of starfishes 
aud sponges were taken ou numerous ocoesious, 
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Menhsden .... 
Alewives b . .  - .. 
Amber.fleh.. 
Anchovy.. 
Blue5sh 
Butter-fish. ~ -. . 
Bonita ......... 
Croaker.. 
Cunner ......... 
Drum 
Blounders ...... 
Hake ........... 
Kin fish 

Pipefish.. ...... 
Rud er fish 

Sea ass 
Sea-horse.. 
Sea-raven 
Sea-robins.. 
Soul ins 

Sharks ......... 
Skates and rays. 
Spanish mack'l. 
Squetea e or 

wenk& 
Stri edbass 

rantog ......... 
Whiting or sil- 

Total. - -. 

a i e r e 1 .  

Pom $ an0 
scug. .  ................. 

Sharf 

Swe%fish 

ver hake 

Reine-hauls .... 

THF, FISHING-GROUNDS AND THE FISH TAKEN ON EACH. 

If the operations of the vessels be classified by fishing-grounds, a very interesting 
and suggestive presentation may be made. The Arizona did not fish south of Dela- 
ware and took the largest riumlners of manhaden on the outer coasts of New York 
and New Jersey, and in New York and Delaware bays. The J. W. Hawkins, on the 
other hand, fished from North Carolina to Maine, but secured by far the most fish in 
Chesapeake Bay and on the western Maine coast. 

Of the 619 sets of the seine made by the Arizona (and Quickstep), 212 were in 
Delaware Bay and 158 were off the eastern coast of New Jersey, these two regions 
yielding two-thirds of the vessels' catch of menhaden and an equally prominent part of 
other fish taken. In  Delaware Bay comparatively few bluefish were obtained, the 
average catch being less than one fish to two seine-hauls. More butter-fish mere here 
caught than elsewhere, although the average was only one fish to  a set. The yield of 
other food-fish was insignificant. A conspicuous feature of the fishing in this bay was 
the relatively large number of sharks caught; more of these predaceous fishes were 
there destroyed than on any other grounds. Following is a summary of the opera- 
tions of the Arizona. on the digerent grounds (a )  : 

~Unt7nary by.Ii8hing-grounds of the number of menhaden and O t l k e r f c 8 k L  taken by  the steamer Arizona in 1894. 

~~ ~ 

No. 'No. No. No. No. No. No. No. No. I No. No. 
16,000 86,600 3, OW, 500 6,159,500 098,000 18,706, ROO 

6 8 ................ 16 ................ 1 5 ........ 35 ......................................................................... 1 ........ 1 ............. 2 ...................................................................... 2 ................ 22 7 ........ 94. ................ 9 496 19 647 
3 99 30 1 226 3 8 62 157 8 597 
2 .......................... 8 .......................... 17 8 33 ............................................................................ 30 10 40 
2 ................................................................................ 2 ............................................ 1 .......................... 2 ........ a 
1 3 .............................................................. 1 6 ............................................................................ 1 ........ 1 .............. 6 .................................. 175 93 .................. 274 
1 4 .................................. 2 ............................ 7 

.................................................................................... 1 1 
44 1 .................................. 28 .................. 73 ................................................................... 39 a ........ 41 ............. 3 ...................................................................... a ................................ 1 ...................................................... 1 ............ 11 ................ 1 ................ ia 17 1 43 ................................................................... 3 .................. 3 ....................................................................... 6 2 ........ 8 

1 15 ................ 186 ........ 2 .......... 90 49 823 
83 19 26 25 18 ........ 3 33 139 7 303 .................................. 8 ................ 86 12 2 108 

............. ................ 249 11 190 13 2 25 8 .............................. 1 ...................................................... 1 ................................................................... 1 .................. 1 
1 6 .................................. 11 ............................ 17 

......................................................... 8 ............................ 8 

15,004 86,739 3,093,017 6,160,712 998,123 18, 709, 900 

36 44 15 25 212 1 8 67 158 53 e19 

.466,800 1,009,000 428,000 520,000 5, 935,500 

108 36 9 4 .......... 1 $2 83. 51 6 269 

.......................................... 1 ............................................ 1 

........ 

---------- ----- --- 
.466,957 1,009,279 423,073 520,032 5,936,064 

Ne& Gardi- Delaware Massa- nfEie Off Now Ot€ New Off Del- 
Fish taken. l$si $-$ lpmgyl ;$;. I Bay. 1 setts ::- 1 i coast. Yurk i Jersey const. i aware coast. i Total. 

ooast. 

a In all tabular statomonts of tho catch of the steamer Arizona, the operations of the steamer Qukkstep up to June 
b holudeb alewives, hickory shad, md sea herring. 

21 are included (see page 288). 
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Menheden ........ 
Alewives. ......... 
Bluefish.. 
Bonito. ....................... 
Butter-Bsh . -. . - -. . 

The J. W. Hawkins made 315 seine sets in Chesapeake Ray and its tributaries out 
of a total of 459; 77 hauls were made on the Maine coast. Over two-thirds of the 
menhaden were taken in the former region. Among the most numerous food-fish 
caught were bluefish, butter-fish, alewives, mackerel, shad, and squeteague; of these 
only the bluefish, alewives, and shad were noticeably numerous. Nearly all the 
bluefish were obtained in Chesapeake Bay, where the average catch to a set was 5 
fish; tlie butter-fish were taken on the Maine and Maryland coasts, and in the bay ; 
the alewives were chiefly secured iu Casco Bay, Maine, 3ad Boston Harbor, Massa- 
chusetts; the mackerel were fouud on the coast of Maine and in Long Island Sound; 
practically all the shad were from Casco Bay and the mouth of the Kennebec River; 
the squeteague were principally from Chesapeake Bay and the North Oaroliua coast. 
The number of each kind of fish taken on each ground is shown in the following table: 

No. No. No. No. 
005,850 540, GOO 95,503 30,097 
43,870 41,500 ..................... 

__: ........................... .................... .1 .................... 
59 .............................. 

Sumnkary by$shing-grounds of the number of mmhaden and other fish taken by  the steamer J. W. Hawkins 
in  1894. 

Cntfish. 
Cero. 
Cod ............... 
Croaker 
Cunncr. ........... 
Cntlns-fish 
Drum 
Eel ................ 
Filofish.. 
Flounders 
Garfish.. 
Goosefish.. ........ 
Haddock .......... 
Hake.. ............ 
Lumpfish ......... 
Mnckerel. ~. . __._ .. 
Pollock. 
Pompano 
Sculpins .......... 
Sea.horse 
Shad 
Sharks 
Skates.. ........... 
Spot 
Spanishmackcral. 
Sqiieton ue. 

Whitme.. ......... 

......... 

........... 

.............. 

swelvs& 

Massa- New Marylmd Virginia Chesapeake North z:z chusetts lslnnd Jersey (ocean (ocean Bay nnd Carolina Total. Fishtaken* I I 1 coast. 1 2. 1 coast. 1 side). I side). Itrilubriesl coast. 1 
_ _ _ - - ~ _ _ _ ~ -  ~- 

........................................................................ 2 .......... ........................................................................... 3 .......... 
1 ........................................................................ .............................................................. 1 85 8 
1 .................... 1 .......................................... 

.................................................................... 2 .......... ........................................................................... 8 .......... 
11 ........................................................................ ....................................................................... 9 .......... 

....................................................................... 6 .......... 
11 ........................................................................ 
23 ........................................................................ 
33 .................... 2 .......................................... 
8 ........................................................................ 

235 6 116 .................................................... 
1 ........................................................................ 

7 .................................................................. :.... .......... 
3 12 ........................................ 1 .......... ....................................................................... 1 .......... .................... 1 .................... 8 .......... 1,799 ...................................................... 1 2 GO 15 
28 10 .......... 2 2 8 18 0 ........................................................................................ 20 ............................................................. 42 .......... ...................................... 17 2 0 81 143 ....................................................................... 3 2 
22 ........................................................................ 

.................... 08 2 2 1 21 61 

......... ........ 
-102 

No. No. No. 
6,263,005 377, GO 0 9,253,955 

1,501 .......... 80,877 
1,530 I 10 I 1.021 

2 I .......... I 2 
50 I .......... I 214 

2 
3 
1 
94 
2 
2 
8 
11 
9 

100 

11 
23 
35 
8 

357 
1 
I 
10 
1 

1,808 
78 
OB 
20 
42 
249 
5 
22 

e 

" ------ ---- ~ - -  
Total ........ 1,012,020 532,191 98,619 80,120 577,068 408,843 0,260,445 377,810 0,350,605 

Seine-hauls . . -. . -. . I 77 1 22 i 7 1 2 1 11 1 15 1 315 1 10 1 459 
~~ 

DISTANCES FROM SHORE AT WHICH FISHING WAS DONE. 

The promirient feature of several proposed or enacted nieasures for the regulation 
of the menhaden fishery by Congress and the State legislatures lias been tho prohibi- 
tion of tlie fishiug operations within certain distances of the shore. By the advocates 
of this method of restricting the fishery, the 3-mile limit has been regarded as a proper 
or desirable one within which no menhaden fishing should be permitted. The ques- 
tion of constitutionality has debarred the States froin assuming jurisdiction over this 
zone, and Congress has shown no ioclination to attempt the regulation of the fishery, 
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Menhaden ....................... 
Alewives or river herrings a. - -. . 
Amber-fish .................................. 
Anchovy ................................... 
BliieAah ......................... 
Bonito. .......................... 
Butter-fish ...................... 
Croaker ......................... 
Cunner.. ........................ 
Drum ...................................... 
Flounders ....................... 
Hake ............................ 
Kin ah ......................... 
M a o g r e 1  ........................ 
P o m y  ........................ 
sou\ ........................................ 

Pipefish ......................... 
Rud erfish ................................. 
Sculpins. .................................... 
Sea ass ......................... 
Sea. horse. ....................... 
Sekrrrven.. .................................. 
Sea-robins 
Shad ........................................ 
Sbarks .......................... 
Skates and rays.. ................ 

....................... 

Spanish mackerel ................ 
Squetoa ue or weakfish 

Tautog .......................... 
Whiting ..................................... 

......... 
Stri edgasa ................................ 
Sweflflah ................................... 

so that a t  present the capture of menheden is attended with but few restrictions as 
to fishing-grounds, and these apply chiefly to bays and other waters under the control 
of the States. 

As is well known, the menhaden is a fish which, as a rule,is found in comparatively 
close proximity to the land, both during the time of its sojourn on the coasts of the 
different States and during its spring and fall migrations. A large part of the catch 
has consequently always bel n taken within a few miles of the shore. 

The operations of the two vessels under consideration, which may be regarded as 
entirely typical of the fleet, are shown in the following table, which brings out in 
detail the special point under discussion. The distances from t h e  shore within which 
the menhaden and other fish were taken are specified as (1) under one mile, (2)  
between one and two miles, (3) between two and three miles, (4) between three and 
five miles, (5) five niiles and beyond. More fish were taken between 1 and 2 miles 
from shore than within any other distances; more than half were caught within 2 
miles of shore, and more than two-thirds under 3 miles from shore. Less than two- 
ninths of the total yield was obtained 6 miles or more from land, and a large part of 
the fish thus shown was secured in Chesapeake and Delaware bays. 

The farthest distance from shore at which the Arizona fished was 94 miles. This 
was in Delaware Bay. The J. W. Eawkins took fish 96 miles off Windmill Point, 
Virginia, in Chesapeake Bay. None of the fishing of these vessels in the open ocean 
wa8 so far from land, and most of it was under 2 miles from shore. 

STEAMER ARIZONA. 

3,525,500 
8 

189 
17 

124 
12 
1 

44 
2 
1 
2 
2 
1 

41 
1 

9 

52 
52 
10 
74 

12 

Species. 

.__. - ._.. - -  ........... 
312 

6 
155 
26 
1 
2 

87 
1 

231 
1 

1 
3 

27 

1 

22 
8 

76 
105 
93 

133 
1 
1 
3 

........... 

........... 

Under 1 
niilo. 

1 ....................... 
2 ....................... 

28 22 90 
2 3 5 

288 18 12 
2 ......................... 

............ 1 ........... 
74 01 3 
1 1 ........... 

41 ....................... 
1 3 ........... 

.................................... 

.............................................. 

.............................................. ................................... ................................... 
40 ........................ 

............ 1 ........... 
1 ....................... 
6 5 1 

32 70 87 
35 30 21 ............ 1 4 
15 1 20 

1 1 ........... 

............................................... 

.................................... 

.................................... .................................... 
. 8 ......................... - 

TotnI .: .................... 3,590,154 I-- 
Number of times seine set.. ..... 

l i  Between 1 Between 2 1 Between 3 

2miles. 1 amilea. I 5nnles. andover* 
nd (under) I and (undcr) and (i!nder) Five mi*e8 Total. 

I 
7,057,500 I, 801, zoo 1,480, GOO 4,740, MN) 

1 ............ 10 I I I 10 
18,706,800 

35 
1 
2 

647 
33 

597 
40 
2 
3 

269 
6 
1 

274 
I 
1 
1 
3 

73 
41 
3 
1 

43 
8 

323 
803 
108 

' 249 
1 
1 

17 
8 

7,058,660 1,891,785 1,486,824 4,740,271 1 18,709,900 

234 1 77 1 07 1 143 1 019 

aIncludes a few hickory shad aud sea herring. 
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Species. 

Menlinden ....................... 
Alewives or river Irerringa.. ..... 
Bluefish.. 
I3onito ....................... Butter-fish 
Cntfish.. ..................................... 
Cero ......................................... 
Cod 
Croaker .......................... 
Cnnnur .......................... 
Outlas-fish ....................... 
Drum .................................................... 
Eel 
Filefi~li .......................... 
Bloundors 
Gnr 
Goovefish ........................ 
Haddock.. 
Hake ............................ 
Lumpfisli ........................ 
Mackerel ........................ 
Pollock 
Pompano.. ....................... 
Soul ins ........................ 
Shad. 
Sharks ........................... 
Skates and rnys .................. 
Spnnish xnaokerel. ............... 

........................ ................................................... 

.............................. 

............................... 
........................ ............................. 
....................... 

...................................... 

se,.€o,,,. . __!. ............................ 

............................. ........ ...................... ......................... 
Total ...................... 

Number of times seine set. ...... 

STEAMER J. TV. HAWKINS. 

Total. 

...___ 

5& 966 35,900 ........................ 
2 

147 203 451 
1 ............ 

114 7u 12 G 12 214 

1 ............ 1 1 3 

a4 17 8 22 15 94 
1 1 2 

2 2 ................................................ 
1' 3 4 8 

6 3 2 11 
9 2 3 2 2 ............ 

04 22 4 8 2 100 
6 1 1 ............ 3 

11 
1 
6 3 2 ........................ 

14 8 1 23 
35 24 11 .................................... 
a 6 2 .................................... 

357 198 69 90 ............ 4 
1 1 

2 3 2 I 
14 2 lG 

1 ............ 1 
644 1 2 5 I, 808 

21 18 28 9 2 I8 
40 17 a 6 ............ 69 
10 10 2 10 10 42 ................................................ 20 20 

29 (i 2 2 249 
6 

210 
1 ........... 1 1 

22 
2 

9 ........................ ............. 13 

2 ............ ............I.... ........ 2 

I 1  .................................... I ............ 1. 

.................................... 

........................ 

........................ 

.................................... ........................ .................................... ...................................................... 
1,15G 

-- -- -_______--_ 
2,317,705 2,144,429 1,481,772 2,003,236 1,343,623 9,85O,Gl?5 

109 102 70 103 1 75 459 

From the foregoing table it appears that the largest average liauls were made 
under 1 mile from shore and the next largest between 1 and 2 miles. Between 3 and 
6 miles from shore the average number taken was less than elsewhere. 

THE QATUH IN DIFFERENT MONTHS. 

The season for menhaden fishing is from the latter part of April to the  first part 
of December, though but few fish are caught as early as April or as late as December, 
except in North Oarolina. The best months are generally considered to be froin 
August to November, inclusive'. During the latter part of the season the fish are 
fatter and consequently yield niore oil; they move in larger schools than at other 
times, and they are less shy and more easily caught. 

The following table shows the monthly catch of menhaden and other fish by the 
steamers Arizona and J .  W .  Hawkins. Considerably more than half the menhaden 
t8aken by the former vessel were obtained in August and September; the largest catch 
of the other vessel was in September, followed by May and November. The months 
in which the largest numbers of other fish were taken were as folloTvs: Flounders, 
mackerel, shad, and skates in July; alewives, sharks, squeteague, and butter-fish in 
August, and bluefish in September : 
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Species. May. June. July. August. se{i:m- October. 

751,000 2,291,100 2,851,700 6,434,500 4,731,000 1,529,500 

~ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ _ _ _ .  

Menhnden ..................... 
Alewives or river herringa a. ...................... 14 I O  5 
Amber-fish .................................................. 1 .............................. 
Anchovy .......................................... 2 ........................................ 
Bluefish ....................... 3 12 152 382 91 7 
Bonito ....................................................... 31 .......... 2 
Butter-fish.. ............................. G 167 307 35 81 
Croaker. ........................................... 12 28 .............................. 
Cunner ............................................ 2 ........................................ 
Dr ......................................................... 3 .............................. 
Flounders ..................... 16 67 142 27 . - - -. - . * . . , 17 
Hake .................................... 1 4 ........................................ 
Kin sh 1 .............................. 
Pipefish ........................................... 7 ........................................ 

1 .............................. 
Rud erfish .................................................. 1 .............................. 
sculpins ....................... 3 ............................................................ ..................... 28 .......... 44 .................... 1 

Sea-horse .......................................... 3 ........................................ 
Soamwen. ....................................................................... 1 
Sea-robins ..................... 4 1 36 2 .............................. 
Shed. .......................... 2 ........................................ 4 
Sharks.. ................................. 1 42 185 94 . - -. - -. -. . 
Skates and rays ............... 15 27 107 81 11 61 

..................................................... 
MsoErel. ..................... 88 180 0 ........................................ 
Pom g an0 ..................................................... 

EXi8-i:: ..................... 39 1 1 ........................................ 

Spanish mackerel.. .......................................... 17 5 81 
Squetea ue or weak5 ah... ..... 3 .......... 24 190 4 8 

SwelBsh ...................... 1 ............................................................ 
Tautog ............................................ 17 ........................................ 
Whiting ......... -. ...................... 8 .................................................. 

Striped 6 , s  ........................................................... 1 

.__------_______ 
Total.. .................. 751,202 2,291,404 2,852,482 6,435,773 4,781,246 1,629,763 

"g:m- Total. 

118,000 18,706,800 .................... 35 
1 
2 - -. . -. - - -. 647 .......... 33 

1 697 
40 

2 
3 .......... 269 
5 
1 

274 
I 
1 
1 
3 .......... 73 

41 
3 .......... 1 
48 . 

2 8 
1 323 
1 303 
5 108 

20 249 .................... 1 
1 

17 
8 

118,030 18,709, SO0 

I 

Number times seine set. ....... 24 44 102 258 120 65 1 G 1 619 

1-1-1- 
Species. 

Menhaden. .................... 
Bluefish ....................... 
Bonito.. ................................ 
Ruttmfish.. ............................ 
Catfish.. ....................... 

Alewives orriverherrings ..... 

Mny. 

2,542,000 
1,500 

2w 

2 

491,105 

30 

.......... 

1,423,400 9,258,955 .................... 86,877 
101 1,627 

2 
105 214 

.................... 

.................... 2 

1 
94 
2 
2 
8 

11 
9 

100 
6 

11 
23 
35 
8 

357 
1 
7 

16 
1 

1,808 
78 
60 
42 
20 

249 
5 

22 

a 

595,050 
13 
50 

50 

776,800 854,600 2,576,000 
14,864 70,500 ......... 

. . *. - -. -. . 04 1,158 .................... 2 .......... .......... 55 4 ....................................... 
~ ~~ 

Cero 
Cod.. .............................................. 
Croaker ....................... 
Cunner ............................................ 
Cutln8-fish. 
Drum.. ........................ 
Eel ................................................. 
Filefish.. ...................... 
Flounders ..................... 
Gar.. .................................... 
Goose5sh. 
Haddock .......................................... 
Hake .................................... 
Lumpfish ................................ 
Mackerel .......................................... 
Pollock.. ......................................... 
Pompano ...................... 
Scul ins ....................... 
Shad.. ......................... 
Sharks .................................. 
Skates and rays. ............... 
Spanish mmkerel.. 
Spot. 
Squetca ue or weakash. ....... 
Whiting. .......................................... 

......................................... 

Sea-#orse.. .............................. 

...................... 

Swellfisi ...................... 

................................................................... 3 .................... 
1 ........................................ 

53 .............................. 1 31 9 
1 .................... 1 .......... ............................................................ 2 .................... .................... 2 2 .................... 

11 ........................................ 
2 4 .................... 3 .................... 
8 37 36 G 3 .......... 10 

5 .............................. I. .......... 
11 ........................................ 
23 ........................................ 

6 28 .................... 2 .......... 
6 .......... 2 .............................. 

1 ........................................ 
1 .............................. 0 .................... 
1 1 2 12 ............................... 

1 .................................................. 
8 1 1,760 38 .......... 1 .......... 

2 .......... 4 52 2 18 
2 8 27 12 G 2 12 .......... 36 2 1 3 .......... ..................................................................................... 20 
5 .............................. 51 34 159 
2 1 ........................................ 2 

22 ........................................ 

228 13 .......... 116 .......... 

._____-__ 
Total .................... 2,543,812 595,235 793,815 925,313 2,577,327 491,327 1,423,836 

Nombertimesseincsct ....... 1 116 1 GO 1 58 1 43 1 99 36 1 48 

9,350,665 

459 
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Months. 

Hay. .................................. 
June.. ................................ 
July.. ................................. 
Au wflt ............................... 

ember.. ........................... ............................... 0cto)Jor 
November.. ........................... 

Total.. ........................... 

Sepk 

Of 1,078 seine-hauls, 301 were made in August and 219 in  September. Some idea 
of the variations in the relative sizes of the schools, shyness of’ the fish, etc., may be 
obtained from the following table, showing the average number of menhaden taken 
at each seine-haul during each month: 

set. sets. sets. 

117 22 28,145 
83 21 34,773 

30 27,912 130 
277 24 26,316 
211 8 34,630 
79 22 25,671 
49 31,457 

946 

DISPOSITION XADE OP THE CATCH. 

The following table is A detailed exhibition of the use which was made of the 
menhaden and other fishes taken, the figures for the two vessels being shown sepa- 
rately in order to illustrate more fully’ the variations that occurred. It will be 
observed that 199,900 menhaden were sold for bait and 25,000 were salted for food 
by the vessels’ crews. The remainder of the menhaden catch was rendered into oil 
and scrap, with the exception of 2,600 fish that were thrown away, owing to the 
vessel’s distance from the factory. 

Of the most important food-fish taken, bluefish, 1,292 were consumed fresh by 
the crew and factory hands, and 572 were salted on occasions when more were taken 
than were necessary for the food of the crew. The agent on the steamer J. W. 
Hawkins reports that the bluefish landed at the factory with the menhaden numbered 
410; none of the fish caught by the other vessel was so disposed of. It is probable 
that a large part of these were later taken by the shore employees and eaten; there 
are about the factories persons always on the lookout for good fish brought in by the 
vessels. 

The foregoing statement applies also in part to the croakers, flounders, shad, 
squeteague, and other typical food-fish shown in the table as being utilized for oil and 
guano. The discharge of the vessels’ cargoes is usually accomplished a t  night and 
soma fish are thus overlooked in the darkuess. In warm weather, and when fishing 
is done at places remote from the factories, menhaden are sometimes landed in a partly 
decomposed state, and whatever food-fish happen to be mixed with them are thus lost. 

All of the sharks caught were thrown in the vessels’ holds and taken to the  
factories to be treated with the menhaden, with the exception of 13 which were thrown 
back into the water after being killed. The skates and rays were rendered into oil 
and guano like the sharks, only 4 being returned to the water. 

The observations of the Cornmission’s agents proved that, as a general thing, not 
enough desirable food-fish are taken by the menhaden steamers to keep the vessels’ 
crews regularly supplied with fresh fish. As a rule, all the food-fish caught are eaten 
either by the crews or by the factory hands, but it occasionally happens that schools 
of bluefish, butter-fish, shad, river herrings, etc., are taken, and more fish are thus 
provided than can be consumed. 
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Thrown 

etc. 

Eaten fresh 

guano. tory men. 
Species. for oil and k;?;:. sa:t:w!)y overboard, 

............ ............ Xenhaden ....................... 18,546,800 10,000 150,000 
34 1 .................................... Alewives or river herring8 a ..... 

Amber-flsh 1 .................................... 
2 .................................... Auchovy .................................... 

Bluefish 526 121 ........................ 
Bonito 16 17 ........................ 
Butter-fish ...................... 315 232 50 ......................... 
Croaker 40 .................................... 

2 .................................... Cunner ...................................... 
3 .................................... Drum ........................................ 

174 75 20 ........................ Flounders ....................... 
5 .................................... Hake ........................................ 

274 .................................... Nac ere1 
Pipefish ......................... 7 ................................................ .................................... 1 .................................... 

1 ................................................ 
3 ................................................ Soulpins ......................... 

scup. ............................ 36 .................................... .................................... 41 .................................... Seabas8 Sea-horse ........................................................................ 3 ........................................................................ 1 Sea-raven 
43 Sea-robins ....................... ................................................ 

6 ........................ Shad ............ 8 ............................ 2 
323 ................................................ Sharks .......................... 

Skates and rays. ................. 303 ................................................. 
108 .................................... Spanish mackerel ............................ 

90 ........................ Squetea ue or weakfish ..................... 159 

Tautog ...................................... 
Whiting.. 

.................................. 
..................................... ....................................... 
..................................... 

Eintflsh 1 .................................... 

P O N P I ! O  Rud er fish 

..................................... .................................... 

...................... 
37 

Stri edeiltss 1 .................................... 
Sweylfish 1 ................................................ ................................. ........................ 

17 .................................... 
8 .................................... ................................... ---__-- 

4 Total ...................... 18,548,040 1,552 10,304 150,000 

a Includes a few hickory 8hMl and 8811 herring. 
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Total. 

18,708,800 
35 
1 
2 

647 
33 

597 
40 
2 
3 

269 
5 
1 

274 
7 
1 
1 
3 

73 
41 
3 
1 

43 
8 

323 
303 
108 
249 

1 
1 

17 
8 

18,709,900 
-- 

Utilized Eaten fresh 

guano. tory men. 

Menhaden ....................... .......... 
Alewives or ri ver herrings.. ..... 23 
Bluefish ......................... 
Bonito 
Butter-fish ....................... 41 161 
Catflsh. .......................... 2 

3 Cero ......................................... 
cod .............................. 1 
Croaker .......................... 44 46 
Cuiiner .......................... 2 
Cutlae-fish. ...................... 2 
Drum... ......................... 8 
Eel...... ........................ 5 
Filefish g 
Flounders ....................... 72 18 

1 Gar .............................. 5 
Goosefish 8 

8 Haddock. ........................ 15 
7 Hake ............................ 38 

Lum fish ........................ 8 
Macl!erel .................................... 357 
Pollock ...................................... 1 
Pompauo ........................ 6 1 

Sharks ........................... 65 
Skates and rays. ................. 85 

spot ............................. 20 

Whiting.. ....................... 22 

Species. for oil and !:?$:. 

........................... ...... 

.......................... 

........................ 

Soul ins 16 ....................... 
sea-gbrsi : ....................................................................... 
Shad ............................. 286 161 

Spanish maekerel ............................ 42 

Squetea ne or weakfish.. ........ 31 72 
Swell& ......................... 5 

Total ...................... 9,264,567 1,607 

STEAMER J. W. HAWEINS. 

Tlirown 
Gai:$!Y '$tip 

15,000 49,900 2,500 ............ 10,000 5,000 
451 ........................ 

12 
.................................... ..................... i.. ................................................ .................................... ................................................ ........................ 4 ................................................ ............................................... ............................................... .................................... 0 

........................ 10 

.................................... 3 

............................................... 
................................... 

......... .................... ............................................... ................................... ................................... .................................... ............................................... 
1 

706 ............ a 675 .................................... i a  .................................... 4 ................................... 
146 ....................... ................................................ 

............................................... ................................................ ---- -- 
10,303 1 59,900 8,228 

Total. 

9,258,955 
86, 877 
I ,  627 

2 
214 

2 
a 
1 

94 
2 
2 
8 

11 
9 

100 
6 

11 
23 
35 
8 

357 
1 
7 

10 
1 

1,808 
78 
09 
42 
20 

249 
5 

22. 
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OBSERVATIONS ON THE HABITS, MOVEMENTS, SPAWNING, ETU., O F  mNHIIl)EN. 

The full notes obtained by the agents while on the menhaden vessels contain a 
great deal of interesting general information on menhaden and the fishes associated 
with them. While much of it does not add to existing knowledge of these fish, so~ne 
of it may be properly incorporated in this paper because of its bearing on the special 
points under consideration. 

Enemies of the menhaden.-The observations of the agents 011 the Arizona indicated 
that of ell the enemies of the menhaden the bluefish appear to be the most destructive. 
This predaceous fish destroys immense numbers of menhaden in pure wantonness, 
killing many timds more than are actually eaten. Each of 50 stomachs of bluefish 
examined by Mr. Marschalk contained fragments of menhaden, but none had a whole 
fish. 

Sharks also destroy enormous quantities of menhaden, but do less damage to the 
fishery than dJ bluefish, as they consume the menhaden quietly and do not as a rule 
scatter the schools. Two bluefish will cause more disturbance in a body of menhaden 
than a dozen sharks. 

Examination of the stomachs of a number of sharks caught by the Arizona showed 
that these fish were subsisting chiefly on menhaden, although croakers and occasionzlly 
squeteague were fouud in a few. 

Of fish taken with the menhaden on the Arizona, the wealdish, next to the 
bluefidh and shai ks, appeared to be the most destructive. The agent on the vessel 
examined the stomachs of 22 of these fish, finding in them 13 whole menhaden aod 
parts of 32 others. 

Flounders do not .seem to prey on menhaden. Most of tho flounders taken in the 
seines were too small, however, to afford ground for satisfactory conclusions. Of 15 
opened, none contained any menhaden, except the largest, a fish 18 fnches long, which 
had one menhaden in its stomach. 

Six mackerel caught by the Arizona in September were examined with reference 
to their food. No signs of menhaden were discovered in their stomachs. 

Notes om the movemetats of the schools.-The well-defined migrations of the 
menhaden to and from tlie coasts of the Atlantio States, and their movements in 
the bays and rivers, depending largely on temperature, are often, in the case of even 
large bodies of fish, much modified by the presence of such predaceous species as 
bluefish, squeteague, and sharks. Several well-marked illustrations of this mere 
observed in 1894. 

The autumnal migratory inovement of the menhaden begins with the fish on the 
shores of Maine and Massachusetts and gradually embraces the entire coast. The 
menhaden frequenting the bays and inlets of New England are driven out by the 
falling temperature and begin to move toward the south, following the shores as far 
as the eastern end of Long Island. I n  that region, according to the observations of 
the fishermen, by far tlie greater part of the fish leave the coast, move directly out 
to sea, and are Been no more. I n  the fall of 1894, owing to the remarkable abundance 
of bluefish and squeteague in the vicinity of Montauk Point, vast schools of menhaden 
were detained in Qardiiier and Neapeague bays for several weeks beyond their 
accustomed time and were uliable to reach the ocean until their enemies had left. 
About Octobar 21, the bluefish disappeared from that region and the departure of 
the menhaden rapidly ensued. 
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By the middle of November the menhaden had very generally withdrawn from 
Chesapeake Bay, and all the schools observed during the latter part of that month 
on the ocean shores of Maryland and Virginia, north of Cape Henry, were moving 
south at the rate of 1 or 2 miles a n  hour. On November 16, the J. W. Hawkins made 
three hauls off Currituck Light, North Caroline. All the fish caught or seen were 
swimming north several miles an hour. After the last set, 3 miles southeast of 
Currituck Light, the vessel steamed 20 miles farther south and fell in with a large 
body of bluefish, which had apparently driven the menhaden back. A week later, 
in the same region, all the menhaden met with were moving north along the coast 
at  the rate of 1 to 3 miles per hour, while between Currituck and Bodie Island lights 
large schools of bluefish were found which had evidently intercepted the migrating 
menhaden and caused them to recerse their course. Bluefish were practically absent 
from the schools of menhaden; in the G seine-hauls made in this section on November 
16 and 23, only 2 bluefish were taken with 140,500 menhaden; 84 squeteague, however, 
mostly of small size, were caught. 

flize and fatness of menhadefi.-On the size and fatnew of the fish depends, to a 
considerable degree, the financial success of the industry. Some years, during the 
greater part of the season, especially in the more southern waters, the fish are very 
lean and yield practically no oil. In  the Chesapeake a million fish have frequently 
been known to produce less than a barrel of oil; in July, 1893, the steamer I. N. Vensey 
caught 2,000 barrds of menhaden (equivalent to about 700,000 fish) which yielded 
only G gallons of oil, The fish taken on the New England coa,st always average larger 
and fatter than those obtained elsewhere. The menhaden caught by the steamer J. W. 
Hawkins on the Maine and Massachusetts coasts in June, July, and August were from 
10 to 12 inches long, averaging 11 inches. The quantity of oil produced was from 8 to 
12 gallons per 1,000 fish, though menhaden taken in Boston Harbor in August yielded 
14& gallons per 1,000, and those caught about September 1 produced 16 to 18 gallons. 

The menhaden caught on %he coasts of New York, New Jersey, and Delaware 
were from 6 to  12 inches long, the average prior to October being rather under 9 
inches, while in October and November the average was lo& or 11 inches. At times 
in July the schools were made up of menhaden showing an unusually large variation 
in size, some hauls consisting of fish as small as G inches and as large as 12 inches, 
with every gradation between those limits. The remarkable body of menhaden in 
Delaware Bay iu August and September consisted of small fish. No fish over 10 
inches long were taken, and the average size was probably not over 8 inches. These 
fish were almost invariably smaller than those caught at the 8ame time outside the 
bay and seemed to the fishermen to be an entirely different lot from those taken in 
the adjacent ocean. 

The menhaden on the coasts of Maryland, Virginia, and North Carolina in October 
and November were mostly from 9 to 12 inches long and were quite fat, making about 
10 gallons of oil per 1,000, but those obtained in the Chesapeake at the same time 
continued to run small (SA to 8 inohes, on an average); some schools had fully half 
t,he fish 12 inches long, and toward the end of the season the fish averaged 11 inches. 

The fish obtained in the Chesapeake during the spring and summer are usually 
of small size, and it is reported that since 1890 the average size of the fish in the pay 
has been smaller than prior to that time. In  1894 the menhaden obtained during the 
spring and summer by the J. W. Hawkins ranged from 44 to 11 inches in length, the 
average being 6 to 8 inches; these produced under 2 gallons of oil per 1,000. 
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The largest menhaden observed durmg 1894 was taken by the J. W. Hawkins, 
July 27, a t  the mouth of the Kennebeo Xiver, Maine. The fish was 14 inches long and 
weighed 1 pound 14 ounces. 

#pawning of waen7baden.-Notwithstanding the attention which the subject has 
received, much yet remains to be learned regarding the spawning seasoii aud 
spawninggrounds of the menhaden. Enowled.ge of the spawning habits of the fish 
has a very important practicaJ bearing on the questiou of legislation, for it is clear 
that any truly protective measures ‘adopted by the States must take cognizance of 
the time and place chosen by the menhaden for depositing their eggs. 

Throughout the season, the agents of the Commission examined the menhaden 
with reference to the conditioii of their reproductive organs. The observittious of 
Mr. Locke on the steamer J. W. Hawkins were especially complete. I n  Ohesapeake 
Bay early in the season, when only small fish were caught, examinations were made 
daily, but later, on the New England coast and on the southern grounds, when the 
fish taken were of larger size, some menhaden in every wile haul were eviscerated. 

The diversity of the testimony of fishermen on the question of the spawning 
sealson of menhaden and the observations of the Commission suggest the existence of 
different spawning times on different parts of the coast, a peculiarity strikingly 
exemplified in the case of the sea herring, which spawns in May in the Gulf of St. 
Lawrence and in November on the New England coast. 

The testimony of fishermen and others as to the spawning of menhaden on the 
Maine coast indicates that the spawning period occupies part of the summer and may 
extend over most of the time when the fish are in those waters. The observations of 
the Commission’s agent, exteuding from June 29 to August 6, tended to corroborate 
this view. An examination of 7 large menhaden, caught in Musconguu Sound July 3 
in a school of 19,500 ash, showed that 3 males and 1 female were spent fish, while 3 
females (12 inches long) had very large but immature ovaries. From a haul of 42,600 
fish a t  the mouth of the Hennebec River July 5? 1 male examined was about half 
spent and ti females had fiuished the spawning process. Examination of G fish from a 
haul of 66,700 in the same place on July 11 gave the following result: One male spent; 
1 male with very large, hard spermaries; 1 female spent; 3 females with very large 
ovaries full of unripe eggs. On July 20 at the mouth of the New Meadow River, 6 
fish from a lot of 14,900 consisted of 1 male with very large but  immature spermaries, 
3 spent females, 1 female from which eggs (apparently not ripe) would run on very 
gentle pressure, and 1 female with ovaries much enlarged and containing eggs very 
nearly ripe. Fish in a similar condition were taken in Casco Bay, July 24. On July 
26 and 27,12 menhaden from schools taken in Casco Bay and 08 Seguin Island were 
found to be spent fish, 8 being males. This examination was typical of a number of 
others made during the latter part of July. I n  August the fish were found with their 
reproductive organs in various stages of development. I n  some male fish the organs 
were three fourths mature; some ovaries were one-third to one-half full size with 
well-defined but unripe eggs, but in most of the fish, especially those taken after 
August 10, the organs were quite small and the eggs not differentiated. 

All the menhaden caught in the Uhesppeake in May end June had suoh very small 
organs as to  suggest the recent completion of the spawning process or the immaturity 
of the fish. The spermaries of some 7-inch fish taken June 4 were only three-eighths 
of an inch long, and the ovaries only three-fourths of an  inch; on June 6 some 8-inch 
fish had spermaries 1 inch long and ovaries 1% inches long, and no further devdopment 

* 
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was observed during the month. On the resumption of fishing iu the bay on August 
30 the condition of the fish as to spawning appeared to have undergone little change 
since June, and during the remainder of the season no fish taken in the Chesapeake 
contained organs of noteworthy size, with the exception of one 134 inches long, taken 
October 13 off New Point, Virginia, which contained large ovaries; the others examined 
from the same school mere small and the reproductive organs rudimentary. 

In the latter part of October menhaden taken on the New York, New Jcrsey, and 
Virginia coasts contaiued well-developed orgaus, three-fourths to seven-eigh ths of the 
females opened liaviug large ovaries with distinct eggs. 

By the first week in November, the development of the reproductive organs had 
progressed so far that the approach of the spamning period appeared to be imminent 
in the fish caught close to land on the ocean shores of Maryland, Virginia, and N o r h  
Carolina, On November 6, large hauls of meuhaden, off the Maryland coast, contained 
fish 9 to 1% inches long that mere very nearly ripe, and on November 7, I), and 13, 
small quantities of eggs oi milt could be forced by gentle pressure from most of the fish 
examined taken on the same grounds. On November 13, a female menhaderi 11 inches 
long, caught in a school off the Virginia coast, appeared to be spent j November 16 a 
similar specimen, with shriveled and empty ovaries, mas found among some almost ripe 
fish on the North Carolina coast. In the latter part of November, eggs or milt could 
be forced by gentle pressure from nearly all menhaden caught south of Ca’pe Henry. 

Complying with instructions from headquarters, Mr. E. E. Race, field agent, 
forwarded to Washington three lots of fresh menhaden taken off the mouth of 
Chesapeake Bay on October 30, November 1, and November 2. The first lot, consisting 
of 8 fish (1 male, 7 females) 116 to 13 inches long, and weighing three-fourths of a 
pound, mere from a school of 3,000 fish caught by the steamer Virginia in water 6 
fathoms deep off the coast of Virginia, between Smith Island Light and Old Plantation 
Light; the water temperature was 620 or 680. In  the male a little milt appeared 
at the vent on pressure, the condition of the spermaries suggesting the partial 
completion of the spawning process. In 5 of the females a few eggs could be extruded 
by making gentle pressure on the abdomen; in the others. although the ovaries were 
large (4 inches long), no eggs could be expressed. 

The second lot contained 19 specimens, taken by the steamer I. N. Veasey in a 
haul of 3,000 fish 4 miles east of Cape Charles Light, in 3 fathoms of water, the 
temperature of the water being 610. Fourteen of these fish were over 12 inches 
long (124 to 138); 3 were males with spermaries from three-fourths of an inch to 
1 inch wide, but unripe; all the females contained large ovaries (4 to 5 inches long) 
from which small quantities of eggs could be freely extruded on gently pressiug the 
abdomen; the 5 remaining fish were smaller, averaging about 11 inches long, and 
had organs much less developed. The third lot of 10 fish came from a haul of 15,000 
by the steamer I. N. TTeasey, three-fourths of a mile northeast of Cape Henry Light, in 
water 4& fathoms deep; water temperature, 610. These fish were about 11 inches 
long. Their organs were more immature than those in the other lots. The ovaries 
were only 28 inches long or less, and no free eggs or milt could be expressed. 

These fish were examined by Mr. Bichard Rathbuu, in oharge of the scientific 
inquiries of the Commission, who has given much attention to the spawuing of the 
menhaden. He regarded none of the specimens as quite ripe, as the eggs were not 
eritlrely trausparent or wholly spherical; but he thought there was no question that 
all the larger fish would soon have spawned. 

. 
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4.--THE FISHES OF THE NEUSE RIVER BASIN. 

BY BARTON W. EVERMA” AND ULYSSES 0. COX. 

I n  the summer of 1890 a small collection of fishes was made for the writers in the 
streams near Raleigh, N. C., by Messrs. H. E. and C. S .  Brimley, taxidermists and 
natural-history dealers of that  city. Collecting was done in the Neuse River itself, 
in Walnut Creek and its smaller tributaries, and in various backwater holes, ponds, 
and ditches that at times are connected with the creek or the river. Though the 
number of species represented in the collection is small, it shows us what are the 
conzmon species of the locality and the relative abundance of oach. 

The greater parts of five days in June and July were giveu to the work of collect- 
ing, and seining was dolie in all manner of places, which are described in the collectors’ 
notes, from which we quote : 

Collecting was done in  Neuse River, in  Walnut Creek about a mile above its union with the river, 
and in  noighboring mud-holes. The river is 8 fairly swift stream, bottom mostly sand or gravel, very 
much broken with small, medium, and huge granite bowlders. Nearly all fish from the river wcre 
caught along shore, where the bottom is m o s t l ~  mud and exceedingly snaggy. Water seldom over 
shoulder-deep and temperature warm. 

JuZg &-The top iiiinnoms [Gambt&z a.fiinie] were caught by dip net, from a pond of water fed 
by springs in  a grmite  quarry on the edge of town. These seem to be the only fish found in  this place. 
The balance of the specimens from Walnut Creek and lake holes near here, say 8 miles from mouth of 
creek. We wero particular about fishing the riffles and sand-bars for darters, bu t  failed t o  get any. 
Most of the round-bodied shiners [Hybognathiie nuahalis and Notropia niveus] were caught in fishingfor 
darters. Nearly all the rest of the fish carno from a lake hole conneoted with the  creek. 

Walnut Creek is a medium swift stream, bottom chiefly sand. Very few fish seem t o  stay i n  the 
clear, open reaches, where it is possible to  seine. One haul of the  net, some two hundred yards down 
D straight reach, with an even depth of from 1 to Z& feet, clear sand bottom, seine taking in fu l l  width 
of stream, rcsulted in  absolutely nothing, not a single specimen of any kind coming to  haud. The 
fish that  are in the creek seem only to  frequent the eddies and around logs and tree roots and tops, 
just  where a net can not be used. The backwater holes have, almost invariably, a mud bottom. 
Some ]lave a dcep layer of soft mud and dead leaves, others a fairly firm bottom, but  always more 
or less muddy. Some are permanently connected with the creek, some only when the waterworks 
turbines a t  the next dam above where we fishedare running (daily or oftener). Others again takeliigh 
water or oiwn heavy freshets to  make the connection. We had no moans of determining the tempera- 
ture of the water, bu t  in some of the smaller and more exposed holes the  water seemed very warm. 

The small perch with rather faint vertical bars [Lepomie megalotie] was not very plentiful, 
Jzine 18.-This day’s collccting was in  the valley of Walnut Creek. No specimens came from the 

creek itself and only a few from the smaller tributarystreams. These included a few “top minnows” 
[Gambtcsia af inis] ,  a very small perceut8ago of shiners and cats, and the pirate perch, All the other 
species came from the  meadow ditches. On this day we did not use the seiue, but  used small dip nets 
of Ane mesh (mosquito netting). All specimens taken of the following were preserved: Shiners of all 
kinds, tho larger perch [Acantharchue pOlWOl iS] ,  whioh we have never taken elsewhere; pike [Luoiue 
ameriaanus and Luaius vermiaulatus], cats, mullets, and speckled perch [Enneaoanthus glorioeus]. The 
use of the dip nets accounts for the large number of “top minnows” taken where we had never 
secured any with the seine. 
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June 23.-Walnut Creek again, but  further up stream. Three top minnows were found in ashallow 
mud-hole in  the meadows. All the rest came from a long “lake holo” connected with the creek, a 
small stream flowing through it. This hole is about 150 yards long, with an average width of 20 feet. 
The bottom is of a soft mud, in some places 2 feet deep. The watcr will average waist-deep, and is 
warm. Pike and mullets [Erimyzon sucetta] were plentiful, while perch occurred in greater numbers 
than found anywhere previously; large shiners were common, but many were injured by contact 
with other fish and trash in  the net and by gilling themselves in the meshes. None of the small, 
round-bodied shiners was taken; all seemed to  be of the “shad roach” type [Notemigonus crysoleucae]. 

Fourteen specimens of “mudfish” [ Umbrapygmcea], the only specimens of .the species we have 
ever taken, were obtained from a ditch hac& from Walnut Creek in an open meadow. This ditch 
is 3 or 4 feet wide and 3 feet deep, including a layer of soft mud about 1 foot thick. The surrounding 
meadow is springy and marshy, the water is not stagnant, though it is not connected with the creek 
except in  times of freshets. In this ditch were also found pike [Luoizbs vermiculatus] and several species 
of sunfish and shiners. In a pond near by, which has a middy bottom but  a constant stream flowing 
through it, were found ‘ I  white perch” [Poniozia sparoides], pike, and ‘l mullets” [Erimyzon sucetta]. 

river-and neighboring mud-holes. The gar [Lepisosteus osseus] came from the river; dill the darters 
were taken in t h e  creek, in swift shallow water, with gravel or sand bottom. Black bass came from a 
mud-hole connected with the crcek only a t  quite high water. Water in  i t  was shallow and warm and 
mud quite deep. Most of the fork-tailed cats [Ameiurus catus] cam0 from a mud-hole, shoulder-deep 
in places, connected with the river during freshets. This hole is fed by a small spring and the 
water is very cold (comparatively). We have on former occasions taken a small barred or spotted 
cat from this place, but  could find none this time. Most of the  other specimens came from the river 
with the exception of some few shiners, cats, redhorses, and sunfish found iu the creek nnd holes. 
All darters, shiners, and small cats taken were preserved; likewise the only flounder. One other gar 
and black bass were caught. 

Several species of turtle and terrapin were abundant in the plaoes fished, and many were caught. 
No “snappers” caught, although they are found in these places. Bonnet lilies grow in some of the 
mud-holes, and marsh grasses grow around the edges in  the shallower parts of others. Well-grown 
bullfrogs often come up in  the seine, also other frogs. 

The total number of species contained in the collection is 30, distributed among 
12 families and 23 genera, as follows: Lepisosteida, 1; Siluridae, 3 ;  Catostomida, 3;  
Cyprinich, G ; Pceciliidre, 1; Esocidz, 2 ;  Anguillidm, 1 ; Umbridz, 1; Aphredoderidae, 
1; Centrarchidz, 8; Percidae, 2; and Pleuronectidm, 1. 

Or, as to genera: Lepisosteus, 1; Ameiurus, 2 ;  Noturus, 1; Erimyzon, 1; Mox- 
ostoma, 2 ;  Notemigouus, 1; Notropis, 2; Hybopsis, 1; Semotilus, 1 ; Hybognathus, 
1; Gambusia, 1; Lucius, 2 ;  Anguilla, 1; Umbra, 1; Aphredoderus, 1; Pomoxis, 1; 
Chaenobryttus, 1; Acantharcbus, 1; Ennescauthus, 1 ; Lepomis, 3 ;  Micropterus, 1 ; 
Etbeostoma, 2 ;  Achirns, 1. 

It will be noticed that almost half of the species belong in the two famiIies, the 
Centrarchidae and the Cyprinid%:. 

The followiiig is a list of the species of fishes which the collection contains: 

June B7.-Collecting done in  Nense River, Walnut Creek-about the last mile before joining the * 

1. Lepisosteus osseus (Linnmus). 
2. Ameiurus natalis (Le Sueur;. 

3. Ameiurus catus (Linomus). 

Gar. One small specimen, 13 iiiohes long. 
Yellow Cat. Very abundant; nearly 100 spocimens, 14 t o  58 inches 

long. 

Ankiurus niveiventris Cope, Proc. Am. Philos. SOC. 1870,486. Type locality, Neuse River, N. C. 
Fourteen specimens, agreoing well with the original description of Professor Cope. Body not 

slender; head not narrow, ite width 18 in  its length; base of anal eqiial to  length of head, or 
4 in total length; length of humeral spine about half tha t  of pectoral spine, but variable. 
Dorsal inserted midway between snout and adipose fin. A. 20. 

4. Noturus insignis (Richardson). Five specimene, 4 to 6 inches long. 
5. Erimyzon sucetta (Lac6pbde). “Mullet”; Chub Suoker. Five specimens. Called “mullet” by 

the collectors. Scales, 44 to  46. 
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6. Moxostoma papillosum (Cope). Redhorse; White Mullet. 

PtyoRostomus papillosus Cope, Proc. Amer. Philos. SOC. Phila. 1870, 470. 
Type localities, Catawba and Yadkin rivers, N. C. One specimen obtained June 27 from 

7. Moxostoma cervinum (Cope). Redhorse; Jumping Mullet. One specimen obtained with the 

8. Notemigonus crysoleucas (Mitchill). “bhad RoaclP; Roach; Goldeii Shiner. Excessively 

9. Notropis niveus (Cope). Shirier. . 

W:tlnut Creek. 

preceding. 

abundant, especially in  the meadow ditches and isohted pools and ponds. 

Hybopsis niveus Cope, Proc. Amer. Philos. SOC. Phila. 1870, 460. 
Typo locality, Catawba River, N. C. Tho collectiou contains five samplcs of this species. 

10. Notropis albeolus (.Jordan). ‘LSILiner.” Not uncommon; six speciinens in  the collection. 
11. Hybopsis kentuckieneis (Railnesque). 

Both of these species of dlozostoma are common in the  Neuse River basin. 

Eiver Chub; Jerker. Abundant in tho creek; 16 speci- 
Head, mens i n  the collection. 

4 to  43; depth, 4 t o  4i; eye, 2; snout, 2% to  28. D. 8; A. 7; scales, 7-41-4. 
Head more slender aud pointed than i n  northern cxamples. 

12. Semotilus atromaculatus (Mitchill). 
13. Hybognathus nuchalis hgassiz. Common. Called “round-bodied minnow ” or ‘( shiner ” in  the 

14. Gambusia affinis Girard. “Top Minnow.” Abundsnt iu the small ponds, springs, and pools. 

15. Lucius americanus Gmeliu. “Pike.” Several small specimens, 2 to 7 iuches long. Common in 

16. Lucius vermiculatus (Le Sneur). Several small specimens, 5 to  6 inches long, which 
The snout is shorter and the  scales 

Several small specimens from Walnut Creek. 

collectors’ notes. 

This was the.only species found in  a pond in a granite quarry near Raleigh. 

grassy places i n  ditches and ponds. 

agree with this species rather theu with L. reticulatus. 
are larger then in L. ~etieulatuu, the number in tho lateral line bciug about 104. 

‘(Pike.” 

17. Anguilla chrysypa Rafinesque. Common Eel. One specimen. 
18. Umbra limi pygmaea (De Kay). 

These vary from 28 to  4 inches in  length. 
19. Aphredoderus sayanus (filliams. 
20. Pomoxis sparoides (Ladpbde). Calico Bars; Strawbwry Bass; ‘( White Perch.” Three small 

21. Chaenobryttus gulosus (Cuvier & Valenciennes). Warmouth; Red-eyed Br6am. Numerous spoci- 

22. Acantharchus pomotis (Uaird). (( Pwclb”; Mud SunJie7b. Ponds along Walnut Creek, couimon. 

23. Enneacanthus gloriosus (Holbrook). “SpeokCed Perch.” Two small 6mmpleu from pond near 

24. Lepomis auritus (Linnmus). Long-cared Sun$sh; yeilow-belly. Two small specimens. 
25. Lepomis megalotis (Rafinesque). Ouly one specimen in the collection. 
26. Lepomis gibbosus (Linnmus). Common. SunJish. Apparently the most co~nmon sunfish of the 

27. Micropterus salmoides (LacBpbdo). Two srnall specimens from Wal- 

28. Etheostoma peltatum Stauffer. 1). KIV, 13; A. 11, 9; 

29. Etheostoma vitreum (Cope). 

d lud  dlinnow; <‘dlud$sh.” Fourteen speoimeiis from a ditch 

Pirate Perc7t. 
near Walnut Creek. 

h dozen good-sized esainples of‘ this species. 

specimens from the ponds. 

mens; abundant i n  the ponds. 

Two specimons. 

Walnut Creck, which we refer to  this specics. 

D. XI, 10 or 11; A. VI, 10. 

Lqng-eared Qun$slh. 

region. 

nu t  Creek. 

scales, 8-65-9; some scales on preopercle and lower part of opercle. 

Pcocilichthys vitreus Cope, Proc. Amer. Philos. SOC. Phila. 1870,263. 
The oolleotion contains seven specimens of this interesting darter, which, with 3. peltatum, was 

Many specimcns in tho collcction. 
Large-mouth Black Base. 

Common in the Neuse River bmin and the eutire South. 
OUR specirnon. Heed, 3); depth, 6. 

found on the  riffles in the creek. 
30. Achirus fasoiatus LacBpbde. (‘ Floundsr”; Sole. A single example of this species. 

We have thought it might prove valuable to bring together all accessible refer- 
ences t o  fishes of the Neuse River basin, and have therefore taken this opportunity to 
go over the literature and compile all the definite references to  localities in the basin 
of that stream. We give (1) the title of the paper containing the reference, (2) a list 
of the species mentioned in eaoh paper, and (3) a complete list of all the species now 
known from the Neuse River basin, together with all the definite localities within that 
basis from whioh eaoh has beeu reported, and a citation to the authority for the 8ame. 
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Species as rooordod Ideutiflcation. Locality. 
- I 

Etheostoma neviaenm.. ....... Ethoostorna poltrttum ....... h’euso River near Ralei h 
Pmciliohthys nitreus.. ........ Etheostoma vitreum.. ...... U‘alnut Creok Neuso !River, 

Wake Couuti. 

Nomiual species. I~loutitloation. 

Stizostedium, sp... ........... Stisostedion. ..................... 
Perm flavescens .............. Porcaflavoscens .................. 
Roccus Iiuontus.. ............. Rocous lineatus.. ................ 
Pmoiliohthys ritrons.. ....... Etlieostoma vitreum ............. 
Etheostoma noviscnse.. ...... Etheostomavitreum. ............. 
Microptorus uigrioans.. ...... Mioropterus salmoidos.. ......... 
Pomoxys hexacanthus. ....... Pomoxis sparoidoa.. ............. 
Contrarohus irideus. ......... Ccntrarchus macrupterus.. ...... 
Chaonobryttusgillii. .......... Chsuobryttus gulosus.. ......... 
Enuoaoautbus guttatus.. ..... Enneaoanthus obesus.. .......... 
Lopomis nibricauda.. ........ Lopomia auritus.. ................ 
Pomotis maoulatua.. ......... Lepomis gibbosue ................ 
Aphredodirus sayanus. ....... Aphrododorus sayauus.. ......... 
Haploohilusmelanops.. ....... Gamhubia affinis.. ............... 
Esox ailinis.. ................. Luciusroticulatus.. .............. 
Scmotilus cor oralis. ......... Seruotilus atromaculatus.. ....... 
Ceratiohthys tiguttatus. ..... Hybopsis keutuckiensib.. ........ 
Hypsolepisoornutuscornutiis. Notropie me alops.. ............. 
Plotogenis leucops.. ......... Notropis photogenis.. ............ 
Alb~mel lus  mutzrtinue. ....... Notropis umbratilis matiitinus.. . 
Stilbe americana.. ............ 
Catoatomus teres.. ........... Catoatomus teres.. ............... 
Nosostoma oblongum. ....... Erimyzon eucetta.. .............. 
Ptychostomus robustus.. ..... Moxostoma robusturn.. ......... 
Ptyohostomua Zachrymalw.. .. Moxostomnmacrolo Idotum.. .... 
Ptychostomus crassilabre.. ... Hoxostoma orasailatre.. ......... 
Amiurus lynx 1 .  ............. Amoiurus catus. ................. 
Amiurus nivetventrio.. ........ Anieiurus catus.. ................ 
A u y i h ,  ep.. ................ Auguilla cliryaypa.. ............. 
Perm flavescens. ............. Peroaflavesoens.. ................ 
Boloosoma maculaticeps.. .... Ethuostoma olmstedi.. ........... 
Pornoxis hexacanthus.. ...... Pomoxis sparoides.. ............. 
Leporuis rubricnude.. ........ Lepomis auritus.. ................ 
Esox ravenelii.. .............. Lucius americmus. .............. 
Hybopsis 1 amars .  ........... Notropie amarua.. ............... 
Aoipensor, sp. ................ Aoiponser stnrio oxyrhynohus. .. 
Le idoateus, sp.- .---- .  ....... LopiHosteus ossous.. ............. 
1 gmia  ....................... Amia oalva.. ..................... 

H psolepis analostanua.. ..... Notropis nnefostnnus.. ........... 

Notemigonus crysolouon8.. ...... 

Ptychostomus collapsus.. ..... Moxostoma collapsum.. .......... 

Locality. 

Nouse River. 
Neuso River. 
Nouse River. 
Wnlniit Creok. 
Nouse River. 
Neuse River. 
Xeuao Rivor. 
Neuse River. 
All strcams of North Carolina eant 

of the AIlcghany Muuntains. 
Nouse River. 
Nouse River. 
All tbe rivers of North Carolina 

Sluggish waters tributary to the 
Neuso River in Wake C0unt.y. 

Still water of the Neuse River 
basin, Wake County. 

Neuse Eiver. 
Neuse River. 
Nouse River. 
Neuse River. 
Nouse River, 
Nouse River near Raleigh. 
Nouso River Wake Couuty. 

A11 the rirors of the State on both 
eidoa of Alleghauy watershed. 

Neuse River. 
Neuso River. 
Neuse River. 
Neuso River near Raleigh. 
Nouse River a t  Newborn. 
Nouse River. 
Nsuao River. 
All Atlantic waters of tho State. 
Neuse River. 
Neuse ltiver. 
Neuso River. 
Neuse River. 
Neuse River. 
Neuse River. 
Neuse River. 
Neuso River. 
Neuse Rivcr. 

east of the Allcghany range. 

Nouse Basin: 



FISHES O F  THE NEUSE RIVER BASIN. 307 

Ioa vitrea.. ................ 
Alvordius orussus.. ........ 
Alvordius neviaensis.. ..... 
Boleosoma meciilatioops.. .. 
Peroa umerioana .... L. .... 
Micro terus pallidus.. ..... 
rloantiarohus pomotin.. .... 
Chwnobryttus viridis.. ..... 
Lopiopomua auritus.. ...... 
Eupomotis aurous ......... 
Enueacantlius pinnigor.. ... 
Enneaoauthua margsrotis.. 
Cont.rnrohus iridous.. ...... 
Pomoxys nigromaoiilatus.. . 
Pouiox ys annulaxis.. ....... 
Aphredodorus sayanus.. .. 
Zygonectna melanopa.. ..... 
Zponoctes atrilatus.. ...... 

olanura pygmraa.. ........ 
 sox retioulatus.. .......... 
Esox ravoneli.. ............. 
Hyboguathus nrgyritis.. -. . 

1877. DAVID S. JORDAN. Contributions to  North American Ichthyology, 11. <Bulletin U. S. Nat. 

I11 this paper (p. 27) Enneacanthzcs p i n n i p  Gill 8 Jordan is described as new, 
from specimenu obtained by J. W. Milner at  Hingston. Amiurus niveiventris Cope 
(= A. catus) is also mentioned from the Neuse (p. 83). 
1878. DAVID S. JORDAN AND ALEMBEIIT W. BRAYTON. On the Distribution of the Fishes of the Alle- 

gliany Region of South Carolina, Georgia, and Tennessce, with Descriptions of new or 
little-known species. <Contributions toNorth American Ichthyology, No, 111, A; <Bull. 

In the Recapitulation at  the end of this paper (pp. 82-96) the fbllowing species 

Mus., No. 10, 1877. 

U. S. Not. Mus., NO. 12,1878,l-96. 

are referred to the Neuse River, chiefly on the authority of Professor Cope: 

Et,hoostoma vitreum. Luxilus oornutua.. .......... 
EtlieoRtoma poltatum. 
Xtheostomn ~ioltutum. Alburnops cl~lorooephalus *. 
Etheostoma nigrum olmstedi. Alburnopa nmarus .......... 
Porca flavosoons. Notropis photogonis *. ...... 
Micro torus snlmoidcs. Notropis mntutmus.. ....... 
Acant~archus poiiiotis. 
Chwnobryttas gulosus. Notemi~onusamerioanus. __. 
Lepomis amitus. . Ceratiohthw biguttatus.. ... 
Lcpomis gibbosus. Soniotilus iorporalis.. ....... 
Enneaoanthiw glorio6us. Mmoatouia volatiuu.. ....... 
IGnnonoi~ithus gloriosae. Moxostoma crasailabre.. .... 
Contrnrchus macroptorus. Moxostonlamacrolepidotun~ 
Pomoxig sparoidcs. e t  vars. 
Pomoxis annularia. Erimyzoii suce6t8.. .......... 
Aphredodorus sayanus. Catostomus oommorsoni.. ... 
Gambusia affinis. Amiurus albidus. ........... 
Gambusia afflnis. Amiurus niveiventris.. ..... 
Unibrrt pygmma. Auiiiirulr natalis. ............ 
Lucius roticulntus. Amiurus oatus.. ............ 
Lucius nmericanus. Noturits eloatherue.. ........ 
Hybognathua nuohalis. Auguilla vulgaris.. ......... 

1 Photogonis analostanus.. ... 

Nominal npooios. 1 Idontifloation. (1 Nominal spocies. [ 
-- 

Identifloation. 

Notropis iuo ulope. 
~ntrol i ia  u1nlfostanus. 
Notrnpia c l r l o r u ~ ~ ~ ~ ~ h i ~ l i ~ ~ ,  
Notropis uniurus. 
Notropis lihntogmis. 
Notropis uuibratilia mutu- 

tinas. 
Notemigonus cryso?eucus. 
Eybopais koutuckionsis. 
Somotilus atromaoulat,us. 
Moxostoma. 
Moxostoma crasailabre. 
Moxostoma mnorolepidotum 

Erimyzon succtta. 
Catostomus teres. 
Amoiurus catus. 
Amoiurus oatus. 
Ameinrus nutulis. 
Amoiurus cutus. 
Noturns eleuthorue. 
Auguilla chrysypa. 

*Probably orronoously credited to the Nouae Rivor basin. 

1884. GEORGE BROWN GOODE. The Black Bass Family-Coutrarchidm. <Tho Fishory Industries of 
the United States, Part I, 401-404, 1884. 

In this article the large-mouth black bass (Jlioropterus salmoides) is mentioned as 
being known as 6‘ Welshman” on the Neuse River. 
1889. DAVID STARR JORDAN. Descriptions of Fourteen SpecieR of Fresh-water Fishes collected by 

<Proc. U. S. Nat. MUS., XI, 1888 (lag), 

Two of these (Notzcrus furiosus and Etheostoma roanoka) were found in the Neuse 
River at  Milburnie, near Raleigh, and the latter also in Little River at Goldsboro. The 
jumping mullet, Mozot,%oma cervinum (Cope), is also mentioned from the Neuse River. 
1890. DAVID STARR JORDAN. Report of Explorations made during the Summcr and Autumu of 1888, 

in the Alleghauy Region of Virginia, North Carolina and Tennessee, and in  Western 
Indiana, with an Accouut of the  Pishes found ineach of the River Basins of thoseRegions. 
<Bull. U. S. Fish Comm., VIII, 1888 (1890), 97-173, plates XIII-XV. 

the  U. S. Fish Commission in the Summer of 1888. 
351-362, plate8 XLIII-XLV. 

This paper records 41 species from the Neuse River basin, a larger number than 
has been reported in any other paper. The new species contained in this collection 
were described in the paper cited above. The collections from the Neuse River basin 
recorded in this paper were made by Dr. 0. P. Jenkins and Prof. S. E. Meek. 
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. Nominal species. Idonti5cntion. 

Amia oalva ................... Amia calve. .................. 
Noturus furiosus. ............ Noturus furiosus.. ........... 
Noturus insignis.. ........... Noturus insignis ............. 
he irnus  natahs ............. Ameiurus nat alia.... ......... 

Ameiurus erebonnus.. ....... Ameiurus orebenuus.. ....... 
h e i u r u s  niveivontris. ..... Ameiurus catus. ............. 
Catostoinue niprioans.. ...... Cntoatomus nigricaus.. ..... 
Erimgzon sucetta.. .......... Erimyeon auoetta. ........... 

Moxostoma papillosum.. ..... Moxostoma papillosum ....... 
Moxostoms conus. ........... Moxostoma conus.. .......... 
Moxostouia crassilabre. ...... Moxostoma crassilahro.. ..... 
Moxostomn cervinum ........ Moxostoma cervinum.. ....... 

- 
bge. 
- 
127 

127 

127 

127 

127 

128 

128 
128 

128 

128 
128 
129 
129 

129 

129 
129 
129 

129 
129 

129 

129 

129 

129 

129 
129 

129 
129 
330 

130 

la0 
130 

130 

130 

130 
130 

180 

130 

130 

iao 
130 

180 - 

Lornlity. 

Moocnein Swamp nenr Golds- 
boro. 

Little River a t  Goldsboro and 
Nouse River a t  Milburnig. 

Little River a t  GoldHboro and 
Neiifle River a t  Milbiirnio. 

Little Rivor a t  Goldsboro and 
MoccnsinSwamp ncnr Golds- 
boro. 

Moccasin Swnmp near Golds- 
boro. 

Little River at Goldsboro and 
Nouas ltirer a t  Milhiirnic. 

Neuse River a t  Milburnio. 

boro, Littlc River nt Golds 
boro, aud Neuse River n t  Mil. 
burnie. 

Little ltiver a t  Goldsboro and 
Neuao River a t  Milburnie. 

Little Ilivor a t  Goldsboro. 
Little Ilivor a t  Golrlsboro. 
Neuso River a t  Milburnie. 

Moccaain Swanip near Golds- 

.............. I Notropis proone 

lfybognnthus nuchalis ....... 

Notropis hudsonias.. ......... 
Notropis megalopa albeoliis . . 
Notropis nivous .............. 

HybognnthuB nuchalis.. ..... Ncuae ltivor a t  Jlilbiiniie and I T,ittln ltivor nt finl(1ulmro 

Notropis ammnus ............ 
h-otropia matutinua. .......... 
Hybopsis kentuokionais ...... 
Notemigonus chrysoleucus ... 
Clupea sapidissima.. ......... 
Gambusia patruelia. .......... 
Lucius americanus ........... 
Lucius retioulatus. ........... 
An uilla anguilla rostrata. - -. 
Ap&edoderus snyauus - - - - - -. 
Pomoxis aparoid0s.. .......... 
Contrarobus maoroptorus. -. -. 

Lepomis aurituc.. ............ 
Lepomis holbrooki.. .......... 
Lepomlsgibbosus.. ........... 
Mioroptems dolomieu ........ 
Microptems snlmoides.. ...... 

Etheostom vitreum.. ........ 
Etheostomanigmmolmstadi.. 

Etheostoma peltatum.. ....... 
Etheostoma rounoku.. ........ 

Notropie proone.. ............ 
Notropis hudsonius .......... 
Notropis dbeolue . . -. . - -. . -. . 
Notropis niveus. ............. 
Notropis ammnus... ......... 
Notropis umbratilis matuti- 

Hybopais kontuckiensis ...... nus. 

Notemigonus crysoloucas .... 
Clupea sapidissima.. ......... 
Gambusia affinis ............. 
Lnoiua americanus.. ......... 
Lucius retioulatus ........... 
An uillaohrysypa ......... :. 
*parododorus saynnns.. ..... 
Pomoxis sparoides ........... 

Contrarohue muoroptorus . . ~. 

I burnie. 
LepomiN nuritus. ............. Little River a t  Goldsboro and 

NOUHO ltiver at Milburnio. 
Lopomis holbrooki ........... Little River at Goldsboro. 
Lopomis gibbosus ............ Moccasin Swamp near Golds- 

boro 
Micropterus dolomieu.. ...... Mocoaain Swamp near Golds- 

boro and NonseRiver &Mil- 
buruie. 

Microptarus salmoides ....... Moccasin Swnm ncar Golds- 
boro, Little l&er a t  Golds- 
boro, aud Neuae ltivor a t  
Milburnie. 

Etbeostoma vitreum ......... Neuse Xiver at Milburnjo and 
Little River a t  Goldsboro. 

Etheostoma nigrum olmstetli. Neuse River at Milburnie nnd 
LiLtlo Rivor n t  Goldsboro. 

Etheoatomapeltatum.. ....... Neuse River a t  Milburnie and 
Little River at Goldsboro. 

Etbeostoms roanoka ......... Neuse River at Milburnle. 

-. .................. 
Neuse River a t  Nilbuniie and 

Little ltivor n t  Golclsboro. 
Little Itirer nt, Goldsboro. 
Nouso River at Milhurnio. 
Little itivor at Goldsboro and 

Neuee Rivor a t  Milburnio. 
Nuiise Rivor a t  Milburnie. 
Neuse Rivor a t  Milburnie. 

Little I$irer at Goldsboro and 
NOUHO River a t  Milburnio. 

Little River at Goldsboro nnd 
Ncuse River a t  Milburnie. 

Little River a t  Goldsboro and 
Neuse lZiver nt Milburnin. 

Little River a t  Goldsboro and 
Neuw River a t  Milhnrnie. 

Little River a t  Goldsboro. 
Moccasin Swnm near Golds- 

boro nnd Litho Itiver at 
Goldsboro. 

Neuso River a t  Milburnie. 
Littlo River :It Goldsboro. 
Little llivcr nt Goldsboro Moc- 

ossiii Swnmp n t  GodIioro, 
and N ~ i i ~ e l l i ~ e r  at,MiIburnie. 

Moueriain Swninp near G o ~ ~ H -  
born and Little l t ivor at 
Goldshorl,. 

EnnencrintliiiHglori~Hii s..... .. 1inneac:iutlius gloriosus ...... Littlu River a t  Goldfiboro. 
Aoontharcliua poinotis.. ...... Acnntlinruhus pornotie ....... Jloi~cnsin Swnuip near Golds- 

Imrn 
Choenobryttus gdosus.. ...... Choenohryttua gulosue ....... Moccasin Swamp near Golds- I biiyand Nousn RivoratMil- 

I I - 
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The following is a list of all the species of fishes now known to occur in the Neuse 

River basin : 
1. Acipenser sturio oxyrhynchus (Mitehill). 
2. Lepisosteus osseus (Linnaons). 
3. Amia calva (Linnaous). 

4. Ameiurus catus (Linnaous). 
5. Ameiurus erebennus Jordan. Moccasin Swamp near Goldsboro (Jordan, 1890). 
6. Ameiurus natalis (Le Sueur). Yellow Cat. Littlo River and Moccasin Swamp, Goldsboro 

(Jordan, 1890). 
7. Noturus insignis (Richardson). Mad-Tom. Neuse River at Milburnie and Little River near 

Goldsboro (Jordan, 1890) j Raleigh. 
8. Noturus furiosus (Jordan & Meek). Neuse River at Milbnrnio and Little River near Goldsboro 

(Jordan, 1889 and 1890, type). 
9. Catostomus teres (Mitchill). “All  the  rivers of the  State” 

(Cope, 1870b). 
10. Catostomus nigricans Le Sueur. Hog Suoker; Hog Molly. Neuse River, Milburnie (Jordan, 

1890). 
11. Erimyzon suc,etta (Lac6pbde). Chub Snclcer; “Mullet.” Neuse River (Cope, 1890b) j Moccasin 

Swamp near Goldsboro (Jordan, 1890) j Raleigh. 
12. Moxostoma papillosum (Cope). White Mullet; (cRedliorse.” Nouse River, Milburnie, and 

Moccasin Swamp near Goldsboro (Jordan, 1890) j Walnut Creek, Raleigh. 
13. Moxostoma collapsum (Cope). Neuse River (Cope, 1870b, type). 
14. Moxostoma robustum (Cope). Neuse River (Cope, 1870h, type). 
15. Moxostoma macrolepidotum (Le Snow). Coinnion White Suoker; Large-scaled Sucker. Neuse 

16. Moxostoma crassilabre (Cope). Neuse River near Raleigh (Cope, 1870b, type); Little River at 

17. Moxostoma conus (Cope). Little River, Goldsboro (Jordan, 1890). 
18. Moxostoma cervinum (Cope). Jumping Mullet. Neuse River, Milburnie (Jordan, 1889 and 1890) j 

Walnut Creek, Raleigh. 
19. Hybognathus nuchalis Agassie. Silvery Minnow. Neuse River at Milburnio and Little River 

at Golds boro (Jordan, 1890) j Raleigh. 
20. Semotilus atromaculatus (Mitohill ). Creek Chub. Neuse River (Cope, 18708) j Walnut Creek, 

Raleigh. 
21. Notemigonus cryeoleucas (Mitchill). Golden Shiner; Roach; L ( S l ~ a d  Roach.” Neuse River 

(Cope, 1870b); Neuse Rivor a t  Milburnie (Jordan, 1890) ; Raleigh. 
22. Notropis hudsonius (De Wit6 Clinton). Shiner. Little River at Goldsboro (Jordan, 1890). 
23. Notropis amarus (Girard). Neuse River (Cope, 1870b). 
24. Notropis niveus (Cope). 
25. Notropis analostanus (Girard). 
26. Notropis megalops (RaAnesque). Redfin; Shiner. Neuse River (Cope, 18706). 
27. Notropis albeolus (Jordan). ‘‘ Shiner.” Neuse River a t  Milburnie (Jordan, 1890) j Raleigh. 
28. Notropis amcenus (Abbott). Neuse River at Milburnie (Jordan, 1890). 
29. Notropis photogenis (Cope). Neuse River mar Raleigh (as ~hotogcnis leucops, Cope, 1870b). 
30. Notropis umbratilis matutinus (Cope). Neuse River, Wake County (Cope, 1870b, type). 
31. Hybopsis kentuckiensis (Rafinesque). Horny-head; River Chub; Jerker. Neuse Rix er at Mil- 

burnie and Littlo River at Goldsboro (Jordan, 1890) ; Raleigh. 
32. Clupea sapidissima Wilson. Shad. Neuse River at Milburnie (Jordan, 1890). 
33. Gambusia affinis (Baird Rr. Girard). “Top Hinnow.” Neuse River (Copa, 1870b, type of Hap- 

34. Umbra pygmaea (De Kay). dlud Minnow; “Mudfish.” Ditch near Walnut Creek, Raleigh. 
35. Lucius americanus Gmelin. Ptke; Banded Pickerel. Neuse River (Cope, 1870b) ; Little River 

at Goldsboro (Jordan, 1890). 
36. Lucius reticulatus (Le Suour). Conimon Eastern Pickerel; Green Pike. Neuse River (Cope, 1870b) j 

Moccasin Swamp and Little River xicar Goldsboro (Jordan, 1890). 

Common Sturgeon. Neuse River (Cope, 1870b). 
Long-nosed Gar. Neuse River (Cope, 1870b) j Raleigh. 

Dogfish; Bowfin; Blackfish; Brindlefish. Neuse River (Cope, 18708); 
Moccasin Swamp near Goldsboro (Jordan, 1890) j Raleigh. 

White Catfish. Neuse River at Newbern (Cope, 1870b); Raleigh. 

Common Sucker; Fine-scaled Sucker. 

River (Cope, 1870b, as Ptycl~ostomics laclirymalis, type). 

Goldsboro (Jordan, 1890). 

“ Shincr.” Little River at Goldsboro (Jordan, 1890) j Raleigh. 
Neuse River (Cope, 18706). 

loohilus mclanops) ; Neuse River at Milburnie (Jordan, 1890) ; Raleigh. 
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37. Lucius vermiculatus (Le Sueur). Little Pickere2; ‘ I  Pike.” Raleigh. 
38. Anguilla chrysypa Rafiuesque. ‘JA1l Atlantic waters of North Carolina” (Cope, 

18706) ; Neuse River at Milburnie (Jordan, 1890) j Raleigh. 
39. Aphredoderus sayanus Gilliams. Pirate Peroh. Little River at Goldsboro (Jordan, 1890) j 

Raleigh. 
40. Centrarchus macropterus (Lac6pBde). Sunjsh; ccP2yer.” Neuse River (Cope, 1870b); Moccasin 

Swamp and Little River near Goldeboro (Jordan, 1890). 
41. Pomoxis sparoides (LacBpBde). Calico Bass. Neuse River (Cope, 1870b) j Neuse River at Mil- 

burnie, and Moccasin Swamp and Little River near Goldsboro (Jordau, 1890) ; Raleigh. 
42. Chaenobryttus gulosus (Cuvior & Valenciennes). Warmouth; Red-eyed B>*eam. “All streams of 

North Carolina east of the Alleghang Mountains” (Cope, 1870b) j Neuse River a t  Milburnie 
and Moocasin Swamp near Goldeboro (Jordan, 1890) j Raleigh. 

43. Acantharchus pomotie (Baird). Mud Sufish.  Moccasin Swamp near Goldsboro (Jordan, 1890) j 
ponds about Raleigh. 

44. Enneacanthus obesus (Baird). Neuse River (Cope, 18708). 
45. Enneacanthus gloriosus (Holbrook). Little River at Goldsboro (‘Jordan, 1890) j ponds about 

Raleigh. 
46. Lepomis auritus (Linntons). Pellow-belly. Neuse River (Cop,  18708); Neuse River at Mil- 

burnie and Little River a t  Goldsboro (Jordan, 1890) ; Raleigh. 
47. Lepomis holbrooki (Cuvier & Valenciennes). Little River a t  Goldsboro and Neuse River at 

Milburnie (Jordan, 1890). 
48. Lepomie gibbosus (Linnams). Pumpkin-seed; Sunny. “All the  rivers of North Carolina east of 

the Alleghany Mountains” (Cope, 1870b) j Mooomsin Swamp near Goldsboro (Jordan, 1890) ; 
Raleigh. 

49. Micropterus salmoides (LaoBpbde). Large-mouth Black Bass; WtZshm an”; “Trod.” Neuse 
River (Cope, 1870b); Neuse River a t  Milburnie and Little River and Moccasin Swamp near 
Goldsboro’(Jordan, 1890) ; Raleigh. 

50. Micropterus dolomieu LaotSppBde. Small-mouth Black Baas. Neuse River at Milburnie and 
Moccasin Swamp near GoldsForo (Jordan, 1890). 

51. Etheostoma vitreum (Cope). Neuse River, Wake County (Cope, 1870a, type) j Neuse River and 
Walnut Creek (Cope, 1870b); Neuse River at Milburnie and Little River at Goldsboro 
(Jordan, 1890) j Walnut Creek. 

52. Etheostoma peltatum Stauffer. Neuse River a t  Milbiirnie and Little River at Goldsboro (Jor- 
dan, 1890); Walnut Crcek. 

53. Etheostoma nigrum olmstedi (Storm). Neuse River a t  Milburnie and Little River at Goldsboro 
(Jordan, 1890). 

54. Etheostoma roanoka Jordan & Jenkins. Neuse River at Milburnie (Jordan, 1889 and 1890, 

Common Eel. 

type). . 
55. Achims fasciatus Lao6pbde. l%m&r77; Sole. Neuse River at Raleigh. 



5.-NOTES ON FISH-CULTURE I N  GERMANY. 

NOTES BY S. JAFFE ON INTENSIVE POND-CULTURE AT SANDFORT.’ 

I n  my pamphlet entitled (( Trout-culture” (published by Rockhorst, Osnabriick), 
I have earnestly warned persons who carry on pond-culture on a smsll scale not to 
introduce into their ponds artificial food that can not be reproduced in the pond itself. 
They should till their ponds the same as their fields, and stock them only with fish 
which the water of the pond will feed without much aid. They should cultivate and 
increase the live pond-food by introducing snails, mussels, small crustaceans, and 
useful aquatic plants, but should avoid all dead food. 

Wherever water, food, and energy are found, there is no reason why intensive pond- 
culture should not be carried on, I ’wouIcI, howover, lay special stress on the fact that 
this pond-culture can become remunerative only where there is ample water, food, and 
time. The principles laid down in this treatise have been successfully followed at 
Sandfort and other establishments foubded on the same plan. 

The water of an establishment where trout are to bc raised for mqrket should 
come from ample and steady springs; the ponds should be near, but not too close to the 
springs, which near their origin coutairi very little oxygen. It is useful to introduce 
brook or river water into the pond, so as to occasionally render the water turbid; 
but river water alone is rather hurtful on account of the rising temperature. To make 
the water in the ponds occasionally turbid is useful, not only because the particles 
of soil which are precipitated act as a disinfectant on the reinnants of food, but also 
because they furnish the trout, particularly in cemented and other entirely arti- 
ficial basins, those particles of earth which they need for the mechanical process of 
digestion. After the mater has been turbid for a short while, trout have invariably 
been observed to take to their food with particular readiness, and probably not merely 
because they had to fast while the water was turbid. 

It is difficult to state the minimurn quantity of water for a raisingpond; the hem- 
perature, the saturation of the water with oxygen by a strong fall, and other circum- 
stances will render changes in the quantity of water necessary; but no fish-cultural 
establishment diould be started without a steady total influx of 0.6 cubic meter (17.7 
cubic feet) of water per minute. 

If the poiids can get shade during the hot afcernoon hours from rising ground in 
the neighborhood they will be all the cooler, but the condition which will exercise the 
greatest influence on the quantity of fry to be put in the ponds, and on their safety, 

1 Intonsive Teichwirthschaft. Von S. Jafl6 h Stmdfort. Froin Allgomoino Fisclierei-Zeitung, 
No. 24,1894. 11. Jacobson, translator. 
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is the depth, which should be as considerable as the nature of the ground and the 
absolute necessity of occasionally draining the ponds will allow. Even if there is a 
heavy flow of water into trhe raising-ponds, they should not have a depth of less than 
1 meter (3.28 feet); and if it were not desirable to be able at all times to survey the 
bottom of the poud, through the mater, throughout its entire extent, I would rather 
have the depth 3 than 2 meters (10 rather that 64 feet). 

The bottom of the pond should slope gently toward the aperture for letting the 
water off. The enormous pressure of the water, which is necessary iii a pond of this 
depth, makes i t  desirable not to dam up the entire quantity of water, but to obtain 
at least half the depth by digging. It will be found advantageous to construct, if 
possible, several ponds (say four) at one and the same time, having a depth of 1.55 
meters (4.92 feet) and a surface area of about 9 by 20 meters (29.5 by 65.6 feet). 

It is necessary that every pond be arranged so that it can be absolutely drained; 
and it is an advantage if every pond has its inlet of fresh water independent of 
others. But with two pairs of ponds the lower ones should also receive the water of 
the upper ponds. The slopes on the banks and the bottom of the ponds should be 
well planed, and all hiding-places, sticks, stones, etc., should be removed, to provide 
for dragging nets through the ponds, which at a later period becomes necessary. 

It is advisable to sow watercresses (the seed can be obtained from any seedsman) 
on the bottom and slopes of the pond immediately after it has been finished, and let 
in the water only about a week later, uiiless it is preferred to.leave the second pair of 
ponds dry, to serve as reserve for emergencies. Wherever, in  intensive feeding, it 
becomes necessary to deprive especially the shy brook trout of every hiding-place, 
the watercresses, which will soon grow luxuriantly, will later furnish shade for the 
fish and homes for the small aquatic animals which are as much needed for food in 
these ponds as in natural ponds. Long bean-poles (say, four to every pond) are laid 
in ths surface of the water a t  regular intervals and bunches of watercresses are 
thrown among them; the cresses freely take root in the water and can easily be 
removed before the pond is dragged. 

So far, I have only had reference to ponds dug out of the ground and have ignored 
the existence of raisingponds constructed of boards or laid in with cement, such as are 
found in many places. These ponds, whose construction is very expensive, can be 
managed very easily, and the perpendicular sides afford good shade and a clear view 
of the entire pond. The growth of the fish, however, is very unsatisfactory in them, 
compared with ponds dug out of the ground (not to mention the smaller expense of the 
latter), and the excrements are not put to as good a use as in the earth-ponds, where 
the aquatic animalcula, which serve the purpose of removing refuse excrements, etc., 
thrive much better. I also think that trout make use of earth in digesting food. 

Other fish than trout should of course not be kept in the ponds, and if possible only 
one kind of trout should be kept in each pond (char in the coolest ponds, brook trout ' 

in the warmer, and rainbow trout in the warmest). It is urgently recommended to 
introduce into the raising-ponds, at the very outset, swamp snails, small crustaceans, 
etc., to furnish the fish as much good natural food as possible and provide a means of 
clearing the ponds of the refuse of food and the excrements of the fish. Wherever 
fish are crowded together in a small space, and dead food is introduced, the natural 
equilibrium is disturbed, and this should be restored as far as possible by the intro- 
duction of live animalcula. At Sandfort there are, above and between the raising- 
ponde, special smaller basins dug out of the ground, which are thickly covered with 
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vegetation and which successfully answer the purpose of supplying the watar with 
oxygen and live animalcula. For raising these animalcula I would not recommend 
ditches with standing mater and liquid manure. It is true that these ditches develop 
a vast quantity of suitable live food, but they also produce water-beetles and other 
injurious animals. 

The difficult question as to the proper quantity of fry to be placed in a pond can be 
satisfactorily answered to suit each individual case only. At  Sandfort 4,000 young 
fish are placed in autumn in a raisingpond with aln area of 180 square meters (1,937.6 
square feet) and a depth of 1.5 meters (4.9 feet), and as the principal object is to 
produce as fast as possible a fish weighiiig not more than one-fourth pound (the 
favorite weight), a11 small and weakly as well as all fry of excessive size are eliminated, 
and the normal fish measuring 8 to 11 centimeters (3.1 to 4.3 inches) are used for 
raising. Where artificial food is used, artificially raised and fed fry are the best, as 
fry from natural ponds are as a general rule not SO even in size aiid are not evenly fed. 
I am also of the opinion that they are more inclined to cannibalism than domesticated 
fish. 

The great .advantage which a fish-cultural establishment possesses over the 
culture of natnral ponds, is iu its ability to place its products on the market or retain 
them, just as i t  suits the proprietor. The natural pond puts its products on the 
market at the wrong time, either in autumn when tho season for selling trout has not 
yet commenced in the great fish market, or in spring after Lent is over. No wonder 
tha t  under these circumstances fish-dealers guard their interests by making only 
cheap offers. But fish-dealers also know where they can get fish at a season when 
ice covers the natural ponds, without ruuning any risk from short weight, losses from 
doath, and other causes. With some little care, a fish-cultural establishment can 
manage to have its fish ready for sale at the proper time and when they will fetch the 
highest price. 

Even if the young fish in course of raising are most carefully sorted, some will be 
retarded in their growth, while others will grow more rapidly than the rest. Those 
whose growth has been retarded (probably 10 to 15 per cent) should be placed in a 
reserve pond and fed there; customers for them will be found in the spring. Most 
fish, however, will have their full weight from October to December, and the regular 
rotation of A raisingpond can be completed within one year. Those fish which have 
grown more rapidly than the rest will, in a well-regulated fish-cultural establishment, 
serve €or selecting breeders for future campaigns; and if there arc largerponds it will 
pay (as far as rainbow trout are concerned) to keep these fish for two years longer. 

In stock raising-ponds it is, above everything else, necessary to have normslly 
developed and evenly sorted fish; and these are best obtained in autumn from the 
yearling ponds, immediately after the close of the fisheries. The fish are then in 
prime condition, and, owing to the cooler weather, transportation is cheaper than in 
spring. In  the raisingponds the fish will eat and grow all winter through, and a 
10-centimeter (3.9 inches) fish obtained in autumn will naturally turn out better than 
such a fish obtained in spring. 

As A general rule, it is very dif6cult to accustom the German brook trout to 
artificial food. It is a shy fish, and must be deprived of every hiding-place, and 
placed in pretty close confinement to induce it to eat artificial food. But its Scotch 
cousin, the 4‘ Loch Leven,” through domestication continued for several generations, 
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has not only lost much of its shyness, but by adapting itself to our circumstances 
has become a fish very closelyresembling the German brook trout, and is particularly 
well adapted to artificial culture. 

Our fish-culture, however, would hardly have reached its present height, if we 
had not adopted the two Americans, the char or American brook trout (Sulmo 
fontinalis) and tbe rainbow trout (#ulmo irideus). They must be considered as of 
primary importance in fish-cultural establishments. They will never crowd out our 
brook trout but will maintain a place in the public favor. The char, wherever it is 
known, already fetches a higher price than the brook trout; and the rainbow trout, 
which, owing to its enormously rapid growth, easily becomes too fat, finds a ready 
sale as a three-year-old fish, weighing from 1 to 3 pounds. 

At  Sandfort and several.neighboring establishments a ready market has rapidly 
been created for all the above mentioned kinds of trout. When sold a t  the ponds 
they fetch the following prices: Brook trout, rainbow trout, and char weighiug one- 
fourth to one-third pound, 3 to 44 marks per pound (71 cents to $1.07); large rainbow 
trout, 2& marks (69 cents). The 1ast.mentioned price pays better, as regards large 
fish weighing 3 to 5 pounds, which require but one young fish for raising, than 3 
marks (71 cents) for fish weighing one-fourth pound, where four are required to make 
1 pound. It is, of course, not possible to procure in every locality sufficient space for 
raising trout as large as that; in comparatively small ponds the fish will not reach 
such a weight in three or four years, even if there is an abundant supply of fresh 
water and very ample food. 

Fish need, as they grow older, more space and greater depth of water. At  
Sandfort, therefore, the two-year-old rainbow trout which have outgrown the desired 
weight and weigh about half a pound are (to the number of 600 or 700) placed in a 
pond having an area of about 1% acres and a depth of water of G feet, and there reach 
during one more year the weight of 3 to 4 pounds per fish. It is probable that the 
same result could be obtained in a smaller pond with a greater depth of water; a t  any 
rate, 1,400 fish averaging 4 pounds are, from one year to the other, kept in Scotland 
in a pond having an area of 30 by 70 meters (98.4 by 329.6 feet) and a depth of 4 
meters (13.1 feet). 

It will be useful to get a proper idea as to the quantity of food required per year 
in a trout-raising establishmeut of average size and to learn the cost of intensive 
artificial culture as compared with extensive natural culture. It sliould be remembered 
that trout are very settled in their way of feeding and that it is difficult to accustom 
them to a change in the color and consistency of the food. It will therefore be useful, 
from the very start, to select such food as can be obtained regularly and when mixed 
can be steadily given to the fish. It is true that it does not hurt the trout to fast for 
a few days, but regular feeding is nevertheless one of the conditions of success. 

Trout-raising establishments should, with the view to facilitate the sale of the 
fish, not be removed too far from the great highways, and if this condition is fulfilled 
it will also be easier to obtain food. 

Salt-water fish make excellent food for trout and can be obtained regularly and 
cheaply; and these, with the refuse from the slaughter-house, must be principally 
relied on. 

The fish-auctioneers at Hamburg, Altona and Qeestemiinde will gladly indicate 
the sources from which salt-water fish can be obtained. It is best to take such as are 
sold with the blood and entrails, as the sea scorpion and cod; herring are generally too 
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fat. Of slaughter-house refuse, the liver and lungs are the most important, and both 
are excellent. It is urgently recommended that only such food should be bonght as 
has passed the inspection of slaughter-house inspectors. Large pieces of animals 
which are not suitable for human food are also dangerous for fish, and only when they 
have been boiled (as is done in some slaughter-houses) so as to bind the albumen 
contained therein, is it advisable to use them. 

Both salt-water fish and the refuse froiri the slaughter-houses are ground fine 
in a machine made for the purpose (for establishments of the average size I would 
recommend No. 91, by Scheffel & Schiel, Muhlheim-on-the-Rhine, which, worked by 
hand, grinds 100 pounds in an hour) and then mixed; an addition of shrimp flour or 
meat flour is useful and gives consistency to the food. 

According to my experience, 5 to 6 pounds of such food will be reqiiired for 1 
pound of fish, provided the water is kept et the proper temperature-char, 120 RBau- 
mur (590 F.); brook trout, 14 to 160 RBaumur (63.50 to 680 F.); rainbow trout, 160 to 
180 RBaumur (680 to '72.50 F.)-which temperatures can easily be maiptained if the 
direction in which the sun strikes the ponds and t3he flow of water through the ponds 
are carefully calculateci. The cost of raising 1 pound of fish, including cost of admiu- 
istration and culture will in an average-size establishment be, a t  the very highest, 
90 pfennig (21 cents) per pound. For fish weighing from 1 to 5 pounds the cost of 
rearing will be still less. 

It is also recommended to use snails, caterpillars, etc., for fish-food. They will 
form an excellent addition to the above-mentioned articles of food. Even if the expense 
of collecting is rather high, I would give my fish nearly all the food of this kind 
which could be obtained. 

The trout i s  a very voracious fish. An average establishment which has, e. g,, two 
ponds of 4,000 young fish and intends to produce with these 8,000 fish, with a total 
weight of 2,000 pounds, will during one campaign have to procure 10,000 to 12,000 
pounds of food, or on an average 240 to 260 pounds of food per week (say 200 pounds 
of fish and 50 pounds of slaughter-house refuse). Even in summer fish-food can be 
kept sufficiently fresh for three days if placed in large earthen crocks, covered with a 
little salt, and washed by running water. Even average establishments will therefore 
be able to procure twice a week a 100-pound basket of salt-water fish by railroad. 

It is quite evident that, food being so cheap, a profitable intensivo culture is 
possible. The greatest danger to be feared is the possibility of epidemics; this danger 
can not be entirely eliminated, but I am justified in saying that (1) healthy food, (2) 
a sufficient supply of aquatic animalcula for destroying the refuse in the ponds, (3) 
ponds dug out from the ground which, after every campaign, are cleaned (both bottom 
and dopes), well supplied with watercresses, and lalid dry periodically, will form efficient 
preventives of epidemics. 

In summer the fish should be fed about sunset, otherwise shortly after noon, and 
they should never get more food than about 5 per cent of their average weight. They 
ought not to be fed in sultry weather nor wheq the temperature is considerably above 
2 2 O  RBaumur (81.50 F.). 

I strongly object to feeding-tables in these ponds. The food ought to be thrown 
to the fish with a ladle, and so little a t  a time that they catch it before it sinks to the 
bottom of tho pond. In using feeding-tables there is danger that the attendant, from 
sheer lazinesfi, will pour tho entire quantity on the table a t  once, thereby causing the 
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loss of a good deal of the food by its becoming watered, etc., not to mention that a 
feedingtable becomes a receptacle for decaying matter and enemies of the fish which 
fear the light of day. 

The duty of tending the fish should be in the hands of one person; and, if possible, 
the fish should not be disturbed by visitors. 

Fish raised for the market should, as long as the pond is well stocked, be caught 
with a smooth drag net, and the water should be allowed to flow off thoroughly; i f  
.this is observed their flavor is just as fine as that of the wild fish, although their flesh 
has not the same degree of firmness. The older fish are not in any way inferior to the 
wild fish; and the rainbow trout in particular, when older, gains an excellent, fialmon- 
like, pure flavor. On some estates, and especially in many factories (particularly 
paper mills) an establishment, as recommended above, will be possible and profitable 
and might, on account of the better supervision, be founded close to the house, in a 
simpler manner and within a small space. I have laid special stress on the advantage 
of such an intensive culture conducted on a small scale, but it is certain that it will 
also afford a good deal of pleasure to the cultivator. 

If, as in many cases, there are, near factories, dams with spring water which can 
be let off and which are to be devoted to intensive culture, though the area exceeds that 
referred to above, it will be advisable to put in a smaller number of fish, as in such 
cases the brook trout will not very readily take the food provided for it. I would 
confine the culture to the American fish, particularly the rainbow trout, and from the 
start arrange for a two year’s rotation and for raising large fish. The largest pospible 
fry should be selected (even if the price should be somewhat high), and not more than 
2,000 young fish should be set out per acre. The American fish will iu such ponds 
take to the food at once j and as far as the rainbow trout are concerned, it does not 
matter if there is a temporary stagnation i n  the pond. 

In  conclusion, I would state, a8 the leading principles of intensive pond-culture, 
the following: 

(1) Plenty of cool water and deep ponds. 
(2)  Use evenly sorted young fish whicli are accustomed to the food which is to be 

(3) Stock the pond pretty thickly, especially with the fry of the char and the 

(4) Never use inferior food. 
(6) At proper timos clear the ponds of all fish, dry the ponds thoroughly, and clean 

provided for them. 

rainbow trout. 

them well. 
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NOTES BY S. JAFFfi ON T H E  REARING OF YEARLING TROUT AT SANDFORT.’ 

Repeated inquiries as to the manner in which yearling trout are raised at  Sandfort 
have iuduced me to  give a brief sketch of our local experiences and manipulations. 
The results regularly obtained here (and which can be obtained in other places by 
similar methods, perhaps slightly modified to suit local conditions) presupposes a large 
and regular business, with the fundamental conditions of B regular supply of suitable 
water and ample opportunities for obtaining fresh food. The establishment must, 
moreover, have one suitable person devote himself entirely $0 the propagation of the 
young fish. It is also important, according to the Sandfort method, to know from 
what trout eggs the young fry are hatched. Fry whose progenitors were accustomed 
to artificial food are more easily and safely raised and (I lime refer to the different 
varieties of tliefurio) the result will be all the better the further back the pedigree 
of the tame generation goes. These experiences agree with those of English and 
American establishments, like the other experience, that the fish if possible shall leave 
fie egg in the’water in which it is to live during its helpless period, which extends 
into the summer. 

The manipulations employed in raisingfario and tlre American varieties of tho 
trout are nearly the same in the Sandfort establishment. Eggs of both kinds are 
hatched in thin layers in wooden troughs about 4 meters (13.1 feet) long, which, on 
the inside, are charred to the depth of 1 centimeter (0.39 inch). The breadth in the 
clear is 22 centimeters (8.65 inches); height, the same; the depth of water is 6 to 8 
centimeters (2.4 to 3.15 inches). The young fry, immediately after they have left the 
eggs, are placed in freshly cleaned hatching-troughs (about 15,000 in a box), which at 
the end have oblique sieves of perforated Rheet-zinc (perforation No. 9). The fry are 
not counted (the eggs are counted immediately before hatching), as the least touch will 
affect the mucous skin of the young fish and lay the foundation for fungous develop- 
ment. Healthy young fish will, wherever unfiltered brook water is used, entirely 
clean the bottom of the box, and until the loss of the umbilical bag little remains to 
be done except an occasional cleaning of the sieves. During this period the young 
fish lie densely packed closo to the inlet on a space extending hardly 0.25 meter (10 
inches) in length; and toward the end of the umbilical period the current of water 
passing through the box-which hitherto has been about 20 liters (5.3 gallons) per 
minute and per box-is strengthened and the solid lids of the box are replaced by lids 
made of fine wirework. Prom the very beginning of the feeding period a strong light 
is good for the young fish. 

As soon as the young fish begin to look around for food it should be given them. 
The food consists of fresh hogliver (that over a day old is dangerous), which is put 
through a small meat-chopper and then, with a knife, forced through a finely per- 
forated piece of sheet zinc (perforation No. 4, pin size) and afterwards mixed with a 
ra,w egg, in the proportion of two eggs to one,hog’s liver. During the first time, one 
hog’s liver and the ahtention of one person me sufficient for daily serving four boxes, 
each containing about 16,000 young fish. 

I Die Aufzuoht von Jahrfingen in Sandfort. Von S. Jaff6. From Allgemeiue Fischerei-Zeitung, 
No. 9,1895. H. Jacobson, translator. 
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This food is given by the teaspoonful from a feeding spoon, which is covered with 
zinc (perforation No. 4 for char, No. 6 for other salmonoids) and from which the pulp 
gradually sinks under the water. The young fish take to this food very readily, but 
only when it is driven toward them by a strong current. Trout will not, till far into 
the summer, skirmish for food. The fontinalis andfario act very differently in taking 
their food. The fario kinds (and I include among these the Scotch Loch Leven) 
remain close to the bottom, and only a movement of the head indicates that they are 
taking food; the fonfiinalis are distributed throughout the entire depth of the water 
and almost rush a t  the food. In  order to satisfactorily raise the young fish it requires 
extraordinary patience and great care not to let any food fall to the bottom unused. 
The young fish soon learn to gather at the head of the trough, and the sooner they 
do this the better are the prospects of success. 

Fry which have been badly raised or hatched-and I include among these both 
fry from too young parent fish, apparently looking very nice in the eggs, and those 
which in a closely packed hatching-apparatus have not received a sufficient supply of 
oxygen in the egg during hatching-will perish at this stage; and I can not sufficiently 
urge the necessity of obtaining eggs (unless they have been laid and hatched in the 
establishment itself, which is of course preferable) only from thoroughly reliable 
establishments, whose eggs may be somewhat higher priced but whose careful 
management is a sufficient guaranty for a good article. 

Failiire to raise young fish is in many cases caused by .mistakes made in remote 
stages of the development of the eggs or the parent fish. Whenever fry perish it 
is by no means right to seek the cause in recent occurrences, as the feeding of the 
parent fish and the hatching of the eggs may have had a great deal to do with it. 
The great care which is essential for producing high-grade eggs will naturally limit 
their production and will justify the higher price asked. 

Eealthy fry will, as soon as they commence to eat, give very little trouble. In 
addition to the utmost care in giving the food to  the young fish it will be necessary 
to thoroughly clean the boxes at least once a week. A nail-brush with strong bristles 
will answer this purpose admirably, and, after the water has been let out of the 
hatching-trough until it is only an inch deep, the sides are thoroughly brushed, 
commencing at the head. The young fish skillfully evade the brush and are rarely 
injured. From the commencement of the feeding period the water in each trough is 
twice a day made thoroughly turbid by pouring in a bucketful of water and rich sod 
soil mixed. After this has been done the young fish will always take their food more 
readily. After they have been thoroughly accustomed to take the food the troughs 
are emptied by taking out the bung at  the end and t’he young fish are swept into 
large buckets with the mater. Prior to this the Sandfort “ nurseries ” (large raising- 
boxes) are laid a t  anchor in the open bed of the brook near the hatching-house by 
being fastened to boxes and poles. 

These “nurseries” are strong boxes made of wood 18 inches thick with a well- 
finished and tightly fitting bottom of wood three-fourths inch thick. The sides are 
covered with plates of perforated zinc (perforation No. 9) and the boxes are furnished 
with closely fitting lids, which are covered with wirework and admit as much light 
as possible. The boxes should be placed in a, strong current, and the stronger the 
pressure of water which the young fish have to  resist the stronger and healthier they 
appear to be. The Sandfort brook is a mill stream with a very irregular current, 
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frequeritly rendered turbid by rainstorms, and with a depth of water varying from 
0.5 to 1 meter (1.6 to 3.28 feet). After the mater lias become turbid the young fish 
appear to be in particularly fine condition. Each box now contains 10,000 to 20,000 
young fish-the smaller number if brook trout, the larger if rainbow trout. It is 
customary iii Sandfort to pour the tiny fish, immediately after they have been hatched, 
into these “nurseries7’ and to begiu the feetliiig process, which with the rainbow trout 
is very easy, in these boxes. As the young fish grow the food is gradually changed 
to ca81f-liver without egg and then to beef-liver, which in June is fed to the fish jus t  
as i t  comes from the chopper. The feeding process has now become exceedingly easy 
and consists in simply throwing the food into the boxes with a common spoon. One 
person can easily serve six and later even ten boxes. 

I n  June the young fish are transferred to earth-ponds and sorted closely according 
to their size. The use of iLnurseries,77 
especially for young rainbow trout, has the advantage of great safety and cleanliness. 
The boxes are, after every campaign, covered with a coating of asphalt lac, and 
thus last for years. While the young fry are in the boxes, the earth-ponds can be 
thoroughly cleaned and dried; and as they are filled again late in the season (in 
June) a, limit is tlius set to the development of larva and vormin. The cost of such a 
box, according to its more or less careful fiuish, varies from 50 to 70 marks (811.90 to 
$Ici.GG), wliich can hardly be considered too much, in view of the comparatively high 
value of the yearlings produced. 

Of fourteen boxes which in 1893 were used in the Sandfort establishment, those 
containing rainbow trout yielded the best results. One box, which had been stocked 
with young fry from 20,000 eggs, produced iu Juue over 17,000 young fish. It is 
possible to keep the young fish in the boxes till Noveinber, in smaller numbers (up to 
5,000) j but, from June on, the growth in the earth.ponds is much more satisfactory 
than in the boxes, especially as in ponds filled late in the season young fish find an 
ample supply of natural food, such as Cyclops and other small crustaceans, and later 
the small pond-snails. 

The oiily objection which could be raised against this system, which is apparently 
based entirely on artificial food, is that such fish would not be able to get their food 
in a brook or opeu pond. But apart froin the fact that the instinct for seeking food 
and for self-preservation is exceedingly strong in all animals, the well-fed young fish 
from the fish-cultural establishment will surely carry with him a greater reserve of 
food tlmn the hungry wild fish, and would be more apt to push the latter sway from 
the food than perish. Fish ca8n (and this is hardly sufficiently known) live a long time 
without any food whatwer, and even lose 50 per cent of their weight without perish- 
ing or losing the faculty of seeking food. To see how fish which have just been fed 
will go gnat-hunting, it will be sufficiont to watch yearling ponds, like those at Sand- 
fort, some afternoon or evening. Tho eye can not quickly enough count the fish which 
leap out of water for giiats. If this is not sufficient proof all that will be necessary 
will be occasionally to dissect an artificiallyraised fish, and see what its little stomach 
contains, in addition to the artificial food, in the shape of snails, gnats, and small 
crustaceana. 

Henceforth the losses will be very few. 
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FISH-CULTURAL METHODS AT THE AGRICULTURAL SCHOOL AT FREISING.' 

ZTot far from Munich is the little town of Freising, one of the most ancient places 
in Bavaria. At this place the ancient Benedictine convent of Weihenstephan has 
been converted into a school of agriculture and a modern brewery. When I learned 
that instruction in fish-culture mas given at  this school I was glad to accept an 
invitation of Professor Steuert, who has charge of the instruction in fish-culture 
and the care of fish, to visit Weihenstephan, and on December 12 I went there to 
study the methods pursued. All the arrangements m e  exceedingly simple. As the 
buildings of the ancient convent lie very high abovo the stream which flows through 
the town, the supply of water for the entire institution has to be forced up by a 
steam pump. From the general reservoir a small pipe leads the water to  the place 
where the fish-cultural section of the establishment is located. 

This section, which is intended both for hatching and rearing trout, consists of a * 

large box whose bottom is elevated a little above the ground. On this stand two Le 
Petit apparat'us, which serve as filters, the hatching apparatus, and, when the fish 
have developed, an apparatus for raising larvs. Fig. A shows the appearance of the 
box. The mater flows into the apparatus through the pipe T,  is filtered, flows through . 
the box and out into a collector at  the side of the apparatus. Thence it i s  led into the 
collecting pipe R, whicli pours the water over a wheel m, which is in the trough t, 
above the surface of the water, and is thereby kept in rotation. In the trough t the 
young fish are generally kept till they are seven to eight months old. At the time of 
my visit Professor Steuert had in this trough both rainbow trout, which had been 
hatched last spring, and brook trout which had been used iu autumn for sup2lying 
roe. All of these fish had been fed during the last few months on cheese, which 
seemed to have made them grow healthy and strong. 

Fig. B gives a profile view of' the apparatus. To keep out the cold of winter, the 
inner walls of the box had been liiied with straw h. We fouud the water warm enough 
to prevent all danger of freezing during ordiriary winters. As both tho  Lc Petit 
apparatus and the wheel tn (fig. A)-the so-called LLfeeding wl~eel'~-liave been 
thoroughly tested aud found to answer, a drawing and a short explanation of the 
apparatus may not be out of place. 

Pig. 1 shows the apparatus, viewed from the side, and a section of part of it. At 
a the water enters the apparatus, which is filled for about two-thirds of its height 
with gravel e, serving as a filter. Above this layer of gravel there is A perforated 
vessel (sieve), on the bottom of which the fish eggs are spread. Through the pipe d 
the water flows out into the collector above referred to. The apparatus is closed by 
8 lid which has a small glass window at the top. After the young fish have been 
hatched and placed in the trough, and have grown so large that they begin to snap 
after larger morsels of food, the apparatus is made to answer another purpose (fig. 2.) 
The gravel is emptied out, the perforated vessel is taken away, and a frame with a 
coarser grating c is laid in the apparatus. On this  frame meat (refuse from butcher 
shops) is placed, the lid is put on, and a cover is placed over the little window. 
Through the opening 2, flies go to seek the meat and lay their eggs thereon. 

I Letter from Bavaria, translated by H. Jacobson, from Fiskeritidskrift for Finland, Na. 2, 
Heleingfore, February 17, 1895. 

__- _I_ ---__ -- 
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When the larva have developed in the meat, the window is opened, so as to cause 
the larva, through the influence of the light, to go to the bottom. A stream of water 
is now let in through a, which drives the larvaD into the pipe c (fig. 2). Below this 
the trout gather in schools and watch for the food carried out with the water, with 
such eagerness that it is impossible for the larva to escape their voracity. On this 
fare the young trout thrive marvelously, and grow large and strong. The greatest 
a,dvantage, however, of this arrangement is in the circumstance that there is no 
refuse to render the water impure or actually dangerous for the young fish; which is 
greatly to be feared when young fish are fed on liver or similar articles of food. 

The so-called ((feeding-wheel” consists of a cylindrical tin tray about 14 centi- 
meters (5.4 inches) in diameter, and 5 centimeters (nearly 2 inches) deep (fig. 3). The 
outer rim of the cylinder is perforated at d d d (fig. 4), and is provided with paddles 
e e e e e. The cylinder is moreover provided with an axletree. As this rests on two 
supports, and as a stream of water is forced against the paddles in the direction 
of the arrow (fig. 3), the cylinder is made to rotate, which motion causes the finely 
ground food inclosed therein to be gradually ejected through the apertures d d d. 
The young fish, which soon find this out, gather under the wheel-tbe waterfall-and 
catch the food. This arrangement has all the greater practical importance in feeding 
young trout, because, when the dah are fed by hand, they never get that portion of 
the food which falls to the bottom. 

THE COURSE OF INSTRUCTION OF THE BAVARIAN FISHERY ASSOCIATION.’ 

I had the pleasure of receiving an invitation from Professor Steuert, who is a 
member of the Bavarian Fishery Association, to attend its course of instruction, 
where both theoretical and practical instruction in fish-culture are given. The 
meeting was held in the old building of the Royal Academy of Fine Arts, in Munich. 
The excellent work of the association was spoken of, and attention was called to the 
fact that the results were not solely clue to prwtioal work, but also to the aid which 
the association had at all times received from the scientists of the Munich University. 
Waters which were formerly fishless had been stocked with suitable kinds with such 
Buccess as to give them a perfect wealth of fish. 

A lecture by the well-known zoologist, Dr. Hofer, lasted from 10 a. m. to 7 p. m., 
with a recess of two hours. The lecture was in three parts: (1) Biological descrip- 
tion of the kinds of fish which form the subjeat of the association’s fish-cultural efforts; 
(2) the proper care and protection of the fishing waters; (3) fish-food. 

Among the fish which the association had cultivated the speaker mentioned: 
Oarp, tench, perch, bass (American), eel, trout (rainbow trout), German brook trout, 
American brook trout, and Alsace trout (a cross between the American brook trout 
and the European trout), grayling, gwiniad, eta, and finally the pike. 

The speaker said that the carp was not indigenous to Germany, but was now 
found everywhere. He exhibited a number of select carp, which by cultivation had 
reached large and well-rounded dimensions, and which differed very much from the 
so-called peasant’s carp, a small and insignificentJooking fish. There are two kinds 

1 Letter from Bavrtris (concluded), trans1:ited by H. Jacobson, from Fiskeritidskrift for Finland, 
February 17 and March 16, 1895, Helsingfors, Finland. 

I?. C. B. 1806-21 
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of select carp in Germany, viz, Bohemian, which has a more elongated, and the 
Galiciaii, which has a rounder shape. 

It was formerly thought that carp lived on vegetable food, but i t  is uow definitely 
settled that snails, crustaceans, and other small aquatic aiiirnals form its principal 
food. The carp gets albumen arid soluble hydrates of carbon also €rom plants, and in 
many places it is therefore fed on boiled potatoes. \For spawning the carp need water 
having a temperature of at  least 140 t o  150 Reaumur (63.50 t o  (36.750 I?.); 180 Reaumur 
(72.50 F.) may be considered the best average temperature for the carp, and i t  can 
even stand 250 to 280 RBaumur (88.250 t o  950 F.) without difficulty. With abundant 
food it can reach the weight of 4 pounds at the age of one year. Under ordinary 
circumstances it weighs 1 pound at two years, 24 to 3 pounds at  three years, and 3 to 
5 pounds at four years. In  many localities there is a demand for carp of a certain size: 
and owners of carp ponds must bear this in mind. An idea of the vast extent to which 
carp are raised in Germany mtty bo gathered from the circumstance that Prince 
Schwarzenberg annii&lly spends 250,000 florins ($100,000) for ground Geat for feeding 
his carp. Mr. Burchardt, a prominent fish-cnlturist, received from Prince EIatzfeld 
40,000 marks for bringing the prince's ponds up to a higher state of productiveness. 

Perch are now quite common in Bavaria, but are not well suited for ponds. In 
their place American bass, both small and large mouth, have recently becn introduced. 
The large-mouth, which can stand water of a high temperature, reaches the weight of 
20 pounds. The small-mouth bass, on tlie other hand, requires colder water. The 
fish increase rapidly and with certaiiity. especially as the young are protected from 
enemies by their parents. For spawning they require ;I rocky bottom or one covered 
with coarse gravel. As perch grow slowly and generally do not reach a greater 
weight thau 3 pounds, they should be supplanted by this more valuable ash. In 
Munich bass bring 24 marks (59.5 cents) per pound. 

The raising of eels is exceedingly profitable in Germany. One hundred young 
eels set out in a pond yielded 2,000 kilograms (4,410 pounds) of eels after three years, 

The trout is very generally raised in Germany. It requires running water, but 
some kinds thrive in ponds. The common brook trout ( f l d m o  fario) is not found in 
water of more than 180 Reaumur (72.50 F.). It is a predaceous fish. 

The rainbow trout (Salmo irideus) which comes from the west coast of America, 
can stand both cold and warm water, the latter up to 250 Reaumur (88.250 F.). This 
alone makes it suitable for fish-culture. It spawns in spring, April and May. In  
cold water it reaches the length of 12 centimeters (4.7 inches) during the first year; 
22 centimeters (8.7 inches) during the second year; 28 centimeters (11 inches) during 
the third year, and is then ready to spawn. The male fish are ready one year sooner. 
Under very favorable circumstances, and in water of high temperature, three-year-old 
rainbow trout haw reached a weight of 5 pounds. It is much easier to raise this kind 
of trout than the common brook trout. It takes food much easier, is not predaceous, 
and is admirably adapted for pond-culture. 

Of late years a brook trout (flalvelinus fontinidis) imported from America has 
been raised considerably in Germany. I t  has a, dark-red belly and fins. It is found 
in very cold water, having a temperature of 70 t o  80 Reaumur (47.750 t o  600 F,), and 
grows faster in such water than other kinds of trout. 

The speaker exhibited a cross between the Gerinaii and the American brook trout, 
which has been called the Alsace trout. It is fatter elid larger than the American and 
is best suited for small streams. / 
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As regards the care of fish water, great stress was laid on tlie proper pains in 
establishing and maintaining the spawning-places. In l’russia certain spawning-places 
were protected all the year around in all larger sheets of water. The speaker did not 
consider it useful to place entire bays and coasts under protection, as these places 
then become favorite places of sojourn for predaceous fish. Arrangements should be 
made not to  place in ponds too inany kinds of fish living on the same kind of food, 
but rather such as live on diflerent kinds of food. In this respect special regard 
should be had to shoal-water fish and to deep-water fish. Fish waters cared for in 
this manner have yielded good results in Bavaria. 

As regards the pike the speaker stated that it was one of the most unsatisfactory 
fish for raising, on account of its voracity. Experiments had shown that it took 47 
pounds of meat to raise 1 pound of pike. A beginning, however, bad recently been 
made to raise pike in special ponds having a good supply of small fish. This had, for 
instance, been done in ponds having too large a stock of carp. 

In regard to art(fioia1 imprepation, the speaker stated that, since the so-called 
dry method 77 had been adopted, the percentage of impregnated eggs liaci increased 

from 50 to 80 or POper cent. Numerous investigatious had shown that the spermatozoa 
of the male fish do riot live in the water longer than 23 seconds, duriug which short 
time the eggs are not nearly all impregnated. Immediately after impregnation the 
eggs are very tender t o  the touch; and the fact? had been positively ascertained that 
if a few deys after impregnation the roe is disturbed on the frames in the apparatus, 
many eggs will perish. The germ in the egg is specifically lighter than the fluid 
contained in the shell, for which reason the germ always rises to the top. If the egg 
is turned, the germ again rises to the top, and this causes such D disturbance as to 
make the impregnated egg die. This does not apply, however, to gwiniad, perch, and 
some other kinds of fish, whose roe develops best if it is well stirred in apparatus 
speoially constructed for the purpose. 

The speaker fiually showed, greatly maguified, the priiicipal small aquatic ani- 
mala which serve as food for fish. Experience had shown ehat Daphnia-very small 
crustacea~is, most of them iueasuriiig 110 more than 1 to 2 millimeters in leugtli (0.04 
to 0.08 inch)-if properly ti eated, can be brought to a great degree of productiveness. 
The method is very simple. A ditch or small pond is filled with dry leaves, suitable 
aquatic plants, and manure (opinions differ as to the kind of manure to be used); a 
number of Daphnia are planted there and under the influence of the summer heat 
develop very rapidly, If the water in the ditch is allowed to flow through a pipe into 
the pond where the young trout are kept, the fish will thus be supplied with a sufficient 
quantity of natural food. When tlie fish are larger they are fed on larva of flies raised 
in Le Petit’s apparatus. As the larva often grow too large for the fish, this difficulty 
is obviated by placing a fine grating before the opeuing of the apparatus so that only 
smaller kinds of flies can enter and lay their eggs; whereby, of course, smaller larva 
&re obtained. As the air becomes cooler t.oward autumn the young fish are fed on the 
roe of salt-water fish (especially cod roe), which can be bought very cheap. When- 
ever the temperature is higher, the roe should be slightly salted and afterwards well 
soaked before it is fed to the fish by means of the feediug-wheel. 

After the fish have grown they are distributed in salal1 ponds measuring 15 to 20 
dlquare meters (161.5 to 215.3 square feet), which are always kept supplied with 
aquatic plants producing fish-food. The trout are now fed on a mixture of 30 per 
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cent blood and 70 per cent flour, dried and pressed through an apparatus which 
makes it come out in the shape of worms. Grown trout may also be fed on fresh 
refuse from butcher shops, but there should be an ample supply of fresh water in the 
ponds and suitable aquatic plants, in case the trout are fed on such refuse. Two- 
year-old trout are most in demand in the fish-ma,rkets. 

The Starnberg Fish-Cultural Establishment, mhich belongs to the Bavarian 
Fishery Association, is near the little town of Starnberg and the large lake of the 
same name. This establishment, which is not very favorably located, was considerably 
enlarged and improved two years ago. The supply of water is furnished almost direct 
by the seven springs from which the little stream called Der Sieben Quellen Bach- 
the Seven Springs Brook-takes its origin. As the fall is but short and not very 
abrupt the water is led into the hatching-house through an iron pipe and forced to the 
height needed for the apparatus. On the higher bank of the stream a great many 
ponds have been dug, in which trout of different ages and of different kinds are raised. 
Mr. Le Petit has made several experiments in crossing diflerent kinds of trout. He 
finds that it is of the greatest importance i n  what order the sex is employed. 

The establishment yields a net revenue of 3,000 marks per annum ($714), and is 
expected to yield a great deal more after everything is put in proper working order. 
I was informed that some private establishments yield an annual revenue of 16,000 
marks ($3,570). 

The visitors witnessed the so-called (6 striking” of trout, i. e., the impregnation of 
trout eggs. In  doing this, Mr. Le Petit, who was considered’to possess great skill and 
experience in these matters, employed a method halfway between the so-called dry 
and wet methods. First the roe was squeezed into a tin vessel and then the milt from 
the male fish. Then water was poured in the vessel; the milt of one more male fish 
was squeezed into it; the whole was thereupon stirred with the hand, the water was 
poured off, and the roe was slightly rinsed with the remnmt of the wator. After the 
eggs, impregnated in this manner, had been allowed to stand about five minutes in 
clean water they were pIsced in the apparatus for further development. The result of 
the impregnation was stated to  have been very favorable, as high as 90 per cent.’ 

As the wator used in the establishment has a natural temperature of 60 Celsius 
(42.80 I?.), the eggs develop very rapidly, so that the eyeqots  become visible after 
36 days. The quantity of water used is 2.38 gallons a minute for each apparatus. 

In January I again visited the establishment to take further observations of 
some of its arrangemmts, and during the same trip I also visited the fish cultural 
establishment near Muhlthal belonging to Prince Ludwig of Bavaria. This was 
founded two years ago, and allpears to be arranged in a very simple and practical 
manner. The supply of water is furnished by a large spring. Here I had an 
opportunity to see a very large number of rniiibow trout, born April, 1894. These 
trout, which were of considerable size for their age, were crowded together in a dense 
mass below a 6‘feeding-wheel” containing cod roe. I n  an area of about 400 square 
meters (4,305.6 square feet), 10 small ponds had been dug, in which fat trout of 
difl‘erent ages were basking in the sunshine. The water is introduced into these 
ponds through iron pipes. 

* Special stress is laid on the fa& that it  cost a good deal to gain the experience that only trout 
seven to eight month8 or, better still, one year old, giiarantee the reproduction of trout in maters 
whioh are to be stocked with these fish. 
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6.-REPORT OF A RECONNOTSSANCE OF THE OYSTER REDS OF MOBILE 
BAY AND MISSISSIPPI SOUND, ALABAMA. 

BY HOMER P. RITTER. 
Assistant, Uhted Sfales bird m t d  Geodetic Survey. 

INTRODUCTION. 

On February 1,1894, I was detailed by the Superintendent of the United States 
Coast and Geodetic Survey to conduct, under the direction of the United States 
Colnmissioner of Fish and Fisheries, an iuvestigation relaive to the oyster beds of 
Mobile 'Bay and vicinity. Having received the necessary instructions, and having 
obtained from t'he office of the Coast Survey the requisite instruments, projections, 
charts, and other data for carrying on tho inquiry, I proceeded on February 7 to 
Mobile, Alabama, where a tugboat had been placed in readiiiess for the work. 

The party consisted, besides myself, of Mr. W. F. Hill, assistant, United States 
Pis11 Commission, and Mate James A. Smith, United States Navy, with the addition 
of a leadsman, who also acted as boatman, oyster pilot, etc. The crew of the boat 
comprised Capt. Barclay Spottswoods, &u engineer, a fireman, and a cook. 

The instrumental observations mere made conjointly by Messrs. Smith, Hill, 
and myself; and in running sounding lines the captain of t h e  boat acted as pilot. 

Field operakions began on February 10, aud were continued until March 24, when 
the party disbanded. Soon after my return to Washington I was ordered to Alaska. 
During the summer the field notes were reduced and platted by Mr. W. F. Hill, mho 
has also done coiisiderable of the collating, measurement of the areas, and detailed 
description of the oyster beds. 

During the time that the survey was made, extensive freshets prevailed in the 
streams tributary to Mobile Bay, nearly filling the entire bay with fresh water arid 
extending far into Mississippi SOUnd, SO that it was considered desirable to take an 
additional series of densities at a time when inore normal conditiolis prevailed. Upon 
my return from Alaska I was therefore ins~~UCted to make another visit to Mobile 
Bay, where I succeeded in chartering a sma11 oyster schooner, and from December 1 
to 7 made a series of density observations distributed over the oyster-bearing portion 
of the bay. 

INSTRUCTIONS. 

The instructions issued by the Commissiouer of Fisheries for the guidance of the 
party in conducting the observations, and which mere adhered to so far as the time 
and weather permitted, were essentially as follows : 

It will be the specie1 object of the investigation to determine- 
1. The positions, outlines, and characteristics, and tho general richness of the oyeter beds located 

in the waters of Mobile Bay and Mississippi Soiind, within the boundaries of the State of Alabama. 
2. The positions, outlines, and characteristics of all areas Of the bottom, iu the same region, whioh 

appear to be suitable for the planting of oysters, either (a)  in their prcsent or natural oondition, or (a) 
after preparation. 

325 
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It is considcred most important to  complete the survey in Mobile Bay first, and then t o  carry i t  
through Mississippi Souud to such an cxtent as the tinlo will permit. 

By the term oyster bod is understood an accumulation of oysters of sufficient extent and produc- 
tiveness to  permit of its being worked with more or less profit by tho customary methods of oystering. 
That any collection of oysters is orititled to  be so designated may be determinod by the testimony of 
the oystermen of the region, one of whom will be ciigaged as pilot, and by the actual examination 
of specimcns obtained by tonging or by other means. A11 deposits of oysters, however, whether of 
workable extent or not, should be taken into consideration and be appropriately described and platted 
upon the chart. Areas of bottom suited to oyster planting sild growth are generally considered to  be 
such as are sufficiently firm to prevent tho oysters from sinking into the bottom and at the same time 
possess suacient  cohesion to resist the shifting action of the waves, all other conditions being also 
favorable. Very soft, muddy bottoms are unsuitable, but  thosc of a somcwhat firmer consistency can 
often be reurlered appropriate by first covering them with nlayer of stones and &ells, and such areas 
should be noted. In fact i t  will bc best to  so indicate upon a chort the conditions of the bottom 
throughout the bay, where tlio conditions are otherwise suitable, that  all of its charactcristics in  this 
respect may be plainly brought out. 

I n  connection with this subject, however, it is of prime importance to  determino the density or 
saliiiity of the water, the observations upon which may alone be sufficient t o  show the unsuitableness 
for oyster growth of any portiou of the bay or sound. Density and temperature observations should 
therefore be made over the entire bay and sound, to the extent of asoertaining with certainty the 
conditions of their waters in this respect in all parts during the continuance of this survey; and from 
local authorities information should be sought concerning the greater influx of fresh waters during 
freshets i n  rivers tributary to  the bay. Officers of the  United States Engineer Corps now stationed 
a t  Mobile may be able t o  furnish this information. The minimum density i n  which oysters are 
considered to grow to advantage in Chesapeake Bay is about 1.0100 or 1.0110. 

This survey will be regarded as in the nature of it reconnoissauce, and the work should be pushed 
as rapidly as seems to  you expedient. It will be best, however, t o  make collections of oysters from 
time to time, by means of tongs or such other methods as are available, and the specimens preserved 
for transmission to  Washington. Specimens of any natural enemies of the oyster which you may 
discover or which the oystermen may point out shoulrl also be preserved for future study. 

It is not considered advisable to  spend more time in  those parts of the bay wliere oysters do not 
occur or could not be macle to  grow than iimy bc regarded by you as nccessary to establish those facts. 
From information now a t  hand i t  seems probable that the existing beds in the bay are confined to the 
lower par t  of the bay, and chiefly t o  the eastern and western sides. It is  therefore possible that  your 
work will be mostly limited to  those localities, so far as the bay is concerned, auil that you may be 
relieved from a detailed consideration of other parts of the bey, after they liavc been riubjccted to  a 
rapid examination. 

Mate James A. Smith, United States Navy, and Mr. W. I?. Hill, assistant, United States Fish 
Commission, who will be members of your party, have both had considerable experience in  this 
character of oyster investigations, and they will be able t o  advise you as to  many details which 
have not been explained in  these instructions. 

It is requested that  tho results of the investigation be presented in the form of a chart and 
descriptive report suitable for publication. The chart should show, by means of colors, tho distribution 
of oysters iu the  bay and sound (their relative abundance bcing indicated by rlifferenccs i n  intensity of 
coloring), the  areas of bottom suitablo for oyster-planting, and a11 other areas which may be considered 
as offering no opportunity or advantages for oyster growth. 

METHODS U S E D  A N D  SUMMARY OF WORK. 

The areas and location of the oyster beds were determined by the ordinary 
methods in use in  hydrographic surveying. A chart projection of the locality to  bo 
examined was obtained from the Coast and Geodetic Survey before starting for the 
field. On this projection there had been platted triangulation points, shore lines, and 
other data from Coast Survey records. Upon arrival in the field some of the triengii- 
lation points were found and signals erected thereon ; and such additional intermedi,ate 
signals as were needed were put up and located by triangulation (sextant). In  the 
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execution of the survey there were erected seventeen of these tripod signals, which 
with flag pole were about 20 feet high. These signals, together with known triangu- 
lation points, such as Mobile Bay Light, Fort Morgan Light, Sand Island Light, 
and others, enabled us to locate ourselves in any part of the bay at  all times. 

Most of the signals were erected by Mr. James A. Smith, whose general executive 
ability and long experience in hydrographic surveying were of much value in the 
successful execution of our work. 

The met’hod of procedure was generally as follows : After having obtained from the 
local oystermen the approximate position of tho‘ oyster beds, or :‘reefs” as they are 
locally designated, the locality in the iininediate vicinity was subjected to a careful 
examination by running D series of sounding lines covering tlie entire area. The 
soundings were taken with a pole whenever the depth permitted it. In  addition, a 
chain let off from the bow of the tug and dragging along tho bottom was found to be 
of great assistance, the lack or the intensity of the rambling of the chain invariably 
indicating whether it was passing over mud, sand, broken shells, or live oyster beds. 
A s  often as necessary the position of the boat was fixed by measuring with sex- 
tant the angles between three or more of the triangulation signals. In this maimer 
a sufficient iiumber of points lnarkiiig the outline and extent of the oyster beds 
were determined. Frequent stops were made and samples of the bottom dredged up 
and examined. 

During most of the time that the survey was in progress, tidal observations were 
made ;n the bay a t  Shellbank Bayou. Froin these observations a mean low-water 
plane was established, to wliicli the soundings shown on tlie chart have been reduced. 

In determining the density of the water, United States Fish Coiiilnissioii hyclro- 
meters Nos. 7114, 7164, 7145, sild 7162 were used. They are of the type described in 
Appendix 16, Coast and Geodetic Survey Report for 1874, except that in those now 
used the centigrade thermometer has been substituted in place of the Fahrenheit and 
the hydrometer graduated to give densities referred to pure water a t  40 C. 

In  obtaining the water from places other than the surface the Haskell hydrophore, 
or water-specimen cup, was used and found to give satisfaction. This instrument, 
devised by Mr. E. E. Haskell, formerly of the Coast Survey, eriables oiie to obtain the 
specimens of mater with the certainty that the water brought lip comes from tlie level 
to which the instrument had been lowered. 

The examinations were made from February 10 to March 24,1894, and December 
1 to 7, 1894. The following is a summary of the field work: 

Number of days on which ficld work was donc.. ................................... 

Number of soundings aud determinations of bottom.. ............................. 3,220 

23 

other causes ................................................................... 26 

Niiniber of angles taken .......................................................... 1,400 
Number of density observations .................................................. 394 
Number of temperature observations.. ............................................ 591 
Number of sigiials erected ........................................................ 17 
Number of days of tidal observations. ............................................. 23 
Area examined roughly, square miles. ............................................. 200 
Area examined more minutely, sqiiera miles ........................................ 50 
Area of iiat!iral oystcr reofs located, acres.. ....................................... 3,105 
Number of miles of sounding lincs aucl dotormiiiatious of bottom. . ~ __.  . __.  _ _  -. _. 177 
Number of specimens collected ................................................... 35 

Nurnbcr of days dnring which ficld work was prevented by stormy wcather and 
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GENERAL REMARKS. 

The results of this survey, which must be regarded more in the nature of a recon- 
noissance, are shown upon the accompanying chart. The investigations were confined 
principally to the waters of Mobile Bay and the eastern end of Mississippi Sound. The 
location and extent of the natural oyster beds are shown, as is also the density of the 
water in the different parts of the  bay, showing what it was during a heavy freshet 
and also after the sueweding protracted drought. The depth of water and nature of 
the bottom are also indicated wherever examined. The sounding lines as run are 
given, thus showing what areas have actually been gone over and where to make future 
examinations if desired. As most of the information obtained by us will be found in 
the detailed description of the various localities examined, I will preface them with 
only a few remarks. From the most reliable information we could gather, and which 
is borne out by our investigations, the northern limit for oyster growth in Mobile Bay 
is a line extending from Fowl River on the west to Great Point Clear on the east. 

The location of the oyster beds as shown ou the chart indicates that  in the bay 
the greater part of the natural oyster beds lies between the 6-foot and 12-foot curves. 
From all the information we could obtain the local impression seems to be that few if 
any oyster beds exist beyond the l2-foot curve. On account of this information and 
the limited time a t  our disposal, which was still further curtailed by almost continuous 
stormy weather, all of which restricted the investigation to the localities close along 
shore, this large area could not be gone over. On the Coast and Geodetic Survey 
chart of Mobile Bay the bottom of a large part of this area is designated as soft, 
though portions of it are shown to be sticky mud, and even shells and shelly bottom; 
this seems to indicate that close examination might discover oyster beds not now 
known. 

EASTERN SHORE O F  MOBILE BAY. 

On the eastern shore our investigations mere confined to the survey of the oyster 
reefs pointed out to us by the local oystermen, and s6me sounding lines run in passing 
from one locality to the other. The known reefs are few in number, of small size, and 
considerably depleted, due doubtless to excessive fishing. The total acreage of the 
reefs surveyed by us on this side of the bay amounted to less than 500 acres; but the 
oysters are generally large and of fine quality. They do not grow so much in bunches 
as those found on the western reefs. 

Oyster planting is carried on to a considerable extent in the southeastern part of 
this side of the bay, especially in and around the mouth of Bon Secours River and in 
Oyster Bay. 

Bon Secours River and Oyster Bay are said to have very little space suitable 
for oyster-culture which is not already occupied. A t  the mouth of Fish River and 
at several places on the south shore, such as Shellbank Bayou and Collins Creek, the 
culture of the oyster has been undertaken by some progressive people and, so far as 

‘reported, with good results. 
By an inspection of the accompanying chart it will be-seen that that portion of 

the bay lying to the eastward of a line drawn from Fish River to Shellbank Bayou Reef 
contains the principal natural oyster beds which are at present workep. The liues 
of soundiug show just how closely this area was gone over during our investigation. 
It will be seen that the beds are distributed quite evenlyover this whole area and 
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there seems to be no apparent reason why those particular spots should offer any 
special advantages to the growth of the oyster. The bottom, although generally soft, 
contains areas wliich are of somewhat firmer consistency. From an inspection of the 
densities it will be seen that during the freshet which prevailed during the early part 
of the year t h e  density of the water was uniform over this part of the bay and that 
the densities which were taken the following December (after a protracted drought) 
likewise show the salinity of the water to be uniform. The depth of the area lying 
outside of the 6-foot curve varies from 7 to 10 feet, of which a considerable part is 
about 8 feet. Between the6-foot curve and the shore are areas of hard saudy bottom. 
This area contains 19,000 acres, and a large part of it may be classed as suitable for 
oyster-culture. 

In  the large area which lies to the north and northwestward of the section just 
described-taking that portion which lies between the shoro and the 12-foot curve- 
no oyster reefs are said to exist, except the one in the vicinity of Great Point 01ear. 
It would be interesting to make a more minute exainiuatiou and determine from 
actual survey if oysters exist, and to what extent, over this area containing over 
37,000 acres. 

The bottom of a large portion of this area which lies outside of the 6-foot curve is 
soft; but sticky bottom, hard mud, and even sand frequently occur. The observed 
densities taken in this section do not vary much from those a t  the places where the 
oysters are found. If there are no more oyster reefs it may be simply due to the lack 
of soihething suitable on which the spat could catch during the spawning season, 

WESTERN SHORE OF MOBILE BAY. 

On the western side of the bay the natural oyster beds are found to be much more 
exteusive tliari those 011 the eastern shore. The beds are larger, and a t  present in a 
more flourishing condition. They may be somewhat favored in the struggle for exist- 
ence by locality, lying as they do more in the pathway which the fresh waters from 
the large tributaries a t  the head of the bay are said to take. This may be the source 
of an abundance of food, although a t  times this fresh-water supply may become a 
danger by continuing too long. 

A t  present oyster beds are found all along this side of the bay, and they extend 
from Fowl River to Grant Pass, a distsnce of 12 miles, and then for 4 miles more in a 
southeasterly direction and parallel to the northern shore of Little Dauphin Island. 

From the accoinpaiiying chart i t  will be seen that they are almost entirely 
confined to the area lying between the 6-foot and the 12-foot curve. That the 6-foot 
ciirve defines the inshore limit of these beds is probably due to the fact that this is 
about the outer limit of the sandbar which skirts the entire shore in this part of the 
bay. The outer edge of this bar is from Oiie-half to 1 mile from shore. It is only 
along the outer edge that this sandy cordon is continuous, for jn many places between 
here and the shore are found areas of mud of various degrees of hardness. 

The area between the shore and the 12-fQOt curve, from Fowl I%iver to the eastern 
end of Little Dauphin Island, comprises about 25,000 acres, 5,000 acres of which lie 
between the shore and the &foot curve. The actual locatiori and extent of the natural 
beds or “reefs” are shown on the chart. As far as surveyed they amount to 2,245 
acres. 
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MISSISSIPPI SOUND. 

After finishing the survey of the reefs in the vicinity of Grant Pass, but a few 
days more being at our disposal, a trip 0 1 1  the sound as far as Portersville was made. 
A number of density observations which were taken on the way showed that the 
water was fresh at this time as far as Portersville, and we were told that it extended 
much farther to the westward. The general shallowness of the oyster-bearing portion 
of this part of the sound, the wide distribution of the oysters, the necessity of doing , 
most of the work from small boats, and the close distinction to be made between the 
natural and the plant beds-as it is claimed that a large part of the present plant 
beds is located upon sites of depleted natural beds-precluded any detailed survey 
being made at  the time. 

A survey of this region to be of practical value must be one of considerable 
detail and will have to be made when the contemplated oyster investigations in these 
waters are continued, but a few remarks as to the general extent of the oyster- 
grounds me here given. The distance, measured on a straight line, from 6he western 
end of Grant Pass to a point where the Alabama State line strikes the sound, is 16 
miles. The water area embraced between that line and the shore north of i t  may 
be roughly estimated at 35,000 acres; two-third8 of this area has less than G feet of 
depth and the remainipg third averages less than 9 feet. 

That much of this area may be considered suitable for oyster-culture is borne out , 

by the circumstance that oysters are growing in all parts of it. To the above area 
may be added no less than 10,000 acres of margh, which if the occasion should 
demand might, with comparatively small outlay for dredging, be changed into canals 
or basins, which would make ideal oyster gardens. It will then be possible to exclude 
the voracious drumfish; and the catch of the spat of the oyster can be controlled, and 
not subjected, as a t  present, to chance conditions of wind, waves, and currents. 

Between tbe above-mentioned line and the island8 south of it the area of that 
part of the sound which lies in Alabama amounts to something over 55,000 acres, 
Little is known of the bottom of this region. The depth does not go over 1 7  feet and 
a quarter of the area is less than 12 feet. Much valuable information in regard to 
oysters in this vicinity was obtained from Mr. aohn J. Delchamps, a gentleman of 
wide information and experience, whose study of the oyster ext,ends over inany years. 
A t  my request he has written a short article on the subject, and I have taken the 
liberty to insert i t  in this report. (See page 339.) 

EASTERN SHORE-DESCRIPTION O F  AREAS EXAMINED, 

Great Point Clear.-In this locality there is an oyster reef mhich lies 28 miles 
SSW. of Great Point Clear. It contains 53 acres, of which 30 acres are “rank” (a 
term which is used to express dense growth) and 23 acres are scattering. The depth 
of water ranges from 84 to 104 feet. The bottom consists of soft mud, with occasional 
patches of hard mud and sand; no grass found. The changes in depth over the reef 
were found to vary but little, no more than a foot. 

Two density observations taken here, one February 16 and one March 16, .give a 
mean of 1.0009 for the surface and 1.0032 for the bottom. During the  early part of 
the following December the donsity for this locality was about 1.01GO; The above 
densities and those following in this report have all been reduced to a standard 
temperature of 150 C. 
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The temperature of the water a t  both surface and bottoni on February 16 was 
110 C .  ; on March 16 the surface was 220 and the bottom 190. During the early part of 
December there mas a unifor~n temperature of 170 top and bottom. 

Tlie condition of this oyster reef can hardly be said to be flourishing. Although 
coinparatively little oystering is done here a t  present, there is little indication that the 
reef is extending its limits; rather, judging from tlie condition of the specimens of 
oysters we caught and its situation mar the nortliern limitation of - oyster life in the 
bay, the tendency may be to diminish the extent of these grounds. 

Tlie quality of the oysters was fair; sonie were quite fine and fat, but of course at 
that time very fresh to the taste. Oysterman Robeit Cook, mlio showed 118 the locality 
of the reef, said that most of the oysters on this reef were soft-shelled and did not well 
stand shoveling. Tlie growth of mussels .was very abundant and their presence must 
be deleterious to the growth of the oyster. 8everd borers, locally known as conchs, 
whelks, or drills, wer6 brought up with the specimens me obtaiued by tonging; also 
several '( oyster fish,', though the latter arc probably not injurious. 

Great Poiibt Clear Reej'to Cypress Point.-From Great Poitit Clear Reef to Cypress 
Point is a distance of' about 10 miles. We mere informed that there were no known 
oyster reofs in this locality a t  present. Years ago there had been a reef OB Mullet 
Point, but it is now extinct. Our time being short and bad weather threatening to 
further curtail it, the investigation of the bottom of this area.was limited to a single 
line of soundings, which was run from Great Point Clear Reef to Cypress Point 
without discovering any reef. Abreast of Mullet Point an area of niud mid shells 
was passed over, and this may have been the old reef. 

Mr. Dorval Weeks, who lives at the entrance of Weeks Bay, told us that twenty- 
five years ago oysters grew in that ba,y, though none were growing there nom; he 
also said that several attempts had been made in late years to plant them there, but 
with poor success. Lately Mr. Weeks has started a plaut bed just south of the 
mouth of Fish River. This plant bed is about 1,000 yards long and 200 yards from 
shore and is doing well at present. 

That a more minute investigation in this localit,y would discover a number of 
beds of sinall extent is quite likely; in fact we mere told snch lumps have been found, 
but the finder generally keeps the knowledge to himself. 

Fish River Recf.-This oyster reef lies 1-4 ntiles W. by 8. of Cypress Poitit, The 
reef contains about 83 acres, 19 of mliich are rauk aud 64 are scatteriug. The deptli 
of mater ranges from 7 to 10 feet. The bottom is soft mud, with some sticky and some 
hard areas. No grass was fouud. The area covered by the oysters generally is found 
to be from 1 to 3 feet higher than tlie surrounding terrane, doubtless due to the fact 
that the reef has built itself up. 

The iiiean of t w o  density observations talceu on February 27 and March 1G give 
1.0036 for surface and 1.0043 for the bottoiri density. The mean of four taken half a 
mile west of Cypress Point during the period between February 24 and March 1G give 
1.0049 for surface and 1.0050 for bottom. Density observations taken in this locality 
on December 4 gave a t  a point south of the reef 1.0187 both for top and bottom, and 
at a point north of the reef 1.0171 for surface and 1.0176 for bottom. 

On February 1 7  the temperature of the water in t h i s  locality was 120; February 
24 it was 11.50; February 27 i t  \vas 8.50, and March 16 it \vas 230; the surface and 
bottom varied no more than halfa degree. On December 4 the temperature was 180. 
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This reef is said to be much overworked, and judging from our investigation such 
seems to be the fact. There were evidences of a good set of young oysters frQm 
the preceding summer, but the greater portion had been killed, and that, too, after 
obtainiug quite a fair size, the shells being about an inch in diameter. A great many 
dead and broken shells, perforated by borers and covered with barnacles, were found 
on this reef. 

Some of the oysters caught were of remarkably fine size, of good shape, and fat, 
but fresh, the latter quality of course being only temporary. 

The enemies observed were mussels, barnacles, sinall crabs, and drills; the mus- 
sels thickly covered the oysters and the barnacles were plentiful. Almost every oyster 
was found to have a small crab living on the outside of the shell. Quite a large 
number of little conchs were found. The broken shells may indicate. that the drum- 
fish was a visitor to this reef, although it is said that this fish prefers to attack the 
oyster when single and seldom in the reef, as the oysters are then not so easily acces- 
sible. The planted oysters are more scattered, and then the drumfish becomes quite a 
serious enemy. 1 was told by one of the oystermen from the western side of the bay 
that recently he had taken 95 barrels of oysters from a reef, culled them, and then 
bedded them previous to taking them to market, and in one night the entire lot was 
destroyed by a school of drumfish. 

Some good-sized oysters were found along the shore near Cypress Point. They 
were in good condition and were picked up at low water while going ashore to erect 
a signal. 

Bayou CourReef.-This reef lies 26 miles 8.4 E. of Cypress Point. It contains 68 
acres, 12 of which are rank and 56 are scattering. The depth of water ranges from 
4 feet in the central portions to 9 feet at the edges of the reef. Sticky mud with 
frequent patches of hard and shelly bottom and occasional areas of soft mud 
characterize the bottom and for a considerable distance around it. The formation 
of this reef, like the previous one, is simply the result of a gradual accumulation of 
oysters and dead shells built up by the bivalves themselves and is now elevated above 
the surrounding bottom. This elevation is now about a foot near the edges and 
becomes as much as 6 feet a t  places near the middle of the reef. No grass was 
observed on thi8 reef. 

Two observations taken here on the 20th aud 27th of February give 1.0063 for the 
toy and 1.0076 for bottom. On December 4 it was 1.0189 for the top and 1.0187 for 
the bottom. 

February 30 the surface temperature was 160, bottom 14.60; February 27, 
surface 120, bottom 10.60; on December 4 the surface temperature was 180 and the 
bottom 17.50. 

The condition of this reef, the quality of the oysters, enemies observed, etc., are 
about the same as found on Fish River Reef. 

Bo% 8ecours Reef.-This reef lies N. by W. 1& miles from the mouth of Bon 
Secours Biver. It contains 38 acres, of which 12 are rank and 26 are scattering. 
The depth of water ranges from 4 to 7+ feet. The bottom is sticky mud, patches of 
soft mud, and shellyplaces. The surface of the reef is uneven and its general 
elevation is about 2 feet. 

A mean of two density observations taken on March 1 and 16 gives sdrface 1.0043 
and bottom 1.0046. Three observations taken here on December 4 give 1.0189 for 
surface and bottom. 
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In  March the temperature of t h e  water ranged from 130 to 220. In December 
the water had a uniform temperature of 18.50. 

The condition of this reef seemed to be fairly good a t  the time of our investiga- 
tion. It does not seem to have been overworked as much-a,s the one northward of it, 
as the rank oysters are found to be more in proportion to area. There were found a 
great many dead shells and a few shells of young oysters. The young oysters were 
not plentiful, but this may have been due to the violation of the culling law, which 
requires that the oysters should be culled 0x1 the reef and the cullings (oysters not 
coming up to the requisite standard iii size) thrown back into the mater. The purport of 
this law is to prevent the extinction of the reef, but many local oystermen claim that 
by knocking off the young oysters and throwing them back into tlie water on the reef 
you make i t  easier for the drumfisli to consume them, while if the reefer took the young 
oysters and planted them in his oyster gardeu the general prosperity of the industry 
would be increased even if the natural beds suffered. 

The quality of the oysters from this reef was found to be very fine both as to size 
arid condition, being fat and well-shaped. 

The enemies observed were the same as on the neighboring reefs. 
Bon Hecows River and Oyster Bay.-In this locality the planting o f  oysters is 

carried on to a considerable extent. We were told that in Bon Secours River and 
Oyster Bay there reinained very little space suitable for oyster-culture iiot already 
occupied. In the river the oyster gardens occupy the space between shore and the 
channel. They are situated on both sides of the river and extend from its mouth for 
a distance of nearly 3 miles. Oyster Bay has au area of a trifle over 1 square mile 
and is said to be equally as thickly planted. As in our investigation actual survey 
was confined to the naturad reefs, the number of acres under cultivation can riot be 
given. The bottom'area of the river as far as planted, together with that of the bay, 
amounts to about 1,000 acres. 

The planted oysters from this locality are considered very fine in the local market. 
The drumfish is said to be very destructive to the plant beds, so much so that in many 
instances brush fences are used to prevent their unwelcome visits; these fences are 
simply underbrush stuck in the mud around the oyster beds. This method, of course, 
is limited to shallow water and small areas. 

#1&banlc Reef.-This oyster reef, which derives its name from its proximity to a 
collectioii of oyster-shell heaps on the shore, lies N. by W. t W., distant 1 mile from the 
Inout11 of CoIlins Creek. It co~ltains 188 acres, 90 of which are rank and 98 scattering. 
The depth of water ranges from 4 to 10 feet. The bottom consists of soft and sticky 
mud and hard shelly lumps. This reef is similar in formation to those already 
described and is i n  the nature of a nearly flat mound, which rises in places to an 
elevation of 5 or G feet. There are also sweral outlying lumps. 

One observation taken on February 22 and three on March 1 give a mean density 
of 1.8064 for top and 1.0062 for bottom. The density observation taken December 3 
showed 1.0192 for top and 1.0305 for bottom. 

During the latter part of February and the first days of March the temperature of 
water varied from 120 to 180, with 110 change for dif€erence in depth. On December 3 
it was 180 for top aud 19.50 for bottom. 

This reef, we were ipformed by residents of thiR locality, was being rapidly 
depleted by excessive fishing arid other causes, drills mostly, and is of luuch less 
extent than in former years; however, its condition seems to be as good as or better 
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than any of the territory in the eastern part of the bay. The evidence, from the speci- 
mens obtained, points to the fact that the drills cause coiisiderable depredation. The 
specimens show that fine oysters grow on this reef; they were fat, well formed, and 
large. The oysters from this reef always command a good price in the Mobile market; 
arid this fall, when 75 cents per barrel was being paid for western “reefers,” the 
“Shellbank ” oysters brought $1.75 per barrel. 

SIwllbank Reef to Fort Morgm.--No detailed survey mas made in this section of 
the bay, for we mere told that westward from Shellbank lEeef as far as Fort Morgan 
there were no oyster reefs of importance. Up to within a few years there was a reef 
a little to the northeastward of Little Point Clear, but drills and sanding up have 
nearly destroyed it. Years ago it had an area of about one.fourth of a square mile. 

From Little Point Clear to Fort Morgan oysters of fair quality are found in the 
bayous and along the shore. Some are of the variety locally called snapper or slough 
oysters, having a white shell. Although not gonerally in the market, they are said to 
be good oysters. 

Planting is doue to some extent in the bay north of Collins Creek, and is reported 
to giv6 fair results. Shdlbiink Bayou and Collins Creek are also planted, the plants 
in these places being very fine. Soine exceptionally fine specimens were shown us by 
Hon. H. P. Hanson from his planted beds in  Collins Creek. 

WESTERN SHORE-DESCRIPTION OF AREAS EXAMINED. 

Powl River.--Tn the area lying between the mouth of Fowl River and Mobile Bay 
Light a number of reefs of scattering oysters and oyster shells were found, sepa>rated 
from each other in some instances by a considerable distance. Altogether they cover 
about 100 acres, scattered over an area of several square miles. The depth of water 
here ranges from 5 to 14 feet. Soft mud, mud and shells, and patches of hard shelly 
places characterize the bottom. 

During February and March the water was entirely fr’esh in this neighborhood 
and extended from the shore nearly to the light-house. In the early part of the 
following December a density observation taken near the shore gave 1.0116 for surface 
and 1.0117 for bottom, while another taken nearer the channel and just north of the 
beds gave 1.0118 and 1.0183, respectively, 

During the first time that observations wsre made in this locality the‘temperature 
of the water varied all tlie may from 120 to 220, depending on time and location, 
surface and bottom generally the same. On December 6 it was 1‘70. 

The specimens obtaiiied from these beds mere mostly inud-covered shells, and, as 
well as could be .judged, the beds mere several inches under the mud. The proximity 
of these beds to the channel, which is being continually dredged, and the dumping 
of the mud taken from this channel near by are responsible for the depletion of these 
beds. 

TVhite House Reef.-This oyster reef, which received its name from a house stand. 
ing on shore just west of the reef, lies between Mobile Bay light-house and Point 
Juliet. The reef is 3 miles long, extending NNE. and SSW. Itvaries in width froin 
a few yards to 1,300 yards. Its nearest approach to the shore is at its southern 
extremity, which is 18 miles offshore; its northern end is about 3 miles from shore. 
This reef contains 881 acres, of‘which 286 are raiik and 695 are scattering. 

The depth of water ranges from 74 to 12 feet, with a general average of about 104 
feet. The bottom is about the same as that of the other oyster beds in the bay, except 
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tl& here there are numbers of patches of soft mud which are higher than the places 
upon which are found the oysters. These are doubtless scow loads of mud dredged 
from t h e  channel and dumped here. I should say that t h e  reef has become fully a 
third smaller from the above cause. 

Two density observations, about a fourth of a mile apart, taken on March 13, 
gave 1.0007 for surface and 1.0035 for bottom for one and 1.0007 and 1 , O O l G  for the 
other. Several other density observations were taken h i  this  neighborhood, all indi- 
cating the water to be very fresh during the then prevailing freshet. The observa- 
tions taken in December showed an average of abbut 1.0120 for this locality. 

In March a teniperature of 190 was found; in December about 170. 
The indications are that this reef is in good conditiou. Many young oysters were 

found attached to the larger specimens. The northern part of this reef is affected 
more or less by mud dumped in the neighborhood; but I presume that by the time 
the mud has become somewhat hardened the growing will go 011 again, for this whole 
westeru shore of the bay seems to be a favorable locality for oyster growth, judging 
from the wide extent of the reefs. The reef is separated into two parts by a short 
distance of mud bottom ou which no oysters were foui~d growing. As this mud is 
higher thau the surrounding oyster-ground it presumably has been dumped there. 

The quality of the oysters was good. They were fat and of nice flavor. The 
specimens caught had a good many young oysters attached, which in the lower part 
of the reef were growing nicely. While passing over this reef iqn December a hasty 
examination seeued to indicate that the young oysters had not suff'ered from the 
preceding drought in the early part of the year. Some perforated dead shells were 
noticed. The washing over of mud from the dredging dumps is probably of more 
injury to this reef than anything else. Many of the specimens taken had a coating 
of mud. 

White 2ozcse Reef to Birmingham Reef.--No oysters exist, so far as we could learn 
duriug our limited stay, sijuth of Point Juliet until Birmiugham Reef is reached. A 
distance of about 3 miles intervenes between Birmingham Reef and White House 
12ee.f. A series of sounding lines was run in passing from one reef to the other, but 
it will be seen by an inspection of the map that this area covered by our lines lies 
outside of the 12-foot curve, so that we can hot say from actual examination whether 
or not there are any oysters there. 

' A number of density observations were taken in this locality during March, a t  
dieerent places along the G-foot curve, showing that the fresh water extended a t  that 
time this far down the bay. In December the density of the water was found to be 
1.0120. Depth of mater and character of bottom are also identical with the locality 
just north of it. 

Birmifighana Reef.-This oyster reef lies about 2 miles E, by N. of Cedar Point. 
It is divided into two large beds and three smaller ones; in all containing 2G7 acres, 
211 of which are rank and SG are scattering. The depth of water over the reef varies 
all the may from G g  to 124 feet, the changes often being quite abrupt. The bottom is 
soft mud, with frequent hard shelly lumps. 

This reef has gradually raised itself to a height of 6 or G feet above the surround- 
ing bottom, the slopes at its edges being often quite abrupt. I n  considering this reef 
there has been taken into account all that portion which lies between the G-foot curve 
and the wreck buoy. 
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On March 14 the density here was found to be 1,0018 for surface and 1.0065 for 
bottom. On December 5 it was found to be 1.0152 and 1.0173, respectively, for top 
and bottom. 

In March the temperature of water was found to be 200 on top and 180 on the 
bottom; in December 17.50 for top and bottom. 

The coudition of this reef was good; the oysters were of good size, well flavored, 
and appeared to be in fair marketable condition. No enemies noted here. 

Locality of Cedar Point.-A fair-sized oyster reef lies just northeast of Cedar 
Point, about half a mile from shore and extending toward Birmingham Reef, with 
which it may be connected, as the intervening patches of oysters shown on the chart 
seem to indicate, Its area is 139 acres, 87 of which are rank and 52 are scattering. 
Thedepth of water rauges from 24 to 9 feet, with an average of about 54 feet. 
The character of the bottom, condition of reef, quality of oysters, etc,, are the same 
as for Birmingham Reef. 

The mean of four density observations taken in March gives 1.0005 for top and 
bottom. The observed temperature was 15.50 to 160. No density Observation a t  this 
particular spot was taken in December. 

Cedar Point R e e j L A  reef of scattering oysters lies east some 300 yards off Cedar 
Point. It covers an area of about 45 acres. The depth rauges from 44 to 74 feet. 
The character of the bottom, condition of reef, and quality of oysters are the same 
as in the preceding reef, of which it may be considered a part. The reef was found 
to be overworked, its situation near the shore and largely in shoal water making it 
convenient for oystering. 

Cedar Poilzt to Pass Drury.--In the southwestern part of Mobile Bay, extending 
from Cedar Point to Pass Drury, a distance of over 4 miles, is found an extensive 
oyster reef, or rather a series of reefs which are practically connected. They begin 
about a third of a mile south of Oedar Point and extend from tlie shoals (which are 
occasionally bare at low water and which lie just north of Grant Pass) across the 
northeast end of Grant Pass and Pass aux Herons; thence in a southeasterly directiou 
and parallel to the northern shore of Little Dauphin Island as far as Pass Drury. 
The width of the reef varies from about a third to half a mile and contains 813 acre8 
301 of which are rank and 512 are scattering. The depth ranges from 2& to 14 feet. 

The bottom is hard and shelly, with owasional patches of hard mud. Toward 
the eastward the reef becomes somewhat sandy, which has giveu the name of sand 
oysters to those taken from that locality. 

A density observation taken in March in Pass aux Eerons gave 1.0005 for surface 
and 1.0029 for bottom. A few days later one taken abreast of Pass Drury gave for 
surface 1.0056 and for bottonl 1.0074. On the following 1st of December observations 
taken in the same localities made the anrface density in Pass aux Herons 1.0173, the 
bottom being 1.0174. Near the southeastern end of Little Dauphin Island the surface 
was 1.0189 and the bottom 1.0227. 

Prom March 8 to 15 the temperature of the water varied from 15.50 to 20.50. On 
December 1 it was 170 in the pass and 180 in the bay. 

The condition of the reef is good, Lhough the portion lying in the vicinity of Grant 
Pass is somewhat depleted, probably due to excessive oystering. We were told that 
a great many of the oysters on this end of the reef had been killed by a storm in the 
fall of 1893. We found numbers of shells which had apparently been killed only 
recently. On the eastern portion of the reef the oysters were growing very rank 
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and we were iiiforined that not much oystering was goiug on there; that, altllo~xgll 
very fine, the oysters were not well liked in the local inarlret on account of the sand 
which was liable to get on them in opening. They mere also said to i‘operr 77 (become 
fat and fit for market) much later in the season than those nearer the pass. A t  the 
time we were here the oysters appeared to be of good size, fat, slid palatable. 

Grant Pass and vicinity.-Extending across Grant Pass and lying on both the 
north and south side of i t  is an oyster reef covering about 237 acres, G3 of which are 
rank and 173 scatteriiig. On the south this be$ extends to and across Pass aux 
Herons chauiiel and onto the flats for some distance. To the northward the same is 
true; here it extends for some distance toward Cedar Point, increasing the area of 
this reef to about 400 acres. The deptli of water over this area ranges all the way 
from 2 to 94 feet, with an average depth of less than G feet. 

The character of the bottom is largely hard mid shelly, with areas of‘ soft mud. 
The greater portion of the are8 is shoal, except where i t  is crossed by Pass aux Herons 
and Grant Pass. 

We were told thut the present condition of this reef was uot flourishing. No 
doubt excessive fighiug is the pri1ue cause. While taking observations on this reef 
in Deoember I w t ~ s  shown a number of fresh oyster sliells with drill holes made by the 
44 conch,” and was informed by the local oysteriuen tliat these 4‘ conchs7? were found to 
be more iiutnerous this fall than h:id beeii noted heretofore, and that they sometimes 
found the oysters 011 large weas of the reef killed in that way. They also said thtbt 
the 6‘ conchs ” or “ drills” are seldom found in the gullies, tirid that the 4‘ drill” seems 
to prefer hard s’iiells to soft ones. 

When culling oystors on the reef the oysteriiieii generally seyarate the coiichs 
from the culliiigs before throwing the latter back 011 the reef. Tlie ooiichs are then 
destroyed. A persistetit adherence to this rule must be of soiiie benefit to tho reef. 

The quality of the oysters in this neigliborhood was found to be good, their size 
and shape varying soinewhat in the dieerent localities of tlie reef. 

Dauphin Island Bay and vicinit!j.-West of the entrance to Dauphin Island Bay 
are two small reefs containing about 15 acres each; oue is composed of scattering 
oysters, the other about half rnnk and half sctittering. From tiis mouth of Dauphin 
Island Bey to Pass aiix Herons the bottom was examined with the above result and 
a few additional pitches of scattering oysters were noticed. In this bay oysters have 
been planted and aiw said to be doing well; i t  is said thak toward the easterii end they 
do not thrive so well, owing to  a prevalence of water of high degree o f  saltness. Quite 
a fine specimen of oyster from the reef a t  the mouth of the bay was given us by Mr. 
Marshal], who lives on Little Dauphiii I s l a ~ d ;  a h  :I specimen sliowing the type of 
oysters growing in the bayous connectling this bay with Mobile Bay. The latter are 
of the “coon oyster” variety (long and slender) and some grow to such length that 
they are locally called ‘I co m horns.’? 

The bottom of the bay is mostly sticky mud; 11881’ the inontli tireas of shelly 
bottom and sand are met with. 

The mean of eleven observetioils takeii :it various time8 froiri March 8 to 81 gives 
a density of I .0051 for surface :~iid 1.0093 for the bottolil; the lowest found was 1,0032 
and the highest 1.0136. Six observations taken December 1 and December 4 give for 
surface 1.0182, bottom 1.0181. 

Z’, C. B. 1896-22 
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It will be noticed that in the densities taken in Deceniber the water at the bottom 
was a trifle fresher than that at the surface. By an inspection of the densities 
shown on the chart i t  will be seen that this occurs in a number of instances. In our 
observations i t  was of frequent occurrence (especially at lorn-water stage), showing 
the prevalence of fresh-water springs in various parts of the bay. Whether this 
has anything to do with the distribution or the well-being of the oysters in this  
locality can hardly be determined from the limited number of our observations, and is 
here only pointed out as a possible field for investigation. Below is given a statement 
from the  field notes showing that the phenomenon (fresher water a t  the bottom) was 
not due to an accidental reading of the hydrometer. 

Great Point Clear Reof.. . 
Fish River Rmf .......... 
Bayou Cour Reef. ........ 
Bon Socours Reef. ._.. __. 
Shellbank Reef.. ......... 
MobileBay Light to Fowl 

River .................. 
White House Reef. .  ..... 
Birmin ham Reef ........ 
Cedar Point E. 300 yards.. 
CedarPoint toPusaDrnry 
Grant Pass .............. 
Dauphin Island Bay and 

vioinity ................ 
Total.. ............. 

Cedar Bobint NX. t mile.. . 

Dauphin Idand Bay (akiddle) abreaet dlarel~all'e Store. 

53 
83 
68 
38 

188 

100 
881 
287 
139 
45 

813 
400 

30 

3,105 
-- 

I 

I 
1.0009 1 1.0032 1 1.0160 
1.0038 1.0043 1.0187 
1.0063 1 1.0075 1.0189 
1.0043 1.0046 1.0189 
1.0054 1 1.0062 1 1.0192 

Temper. 
Time. ature 

of air. 

Ii'eet. 1 
1.0160 81 t o  lot Soft and huril milti; s a d .  
1.0187 7 10 Soft and sticky mud. 
1.0187 4 9 Soft and stioky mud; shelly. 
1.0189 4 DO. 
1.0205 4 1:j DO. 

4.50 p. m..  .. 
7.30n.m ___.  15.0 
8.30n.m .__. 14.0 
9.00a.m ___.  16.0 
10.10 a.m.. . 15.5 

'Surface. Bottom. 
__ - 

Feet .  , 1.0176 j 1.01'70 4.5 Waterolear ... 1.0179 1.0179 

1.0180 1.5 ..... do ........ ' 1.0184 1.0182 
15.5 1 1.0182 1.0180 5.0 ..... do ........ 1 1.0184 1.0181 I 

1.0170 

:!::I 16.0 1.0180/ 1.0180 5.0 ..... do ........ 1.0182 1.0182 
10.0 16.0 1 1.0178 1.0181 5.0 I ..... do ........ 1 1.0180 1.0183 

6.0 Wator clew, ! 1.0182 1.0180 
tide west. 

I I 1 I i i 

Natui,al oyster reef8 in dlobile Bay, Alabama. 

Locality. Area iii 
acres. 

Density of wat,eI Density of water 
during freshet, end of drought: 
March, 1894. 1 December, 1894. (31wmoter ,,f botLoll,. 

I 

1.0000 
1.0007 
1.0018 
1.0005 
1.0067 

* 1.0005 
t 1.0050 ........ 

1.0000 
1.0035 
1.0005 
1.0005 
1.0071 

* 1.0029 
t 1.0074 ........ 

1.0118 1.0182 
1.0120 1.0120 1 1.0152 1 1.0173 1 .................... .................... 1 *1:0173 1 *1:0174)1 

t 1 OZ27f t 1 0189 _ I  .......... I .......,.. I 
14 IImd, shelly, a i d  suud. 
9 i  Iinrd. sholly, sand, andmud. 

1.0051 1 1.0093 1 1.0182 1 1.0181 1 3 7 1 Do. 

____ ____ - . _ _  -- __ - __ -. 
*West. t East. 

Nore.--The R~JOVO douaitios have boeu loduoell to the standard tumperature of 150 C .  Wredi water z 1.0000; 
standard 8ea wator = 1.0260. 



OYSTER BEDS O F  MOBILE BAY. 33 9 

NOTES RESPECTING Ol‘STERS OF MOBILE BAY AND SOUND IN MOBILE COUNTY, ALABAMA. 

HY JOHN .J. DELCHAMPS. 

From Cedar Point to  Dauphin Island is a little over 2 miles, Grant Pass being midway. Within 
that  distance are found a dozen sorts of oysters which, though all of the same variety, are yet 60 

different in  size, shape, etc., as to be recognizable at sight by oystermen, who tell at once from what 
flat, reef, or gully they were fished. Their differences are due to  locality, depth of water, character 
of ground, and currents; so that oysters from one spot and removed to  one only a few yards distant 
will in time assume the look and charauter of those native to  the latter. Such varieties are 1‘ Oyster 
pa88,” “shatpers,” Dutch Island “gullies” and “flats,” ‘‘ Grant Pass oysters,” “Pass IIeron flats” 
and 4‘ Pass Heronere,” “redfish gullies,” “ west-edgers,” (( new reefers,” I ‘  sand reefers,” ‘1 Dauphin 
Island Bay oysters,” the last mostly classed now as plants but inferior. 

Westward we find “Halfmoon” and “East aiid West Heron Bay” plants, the first of the class to  
fatten well in the fall; &’owl River Bayplants,” veryfine also, but  owing to  circumstance of locality 
fattening later; thence westward, “ Coden,” ‘( Portersville,” (‘Bayou Batre,” and (( Little River” 
plant beds; none west of Fowl River Bay very extensive. Further on is Grand Bay, which i s  large 
and said to  have a good many oysters, but  of an inferior quality and thcrcfore little visited by oyster 
boats. 

Leaving the Sound we find in  Mobile Bay proper, extending from near Dauphin Island and east of 
Grant Pass, a11 erteusive reef; then from the Birmingham Shoal, a mile or so northeastward from Cedar 
Point, some 8 or more miles northwardly, there extend reefs or a sucoession of ree€s distinguished 
locally as ‘ I  Birmingham,” ‘‘ White House,” “Austin,” and “Middle Light,” the oysters on all of which 
are about identical. 

It is  only of late that  these reefs, long kuown, have growu to be of importance and to  yield many 
for market. Most of them are outside the bar and in water 10 to 12 or more feet deep, requiring 14 
to 16 foot rakes for catching. The growth is doubtless due to  a succession of favorable seasons; a 
like succession of long-continued floods of fresh water would probably prove very injurious. These 
oysters are in  character intermediate to  the “gullies” aud “sharpers,” and like the last are verygood 
for planting. Some of these :we covered with mud dumped by scows from the dredges at work on the 
ship canal. It is not unlikely that  when that  mud has settled and hardened somewhat these reefs 
.will be benefited and the oysters improved. 

Oyster-planting here has never been carried on to  any large extent. Unfortunately, just  rm a 
few enterprising persons were embarking in  the business some four years ago, our State legislature 
passed a law which proved an effectual bar thereto, and two years after passed a new law retaining 
if not emphasizing the obnoxious features of the first. 

The best time for oyster-planting is from May t o  October, wheu they are chiefly in spawn; it is 
elso the time when oystermen are mostly idle. Oysters for seed or planting should be taken up in  the 
rough and planted unculled, as much in bunches as possible. Those sought for seed would be mostly 
( I  sharpers,” small oysters in bunches, unmarketable ones. 

I f  the State would foster and encourage this industry the result would be that, by taxing planta 
as well as reefers, it would within a few years realize a handsome revenue at 6 cents a barrel. 

The enemies to  the oyster are the drumfish, which grinds up and devours many single ones and 
universally the small culled-off ones the State orders scattered on the reefs whenoe taken, and the 
whelks, which bore through the  shell and destroy the oyster. This is  the first year that I have heard 
serious complaint of their destructiveness. A s  there must be a cause for every effect, I awnme the 
reason of their prevalence to  be the long continuance of salt water, unbroken for months by any heavy 
rains and consequent rise of our rivers. 
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SHELL OF OYSTER FROM PLANT BEDS OF MAJ. F. S .  PARKER, AT MOUTH OF FOWL RIVER, MISSISSIPPI SOUND 

Length, 7) inches; width, 3$ inches; thickness, I inch 
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BUNCH OF OYSTERS FROM GREAT POINT CLEAR REEF, SHOWING' GROWTH OF MUSSELS AND BARNACLES 
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SHELLS OF OYSTERS FROM FISH RIVER REEF. 
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SPECIMEN SHELLS OF YOUNG OYSTERS FROM BON SECOURS REEF 
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SHELLS OF OYSTERS FROM LITTLE DAUPHIN ISLAND BAY 
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7.-A LIST OF FISHES AND MOLLUSKS COLLECTED IN ARKANSAS AND 
INDIAN TERRITORY I N  1894. 

BY SETH EUGENE MEEK, Pir. D., 
Associak Pro,fessso~* o j  Biolos~j  a i d  GeoZo~j~ itz the Arkamas Iptdustrial Utiversi(3,. 

INTRODUCTION. 

The following paper is based on two collections of fishes made by the writer under 
the auspices of the United States Fish commission and the Museum of the Arkansas 
University. 

The first collection was made during the last week in May, 1894, along the line of 
the St. Louis and San Frabcisco Railroad, between Fort Smith, Arkansas, and Arthur, 
Texas. The second collection was made during the last two weeks of August, 1894, in 
the St. Francis River in northeastern Arkansas. As these two regiom are somewhat 
remote from each other, and unlike, for the most part, as to physical characteristics, 
they are treated separately in this paper. 

For assistance in the identification of doubtful species and in the preparation of 
this report I am indebted to Prof. Barton W. Evermatun, ichthyologist of the United 
States Fish Uommission. 

W E S T E R N  ARKANSAS A N D  EASTERN INDIAN TERRITORY. 

The Poteau and Riainichi rivers are the most important streams draining the 
eastern portion of Indian Territory south of Fort Smith. These rivers rise in the 
&ark Mountains, between the Arkanclss and Red rivers, the Poteau flowing north, 
the Kiamichi south; each drains, for the most part, in the upper two-thirds of its 
course, a mountainous sandstone region, where their currents are swift and their 
bottoms usually rocky. Between Poteau, Indian Territory, and Fort Smith the 
Poteau River flows with a slow current in a deep and rather broad channel, with an 
occasional rocky shoal; in dry weather the depth some 6 or 6 miles above Fort Smith 
is more than 16 or 20 feet in places; SO broad and deep is this channel and so slow is 
the current that the river partakes somewhat of the nature of a lake. 

Collections were made from the Poteau River near Fort Smith and a few small 
rocky tributaries near Poteau, Indian Territory. 

The Kiamichi River collections were made from Walnut Creek and Eiamichi River, 
at Eiamichi, Indian Territory, and Flat Creek, near Goodland, Indian Territory. 
Those from the Red River were mado at  Arthur, Texas. The Kiamichi River was too 
deep and rocky to admit of successful collecting a t  the places mentioned, especially 
at the letter place. 

A t  Arthur the Red River is similar to the Arkansas at Fort Smith. There are 
along the stream many bayous, from which most of our collections were made. 

841 
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LIST OF FISHES. 

The fishes are listed as follows: 
Arthur =Bayous and Red River near Arthur, Texas. 
Goodland = Flat Creek near Goodland, Indian Territory. 
Poteau L Creeks, bayous, and lake at Poteau, Indian Territory. 
Fort Smith = Poteau and Arkansas rivers. 
Kiamichi = Kiamichi River and Walnut Creek at Kiamichi. 

1. Lepisosteus osseus (Linnaus). Qiiite abundant in  the 
Poteau and Arkansas rivers at Fort Smith; specimens frequently Reen floating quietly near 
aurface of water. The other two species of gar found in  these waters seem much less 
abundant; neither of them was taken by me. 

Quite abundant a t  Arthur and in 
the Poteau and Arkansas riverR at Fort Smith. In  the former place i t  is the mo8t importaut 
food-fish. The largest ipecimen observed was taken on a trot line; its weight was 20poiiiids. 

Poteau, one specimen ; Iciamichi, scarce. 
Common in bayous a t  Arthur, Kiamichi, and 

Long-noaed Gar Pike; Common Gap Pike. 

2. Ictalurus punctatus (Rafinesque). Channel Cat; White Cat. 

3. Ameiurus nebulosus (Le Sueur). 
4. Ameiurus melas (Rafiuesque). 

5. Noturus nocturnus Jordan & Gilbert. 
6, Leptops olivaris (Rafinesqne). 

in Arkansas River. 
7. Ictiobus cyprinella (Cuvier & Valenciennes). BufaZo. One emall specimen from Arthur. 
8. Carpiodes velifer (Rafinesque). Quillback. Common at Arthur (dorsal r a p  29 to  30), Goodland, 

and in the Poteau and Arkansas rivers at Fort Smith. 
9. Erimyzon sucetta (LacBpBde). Chub Sucker. Common at Goodland, Kiamichi, and Poteau. It 

is usually found in small streams with sluggish currents. 
10. Minytrema melanops (Rafineaque). Striped Suoker. A few specimens were taken a t  Goodland 

and Poteau. This species is usually found with the preceding. 
11. Moxostoma macrolepidotum duquesnei (Le Sueur). Common Redhor8e. Apparently scarce; a 

few specimens from Goodland, Kiamichi, and Poteau, and the Potean River a t  Fort Smith. 
12. Campostoma anomalum (Rafinesque). Stone-lugger; Stone-roller. Scarce; Goodland, Kiamichi, 

and Poteau, and the Poteau River at Fort Smith. 
13. Hybognathus nuchalis (Agassiz). Silawy Minnow. Quite abundant and variable in  Arkansas 

and Indian Territory. Some specimcns quite slender and more finely scaled than others. No 
doubt the specimens at hand include argyritus and placita. In  the Red and Arkansas rivers 
i t  is the most abundant minnow. Common a t  Potean, Fort Smith, and Arthur. 

14. Pimephales notatus (Rafinesque). Blunt-nosed Minnow. Apparently scarce; Arthur, Goodland, 
Kiamichi, and Potcau. 

15. Cliola vigilax (Baird & Girard). Scarce at Goodland and Poteau; also in Arkansas and Poteau 
rivers at Fort Smith. 

16. Notropis heterodon (Cope). Arthur, scarce. 
17. Notropis blennius (Girard). Blunt-noaed Minnow. Arthur, Goodland, and the Arkansas and 

18. Notropis shumardi (Girard). Arthur, scarce; Goodland, Kiamichi, and Poteau, abundant. 
19. Notropis buchanani, new species. 

Type locality : A small creek mar Poteau, where 14 specimens were secured in May, 1894. 
Type, No. 47532, U. S. Mat. Mus. 
Head, 4; depth, 4; D. 8; A. 8. Scales, 6-31-2. Teeth, 4-4. Body rather robust, back consider- 

ably elevated, snout blunt, mouth small end nearly horizontal. Snout short, about two-thirds 
diameter of eye. Preorbital bone slightly longer than brood. Eye moderate, 3 in head. 
Lateral line complete, or nearly so. Dorsal tin 
slightly nearer tip of snout than base of caudal. Pectorals roaching ventrals; ventrals reach- 
ing anal. Color light olivsceous, a firint silvery lateral band; no dark lateral band or black 
caudal spot. It is R smaller species, 'lighter in 
color, and has fewer scales in the  lateral line. I take pleasure in  naming this fish for Dr. John 
L. Buchanan, president of the Arkansas Industrial University. 

Common Bullhead. 
Small Bullhead. 

Poteau; especially common in Poteau Lake. 
One specimen from Walnut Creek at Kiamichi. 

Blue Cat. Common at Arthur and Goodland and a t  Fort Smith 
It is an important food-fish at these places. 

Poteau rivers at Fort Smith, scarce. 

About 12 scales in a series before dorsal fin. 

This specim belongs to  the N. blenniu8 type. 

20. Notropis bubalinus (Baird & Girard). Poteau River a t  Fort Smith, scarce. 
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21. Notropis venustus (Girard). Arthiir and Goodland, very common. 
22. Notropis umbratilis (Girard). Abundant a t  Goodland, Kiamichi, and Poteau ; scarce in  the 

Poteau at Fort Smith. 
23. Notropis dilectus (Girard). Enbevald Minnow. Arthur and Goodland, scarce; Potean and 

Arkansas rivers, common. 
24. Notropis whipplii (Girard). Silver-$n. Goodland, liiamichi, and Poteaii ; Ar1rans:ls sild Poteau 

rivers a t  Fort Smith, not common. 
25. Notropis lutrensis (Baird & Girard). Poteau and Arthur, common. 
26. Notropis jejunus (Forbes). Poteaii and Arkansas rivers a t  Fort Smith, scarce. 
27. Phenacobius mirabilis (Girard). Potoau and the Poteaii River a t  Fort Smith, scarce. 
28. Hybopsis amblops IRafinesque). Goodland, scarce. ’ 

29. Hybopsis storerianus (Kirtland). Poteau River at Fort Smith, common. , 
30. Hybopsis tetranemus Gilbert. Arkansas River at Fort Smith, scarce. 
31. Opsopwodus emiliae Hay. 
32. Notemigonus chrysoleucus (Mitchill). Golden Shiner. Arthur and Potcau, common. 
33. Gambusia affinis (Baird & Girard). 

Poteau and Goodland, scarce. 

Goodlaiict, Poteau, and Fort Smith, scarce. Very abundant 
in the bayous along the Red River at Arthur. B’emales taken a t  Arthur the last wcek of’ May 
contained partially hatched young. 

34. Zygonectes escambiae Bollman. 
35. Zygonectes notatus (Rafinesque). Top d l i i ~ ) ~ o t o .  Goodland, Kiainichi, aiirl Pote:i,ii, :md the 

36. Dorosoma cepedianum (Le Sueur). Arthur nnd the Poteaii River 

37. Hiodon alosoides (Rafinesquo). Moon-eye. Arkansas River at Fort Smith, scarce. 
38. Lucius vermiculatus (Le Sueur). Little Gveen Pickerel. Arthur, Goodlaud, Riamichi, ant1 

Poteau, apparently scarce. 
39. Lucius reticulatus (Le Sueur). Eustevn Piolcevel. Arthur, one apecimen taken. ThiR is the 

extreme southwestern locality from which this species bas been taken. 
40. Labidesthes sicculus Cope. 
41. Chaenobryttus gulosus (Cuvier & Valencieniies). Poteau, one specimen. 
42. Pomoxis annularis Rafinesque. Common in the Red Rivor bayoiis a t  Arthur; scarce 

43. Lepomin cyanellus Rafinesqiie. Green 8I&nficlk; PePe,*ch. Arthur, Goodland, Kinmichi, Poteau, 

44. Lepomis macrochirus Rafinesquo. 
45, Lepomis pallidus (Mitchill). BZne #un$Sh; Perch. Arthur, common ; Kiamichi and Poteau, E C ~ P C O .  
46. Lepomis humilis (Girard). Red-spotted 8uvLfCsh; Perch. &fore abundant than any other of the 

sunfishes found i u  the region covered by this papcr. Arthur and Potesii River at Fort Smith, 
common ; Goodland and Poteeu, scarce. 

47. Lepomis megalotis (Rafinesqne). Long-eared Sunfish; Perch. Arthur, Goodland, Kiamichi, 
Poteau, and the Poteau River a t  Fort Smith, common. This species is very variable. Scales 
vary in the  lateral line from 34 to  44, the usual number being from 3G to 42; some specimens 
are decper than others; these usually have the larger scales. Tho more slender specimens 
usually have a rather steep and trenchant profile. 

48. Micropterus salmoides (LacBpbde). Large-moutlmd h’lack 1 3 ~ 8 8 .  Arthiir, Goodland, Kiamichi, 
Poteau, and the Poteau River at Fort Smith, common; absurdly called “trout” here, as 
elsewhere throughout the South. 

49. Etheostoma chlorosoma (Hay). Arthur, Goodland, Poteau, and Kiamichi, sild the Poteau 
River at Fort Smith, scarce. 

50. Etheostoma onachit;e Jordan & Gilbert. Arthur, Goodland, rknd Kiamichi, common. Spoci- 
mens from Kiamichi have D. XI or XII, 11 or 12; A. 11,8; scales, 55 to 68. 

51. Etheostoma caprodes. (Rafinesquc). flogjS8; Log I’eroh. Arthur, Poteau, find Goodland, 
scarce; Poteau River a t  Fort Smith, scarce. 

52. Etheostoma whipplii (Girard). The most abuud:mt and vnrialtle darter found in the region 
hovered by this paper. Abundant a t  Arthur, Poteau, Goodlantl, Kiamichi, and in the Poteaii 
River at Fort Smith. 

53. Etheostoma lepidum (Girard). Arthur, comrno~~; scales, 45 t o  49; 1). IX or x-15; s~ales ,  45 to  
49, no scales 011 the head. 

Poteaii, scarcc. 

Poteau River a t  Fort Smith, not common. 

at Fort Smith, abundant in  bayous. 
a iekory  Shad; Gizzard Shad. 

A difficult fish to capture with i i  s i~a l l  seine. 

Goodland, Riamichi, and Poteau, not common. 

Crappie. 
at Goodlaud and Poteau. 

and Fort Smith, not very commoii. 
Poteau and the Poteaii River at Fort Smith, scarce. 

Goodlaud aiid Potcau, cniiirnoii. 
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54. Etheostoma phoxocephalum Nelson. 
55. Etheostoma fusiforme (Girard). Arthur, common; scales, 46 to 52; D. IX or X-11; cheeks and 

opercles scaly; breast naked; a small black spot at base of caiidal fin. 
56. Etheostoma microperca Jordan & Gilbert. This species has 

sometimes but one anal spine. 
57. Stizostedion canadense (C. H. Smith). Said to be comrnou in the Poteeu River at 

Fort Smith. 
58. Aplodinotus grunniens Rafinesqne. li'resh-water Druni. Goodland, scarce; Arthur and the 

Arkansas River at Fort Smith, common. 

Potean River at Fort Smith, scarce. 

Kiamichi, scarce. 
Kiamichi and Poteau, scarce. 

Sauger. 

THE ST. FRANCIS RIVER. 

The region drained in Arkansas by the St. Francis River is low and flat, except 
the eastern slope of Crowley Ridge, which is more or less rolling. The river soon 
after passing south of the northern line of Arkansas widens, forniing a lake from a 
few rods to 5 miles wide and about 50 miles long. On either side of this lake are 
many shallow bayous which quite or entirely dry up during the summer. The region 
between the St. Francis and Mississippi rivers is very low aud contains a number of 
lakes, some of which are 5 or 6 miles wide and three or four times as long. Most of 
these lakes discharge their waters into bhe St. Francis, the others into the Mississippi 
River. I n  the spring uearly all of this region, including a large area west of the St. 
Francis River, is flooded with water from a depth of a few inches to as much as 10 
feet. Thus, a t  least once a year, the Mississippi, these lakes, the St. Francis, and even 
the head watersof the Black and Cache rivers, are all united i n  one vast sheet of 
water. There is probably no time in the year when i t  is not possible with a small 
skiE to go from St. Francis through Little River to the Mississippi River. 

The present conditions of this region are due to  the New Madrid earthquake of 
1811-12. After the quaking of the earth, which lasted for several months, had subsided 
large areas of land sunk several feet below their former level, while a few smaller 
areas becaiiie somewhat elevated. The large lakes uow in this region arid the broad 
lake-like channel of tho St. Francis River are due to this earthquake. Many of the 
large cracks made in the earth at that time are still visible as shallow ditches 1 or 2 
yards wide and 6 inches or more in depth. To the ordinary observer these would be 
scarcely noticed. Although the people who witnessed that earthquake have about 
all passed away, so vivid were their recollections of it that their descendant.s point 
out with much accuracy the marks left by it and discuss with clearness its destructive 
features. This was formerly 
the main channel of the St. Francis, but after the earthquake its new channel was 
formed about 6 miles farther east. The Old River is little more than a large bayou. 
It has but  little current, has a sandy bottom, and contains only a Bmall amount of 
vegetation. It varies much in width, beiug from half a mile to only a few rods wide. 
It is as much as 20 feet deep iu places, and seeiiis to be full of fish life. 

It was a comparatively easy matter with a collecting seine to catch pickerel and 
black bass weighing from 1 to 3 pounds. The mater was quite clear, and large gars, 
buffalo, pickerel, black bass, and sunfishes could be seen in abundance. The usual 
method of catching black bass (the favorite food-fish) was trolling. The parts of two 
days I spent on Old River I saw many black bass taken this way. Two pien would 
be out one or two hours and return with a dozen or more black bass weighing from 2 
to 5 pounds. In all of my collecting I have never seen another stream that seemed to 
contain the enormous amount of fish life found in Old and St. Francis rivers. 

, 

I visited Old River, about 10 miles east of Greenway. 
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1 visited the main river near Big Bay and a t  Marked Tree. At  Big Bay the river 
is about 5 iniles wide, although the main cnrrent is much narrower. The river con- 
tains much vegetation on each side and in shallow places in the main channel. The 
vegetation mas too abundant in sliallow water to enable us to use a seine; where less 
abundant the water was too deep. This niade collecting very irksome and unsatis- 
factory, but our labors were rewarded by getting a few species not taken elsewhere. 

The bottom of the river, especially in the main channel, is sandy, and the water 
very clear. The current was moderate. The amount of fish life in the river was very 
great. Large fishes were everywliere coming to the surface and with a quick motion, 
suficient to agitate the water considerably, would sink beIow the surface. I n  quietly 
floating down the stream in a dugout, many large fishes could easily be seen moving 
slowly about in the river below or resting quietly among the weeds. Professor Samp- 
son and myself, in a half dozen strokes with a gig, caught one large gar and a 3-pound 
black bass. This was our first attempt to capture fish by this method. 

In the spring, as the overflow water recedes, many large fishes become stranded in 
shallow bagous and even on level ground. Many of these are taken by farmers and 
lumbermen aiid used by them for food, while a large number are left to die its the 
water recedes. The buffalo are among the largest number destroyed for lack of water; 
some are reported of immense size. 

One of the most noticeable features of Old River icl. the immense numbers of 
mollusks found in the sandy bottom and the banks of the stream. The Arkansas hogs 
feed on the mollusks in the shallow water; they root the mollusk out of the sand, crack 
the shell, and extract the meat; they also destroy many gasteropods, which are 
very abundant, by the same method. The hogs also consume many of the stranded 
fishes. Minnows were found in the St. Francis in much less quantities than one mould 
a t  first suppose. Thcy are probably reduced in number by the abundance of large 
predatory fishes. Crawfishes seemed quite scarce; only two species, the young 
Cawbarus palmeri, and a m a l l  new species, Cambarus faxoni, being all that were 
found in the river. 

A t  Marked Tree the St. Francis is confined to an ordinary river channel. It has 
clear water, a rather slow current, and a sandy bottom. About 2 miles above Marked 
Tree the Little River, its most important tributary froin the east, empties into the 
St. Francis. When visited the water was low, there being sci~rcely enough water in 
Little Itiver to enable us to get a small boat more than a mile above its moqth. The 
Little River is the outlet of Big Lake, and other smaller lakes between tho St. Francis 
and the Mississippi rivers. Its water was clear aud its current more swift than that 
of the St. Francis River. In  places its sides and bottom were covered with vegeta- 
tion. In  dry weather it does not have enough water for the larger fishes, except hi 
an occasional hole along its course. It afforded escellent opporturiity to collect the 
smaller fishes, and nearly all of those listed from Marked Tree are from Little Xiver. 

A t  tlie mouth of the Little ltiver the St. Francis is wide and very deep. Large 
schools of minnows, Hybognathus nzccldis, seem to loiter on the shallow sandbar 
bordering tho deep water. We baited our hooks with some of these minnows and 
soon had a nice string of striped bass, IVoro?ts itaterrupta. 

Near Greenway we seined in a small bayou. Only a few species of fishes were 
fouiid in i t  arid most of them in abuudance. Among the most abundant was Aphre- 
doderzcs sayanus and Noturus gyrinus. Several specimens of Amia ca!lva and one 
specimen of Umbra limi, besides a few others of less importance, were taken. 
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A t  Paragould we did some seining in Eight-mile Creek, a western tributary of 
the St. Francis. This creek goes nearly dry in the summer. Like the bayou, it has a 
muddy and sandy bottom. The day before our visit a heavy thunder-shower had so 
swollen the stream as to reuder seining somewhat difficult and unsuccessful. 

The time at my disposal did not permit me to visit the Cache River which drains 
the western slope of Crowley Ridge. This river is much smaller than the St. 
Francis, but is reported as being of considerable importance from an  ichthyological 
standpoint. It is also said to suffer in this respect on account of the large quantity 
of sawdust deposited in it by sawmills. The injury t h e  sawdust does the fish is 
not fully appreciated by either citizens or sawmill men, or it is quite certain it would 
be stopped. 

Northeast Arkansas and adjacent portions of Missouri, Kentucky, and Tennessee 
are especially inviting to the biologist. A large portion of this region is yet wild and 
thinly settled. Thus the balance of life has not been seriously disturbed by man. On 
account of malaria some naturalists are prevented from visiting this  region in the 
summer. Reports as to the unhealthful condition of this region have been consider- 
ably exaggerated. It uo doubt contains its full share of malaria, but with moderate 
care no evil results need be feared. The people who live in  this region, and who are 

. engaged in cutting timber, suffer very little from malaria, 
In  making the collections a t  Qreenway I was assisted by Mr. S. E. Mitchell, a 

former student of the Arkansas University. A t  Paragould I was assisted by the 
Oxley brothers. A t  Jonesboro I was the guest of a fishing party consisting of 
Professors Sampson and Johuson, Mr. H. C. Townley, Mr. Freer, and &lr. George 
Peters. Mr. Peters also accompanied me to Marked Tree, and to him I am under 
special obligations. At Paragould I was entertained by Mr. Richard Jackson. 

LIST OF FISHES FROM THE ST. FRANCIS RIVER. 

I n  order to abbreviate, I have used the names of localities as follows: 
Bayoii =Bayou near Greenwag, Arkansas. 
Old River = Old River at Buckhorn Lauding near Greenway, Arkansas. 
Paragould = Eight-mile Creck near Paragould, Arkansas. 
Big Bay = St. Francis River near Big Bay, Arkansas. 
Marked Tree= Little and St. Francis rivers near Marked Tree, Arkansas. 

AtMarked Tree nearly a11 of the collections were made in the Little River from 
its mouth to about 1 or 2 miles above it. This stream and the St. Francis resemble 
each other very much. The Little River has a little more current and is much the 
smaller. A few hauls were made in the St. Francis, but they resulted in nothing new. 
1. Lepieosteus oeeeue (Linnmus). Long-nosed Gar Pike. Very abundant in the Old and St. Francis 

rivers; only a few specimens taken, but many were seen floating near the surface of the water. 
2. Lepieosteus platystomus Rafinesque. Short-noeed GUT. Less abiindant than the preceding. 

Gars over 10 feet long are reported from the St. Francis. No doubt these large specimens are 
the alligator gar. 

3. Amia calva Linnaus. Grinale. Quite abundant and very well known in northeastern Arkansas; 
used as food to some extent. Bayon, abundant; Old River and Paragould, common. 

4. Ictalurua punctatue (Rafinesque). A few specimens were taken at 
Marked Tree. A very conimon and highly esteemed food-fish in the St. Francis River. 

5. Ameiurus melas (Rafinesqne). Small Bullhead. Not common. Bayou, Old River, and Peragould. 
6. Noturue nocturnue Jordan & Gilbert. 
7. Noturue g y r i n ~ ~  (Mitohill). Stone Cut. Bayou and shaIlow stagnant pools along Old River, very 

Channel Cuf; White Cut. 

Marked Tree; only e few specimens taken. 

abundant. A few specimens also taken at Big Bay and Marked Tree. 
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8. Carpiodes velifer (Rafinesque). Quillback. A few specimens taken in Old River. Buffaloes in  

Many large ones are abundance and of large size are reported in the St. Francis River. 
captured as the overflow each year recedes. 

9. Erimyzon sucet ta  (Lac6pbde). 
10. Minytrema melanops (Rafinesque). Striped Sucker. Bayou and Old River, common. 
11. Catostomus nigricans Le Sueur. 

12. Moxostoma macrolepidotum duquesnei (Le Sueur). 
13. Hybognathus nuchalis Agassiz. Silawy Ninnotu.  Bayou and Old River, scarce. Very abundant 

in the mouth of Little River a t  Marked Tree. 
14. Pimephales notatus  (Rafinesque). Apparent,ly scarce ; a few specimens 

from Old River, Paragould, Big Bay, and Marked Tree. 
15. Cliola vigilax (Baird & Girard). Old River and Rig Bay, scarce. 
16. Notropis heterodon (Cope). Old River, scarce; Big Bay and Marked Tree, abundant. Usually 

found among vegetation. Those from St. Francis River have the lateral band darker and 
broader than usual. 

Chub Sucker. Bayou, Big Bay, and Paragould, common. 

Hog Sucker; Slone-rolZei*. Marked Tree, a few specilnens seen 
in Little River. 

Common Redhorse. Old River, scarce. 

Bhkut-~osed Njnnow. 

17. Notropis Cayuga Meek. Old River, scarce. 
18. Notropis blennius (Girard). Marked Tree, apparently scarce. 
19. Notropis xaenocephalus Jordan. 
20. Notropis shumardi (Girard). Old River and Big Bag, scarce. 
21. Notropis umbratilis (Girard). 
22. Notropis venustus  (Girard). Marked Tree, common. 
23. Notropis megalops (Rafinesque). Shiner. Paragould, common. 
24. Notropis dilectus (Girard). 

Old River and Big Bay, scarce. 

Old River and I3ig Bay, scarce; Paragould, common. 

Old River, scarce; Marked Tree, comlnon. Hoad, 4%; depth, 5f; 
Diameter of eye greater than length of anal, 11. 

snout, 3 to 34 in  head. 
25. Hybopsis amblops (Rafinesque). 
26. Opsopceodus emilim Hay. Old River and Paragoulrl, scarce. 
27. Notemigonus chrysoleucus (Mitchill). 

Bay, common. 
28. Fundulus scartes, new species. 

Scales, 41; lateral line slightly decurved. 
Side with silvery band. 

Old River and Big Ray, scarce. 

Golden Shiner. Bayou, Old River, Pnragoulil, and Big 

Type locality: St. Francis River, Big Bay, Arkansas, where two specimens were collected in 

Type, No. 47301, U. S. Nat. Mus.; Co-type, No. 2277, L. S. Jr. Univ. Mus. 
Head, 3); depth, 4; D. 8; A. 10 or 11; P. 4. 

August, 1894. 

Scales, 36-11. Body compressed, back slightly 
arched, head depressed in  usual way. Mouth small, subterminal, lower jaw projecting 
slightly. Interorbital space, 14 eye. Eye equal to snout, 33 in head. Dorsal fin short, 
beginning slightly behind anal, neither fin reaching caudal. Teeth in narrow bands, outer 
row enlarged. Scales large, closely imbricated and minutely spotted with black. Color, 
dark-green above, becoming lighter below; belly, yellowish; large spots of white on some 
of the scales give appearance of several ill-deiined silver bars on sides. TWO small specimens, 
the longest 14 inches long, from St. Francis Rivcr, Big Bay, Arkansas. Although but two 
small specimens of this species were taken, i t  is quite comnion. Many were observed where 
vegetation was entirely too abundant to  enable 11s to use a net. When frightened, these 
little fishes will jump out of the water, lodge for an instant on some portion of a plant above 
the surface, and then dart back into the water. These two specimens I caught in my hand. 
I made many attempts to  catch others, but  failed to  do so. 1 at  first supposed them to be 
the young of Z.  notatus. 

29. Zygonectes notatus  (Rafinesque). RLYOII, o l d  River, Paragodd, Big Bay, aud 
Marked Tree, apparently not common. 

30. Zygonectes gut ta tus  Agassiz. 
31. Gambusia a n i s  (Baird & Girard). 

32. Umbra limi (Kirtland). Mud Minuotu. Bayou, one specimen. 
33. Lucius vermiculatus (Le Siieur). 

and Marked Tree, apparently an abiindant specics. 
34, Lucius reticulatus (Le Mucur). 

food-fish in  the St. Francis Eiver region. 
in the water. 

X ~ c i p i ~ c ,  one who leaps. 
Top Minnow. 

Big Ray, scarce. 
Hayou, Old River, Paragodd, Big Bay, and Marked Tree, 

common. 

Little Green Pickevel. Old River, Bayou, Paragodd, Big Bay, 

Quite a favorite tind an important 
Only a few taken by us, but many others were seeu 

Eastern Pickeral; .Iack$sh. 

Old River and Big Bay. 
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35. Labidesthes sicculus Cope. Silverside. Old River, Big Bay, and Marked Tree, apparently 

36. Aphredoderus sayanus (Gilliams). Pirate Perch. Bayou and Old River, very abundant. A 

37. Elassoma zonatum Jordan. Big Bay, common; Marked Tree, scarce. 
38. Centrarchus macropterus (LacBpBde). Old River and Bayou, abundant ; Paragould, common. 
39. Chenobryttus gulosus (Cuvier & Valenciennes). Warmouth ; Red-cyca Bream. Big Bay, one 

specimen; color, nearly uniform black. Old River, scarce. 
40. Pomoxis sparoides (LacBpBde). Calico Bass. Big Bay and Old River, common. 
41. Pomoxis annularis Rafinesque. Crappie. Old River and Big Bay, apparently less abundant 

thau the preceding. 
42. Ambloplites rupestris (Rafinesque). Goggle-eye; Rock &OB. Big Bay and Marked Tree, common. 
43. Lepomis cyanellus Rafinesque. 
45. Lepomis macrochirus Rafinesque. Perck. Bayou, Old River, and Big Bay, scarce. 
45. Lepomis pallidus (Mitohill). Blue Sun$8h; Perch. Old River and Bayou, common; Marked 

46. Lepomis garmani Forbes. Old River, Big Bay, and Marked Tree, scarce. 
47. Micropterus salmoides (LacOphde). Large-mouthed Black Bass. Very abundant throughout the 

St. Francis region, and is the favorite game-fish. Specimens frequently weigh from 4 to  6 
pounds. The small-mouthed black bass is very scarce, if found a t  all, in St. Francis River 
Basin in Arkansas. Bayou, Old River, Paragould, Big Bay, and Marked Tree, abundant. 

48. Etheostoma pellucidum Baird. Sand Darter. Marked Tree, Big Bay, and Old River, abundant. 
49. Etheostoma chlorosoma (Hay). Paragould, Rig Bay, Old River, aud Marked Tree, scarce. 
50. Etheostoma shumardi (Girard). Marked Tree, scarce. 
51. Etheostoma caprodes (Rafinesque), Log Perch. Marked Tree, scarce. 
52. Etheostoma aspro Cope & Jordan. Black-sided Darter. Old River, Paragodd, Big Bey, end 

53. Etheostoma ouachitie Jordan & Gilbert. Old River, scarce; Marked Tree, common. 
54. Etheostoma scierum (Swain). 

scarce. 

few takeu at Paragould, Big Bay, and Marked Tree. 

Green Sunfisli; PWOlI. Bayou and Paragould, common. 

Tree, scarce. 

Marked Tree, common. 

Big Bay, scarce; Marked Tree, abundant. Head, 4;  depth, 5&; 
D. XII or XIII, 12 to  14; A. XI, 9. Scales in lateral line, 7-68 to  73-12. Gill-membranes broadly 
united. Cheeks with smell scales; opercles with larger ones. Nape scaly; breast naked. 
Middle line of belly with enlarged, persistent scales. The preopercle is serrate in the older 
specimens, almost entire in the  larger ones. 

55. Etheostoma histrio Jordan & Gilbert. Marked Tree, scarce. 
56. Etheostoma jessiae (Jordan & Brayton). Big Bay, Marked Tree, and Old River, common. 

57. Etheostoma saxatile (Hay). Marked Tree, common. 
58. Etheostoma copelandi (Jordan). Paragould, scarce. 
59. Etheostoma fusiforme (Girard). Old River, Paragould, Big Bay, and Marked Tree, scarce. 
60. Etheostoma microperca Jordan. Old River, Big Bay, and Marked Tree, scarce. 

61. Morone internzpta Gill. Marked Tree, common. 

Marked Tree specimens have the scales 45 t o  55. D. IX or x-11 to  14. Color very dark. 

Anal Rpinee, 
one or two. 

RECAPITULATION. 

The total number of species of fishes obtained by me in western Arkansas and 
eastern Indiaii Territory is 58. The total number obtained in the Sf. Francis River 
is 61. Of the 58 species found in the first list, the following were not found in the 
St. Francis: 
1. 
2. 
3. 
4. 

Ameiurus nebulosus. 
Leptops olivaris. 
Ictiobus cyprinella. 
Campostoma anomalum. 

5. Notropis buchanani. 
6. Notropis bubalinus. 
7. Notropis whipplii. 
8. Notropis lutrensis. 

9. Notropis jcjunus. 17. Lcpomis megalotis. 
18. Etheostoma whipplii. 
19. Ethcostoma lepidnm. 
20. Etheostoma phoxocephalum. 
21. Stizostedion canadense. 
22. Aplodinotus grunniens. 

10. Phenacobius mirabilis. 
11. Hybopsis storeriame. 
12. Hybopsis tetranemus. 
13. Zygonectes escamhiro. 
14. Dorosoma cepedianum. 
15. Hiodon alosoides. 
16. Lepomis humilis. 
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No fewer than 28 of the 61 species found in the St. Francis were not found in 

western Arkansas end eastern Indian Territory. They are the following : 
1. Lepisostous platystomus. 
2. Amia calve. 
3. Noturus gyrinue. 
4. Catostomus nigricans. 
5. Notropis cnyuga. 
6. Notropis xronocephalus. 
7. Notropis megalops. 
8. Fundulus scartes. 
9. Zygonectes guttatus. 

10. Umbra limi.. 
11. Aphrcdoderus sayanus. 
12. Elassoma aonatum. 
13. Centrarchus macroptorus. 
14. Pomoxis sparoides. 
15. Ambloplites rupestris. 
16. Lepomis garmani. 
17. Etheostoma pellucidum. 
18. Etheostoma, shumardi. 

19. Etheostoma aspro. 
20. Ethoostoma scicrum. 
21. Etheostoma histrio. 
22. Etheostoma jessia. 
23. Etheostoma saxatile. 
24. Etheostoma copelandi. 
25. Morone interrupta. 

Adding these 25 species to the 58 found in western Arkansas and eastern Indian 
Territory gives a total of 83 species of fishes as the result of less than three weeks’ 
collecting in these waters. There are but few regions in the United States that will 
yield so many species of fresh-water fishes. 

MOLLUSKS COLLECTED IN OLD RIVER, NEAR GREENWAY, ARKANSAS. 

No special effort was made t o  collect the mollusks occurring in the water examined. 
Some little time was given to collecting the diflerent species iii Old Itiver, the names 
of which are given in the following list. 1: am indebted to Mr. Uharles T. Simpson, of 
the National Museum, for the specific determinations and for the technical notes on 
each. 
Unio pyranridatue Lea. Scarce. 
Unio gihhosua Barnes. A thin, compressed, elon- 

gated variety, found rarely throughout the 
range of the speqies. Quito cornmon. 

Unio paruus Barnes. Scarce. 
Unio texarcneie Lea. Scaroe. 
Urkio tuboroulatiia Barnes. ~ c a r c e .  
Ditio turgidue Lea. So far a8 I know this species 

has not hitherto been reported north of 
southern Louisiana. 

Unio anodoiitoidee Loa. A pale, rather delicate 
variety, found in the Gulf States; abundant. 

Unio lienoeua Conrad. The peculiar variety of this 
species found liere has not been reported 
hitherto north of Columbus, Mississippi; not 
common. 

Unio oaetaneue Lea. A common southern specics 
found as far north as Clinton, on the Little 
Red River, Arkansas, 126 miles southwest of 
Greenway; common. 

unio hydianue Lea. Very abundant. The ruost 
northern limit heretoforc known was Little 
Rock and Wittsburg, Arkansas. 

U ~ i o  cerinue Conrad. A species of southern 
LouiHiana and Mississippi, and not pre- 
viously known north of Little Red River. 
There can be 110 doubt that  those shells are 
geuuine CWilZU8. Abundant. 

Unio undiilatue Barnos. Scarce. 
Anodonta inibeoillia Say. Scarce. 
Anodonta edentula Say. Not common. 
Anodoiita opaca Lea. A form not liuown hitherto 

north of Little Rock, Arkansas. 
SplmriunG eolidulum Prime. 
Plearocera elevata Say. 
Canipeloma ooarotata Lea. A southcrn specics. 
Plaitorbis trivolvie Say. 
Vinipara euhpurpurea Say. Banded. 

Scarce. 

This collection is rema(rkab1e from the fact that it contains no less than six species 
of Unionidas found at  a locality farther north than they have ever been reported from 
before. In fact the species of general distribution throughout the Mississippi Valley 
that were taken a t  this locality have a most decidedly southern aspect, and the entire 
collection is such as one would expect to find among the streams near the shores of 
the Gulf of Mexico. 

ARKANSAS INDUSTRIAL UNIVERSITY, 
Payetteville, Arkansas, November 7,1894. 
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8.-THE SOURCES OF MARINE FOOD. 

BY JAMES I. PECK, 
Assistant VYO~~SSOY of BioZogy im Wiliiams Coliege. 

During the summer of 1894 studies were continued, under the auspices of the 
United States Fish Commission, upon the food of marine fishes, and in working out 
somewhat in detail some of tlhe ways in which several of them are related to $heir 
environment in these respects, and especially in trying to get a more accurate idea of 
the primary basis upon which they all rest; that is to  say, the body of micro-organic 
material suspended in the water, 

Much importance naturally attaches to the study of the feeding habits of inasine 
fishes, for attention is thus immediately called to the delicate adjustments upon which 
their life-history is based, especially in their young and defenseless stages of growth; 
and in no better way can the resources of any given species be approached than in 
understanding the possibilities of its obtaining sufficient food supply, together with 
its liabilities of falling a prey to other species. 

Such studies, moreover, lead to very broad considerations of the resources of the 
ocean, such as logically involve all its wealth of living substance, and so i t  is that 
the two sections of this paper, although dealing with such different subjects, are yet 
phases of the same theme. 

I .  THE FOOD O F  CERTAIN FISHES. 

Having ascertained in 1893 the food of the menhaden,* which is not carnivorous 
at all, but mbsists upon microorganic matoriaJ filtered from the water, I have now 
considered the squeteague, which is a voracious and insatiable devourer of other 
species, and which visits the New England coast as a summer migrant and is taken 
regularly in the traps here located. Five hundred and seventy of these were exam- 
ined during the month of July and the first days of August, and their food tabdated 
a8 correctly as could be done by me, as it was taken from the stomachs of the fish 
when brought in each morniug from the trap. This method is of course subject to 
somewhat unnatural conditions, because when confined in traps they may fall upon 
victims imprisoned with them, or they may be deprived of their normal quantity of 
food by their inclosure, but it seems to me that, after all, the results are not materially 
changed. - __ _- 

* See U. S. F. C. 13iilletin for that y o ~ ,  p. 113. 
351 
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The following tabulated statement is so classified as to express graphically the 
main constituents of the food of the squeteague: 

lumber 1 I .  
t spec. Contniu. Contain- Contain- Contrun- Containing 
imena ing men. ing adult ing but- ing small 
~xam.  haden. herring. ter-fish. squid. crustacea. 
ined. 

.- 

8 .............................. ‘3 (3) ............ 1 (4) 3 (many). 
11 1 (1) .......... 1 (2) .................... 3 (3) ............ 
8 .............................. 2 (2) ............ 3 (4) ............ 
4 .............................. l(1) ............ 2 (3) ............ 

2Q .......... 5 (5) 1 (1) 4(many) .............................. ;; 1 2 (2) 7 (7) 3 (3) 8(vcrymnny) ......................... 
2 (2) .......... 6 (G) 5 ( f e d  ........... 2 (2) 4 (fcw) ... 

17 1 3 (3) 1 (1) 4 (5) 4 (14) ........... 3 (6) ............ 
37 I .......... 2 (2) 13 (18) 2 (~evenrl) ...... 3 (4) ............ .......... ...... ..... 30 1 1 (1) 6 (8) 5 ( m n q ) . .  3 (3) I(3) 

July 4 
5 
6 
7 
9 
10 
11 
:3 
14 
16 
17 

18 
19 
23 

24 
25 
26 
27 . 28 
30 
31 

Aug. 1 
2 

7 
8 
9 

’ 10 
11 -_ 

Per oent 

Contain 
ing nothing 

3 
6 
5 
1 
11 
9 
17 
5 

16 
18 

11 
13 
13 
7 
6 

570 

....... 

40 
15 
20 
12 
26 
27 
14 
17 
14 

.......... 1 (1) ........................................ l ( 1 )  ..... 6 ........................................................................ 13 

.......... 1 (1) 3 (5) .......................................... 10 .......... 3(4) G ( 2 2 )  1(2)..- ......... l(1) ...................... .............................. l ( 2 )  5 .................................. -- -- ---____A- 

19 (19) 57 (62)  80 (180) 100 (very many) ..I 41 (52) 30 (many). 280 

49 3.3 10 14 17.5 I 7.2 5 ,  

.......... 3 G (6) 1 29 (many) ........ 1 4 (4) 2 (few) ... .......... .......... ...................... 8 
....... ....... ........... 1G 1 (1) 2 (2) .......... l(1) 

12 ............ ............ 11 
.......... ... 5 .......... 4 

.................... ........ 2 .......... 5 ( 5 )  ...... .............. 5 (8) 6 (Heveral) 

___ ___ 

Miscellaneous . 

1 hermit crab. 
1 small crab. 
1 knot seaweed. 

1 lobster (soft). 
Shrimps, w i t h 

other crusta- 
cea. 

1 small crab. 
3 annelids and 2 

lady craba. 
1 small crab. 

1 mackerel. 
Squid contained 

Youn soup. 
2 annside. 

1 young fish. 

Young aoup. 

-- 
NoTE.-T~o figures and words iu  parenthesos indicate the number of victims found in the given number of 

. squeteague. The flpurca without parentheses indicate the number of Rqueteague oonteining such victims; thus, 19 
squeteague contained in their stoinaohs (19) menhaden as victims, 57 squeteague contained (62) adult herring a8 victims, 
and so for the other columna following. The column lieaded “Miscellaneous ” includes victims not otherwise enumerated. 

It will be seen that the columu of the table headed ‘iyoung herring” is the one 
most constantly filled, and that the aggregate number of fish included iu it (100) is 
larger than in any of the other columns where food is found, covering 179 per cent of 
the whole number of fish studied. It is very evident, in fact, to the investigator that  
schools of young herring, menhaden, aud alewives, with young fhh of other species 
found less often during this particular period, are especially sought by the squeteague. 
I n  a single specimen 25 inches long were found 1GG young 2-inch herring. It seems 
hardly credible that one fish could manage to coiisume this number at a single meal, 
but very frequently they thus get opportunities of gorging themselves-from a single 
school, too, since the process of digestion had acted uniformly upon the whole. 

I n  the next left-hand column” one sees that butter-fish (Stroinatezcs triacanthzcs) 
also form a large part of the food of this species. I have found as many as 7 small- 
sized victims (all together weighing Sg ounces) in a single squeteague, while 14 per 
cent of the whole number examined contained these victims. In  the column recording 
the fish feeding upon squid one aees a large representation; 7 per cent of the whole 
number of squeteague examined used them. 

*In this column also are included young bluefish, which often occur, and in the nearly digested 
state can with difficulty be distinguished from small butter-fish. 
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I think that the food materials thus far mentioned, i. e., young fish, butter-fish, 
and squid, are closely interrelated, and that the young fish are again the central 
point, for one finds upon examining the stomachs of the butter-fish that they are 
carnivorous, feeding upon small fish; in fact, one was takeii froni a squeteague which 
was itself in the act of capturing a minnow, which stuck, half-swallowed, from its 
mouth. The squid, as is well known, swims along under schools of young fish, 
rising now aiid then to the surface with great accuracy and securing its prey. 
One can often see them during the summer in the Iarge pool of the station of the 
Fish Oominission at Woods Hole, Massachusetts, feeding upon small silversides at 
the surface. 

I have many times in the same way watched young bluefish from the wharf as 
they swim along 3 or 4 feet beneath a school of young fish a t  the surface, changing 
their position, direction, and their rate constantly, according to the movements of 
their victims above them. A t  times a continuous stream of schooliiig silversides 
would pass along the end of the wharf as far as the eye coiild discern them, while 
just as regularly, though of course in  much fewer numbers, one could see a scattered 
column of young bluefish, a few feet beneath, moving in exactly the same manner, 
rising constantly into the mass above, as one might plainly know by the scattering, 
even out into the air, of the invaded minnows. The schools of youiig herring, men- 
haden, and alewives, are subject to the same foes, and one can imagine that it is in this 
way that the giant squeteague also regulates its feeding times and places to this kiud 
of material, preying at once both upon the young herring and their enemies, which 
fall so easily to its strength and swiftness. It is often found also that when the young 
fish are fed upon in abundance by the Squeteague, small crustacea-amphipods, and 
less often small shrimps-and also the green remains of iriany annelids (Phyllodoce) are 
frequently takeii with them. These organisms also swarm in shallower areas frequented 
by young fish, for these latter prey upon the smaller crustacea, Iarvz, and copepods, 
while some of the larger kinds of the crustacea are consumed by the squeteague directly. 

Not only are young fish used by the squeteague, but the adults of the same 
species, and one cau see by reference to the table before given that the columns 
devoted to adult menhaden and herring have a good representation, especially the 
latter. So well adapted for its predaceous life is the squeteague that it swallows a 
large thick menhaden more than half its own length, while the full-grown herring 
figures very commonly in the same way as food. 

The food of the squeteague (Cylzosoion r e g d e )  may be characterized perhaps most 
clearly by a concrete instance: On the morning of July 23 there was taken a Iarge 
specimen whose stomach contained an adult herring, in the stomach of the herring 
were found two  young scup (besides many small crustacea), and in the stomach of one 
of these young scup were found copepods, while in tlie alimentary tract of these last 
one could identify one or two of the diatoms and an infusorian test among the mass 
of triturated material which forinod its food. This is an instance of the universal 
rule of this kind of food; the squeteague captures tho butter-fish or squid, which in 
turn have fed on young fish, which in their turn have fed upon the more minute 
crustacea, which finally utilize a microscopic food supply. And the food of the 
squeteague must be regarded as a complex of all these factors, a resultant of several 
life-histories to the  given environment. Moreover, circumstances arising to modify 
any of the separate factors cause correlative changes throughout the whole series. 

B. U. B. 1886-23 
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The species most like the squeteague as regards its food material in this locality is 
the bluefish (Ponzatonzus sultatrix). Ouly thirty-eight of these, however, were obtained 
by me during the summer; not a sufficient number for any coinplete analysis, yet 
they indicate somewhat the feeding habits of this notttbly predaceous animal. Thirty. 
two per cent contained adult menhaden, 18 per cent contained butter-fish, 10 per cent 
herring, 8 per cent squid, and 3 per cent young fish. Thirtynine per cent contained 
nothing at the time of capture, although not much can be based upon the last fact, since 
this fish is well known to disgorge its food when captured by hook and line. Moreover, 
all that can be said of the food of the squeteague applies equally well to the bluefish, 
and as regards habits of feeding they may be in most respects associated together. 

Another class of food of fishes may be illustrated by the sea bass (#erranus 
atrarius), which is a bottom feeder. Though only forty speciinens were obtained in 
the period studied, they probably give a fair representation of the geueral feeding 
habits of the fish, and the results may perhaps be more easily considered if tabulated : 

_ _  - - _ _ _ _  ~ - ____ -__ 
Sea bass Graon Lady Hcmlit Mollu&a. 

examiued i2f2:' crabs. crabs. crabs. =*'e. 

~ _ _ ~ -  

___ 

Nothing 

NoTE.-Theflgnrea and word8 in psrontllcsoa denoto the nUlllbCr of' victims. The figllrO.3 \vithout parenthesos 
iudicate the number of sea bass containing such victims. 

From this table will be seen how largely the sea bass depends for its food upon 
various crustacea; not 8 single fish containing food was without them, while most of the 
specimens examined contained many crustacea of several genera. The young lobster 
from the bottom is especially conspicuous with the other crustacea taben by the sea 
bass; four fish obtained by me contained five young lobsters averaging 58 inches in 
length. Several specimens of young lobsters, all of about the same size, were also 
obtained from a fish-market a t  Vineyard Haven, where this fish is dressed. Young 
fish-but ouly those of strictly bottom habits-were also much preyed upon by the 
sea bass; also lamellibranch mollusks of several genera. The habits of this species 
are therefore eminently carnivorous, aud yet its immediate food is widely removed 
from those species of fish heretofore considered. 

A few specimens of two other of our migratory fishes were also examined to  
illustrate somewhat further the material used by bottom-feeding fish; these were the 
scup (Dipplodus argyrops) and the tautog (Tautoga mit is) .  While only a few were 
examined, the various coristituents seemed so constant, both in quantity and general 
make-up, that  one may get a fairly good detiiiled idea of their food froin studying a 
relatively few specimens. Thus in these rocky-bottomed localities, covered over with 
thick banks of alga, the large simple alimentary tract of the tautog is almost invari- 
ably filled mith lamellibranch Mollusca-Solen, Mytilus, and the like, together with 
many of the smaller similar forms-all of which have evidently been torn from their 
attachments snd broken up by the sharp incisor-like teeth at the front of the mouth; 
the shells and all are consumed in incredible numbers by this sluggish hunter. The 
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food of the scup, however, is somewhat more varied, comprising a wider range of 
victims, but of the same general character as belong to the bottom faxma. Thus 
one finds, in fish takeri by hook and line, a great quantity of amphipods, some of the 
compound ascidians (Leptoclinum), inany small lamellibranch mollusks, and at  times 
very many of the sand-dollars (E'chinaracl~nius parma) ground up with sand and 
deep black mud of the bottom from which they were feeding, just above which also 
the amphipods are usually so abundant. 

Now, ou the floor of these littoral waters the food of the lamellibranch rnollusca is 
of' course drawn from the microscopic orgauisms living suspended in the water above, 
which the animal obtains from the currents of water passing through its gills and 
mantle. The tautog, therefore, which consumes these molluscan victims to so large 
an extent, is only one step removed from their primary food supply of microscopic 
orgauisms, and is directly dependent upon such a supply, although not quite actually 
using i t  itself. So also the predaceous gastropods which feed upon other mollusks 
are directIy conditioued upou t h e  ability of some members of their food supply, by 
however many steps in the series they may be removed, to obtaiu the inicroscopic 
organisms from the surrounding water. 

With regard to the great group of the Crustacea I have not yet had the oppor- 
tunity of demonstratiug the steps by which their victims are passed on from one form 
to another, from the primary feeders upou ~nicroscopic food up to the higher forms. 
They are fierce devourers of their own kindred at hast, as may be abundantly proven 
if any one group-as the crabs-be investigated, for smaIlcr species are constantly 
preyed upon by the larger. They are scaveugers to some extent, as dead material 
comes to then!, and they also secure the young fish alive when their size will permit 
them, but the necessity of masticating their foot1 before eating makes the identification 
of the material harder to follow. 

It is entirely probable that some vegetal feeders may be found amoug the adult 
crustacea, as is certainly true to some extent in Panopeus, but the larval history is 
without doubt largely conditioned upon the Protozoa and Protophyta, amid which the 
earliest free-swimming stages are passed. Vegetal feeders, indeed-i. e., those using 
marine alga and the Iike-m:~y exist in every large order of animals, but under the 
present conditions they are manifestly quite too few to supply the food inaterial of the 
larger carnivorous forms, arid we are inevitably brought back to a food supply similar 
to that of the menhaden, which forms the stable basis upon which rnarine animal 
organisms of all classes are laid. This is not a new fact, of course, but it is one which 
will bear demonstrating in many ways aud under many circumstances. Professor 
Brooks has recently shown * how all iuariue life has been evolved out of these ancient 
pelagic conditions; and any. ratioual and thorough consideration of fisheries problems 
must eventually descend in steady steps to them. 

There have now beeu shown in several cases how marille food is elaborated, as it 
were, along different lines, from the primary sources of supply; the squeteague and 
bluefish stand farthest removed in one way, the sea bass in another, the scup and 
tautog less distantly in another. Many fish, such as the herring, alewife, aud shad, 
fall into another group, since they use mainly the minute crustacea; and so the plan 
might be enlarged to include inany other species, always lead~ng back, however, to 
the microscopic basis which is so easily demonstrated through tho feeding processes 
of the mussels and the menhaden. 
-_--______ ~ -__ - - - - -I - - ---_ 

* The genus Salpa, 1'. 167. 
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11.-OBSERVATIONS ON THE PLANKTON O F  BUZZARDS BAY. 

In  order to contribute toward a liuowledge of tlie quality, quantity, life-history, 
and conditions of enviroiiment of this primary food supply, cunsistirig of Protozoa, 
Protophyta, free-swimming 1arv:u a i d  the like, many observations were made during 
the earlier part of the simmer of 1894 with respect to tlie surface water in the larger 
harbor a t  Woods Hole, where collections of the organisms were systeniatically obtained 
from measured quantities of the water a t  different times of the day aiid tide, and under 
different conditions of temperature. Likewise, by means of the steamer Pish Hawk, 
which was provided with suitable qqmratus for the purpose," I was enabled to collect 
many samples from the waters of Buzzards Bay, not only a t  the surface, but also a t  
mid-depth and a t  the bottom. A definite section was laid out across the bay (see 
plate 64, Stations I-V) and another running loiigit~dinally (Stations A-D) through 
the same body of mater some distance out to sea. These lines of section were divided 
into equal intervals with definite stations established, in order that a rigid system of 
representative localities might be followed, by a study of which a knowledge of the 
bay as a wholc might be increased; arid i t  is earnestly hoped that these studies may 
be but a preliminary to wider observations which inay reveal to  some degree at least 
the possibilities of such lines of research in the understanding of the biology of these 
littoral waters. 

If one will dip up a small dish of sea water and place in it some bits of a1g:r: 
scraped from a pile or an old float i t  will, especially if allowed to stand a day or 
two in the laboratory, present a wonderful complex of organisms of the most varied 
types. In  order to express some of the ways in which the organisms in common sea 
water interact upon one another I have given in plate GG some pen-and-ink drawings 
illustrating, as well as I could by these means, the comparative forms and sizes of 
some of the commonest types, uiider a magnification of about a thousand diameters. 
(A partial identification of these is given in the explanation of this plate.) 

If, now, one can imagine a11 these organisms as seen alive under the microscope, 
there would appear the greatest diversity of habits. For instance, the large infu- 
sorian c glides swiftly and gracefully through the field, turning this way and that, 
bending with its flexible body around or under or over obstacles, stopping now at a 
colony of bacteria, now a t  a diatom, searching, as it were, for material suitable to 
its taste. As the cell is figured in the drawing it is occupied apparently in digging 
with its band of strong cilia a t  the colony of bacteria against which it rests; after 
remaining in this locality, even for several minutes, i t  suddenly turned about to the 
left, quickly ate the diatom there represented, and glided out of the field of vision. 

Other infusoria are constantly appearing; thus theJlesodinium ?n represented in the 
center of the plate is a rapid mover by means of the strong blades of the membranelh 
placed upon one face of it. This cell also is a strong swimmer and a predaceous 
consumer of many organisms inferior to itself in size. Just  above the last-named 
cell are represented two flagellates, a t  7r, whose flexible flagella give the character- 
istxc rolling niovement of the organisms. Three other small flagellate infusoria are 

' In addition to large funnels with dotachable tubes, in which a film of sand i u  laid upon a roll of 
wire gauze (which clotws the bottom eud of the tube of' the fimnel), for filtering out the organic 
material, the large steam pump of the vessel was ueed in drawiug up water from any deiired depth 
through a 2-incli hose. 

-- ___ - _ - - - -  -~ __ - - 
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haunting the colony of bacteria a t  i; one of the two flagella on each, by its corkscrew 
movement, gives direction and motion to the cell, while the other drags along behind 
quite passive. These are very abundant; several may be iu sight a t  the same time. 
Another iiifiisorian, 11. is also prominent both by its strong cilia and its peculiar move- 
ments. One of these will suddenly appear in the field of the microscope aud after 
remaining perfectly motionless for some time, except for the rapid rotation of a band 
of long cilia a t  the mouth end, will disappear with such a quick jump that with tho 
high-power lens it can hardly be detected. 

Besides these irifusoria lieretofore meiitioned, which come and go in restless 
irregular sequences, there are other animal cells which are almost motionless, simply 
floating through the water, reaching out their long delicate protoplasmic threads, which 
entangle their prey upon all sides. Such an organism, for instance, is represented by 
the Iieliozoan at g. The perfect regularity of these radii in the living anima1 is very 
beautiful; each one of them is very sensit,ive to stimuli and capable of a slow regular 
withdrawal into, or further extension from, the parent ceII a t  thecenter. One also may 
see the numerous irregular thickenings upon very many of these threads, especially 
if the organism is actively feeding. The cell figured has in i ts  grasp two of tlie 
small flagellates which came into contact with its outlying snare, and were thus, very 
slowly a t  first and more rapidly as tliey neared the cell, drawn into the material 
of the central organism. This particular heliozoaii in twenty minutes had in this 
way consumed three of these small flagellates and captured a, fourth. The process of 
engulfing oue of these snia,ll food particles is very interesting to the observer; the whole 
organism stretches out t o  meet it (as i t  draws near the central cell) aloug the liues of 
the radius upon which it was captured, but all the processes are very gradually carried 
out, aiid the globular form of the central inass is not much disturbed notwitlistaiiding 
the active streaming of the protoplasm in the direction of the victim. 

One other organism of similar plan is represented a t  a. This is tlie infusorian 
Aciizeta, from whose test the protoplasniic filaments, each tipped with a delicate Imob, 
project only a t  definite corners. This, too, ensnares it,s prey at R considerable distance, 
penetrating its victim with tho strong pseudopodia, by which the food particle is 
iiigested by the central inass. The particular Acilzeta figured is represented as repro- 
ducing itself by a kind of budding, the daughter cell x: being derived from the mother 
organisin tlirough one corner, where the protoplasmic tentacles” are thrust out. 
The young one mill then lead a free-swimming life for a seaRon in passing to the adult 
condition. Yet another type of the marine infusoria. may be illustrated by the stalked 
Vorticella (?I in the plate). This can range about over a relatively quite large area, 
being tetbered, as i t  were, slit1 securiug safety by the quick contraction of the stalk. 
Food is brought to the organisin in two large vortexes of water, caused by the rapid 
rotation of the collar of strong cilia. One CXII see particles of material thus drawn 
down inFo the mouth, and when those are secured which are fit for food they are 
quickly retained. The cell is always exceedingly sensitive and quick in all its 
motions. One oftell sees them :tttached to the  hells of copepods, by which they 
are carried abont and secure a greater range of locomotiou and area. Under the 
microscope the vortexes of water may be readily seen by the small bits of material 
oarried in them, which m e  thus swept in toward the organisni. 

Vegetal organisms of course constitute a very large part  of the material bred in 
such e portioii of water as is here considered. Bspecially numerous are such diatoms 
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as are represented at f a n d  d, which have the characteristic gliding motion back and 
forth over the field among the other organisms. Great buiiches of stalked forms, of 
free-living species, of bundles, and chains of many varieties of these could easily be 
added from other positions on the field under consideration, and they form also the 
prey of organisms larger than themselves. Coloiiies of bacteria, especially in their 
zooglea investment, are everywhere visible, mid at the time when this material is 
represented the alga at IL had overspread the entire inner surface of the glass. Some 
of the resting cells are shown at  b,  some of the germinating ones at  IL. Amorig 
these bunches of growing algix :ire the favorite resorts of inany of the organisms 
heretofore described, 

If one can imagine the figures of plate 65 to be moving about upon the field of a 
microscope, each one according to its characteristic hab~ts  of living, feeding, arid 
reproducing by division of each cell into two or more, among much other growing 
algte, with debris of different kinds, then some idea miglit be gaiiietl of the wealth of 
life which inhabits, or may inhabit, ordinary sea water in the place where this small 
quantity was taken. Just  as the piles of the wharf are occupied by small animals of 
different orders-the creeping nudibranch mollusks and amphipods crawling around 
among the algz and Hydrozoa for food--and as these comprise many forms which 
branch out to ensnare their prey, as hydroids arid sea-anemones, and are associated 
with many other sessile forms which create currents of water by strong appendages 
thus to  bring themselves food-such as the barnacles and Bryozoa-a11 intertwined 
with a small forest of delicate algs of several tints and many forms; so also if we 
increase our powers of vision in the same places the same story is seen to be repeated 
by a much more numerous and diversified wries of forms, of similar adaptations but 
so small as to be quite unsuspected in our ordinary means of observation by the 
unaided eye. They also consume each other in the same manner, aiid tliemselves in 
turn become the victims of other and larger foes. 

I have therefore figured these organisms heretofore described, and mentioned 
something of their habits in  their environment, not with the view of' adding new 
scientific descriptions or drawings to those already given by others, but rather to 
graphically call atteiitiou to the aggregate meaning of this kind of living organisms 
in their particular associations, such as make them and their cogeners the broad staple 
food basis upon which marine life hangs. The presentation of a few of these forms 
gathered from a few drops of water especially selected, may naturally lead to the 
consideration of the wide range of similar forms of life which oiie may ordinarily 
gather from the surface of the littoral waters of these localities, and may thus help to 
bring about an iinderstanding of some of the ways in which they are interrelated, what 
precede aiid what depeiid upon them, and some of the conditions regulating the 
problems of their distribution. To do this a t  a11 broadly is a t  present impossible, but 
observations upon the quantity of material may be one of the steps in the process of 
understanding 8ome of the other features attending the study, aiid it is the purpose ' 
of the following acoouut to describe such a series of quantitative observations. 

Some of the vegetal micro-organisms, on aceourit of the definite investment of the 
cell, as the siliceous skeleton of the diatoms, or the thick sculptured wall of the Peri- 
dinia, are the most readily preserved and distinguished in material filtered out from 
the water; moreover, they are eminently characteristic of given localities and exceed- 
ingly abundant. The following illustrations of the distribution of marine organisms 
are drawn therefore from them, to include also of minute crustacea only the copepods 
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PLATE 65. 
~ -~ ~ ~ 

c 

This plate illustrates organisnis very abundantly found in coinnion sea water that lias stood a few day8 in an 
open, sliallow dish. ( I ,  Acinetrc with eiiil)rvo budding oH ; b, resting ,spor*es of Alga, with baoteria; C, Cltil- 
odon; d ,  small Nuvicida ; c, Coccoi.rcis; f, larger species of A’awicztlu; n, heliozoan. with two entrapped 
infusoria ; 7 ~ ,  germinating Alga cells ; i. small colony of hicteria in eooglea stage, with ~113nll flage1l:ite 
infusoria near by ; k ,  flagellate infusorian ; m, infnsorian, Mesodinium ; it, ciliate infusorian ; V, Voiaticella, 
with small portion of its stalk. Magnified 1,000 diameters. 
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Organisinhi cui~i~uoii in I’laiilctoii of Buzznrcls Bay, continued : c, (1,  Chct t o c w o s ;  e ,  dldosirtc : f, I’ei*idiriiiiin f iis2is ; 
0, P. divergems; p ,  P. fuscn ;  711, Plezwosipnrr; 7 1 ,  Nnvicwln ; 7*, Kliizo.\ol(,ttia tlivitlrd into two parts : x, y, side 
and end view of Clin,tocc.ros chainli (little magnified) ; z, Pii~~r~~Zccria. Magiiilittl ROO diaiiieters. 
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-as k.:ing of wide aiid abundant distribution und ready recognition. Such selections of 
organisms of course will leave out inany important details of distribution, for if all the 
aniiiial organisms, larvic, other infusoria aiid the like, could be determined at  the 
same time with these plant cells and flagellates, the two kingdoms would perhaps 
fillow many interrelations. But a study of these few vegetal organisms aud Infusoria 
alone, in Buzzards Bay, will give some of the manifold characteristics of the Plankton 
of such a body of water. The bay itself is shallow, with broken shore line (see plate 
G4), fed by inany streams, of very uniform bottom, aiid not subject to marked tidal 
changes. 

There are also represented upon plates 66 and G 7 ,  under a magnification of 500 
diameters, some of the chief representative organisms to which the following accounts 
of ilistributiou and quantity apply. 111 the tabulated estimates several genera are 
grouped together under one heading in order to simplify the plattings of qqaiitities. 
Thus tlie group Melosira includes a11 those lettered e in plate 66, the small CycZoteZla 
being classed with the other and larger forms; in  estimating this group the actual 
numbers of individuals is taken, although they are of'teii laid in short chains, So also 
the estimated Peridinia are based upon the forms p (plate G G ) ,  0, p ,  and f (plate 67). 
Climtoceros takes in not ollly the larger forms represented at  e, d, z, y of platt3 G 7 ,  but 
also the forins a t  L/ (i. e., ilfelosira costata) 011 plate G6, since it is impossible, with the 
low power used in iliaking these estimates, to distinguish perfectly the finer structure 
of these small chains, aiid the chain of Illelosira costata, usually about the length 
represented in the upper g, is so similar in appearance under a low magnification to that 
of' short chairis of the sinall Clmtoceros that they were classed together in platting. 
This of course is ai1 unfortunate complication in grouping and counting, and it is to be 
remembered that the Chmtoceros hereafter discussed includes a t  times almost, wholly 
the ones here designated at  g, plate G6, i. e., principally the small ilIeZosira costata. The 
Navicula group is iuclusive of a11 the diatoms of' that general outline-PZeurosigmc, 
f3tatcro?zeis, and tlie like, a t  d of plate (X, m a i d  n of plate G7. Rhi~osolenia includes 
only r of pIate G7 (one individual being divided into two equal parts in this drawing). 
Many Exuvimllm are normally present, as c of plate 66. The iiifusoria Ditiophysis ( b )  
and Co&melZa (7c) are also readily preserved and were estimated, but the results are 
not tabulated. Many other organisms of course were couimon, some Of which are here 
represented, while a partial classification of each one will be found in t,he oxplanation 
of plateg at  the close of this paper. 

Suppose iiom that the ship start from Station A (plate 64), a t  the upper extremity 
of the bay, a t  11.35 a. in., September 27, being lom-water 81acli, upon a course iwiining 
the length of the bay arid out some distnuce to sea (along the course A B C D, plate 
G4). As the vessel proceeds over her course she encounters the incoming tide, there- 
fore meeting in successioii any chauges which may be caused by a Plankton drifting 
in from outside wsters. Three samples-surface, mid-depth, and bottoin-in a vertical, 
are tskeu a t  each station, from which the orgallisms are filtered and their results 
tabulated. A t  the surface of Station A (see plate G S )  are found countless iiumbers of 
the diatoms, which will be classed with Clmtoceros (being in reality Chmtoceros plus 
the small Nclosira costata), the relative numbers of which were so numerous that 
they could not be limited by the scale here used in platting tho distribution. A t  mid- 
depth and bottom (4 fathoms) of Ststion A are also found great quantities of these 
same diatoms, insomuch that other organisms are relatively few indeed. 111 the first 
8 iiiiles of the course, however, from Station A to B, there is a marked diminution in 
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this group of plant cells, so much so that in  the vertical taken a t  Statio11 B (6 fathoms) 
there are only about a tenth as many as in the former instance, which dimunition 
affects the numbers a t  surface, mid-depth, and bottom in about the same ratio. In 
the same 8 miles, however, that mark the leasening of CJmtoceros there is a very 
notable increase of the round diatoms which are here classed together as Nelosira; 
there are thus at Station B more than ten times as many as were previously obtained 
at A, this increase also affecting surface, mid-depth, and bottom numbers of Melosira 
in about the same ratio. I n  like manner all the other organisms here estimated (i. e., 
Peridinium, Exuvimllcc, Lauderia, Rhizosolewia, Navicula, with the copepods) sho m at  
B an increase over the quantity at A, this being especially true of the Peridinia and 
Exuviccllcc. 

As the ship advances now to Station 0 (8& fathoms), another distance of 8 miles, 
against the flowing tide, there is again a further diminution, not only of Clmtoceros 
forms, but also of most of the other organisms, except the copepods and the large 
diatoms, Lauderia and Rhixosolenia, which increase at  about the same rate for surface, 
mid-depth, and bottom distribution, while it is to be noted that Lauderia becomes 
very abundant a t  the bottom of this vertical at C.* From C, however, out to the 
last collecting-point of the day, D, 9& miles, there is a general diminution of all the 
organisms except the copepods, which as regularly increase, until a t  the close of 
the course the organisms obtained from the given samples of water in the vertical a t  D 
are much fewer than they were at the outset from A. The Chcctoceros, which was so 
abundant at A, is all but absent a t  D, while all the other organisms except copepods 
have suffered very marked changes. It is to be noted also that Station D is nearly 
four times as deep as A, that the mean temperature of the water is 40 colder, and that 
the amount of microscopic organic debris in suspension (flocculent, yellow-colored, 
“arn~rphous,~ matter) a t  D is relatively very inuch greater than it mas a t  A. 

In order to express the exact relations which these kinds of organisms bear to 
each other as regards quantity, a t  the different points studied in this representative 
section, reference is made to plate 68, which is a platting of the relative numbers 
representing each kind of organisms in their distribution a t  surface, mid-depth, and 
bottom. The plan of platting adopted on plates 68-71 in illustration of the planktonic 
distribution is plain. All the organisms used are placed in separate columns under 
each of the respective stations-A, D, etc. The three collecting points in a vertical- 
i. e., surface, mid-depth, and bottom-are so placed in order at, each station, while the 
relative abundance of each of the factors may be read by the numerals graduated 
upon the left-hand margin of the plate. The relative quantities of all the organisms 
are constantly maintained, except that the copepods are a hundred times multiplied 
as compared with the others, as will be explained hereafter, while the quantities of 
iMeZosira are so great that  one-half their relative number is used upon the plates; 
their whole number, however, is given in the tables in the text following. In order 
also that comparisons may be made froin the total8 of these organisms a t  the different 
points, the following table is inserted: 

“The large species of Laudwia here referred to are not figuredin plates 65 and 66, and Prof, Hamilton 
Smitb, of Geneva, N. Y., informs me that it is an unusual if not new specks. The same gentleman, 
who has ddne me the great kindness of studying the tangle of Melosira coetata and Chcetocwoe found 
at Station A, as above described, says that he has never before seen those forms from American shores, 
and that they have been hitherto regarded as characteristic of Oriental-especially Chiuese-waters, 
but that he ha9 detected them in the waters of the Firth of Say, Scotland. 

- _ _  .- . ___---  ___ __ _ _ -  
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Letter M, Septeiuber 27,1894,11.35 a.m. at Station A, lorn-water s ln~l i ;  reaching Station D 
at 3.20 p. m., third hour of flood tide; wind southeast, force 5 ;  sky partly cloudy. 1. 

Lauderia .................... 
lthisosolenia ................ 
Navicula.. .................. 

Total .................. 
Averngc tcniperature ( O F . ) .  
Dcpth (fathoms). 

25 33 
19 i: 1 20 
23 1 2 9  20 

1,940 1,140 I----?% 
.................. 

1 
........................... ..I: 1: : 1: : 

Stations. 

....... 
7 
12 

2,334 

18 02 
23 30 

850 1 571 
29 2 0  

“1 I Gf5 I 65.3 
8.5 

Copepods .................... 
Perididurn .................. 
Exuvimllo ................... 
Chmtoceroa.. ................ 
Mdosira .................... 
Laudorin .................... 
Rhizosolonia ................ 
Navicula .................... 

Total.. ................ 
Avcrago tornperaturo ( O F . ) .  
Depth (fathoms) .................... 

D 

13 
69 
05 

1,891 
260 
21 
24 
19 

2,345 
......... 

.. - 

. 

24 

19 
4 
23 
7 
2 
5 
72 
02 
15 

- _- 
- IT- 

__ 

5 
1:J 
39 

1,273 
91 
8 
11 

1,463 
- 

In  this table the copepods are estimated upon a digerent basis and are therefore 
not added in making up the totals. Otherwise all the organisms of the surface of all 
the stations are added into the first column of numbers, all those from the mid-depth 
into the second column, and all those from the bottom into the third. So also the 
same numbers are properly distributed according to their occurrence at  the respective 
stations A, 13, C, D, the total sum of the surbce, mid-depth and bottom being repre- 
sented in each number. Such a table shows in tho first place that the sum total of 
all these organisms at the surface is greater than those of mid-depth, which latter are 
i n  turn more abundant than those of the bottom. Also that this is the rule €or each 
separate factor of the series except the EmuicL’ZZa, least at mid-depth, mid the Lazderia 
forms, which are slightly most abundant at bottom, aiid the Rhixosolenia and Navicula 
forms, which are most abundant at middepth. Similarly the sum total of all the various 
groups of organisins a t  A is much greater than a t  any of the succeediug stations, the 
numbers diminishing very rapidly, especially betweeii A and’B, and between C and I). 
It is to be noted, however, that  this remarkable abundance of material a t  A is due very 
largely to the item Clh@toceros, with its nbundau t Melosira oostata, and if this bo left 
out of the calculation, Station A will bo seen to be next to D as regards numbers, 
being much less than either C or B. Station B is the richest in these organisms, all 
reacliing their maximum excepting Aazcderia and Rhixosolenia, which increase to Station 
0, especially a t  bottom. A11 
of these features are analyzed into thuir coniporient parts by the platting on plate 68, 
fronl which the distribution of these several forms may be comlpred. 

The same section run three days earlier iS IY3preSellted in tho same may by the 
platting on plate GO, and the totals of the organisms by tho following table: 

{ Letter I<, September 24, 7.45 a. in. at Station A, low-water 8lnclr; 11.53 a. m. at Station I), 

The  copepod.^ also increase most rapidly from C out to D. 

1 third hour of food; wind north-northvest, force 5;  sky clear. 

0 12 

25 38 30 52 3 
1,126 3,009 010 07 4 

60 87 170 140 14 
13 ........ 2 25 1.5 
14 5 12 31 1 
30 14 I8 31 4 

1,275 l 3,707 871 :I90 45 l 

__ _I 

0 1  4 2 __.. - - 
7 14 23- -- -7- 

E- ,- ________- 

i I Stations. I 
Middlo. Bottoiii. - I I ~ l ~ ~ l C I D l  

................ ....... 1 ......... j 4 1 4 7:5~ 15.5 
07 j O4 ~ 

70 5 69 
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24 
53 

180 
208 
78 
22 
22 

Here again there is the greatest quantity of Clmtoceros, which exteuds out to 
Station C in such quantities that the scale used ill platting (see plate 69) can iiot repre- 
sent them at the surface or mid-depth uutil tliey fall to a relatively small figure at 
Station C, yhile from this point on to D tliey steadily diminish to a miiiiinum, SO 

that Chmtoceros of surface Station A stands related to surface Station D as 3,609 is 
to 4, while mid-depth and bottom samples indicate tlie same relations, tliougli to a less 
marked extent. So also, as in the section before described, tlie diatoms Melosira 
cuhninate a t  Station B, while all the other forms culminate a t  C, diminishing grad- 
ually to D, which is relatively poorest in vegetal micro-organisms, but richest in 
Copepoda. A t  this date also the water a t  Station D contained very much of flocculent 
organic dBbris, more by far than was found at  any of the other points studied. 

Reference also to the preceding table (Letter K) shows that oE the totals 9f all 
the organisms considered, the greatest number is to be found at the surface, a less 
number a t  the mid-depth, and the least number a t  the bottom, even in the sliallow 
waters here under observation. This is not, however, true of each individual factor 
in the series, since some of the items of bottom distribution are greater than that of 
the same organisms at  mid-depth or surface distribution, as is apt to be the case with 
Lauderia, Navicula, and RMxosolenia groups. It is also true that the greatest quantity 
of total organisms is found a t  Station A, diminishing in regular sequence 8s one 
proceeds out to D, mhere very few are met with. This aggregate, however, is of course 
determined largely by the great numbers of Clmtoceros in the first two  stations, while 
if these be omitted in the reckoning the organisms will be seeii to be most abundant 
a t  Station 0. The relative vertical distribution, however, remains the same, being 
greatest a t  surface and least a t  bottom. Here also the Lauderia are most abundant 
some distance from the shore and a t  mid and bottom depths. Tlie copepods also are 
most abundant a t  Station D. In all the essential features, therefore, these two sets of 
observatioiis agree as to the way in which these organisms are disposed through the 
water. 

The same section was also studied a t  a still earlier date (September 13), but an 
unfortunate loss of the material taken from mid-depth a t  Station A and surface at 
Station C rendercd t h e  observations too incomplete for platting for comparison. 
Nevertheless, by represeritiiig the missing sample in each case by the oiie next below 
it, the compi1ation.has been finished and is given in the following table: 

1 Letter E, September 13, 1894, 12.20 p. m. at Station A, low-water slack ; 4.40 p. m. 
at Station D, three-fourths flood; wind southwest, force 3; sky clear. { 

__ 
Sbt iom.  

- _ _ _  OrganiHm 8. 
I) 

- ______ 

8 44 20 8 
20 108 GO 23 

804 BG 137 28 
148 484 299 53 

........ 7 11 203 
4 13 37 42 

18 25 37 7 

CO~ICpOdH .................... 14 8 

Peridiniiim.. ................ 38 28 
E x u v i z l l a  .................. 1 78 1 89 

- - 

Chartoceros .................. 
Melosirn .................... 

.................... 
Rhizosolenia ................ 32 
Nav icu la  .................... I $; I 30 

I-'__I ___--_______ 
Total .................. 825 1 502 1 039 010 384 

1 89. 8 1 8: 3 I 8: 5 1 03.3 ............ ........ ....... ......... 15. 5 Depth (fatllolnH). 
Arornge tempumtiirc ( O F . ) . .  

___ I 3.5 
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Although I do not think it is safe to depend ul)oii all. the relative details of this 
table on account of the two deficient samples, yet certain couclusions are evidently 
admissible. In  the first place even the two available samples of the vertical taken 
a t  Station A show beyond a doubt that the ~limloceros liad not theu attained at that 
locality the great abundance which they showed a t  the later dates heretofore described, 
while a t  all the succeeding stations they extend much farther from the shore in 
considerable quantities, as a t  B mid 0, and a t  D in much greater proportion than 
they did two weeks later. 

It is also to be noted that Luuderia was a t  this earlier date much more abundant 
than on the two subsequent dates described here, being by far the most characteristic 
organism at Station D ; of 78 bottom organisms a t  this locality, 70 mere Laudcria 
of' one, or a t  most two, species. There was a t  this time also relatively very little of 
the flocculent amorphous debris suspended in the water a t  Station D. 

The above table also shows the increase of micro-organisms a t  Stations 13 and C, 
and agrees with the two preceding ones in showing more organisms at the surface 
than occur at either mid-depth, or a t  bottom where there are least. 

The extent to which the Plaiikton of Buzzards Bay may be shifted by tho tidal 
currents might be tested by running this same longitudinal section on an ebbing tide 
by which the ship would register a somewhat different set of  conditions from those 
here recorded, vhile the line should be extended out as far a t  least as tho Gulf 
Stream (60 miles distant) in order to show the relation between the offshoro and 
littoral quantities and distribution of these and other forms as they might occur. 

The section across the bay (plate 64, Statious I-V) was designed t o  get as near a 
synchronous series of observations as was possible upon ~ I J Y  given tide or fraction 
thereof. The whole distance was divided into four equal intervals, the stations being 
then about a mile and a half apart, arid a vertical of surface, mid-depth, and bottom 
samples was taken at each station. 

Letter N, shown by the platting on plate 70, represents the distribution of this 
material under consideration in it cross section of Buzzards Bay on the day following 
the longitudinal section given on plate 68, and there is a great regularity in the results 
obtained. The irregularity is confined almost entirely to the one group Clm,&meros 
(plus the MeEosiru costnta) which from Station IV  begin to increase very rapidly for 
the last mile of the course to Station V at surface, mid-depth, and bottom samples in 
the same manner, until a t  the last collecting point, Station V, they form by far the 
greater part of the aggregate organisms and, as in previous instmces of the kind 
already cited, the other organisms are especially fern. 

Of such other organisms except Chmtocwos, the geueral rule is that they gradually 
increase as one approaches the middle of the section, and then decrease again as the 
other limit is reached ; this is especially noticeable in the group Illelosira, which is tho 
chief element as regards abundance and contiuuity in occurrence in these cross-section 
analyses. The copepods also conform to the same distribution, i. e., are more abun- 
dant a t  the middle portiou of the bay than a t  either end. 
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Copepods 

Peridinium. ................ 
Exuvirella .................. 
Chatoceros ................. 
Melosira .................... 
Lauderia 
Xhizosolenia ................ 
Navicula ................... 

Total ................. 

................... 

................... 

The following table gives the arrangements of the total organisms for each group 
in their proper order at the several stations: 

Stations. 
Surface. Middle. Bottom. I I I1 I11 I IV v 

____________ __- 
26 14 11 7 19 101 7 2 

52 20 15 14 14 24 23 12 
51 33 37 32 39 19 17 

1,026 577 285 1,795 
370 208 ?!: 1 ii: i;i 192 109 
24 10 
27 20 20 34 8 17 9 6  
83 51 70 35 52 52 31 40 

2,239 985 940 482 553 595 202 1,97R 

...................................... 3 7.5 0.75 5.75 4.5 

_._ __ ___- _- _- __ __ 

15 3 ........ 17 21 14 

~ 

........................... 07 07 07 07 07.5 1 
-. 

It is again here seen that the greatest total of the organisms is located at  the sur- 
face, an intermediate quantity a t  mid-depth, the least a t  the bottom, while Melosiru, 
Rhizosolmia, and Navicula have a tendency to increase at bottom distribution, as 
has been previously demonstrated by the tabulated results of the sections taken 
longitudinally, letters M, K, and E, through this body of water; also that the greatest 
number of organisms in a given vertical are found at Station 111, if one excepts the 
one item of C7mtoceros a t  Station V. Taken in connection with letters K and M, 
heretofore described, one can infer that there is at  these dates a belt of water next the 
shore line which is heavily charged with the minute Ckmtoceros (plus Melosiru costata), 
which here far exceed in number all the other organisms of the verticals in which they 
occur taken together, but which rapidly disappear as one gains the more open waters 
of the bay. It may be presumed also that this belt extendR far around on the eastern 
shore, but the swift tides which sweep over Station I make the conditions there very 
different from those obtaining at the other end of the section, i. e., at Station V. 

The only collecting done by the Fish Huw7c at nighttime over this course is giveu 
in the cross-section Letter H (low water), of which the platting on plate 71 represents 
the distribution of the organisms. This section presents the greatest irregularities 
in distributiou of any one studied, and thus offers many contrasts to the previous 
imtances cited, due, I think, to the removal of the influences of daylight. 

In the first place one notices especially the irregularity of the distribution of 
the Melosira group, which seem to lie in a thick windrow, especially a t  bottom, at 
Station 11, although they are otherwise quite abundant and quite regularly distributed. 
So also the Ckmtoceros, which are relatively so few that no attempt was made to 
express them on the platting except at Stations IV  and V mid-depth and bottom), seem 
to lie in a stratum at middle depth of Station I V  and shade away toward the bottom 
of Station V. Otherwise there is considerable regularity in the distribution of the 
organisms, with a tendency now to increase at Station 11, instead of a t  Station I11 
as was the case in the cross section heretofore described. The copepods are very uni- 
formly distributed, being most abundant also at surface. 
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................. Copepoda.. 

Peridiniiiin ................. 
Bxuvitolla. ................ 
Chmtoreros. ................ 
Melosira .................... 
Laudoria 
lthizosolania ............... 
Navicula ................... 

Total ................. 

................... 

The following table presents in order the classified distribution of tot,al organisms 
of this cross section: 

1 . force 2; sky overcast, hazy. I Letter H (low water), Scptember 18, 1894, 2.45 a. m., low-water slack; wind north-northwest, 

7 

24 I 9 6 7 9 71 6 1  9 ___ __ --.=-===L---== .== 
76 59 27 20 45 32 29 36 
143 112 154 91 103 52 79 84 
14 119 59 2 12 5 99 74 
652 592 1,160 340 1,081 325 384 274 

7 8 ........ 3 14 16 20 32 
46 25 38 04 22 9 4 in 
58 08 89 34 03 39 33 46 

1,003 991 1,547 583 1,333 470 628 527 I 
-___________ 

Stiitions. 
Bottom. __- 

I I I I I I I I I I I V I  v 
Organisms. 

Organisms. 

Copepods 

Peridiniuiii ................. 
Exuvisolla .................. 
Chretooeros ................. 
Melosira .................... 
Lauderia .................... 
Rhizosoleoia ................ 
Navioula ................... 

................... 
F- - 

................. Total 

Average temperaturc (OB.). 
Depth (fathoms) 

Stations. - -----I 
Surface. Middle. Bottom. -- 

I 
10 5 4 9 2 

100 46 43 3 04 23 57 42 
141 132 113 40 1CiZ 73 44 07 
10'2 81 39 10 32 9 21 144 
550 408 485 284 428 302 281 198 
4 7  24 11 3 1  
40 44 31 12 t! 2; 6 6  
54 5'5 87 49 47 27 40 ---____ 

........................... 60 00.3 GR. 3 68.5 69 ...................................... 7 4.5 8 I. 5 

991 777 822 305 815 403 

__- ___- - 

Aver~~etomperatme(oI".). I . .  68.1 GO 69 09 1 69 
Depth (fathoms) ............................. 1 .........I 4 1 7.5 

................. ....... 
7 1 6 1 4 1 l i  
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The preceding figures were compiled from material in  wliicli two samples were miss- 
ing, but inasmuch as they were one surface and one bottom, a mid-depth in the same 
vertical was used in the stead of each, and I believe the general results are very little 
disturbed. It here appears that  on the return of daylight the prganisms are again 
arranging themselves in the relat~ioiis previously described, there being more total 
organisms a t  the surface than a t  either mid-depth or bottom, and while the total a t  
bottom still exceeds those at mid-depth, this is due to the diatonis, mliich usually 
show this peculiarity of increasing a t  bottom, i. e., those here grouped as large species 
of Lauderia and Navicula. It is also noteworthy that iu  this series the copepods are 
not so abundant :is they were i l l  tlie preceding instance-i. e., tlie same section taken 
at  low water a t  nighttime. The vertical a t  Station 11 also shows the most organisms 
on this series; and for all the stations the MeZosira group is the most important factor, 
as i t  was likewise in the series taken eight hours earlier on this same date. 

I had fully expected to find a sectioii taken a t  high water, or on a strongly flowing 
tide, to be richer in these organisms than the same section taken at low water, but 
such has riot proven to be the case. This is perhaps explained by tlie fact that as the 
longitudinal sections of Buzzards Bay show a marked decrease in this material as the 
open waters of the ocean are approached, so also a strong incoming tide in these 
shallow depths would teiid to materially a@ect the number8 of organisms at the center 
of the bay by bringing in a great bulk of water from the outside, which is relatively poor 
in these. As this tide drifts out again the aggregate material is brought out from 
more inshore localities, thus increasing the amount of material in low-water analyses 
as compared with those taken at high water. 

In all that has thus far been proposed concerning the quantitative analyses of 
tliese organisms, the actual number per liter of ocean mater has not been given, for 
the reason that the numbers tabulated were the ones actually observed under the 
microscope, from ~vliicli the numbers in any given quantity of water must be esti- 
mated. The relative estimates here given are obtained in the following way: Five 
liters of water at each sample were filtered through a film of fine white sand a t  the 
bottom of a large fuunel, the filtrate of organisnis remaining upon the sand was then 
gently washed off in a small quantity of sea water and treated with a strong solution 
of formalin; when the material had thus been killed and had entirely settled to the 
bottom of the vial, t h e  first formalin was decanted off and a fresh solution added, until 
the bulk of the formalin, including tlie filtrate, stood at just 15 cubic ccntimeters. 
Thus the organic material in a bulk of’ 5,000 cubic centimeters of water is collected 
into a bulk of 15 cubic centimeters of preservative, i. e., 333& cubic centimeters of sea 
water are represented by every 1 cubic centimeter of the preserved material. The 
separat,ion of the inaterial-the filtrate-from the sand required tlie greatest care, but 
certainly all our errors were on tlie side of underestimation, inasmuch as we could 
not exaggerate the amount of organic matter in each 5,000 cubic centimeters of water 
used, and great pains were taken to transfer all the organisms from the sand to the 
preservative without loss. All the material here studied was collected in exactly the 
same manner by the same apparatus and persons. 

The next step in the estimation is to compute the number of organisms in one 
cubic centimeter of the preserved material, and this was done by means of the “Rafter 
cell,, and micrometer (1 inch) eye-piece, the latter being so graduated into aquares 
that one square in the eye-piece views a thousandth part of the surface of the 1 cubic 
centimeter, arranged on the stage of the microscope in the “cell”; for as the Itafter 
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cell is 1 millimeter deep, to 1,000 square millimeter surface, each field of the eye-piece 
micrometer estimates ,l cubic millimeter out of the total 1,000 cubic niillimeters 
inclosed in the Rafter cell; that is to say, as one counts the number of organisms in 
any one field of the microscope (a two-thirds inch objective being used) it represents 
a one-thousandth part of the 1 cubic centimeter of filtrate under consideration.* 

The practice was observed of carefully studying over tho entire field and then of 
tabulating the organisms from ten representative fields of the instrument, and these 
are the numbers giveii in the foregoing tables except the copepods, which wero so few 
relatively and so large that i t  was my practice to count them with a lower power 
objective in the whole one cubic centimeter of filtrate under stndy. They are in 
numbers, therefore, one hundred times multiplied as compared with the other material 
tabulated. Two cclls were always used in order to get a more complete representation 
of the 15 cubic centimeters of filtrate, and 20 or even 25 squares were counted from 
each 1 cubic centimeter in the Rafter cell until it was found that those averages did 
not very materially diEer from the estimates based upon 10 squares, which were 
therefore finally taken as the basis of tabulation. 

The actual puaibtity of organzsmsper liter of littoral oceaii water as computed by 
these data inust therefore be obtained by multiplying each qf the factors heretofore used 
in the tables (except the copepods, which must be multiplied oiely by 3)  first by 100 and 
then by 3. This gives the actual nuinbers of organisms in the norinal ocean water as 
something truly wonderful, and I shall hope to substantiate or correct these estimates 
in the future, but for the present am convinced of the reliability of the comparative 
results, both because the material was handled so systematically iu tlie same ways 
throughout and because the end results compare so regularly. 

In order also to make these estimates as representative as possible those 
organisms were selected, as has been before stated, which were most nuinerous and of 
constant occurrence in the material as it came under the microscope, and which were 
provided with such skeletal elements as would resist dissolution in the process of 
filtration sud preservation. Arid it is for this reason that although contiiiual records 
were made of various other genera of infusoria, 110  general conclusions were based upon 
them, since they die so easily and wliolly disintegrate. So, also, other diatoms of less 
nsual occurrence were systematically recorded, though not given a place in the tables 
presented. All these plankton analyses, nioreover, were made a t  the biological 
laboratory of Williams Oollege during a busy term of teaching, a t  intervals, and 
the facts merely recorded and put on file, and it was only as such 8 study of the 
material wa8s completed that the platting and tabulation were done, and then for the 
first time were the relations of the organisms seen. 

These facts, and especially the harmony of surface, mid-depth, and bottom observa- 
tions at each point acting as checks upon each other, give evidence as to the truth of 
the distribution shown. The truth is all too partial, no doubt, oven for tho organisms 
cited, to say nothing of the whole series of animal organisms which were associated 
with them in their natural environment. But I am convinced of the value of numerical 

* This quantitative apparatus was first provided for mo at the laboratory of tho Boston Water- 
Works in the autumn of 1889, where i t  is still in 1180; this particular pattern of cell and the micrometer 
wore designod, I believo, by Mr. B. W. ltafter, of ltochuster, N. Y.  I t  consists of a rectanguler metal 
rim mounted upon an ordinary microscope slide, to bo coverod with a long coverslip. The inclosed 
coiitents thou mwsure uniformly 1 111111. iu doptli, 20 m u .  iu width, BO mm. in length, i. e., 1 cubic 
ocntimetor. 

. .  ___ 
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estimates in dealing with planktonic studies as giving definite data for larger compari- 
sons to be gained by such lines of research. In  many respects the classing together 
of several species of genera of organisms under one typical group is misleading; for 
instance, in the Peridiniurn family, heretotore platted and tabulated, there is a marked 
separation between genera such as Ceratium, which is closely limited to surface, and 
those extending more evenly down to the bottom samples, such as Olenodiniunz and 
Gymnodinium forms; other instances of this kind are noticeable, even in the shallow 
waters here investigated. The grouping together of allied organisms, therefore, or 
adding into totals, may lead to some more general results, but the finer analysis of the 
distribution of each species iudivid ually lays the foundation. 

Of course numerical estimates of a Plankton may always be subject to Professor 
H ~ c k e l ~ s  criticism, when he compares it to a farmer’s estimating the yield of hay or 
grain by counting the number of blades of grass or kernels of grain, etc. But a 
numerical estimate of the constituents of the water expressed in ternis “per liter” 
will certainly give as d i d  a basis for comparison of the same body of water under 
different conditions, and of different bodies of water also, as any other way, and will 
be a much more accurate test, I believe, than any volumetric results or data expressed 
in weight of material in suspension. For in these last cases the greatest disturbance 
would be caused by the presence of the organic dbbris, which. is often most abundant 
where the real living material secured is at a minimum. The volume of filtrate secured 
from a given sample of mater is no guaranty whatever of the actual bulk of living 
organisnis contained therein. And I believe that with an efficient apparatus a 
numerical estimate of each class would show many constant interrelations; but 
planktonic distribution is so very variable that statements about one locality would 
not necessarily apply to other bodies of littoral waters, however alike the seeming 
conditions of environments might be. 

It is in the hope that studies carried on in this manlier may contribute to a wider 
understailcling of the resources of ocean water, not only from a purely economic 
standpointvaluable as that might be-but for the sake of the biology of the 
organisms themselves, that this paper is here offered. The author sincerely regrets 
that a t  present he is without the opportunities of giving the observations here recorded 
their full treatment, but ventures to present the plan of the work through the means 
offered by the United States Fish Clommission, as some token of the appreciation he 
feels for the liberal encouragement and help always extended to  biological work by its 
present administration. My thanks are also due to my friend Mr. N. R. Harrington 
for the fidelity showri by him when in charge of the apparatus as these collections 
were taken; and also to all the officers of the Fish Hawk for their willing cooperation 
in every detail. The plan of the lines of sectious of the survey was developed by the 
Commissioner of Fish and Fisheries, Marshall McDonald, and every hope is felt that 
this or other work of its kind may tend toward the solution of some of the ends desired 
by him. 

WILLIAMS COLLEGE, 
Williamstown, Massuchusetts, ljecember 23, 1894. 
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LONQITUDINAL SECTION, LETTER M. 
Platting of the organisms of the longitudinal section designated ‘’ Letter M,” tlie totals, togetller 

with tlie other data descriptive of the course, being tabulated on page 361 of the text of this 
paper. The same organisms are recorded under each station, A to D ; their relative abun- 
dance at surface, mid-depth, and bottom is indicated upon left-hand inargiii of tlie diagram. 
In this and tlie following plates (69-71) the Copepoda are a hundred times niultiplird as corn- 
pared with tlie other organisms, but all the otliers are platted to the saiiie scale except t h t  
only one-half the quantity of Mdosira is used. 



Bull. U .  5. F. C. 1895. Sources of Marine Food. (To face page 368.) 

A B C 
PLATE 69. 

D 

LONGITUDINAL SECTION, LETTER K. 
Platting of organisms as obtained froin longitutliiial sectioii called " Letter K," as tabulated by 

totals on page 3til of this report, together wit11 temperatures, depths, imcl other data. 
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CROSS SECTION, LETTER N.  

Platting of the same groups of organisms as obtained from the cross section ” Letter N,” the totals k ing  
tabulated 011 page 364, with the other data descriptive of tlic course. 



CROSS SECTION, LETTER H (AT  LOW WATER). 

The s:irtw groups a5 collrctetl fro111 cwss section ‘i Letter H ”   lo^ w:ttrr), totals of organisms tabu1:ttt.d 
on page 965 of this paper, together with other data. descriptive of the course. 



9.-CONTRIRUTIONS TOWARD THE IMPROVEMENI‘ OF T H E  CULTURE OF 
SALMONOIDS AND CRAWFISH I N  SMALLER WATER-COURSES.” 

BY KARL WOZELKA-IGLAU. 
[From “Deutsche Landwirthschaftliche Presse,” Nos. 28 and 31 ; Berlin, April 6 and 17, 1895.1 

The present management of our smaller water-courses, of streams of different 
size, but containiug a quantity of water sufficient at least for tho steady working of 
a flourmill or sawmill, leaves a great deal to be desired in the matter of fish or 
crawfish culture. We can hardly speak of the ciiltivation of these mater-courses 
(frequently the finest and most suitable streams for trout) in the proper sense of the 
word. In  most cases they are left to themselves; and only between the different 
falls are fish and crawfish-if the stream contains enough to make the labor remuner- 
ative-caught with nets, reels, eto.; occasionally also by laying the milldam dry. 
In very few cases is the stream stocked with young fish or spawn or mother crawfish, 
and then only to maintain the actual supply of fish or crawfish. 

These natural streams can never, or at best only partially, be laid dry; fishing 
can not be carried on systematically, and a proper management is cousequently out 
of fhe question. We therefore find in those streams which have a large eupply of 
fish, besides crawfish of every age, predaceous fish and other fish of many varieties 
and diflerent sizes. Under such circumstances the stock of fish and crawfish can 
never be fully developed, because a constant war is going on between the different 
inhabitants of these streams, with a consequent reduction of numbers. The water 
could frequently contain a much larger quantity of fish or crawfish if they were only 
allowed to increase in number. Uultivated fish, in the full sense of t h e  term, are not 
known in these waters. The spawn deposited by the more valuable fish (trout, 
grayling, etc.) is partly devoured by crawfish and partly destroyed by bullheads, 
gudgeons, etc. Natural occurrences (floods, drought, heavy ice, etc.) also contribute 
their share toward diminishing the spawn. Artificial impregnation, hatching, and 
the careful raising of the young fish and crawfish will be thoroughly appreciated if 
we bear in mind that of the spawn or young crawfish deposited in natural waters 
hardly 6 per cent are developed into full-grown fish or cramfish. If young fish or 
crawfish are placed with larger aninials of their own Bind, it may be assumed with 
absolute certainty that in a very short time 70 to 80 per cent will be destroyed. 
What is the use, therefore, of careful cultivation under such circumstances? 

* Beitrag zur Hebung der Salmoniden- und Krebezuoht in kleineren Wa8sergerinnen.-H. Jacob- 
son, translator. 

Nom.-This artiole is presented in the hope that it may afford suggestions for the utilization of 
some of the waters of this country, even though all the oonditions mentioned 88 present in the streams 
of Bohemia may not exist in those of the United States. 

F. C. U .  1805-24 369 
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If the culture of fish or crawfish is to succeed in streams it is necessary- 
(a) That there should be a possibility of laying these streams eritirely dry at 

times and removing all fish. 
( b )  Fish of the same kind which are to be cultivated should be all of the same 

age. If several kinds of fish are cultivated in one and the same water, they must 
moreover be equally developed, Fish and crawfish, even if they are of the same age, 
must uuder no condition be raised in one and the same water. Trout, e. g., will, under 
suitable conditions, weigh 300 to 400 grams [about 10 to 136 ounces] after the aom- 
pleted second year, and a t  that age fetch the best price in the market. The crawfish, 
however, needs from five to six years in order to find buyers a t  a weight of 50 grams 
[2Q ounces]. The objection to stocking water with young trout and crawfish of the 
same age is not so much the inconvenience caused by the circumstance that fishing 
will have to be carried on a t  two diff'erent times, as the vast difference in the growth 
of these two animals. If the yearling trout weighing about 100 to 150 grams [3& to 
5 OUIIC~S]  do not entirely destroy the little crawfifish of the same age, but weighing 
only 1 to 2 grams during the first year, the 2-ypwold trout, no% weighing about 
400 grains [134 ounces] and having become more voracious, will certainly succeed in 
destroying all the young crawfish which now have only reached the weight of 4 
grams. 

( e )  Finally, care should be taken to furuish a constant supply of nutritious 
natural food. 

As it will be far easier to iutroduce a well-regulated remunerative culture of fish 
and crawfish in smd1 streams which are generally fed from springs, and consequently 
have pure and healthy water a t  all times, than in rivers whose water has been polluted 
by refuse from factories, more attention should be given to this  matter. 

In order to derive the greatest possible benefit from the water of a stream aiid 
to gain hs many separate inclosures as possible for the proper rotation necessary in 
well-regulated fish-culture, ditches of varying breadth must be dug on both sides of 
the stream 70 to 90 centimeters [a+ to 34 inches] deep and 50 to 100 meters [16& to 324 
feet] in length. With these ditches (fig. 7) puddles, and in fact larger or smaller 
depressions of the ground, may be advantageously united, and wherever the ground is 
favorable small independent ponds may be constructed and fed froin the water of tlie 
stream. 

In order that the water of the stream within the limits of the establishment may 
a t  any time be withdrawn from the different ditches (the smaller ponds, as well as 
from the channels through which the water flows in and out) so that all these water- 
courses or ponds may be laid dry and all the fish removed therefrom, they are arranged 
in such a manner that the bottoms form geometrically inclined planes (every valley 
of a stream will have sufficient fall), or at least do not deviate very much from such 
planes. The bottoms of the smaller ponds need not always have the same inclination 
as the bottoms of the ditches, etc., but mny be dug out all the deeper, in proportion 
as their outflow channels are dug out deeper, supposing, of course, that  there is 
sufficieiit fall. It is self-evident that tlie bottoms of the smaller ponds must always 
be a little higher than the upper pert of the bottoms of their drains, in order that 
these small basins of water can be laid thoroughly dry a t  any time. If tho water i8 
led into these basins from a considerable height, and consequently with a smaller 
fall, they may be dug out deeper and thoir area may be likewise enlarged. 'All this 
work, however-which will be more fully described farther on-must be preceded by 
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the construction of a contrivance (a description of which will be given) which renders 
i t  possible to do all the digging, etc.. after the bed of the stream bas been laid dry, 
without any interference by the water. 

The first thing to be done is to give to the portion of the stream concerned a 
bottom as evenly inclined as possible, by leveling sand banks, removing stones, and 
filling holes, so that there are no puddles in which fish or crawfish may remain when 
the stream is fished clean. If the mouths of the ditches are placed a t  the sameheight 
as the bottom of the stream after that has been regulated, the fall of the short stream 
will distribute itself throughout the longer ditches and channels, and, consequently, 
that portion of the water which enters the ditches and clianiiels will flow much less 
rapidly than the water in the stream itself. Although it is not necessary that the 
bottoms of all the ponds should present the same geometrical inclination, it is essential 
that the bottom of each pond or inclosure from the place where the water enters to 
the place where it flows out into the stream should form an inclined plane. 

I n  order to distribute the disposable water of  a stream as evenly as possible 
throughout the ditches, their ponds or puddles-and in the bed of the stream itself, 
the entrance and outflow of two ditches, which are of course close together-should' 
invariably be placed about the middle of the third opposite ditch. Into each ditch 
one-half of the disposable water of the stream is led, and iiito each pond channel one- 
third. In order that the water may, by 1xu%ial damming, flow better into the ditches 
arid channels, and to enable the cultivator to measure out to oach inclosure a certain 
quantity of water, B board should be placed below the mouth of every ditch and 
channel. These boards (figs. 2 and 3), which are of varying length and breadth, to 
suit the different circi;l~nstances, have an oval opening in the lower central portion, 
so that the fish (and also the crawfish) have a chalice to go up the stream. 

If these boards are fastened so deep to two strong poles firmly rammed in the 
bottom that the lower edge of the oval opening is on a level with the bottom of the 
stream or of the ditches, the various inclosures can always be laid dry and all the fish 
removed therefrom, even if the boards are left standing, because the mater, with its 
fish, has a sufficient outflow through the openings. The size of the opening depends 
on the quantity of water which can be counted on. Under no circumstances must the 
opening be larger than the cross sectiou of the water flowing through the water-course, 
for otherwise there could be no damming, and no sinal1 waterfalls could be formed. 
The rushing of the water over the board in  tho form of  a small waterfall is an 
advantage, not only because the water thereby becomes more impregnated with oxygen, 
and therefore more wholesome, but also because the trout loves such waterfalls and 
whirlpools. Such boards are also placed in other parts of the stream and the ditches, 
and, in fact, wherever the raising or dammiiig of the water appears desirable for the 
purpose of making the sheet of water deeper or broader, or making the current slower. 
By means of these boards smaller water-courses, and even streams with higher banks 
and a stronger fall, will be rendered suitable for fish-culture. 

The entrance and outflow of all the ditches are dug out as tiarrow as possible 
and as nearly of the same breadth as practicable. This is necessary in order that the 
ditches can be more easily and better shut off from tho stream and the fish be removed 
therefrom, and in order that contrivances for shutting off having the same size may 
be used in all. Each individual ditch is shut off a little back of  the entrance (above) 
and a little above its outflow (below), and thus forms an independent, inclosure. In 
the same way the small channel through which the water flows in and out of each 
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independent pond is shut off from the stream, and each pond from its feeder by the 
same contrivance (instead of a fish-rakc). It is best to use for this purpose strong 
galvanized-wire gratings (which can, at a reasonable price, and in all sizes and 
strengths and width of meshes, be obtained in all wire factories). These gratings 
must be a little larger than tbe ditches which are to be shut off (fig. 4), so that they 
can be let into the edges and the bottom of the ditch from 8 to 10 centimeters [abcut 
3 to 39 inches]. It is well known that salmon, owing to their strong migratory 
tendency, will leap over impediments found in their way, and will attempt to escape 
from inclosed waters. 

I n  order to lay a ditch dry a t  any time and remove the fish therefrom, without 
interrupting the flow of the water in the stream and in the other ditches, a larger 
board or floodgate (fig. 6) ,  having the form of the profile of the ditch, is placed above, 
near the entrance to the ditch, a little in front of the grating mentioned above. This 
contrivance consists of grooved boards with cross ledges and a handle, with sharp 
edges below; and on the sides it is let into the edges and bottom of the ditch. The 
consequence of this interruption of the current in the highest part of the ditch will 
be that the water, and with it the fish (crawfish can be picked off the bottom of the 
stream when it is laid dry), will slowly flow farther down, and all the fish can in this 
way be conveniently caught just in front of the lower grating of any ditch or inclosure 
which is treated in this manner. The water of the stream will only be dammed up 
very little in the lower part of the ditch, and only form a small puddle back of t h e  
iower grating, where the fish can be easily taken out. It can, of course, not be'avoided 
that a, few fish are found even back of the boards with the oval holes. 

In order that the above-described work may be done in dry ground, that the 
establishmentmay be protected against floods, and that all the fish may at any time 
be taken from the stream itself (which is to be cultivated independently of the ditches 
and ponds), an arrangement must be macle in the stream above the establishment 
which renders it possible to shut off the mater there, either in part or entirely, and 
lead it into one or two specially constructed ditches. This arrangement consists of a 
stronger floodgate (fig. G), with a higher and well-fitting wing. The two special ditches 
referred to above begin a short distance above the floodgate, are carried along the 
two sides of the establishment and empty their water into the stream below the 
establishment. I n  order to make a flood possible in longer ditchcs (without giviug 
them a stronger fall, and therefore making thein shorter), they are (as shown in 
fig. 7) furnished here and there with short steps paved with stones. If it is possible 
to cultivate grass in the flat ditches which are only temporarily used, it will not be 
necessary to construct these stone steps, and some little advantage may be derived 
from the grass, which may be used as fodder for cattle. 

The wing of the floodgate of the stream is, during the season of cultivation, only 
raised high enough to allow the normal quantity of water to enter the establishment, 
and may therefore also remain open during periods of high water. I n  order to 
prevent, when the water is a t  its normal height, part of the water needed in the 
establishment from entering the two flood ditches, and thus carrying it away, a 
strong and tolerably high board is rammed firmly in each ditch near its entrance. 
The height of these two boards is regulated by the normal depth of the water. If 
the wing of the floodgate is opened wide enough for the water to wet its lower edge, 
the two boards in the flood ditches are placed a t  such a height that at the same 
depth of water their upper edges are laved by the water. In fig. G we see this 
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Flg. 2.-Sluice with fish runs (front). 

Fig. 4.-Permanent f:sh grating. 

Fig. 3.- Sluice with fish runs (side). 

Fig. 5.-Tcmporary wooden darn. 

Fig. 6.-Head of farm water gate, gratinz, and s i d ~  escapes. 

Fig. 7.-Scctions crnpticd to clear of fish, repair, etc 

Fig. 1 .-Plan for fish farm. 
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process illustrated. If there is high water, the pressure of t h e  water causes a little 
more to ente%the establishment than during its normal course, but the remainder of 
the water, which would be detrimental to the establishment, is thrown back by the 
wing of the floodgate, and is led off over the two above-mentioned boards through 
the flood ditches. It is, of course, understood that if high water is expected, the 
wing of' the floodgate is placed a little lower, if during the period of high water no 
more than the iiormal quantity of water is to be used in the establishment. By 
these precautionary measures the establishment .is therefore at all times sufficiently 
protected against high mater. To prevent fish or crawfish from escaping from the 
inclosures during the season of cultivation, and to prevent predaceous fish from 
entering, a thick galvanized-wire grating is placed in the stream both below (back of 
the outflow of the last ditch) and above (below the floodgate). These wire gratings 
are fastened in frames and set in grooved stoue walls (fig. 6). 

To prevent these wire gratings from being pushed out of position by floating 
pieces of wood, branches, leaves, and other objects which would interfere with the 
current, two primitive woodeu rakes are placed in the water-course, both above the 
two flood ditches, a t  a distance of 2 to 3 ineters [6& to O& feetj from each other, and 
tbelow, just in front of the lower grating. The teeth of each of the two front rakes 
(fig. 6) are a t  quite a distalice from each other, so as to catch only larger objects, 
while the teeth of the two other rakes are closer together, so as to stop smaller objects 
which have passed the first rake. By this arrangement the two gratings will never 
become choked up and the water can flow through freely. 

Whenever fish &re to be taken out of that portion of tlie stream which is inclosed 
in the establishment, the water in all the ditches and ponds must be shut off. This 
object is best attained by tlie two damming boards (fig. 5 )  doscrihed above. Boards 
are a t  the same time placed in all the ditches in frolit of the lower gratings, and, if 
necessary, in the ditches themselves, invariably at  even distances. It is, of course, 
understood that this measure is taken in one division after the other, and not in d l  at 
the same time. If, in constructing the ditches, care is taken that the damming is done 
in narrow passages and just iu front of places where the ditches widen out, or where 
there are puddles or ponds, a large quantity of water can be shut off, even without 
using very broad boards. The longer a' ditch is, and the stronger its fall, all the more 
boards will be needed for shutting off the water. While, e. g., a ditch with a strong 
fall mill need three to five boards, the s8me object-vie, the shutting off of the water- 
will be attaiined in an equally long ditch, but with less Sall, by two to three boards. 

All that is needed is that the water in each division (see fig. 7) should only be 
dammed up to the foot of the higher board. There would be no harm even if in each 
section the upper part of the bottoin were kept dry for a length of 1 to 2 meters r3.28 
to 6.56 feet]. In the lower part of each section the water will, in tlie beginning, before 
it reaches its proper level, overflow the board a little both a t  the top and a t  the sides. 
It need not be feared that m y  fish will escape. 

To better illustrate the use of the daniming boards, we will give a practical 
example: A ditch GO meters [19.G feet] long, and 70 centimeters [2.4 inches] deep, 
will, with a total fall of 190 centimeters E7.4 inches] only need three damming boards 
placed at equal distances from each other. With three boards and a ditch 70 cent& 
meters deep, however, a fall of 210 centimeters [S inches] could be used. But as we 
need an entire height of boards of 190 ceiitiineters [7.4 inches] in order to shut off the 
water in the ditch, the entire fall might be 20 centimeters [0.78 inch] inore, and still 
three boald8 \\7011ld sufxce. 
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After the water, with its fish and crawfish, has been shut off in all the ditches and 
channels, the floodgate above the establishmelit is closed tight. The cbequehce  is 
that the water is dammed up in front of the floodgate, flows back, and ta;kes its 
course through the two flood ditches, while the stream is thereby gradually laid dry. 
I n  front of the lower grating the fish can then be eaeily caught. 

After this general description of the arrangement of the establishment and of the 
use of‘ its different portions, some importaut points remain to be spoken of. These 
are: (1) The starting of the cultivation operations; (2) the selection of the fish; (3) the 
cultivation itself; (4) the raising and feeding of the fish or crawfish. 

I n  regard to these four points it is important to observe the following : After dl 
the digging has been done in dry soil, after the two large wire gratings for shutting 
off’ the stream, the smaller gratings for shutting off the ditches aiid channels, the 
rakes inside and outside of the establishment, and the two boards in the flood ditches, 
have all been placed in position, and after the pits for producing food (to be described 
farther on) have been dug, and the posts have been rammed iu the gieound wherever 
there are to be damming boards, the floodgate is opeued wide enough to admit into 
the establishmeit the normal quantity of water, and no more. Not till then, and when 
the water is already entering the establishment, the size of the oval openings of the 
damming boards is determined, which are now firmly’fixed (screwed) to the posts. 

As the water of small streams fed by spriugs is colder in summer and warmer in 
winter than stagnant water, these streatus will rarely freeze entirely, and the culture 
of fish may therefore be carried on uninterrnptedly. Under these circumstances 
the cultivation of the various salmonoids (which are always in dernsnd) and of the 
crawfish is to be recommended. Of salmonoids several well- tried domestic and foreign 
species are a t  our disposal. Among the different varieties of trout preference must 
be given to the California rainbow trout (Salmo irideus) above our brook trout (Salmo 
fario), because it grows much quicker, makes an excellent article of food, and is not 
very choice in the matter of its food. Among the rest, the equally rapidly growing 
cross breeds between the brook trout and the salmon trout (Sulmo lacustris), of the 
brook trout and the salmon (Salmo salar), of the brook trout and the char or “siilb- 
ling” (Salmo salvelinus), of our brook trout and the imported American brook trout 
(SalveZimus fontinalis), and of the German char and the American brook trout, 
deserve to be recommended. For the cultivation of the grayling (Thymallus vulgaris) 
theso smaller water-courses are not so well adapted. If crawfish are to be cultivated 
in the establishment, either exclusively or in part, I would recommend our domestic 
central Eurupeaii brook crawfish (Astuow fluviatilis), which is considered a great 
delicacy. The larger crawfish of Carniola, Galicia, and Russia would, owing to 
the changed conditions, soon degenerate, and i t  is very questionable whether their 
cultivation would be possible. 

The stocking of the various ditches with young fish or young crawtish, invaria,bly 
of the same age and the same rapid growth, may be done in different ways. All the 
sections may be used either entirely for fish-culture or for crawfish-culture, or some 
of the sections for one and some for the other. Cultivation following the principle 
of rotation is to be highly recommended. I n  the culture of salmonoids, e. g.,  if t h e  
fish are to be used when 2 years old, one-half of the ditches might be stocked in 
spring, while in the other half the fish would be caught in the autumn of each year. 
If the fish are to reach the age of 3 years, only one-third part of the ditches will 
be fished and stocked anew every year. If crawfish are to be used, when 5 years old 
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there would be fishing every year in one-fifth part of the ditches, and one-fifth would 
be stocked anew, etc. In  order, e. g., to introduce a two years) culture, either 
one-half only of the ditches would be stocked during the first year; or all the ditches 
are stocked during the flrst year, but the fish in half of them are allowed to grow 
one year older, while in the other half they are caught after the completed first year. 
In crawfish-enlture those ditches which in the beginning are not to be stocked with 
crawfish may during that time be used for fish-culture. When the fishing in a 
rough or rapid stream is diEcult, such stream should be used for crawfish-culture, 
so that there need not be any fishiug except a t  longer intervals (five to six years). 
There need not, however, be any fishjng whatever in the stream if it is used as a 
reservoir for crawfish which are ready for the market (which can at  all tiiries be 
caught with reels, etc.), 01' if it is utilized for the steady production of natural food for 
th0 fish. 

In  the small ponds belonging to the esteblishment, whose feeding channels may 
very advantageously be used for the exclusive produetion of live natural fish food, 
which is thus continuously furnished to the fish in the ponds, the ouiture of salinonoids 
or crawfish (or, if the water is softer and warmer, the culture of carp) may be carried on. 
The channels through which the water flows out of the ponds may be very suitably 
employed for crawfish-culture. In exclusive or partial salmonoid-culture, however, 
one to three of the smaller ponds, according to their size, should be used for the 
production of young food-fish, and in exclusive or partial crawfish-culture one to two 
of these uheets of water should be reserved for the pairing of crawfish. The ponds 
not used for this purpose, the cliannels through which their water flows off, and 
possibly also the stream itself, may be cultivated either independently, according to 
a system of rotation applying only to these waters, or in common with the ditches. 

The fish-culturist will do well to raise his own propagating fish. The artificial 
impregnation of roe is a rather wearisome procees, as suitable spawners have t o  be 
obtained from other places aiid as it requires a good deal of technical knowledge, It 
is, therefore, better for the fish-culturist to obtain embryonated roe from ,gome well- 
known establishment; and only attend to the further development of this roe. Ele 
thereby gains this advantage, that the young fish may be hatched in the same water 
in which they are to be raised. We know it for a fact that the brook trout can be 
raised even in soft waters, and the rainbow trout even in muddy ponds, if their roe 
has been hatched in the same water. 

In  a sinal1 fish- 
tank, with water steadily flowing in to it, which every ostsbljshnieii t for raising 
salmonoids or crawfish should possess, it will be very easy to place apparatus for 
hatching fish. A walled basin, corresponding to the size of the establishment, from 
which the water can be let off, which is in the immediate proximity of the hatchery 
and must, be supplied with a constant stream Of running water, may receive, in fish- 
culture, the young fish which have slipped out of the eggs in the hatching 
apparatus, and in crawfish-cultuse the female crawfish with eggs which have been 
brought from the breeding-ponds. It should be mentioned that the femde crawfish, 
soon after the young crawfish have been hatched, should be removed to the breeding 
pond8 where the males have been left, 8s they are very apt to attack and destroy 
their own offspring. Although the above-described basin is not absolutely necessary, 
because the young fish and the female crawfish may also be placed directly iu the 

It is lilrewise somewhat difficult to obtain suitable young fish. 
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vacant ponds which are free from predaceous fish, it is nevertheless an advantage to 
insure proper care and atteutiou to the young fish or crawfish, which in the beginning 
are very helpless (the umbilical period, during which the young fish take no outside 
food, lasts with the salmonoids, e. g., four to six weeks), and to bring them sooner to 
a state of independence by placing them in the large basin covered with sand and 
gravel and amply supplied with aquatic plants, giving them plenty of good food 
(live crustaceans, maggots, worms, etc., to the fish; fish, frogs, meat, crustaceans, etc., 
chopped fine, to the crawfish). 

The limited space at my disposal does not permit me to describe here au estab- 
lishment for raising shrimps (which in the exclusive culture of salmonoids may take 
the place of the basin), by meaus of which the young fish will grow strong very 
rapidly, through the continuous nutritious natural food which is furnished to them. 
I would refer the reader to my pamphlet on the subject, entitled, Neues Fisch- uud 
Erebszuchtverfahren mit Weidenkultur verbundeu und auf die naturliche Fiitterung 
brtsireud (new method of raising fish and crawfish in cor~nection with the cultivation 
of willows, and based on the system of natural food). 

It will be found an advantage to stock the waters with large aud strong fish or 
crawfish, because fewer will be lost during raising, and because wider gratings may 
be used for shutting off the ditches. If the basin can be properly secured, it may, 
during autumn and winter, when there is no other use for it, be employed as a reser- 
voir for fish or crawfish. 

The number of fish or crawfish to be placed in the water of the inclosureB depends 
entirely on the food conditions of the water. ' It may be said, however, that 20 to 90 
young fish, or 30 to 40 young crawfish, to the cubic meter [35.3 cubic feet] will not be 
too many if the conditions are favorable for constantly supplying ample food as the 
fish or crawfish grow up and need more food. A cubic meter of water in a trout 
basin may, with ample and good food, hold 40 to 60 trout, each weighing 200 to 250 
grams [6$ to 89 ounces] and reaching even a heavier weight. I would warn against 
overstocking a sheet of water, because the food would then hardly be sufficient to 
properly support the fish. 

As regards the feeding of fish, etc., nature furnishes an exceedingly welcome aid. 
The large river shrimp (Qammarus fossarum) is always found in enormous quantities 
in clear running water. In the kind of establishment described by me, the bottom 
current of the watw caused by the holes in the damming boards proves exceedingly 
favorable to these shrimps, which form the most desirable food for trout and crawfish. 
They increase very rapidly, prefer the gravelly, sandy beds of our trout brooks, and 
love to hide in dark places among aquatic plants, roots, branches, etc. Wherever the 
bottom does not consist of sand or gravel this should only be introduced iu small 
quantities, because the trout and crawfish like such a bottom as well as the shrimp. 
While the large trout in streams where it prevails will not sufl'er any other fish 
(whitings, minnows, gudgeon, bullheads, etc.) or crawfish to exist for any length of 
time, it will not succeed in exterminating the shrimp. But, on the other hand, the 
small trout will lose a great deal of its principal food if the above-mentioned fish 
or crawfish increase very rapidly. It will therefore be best to banish such fish or 
crawfish entirely from the trout waters. 

In carp-raising ponds predaceous fish (pike, eel, perch, em,) are placed in, order 
that  they may destroy the too prolific offspring of the carp, as well as whitefish, frogs, 
eto., which would deprive the carp of a good deal of their food. As the shrimp is an 
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exceedingly important article of food in the culture of salmonoids and crawfish, we 
must seek to encourage its development by supplyiiig artificial hiding-places and also 
by feeding it. Especially in the early stages of the establishment, when the bottom and 
sides of the ponds and ditches are riot yet covered with plants, i t  will be well to supply 
such hiding-places ( e  g., by transferring or plaiiting aquatic plants). Such artificial 
hidingplaces for the shrimps may also be provided in the ditches and in the stream 
by digging round holes with an upper diameter of 40 to 50 centimeters (1.5 to 1.9 
inches) and a depth of 20 to 25 centimeters (0.78 to 0.88 inches), a t  an angle of 45 
degrees toward the bank. These holes shou!d be dug a t  distances of about 5 meters 
(1G feet), and wherever the ditches widen out they may be scattered more frequently. 
Such holes may also be dug in the channels through which the water flows in and out 
of the bssin. 

In these holes are placed branches deprived of their leaves, which (by means of pine 
roots, willow branches, etc.) have been loosely bound together and formed into a sort 
of ball, and which may project over the middle of the hole and its edges, stones being 
put in the inside of these balls to keep them in position. 111 fig. 8 we see in a broad 
part of a ditch the cross section of two such shrimp holes with the balls of branches 
inserted. The fish and crawfish, when in search of food, cau not, on account of their 
size, enter these holes, and the shrimps find sufficient protection in them, aud can 
therefore uudisturbedly iucrease in these hiding. places. This arrangement, moreover, 
permits a very rapid and simple wethod of feeding the shrimps, as it will be sufficient to 
throw on these brancl~es from time to time a haudful of coarse meat-meal, chopped-up 
fish, frogs, mussels, meat, maggots, etc. It has the further advantage that whenever 
t h e  fish are taken out of the ditches, ponds, etc., the Iuein portion of the shrimps will 
remain alive, because they can retire to their holes, in which some water will always 
remain while the ditches are slowly laid dry. To catch a large number of shrimps 
at any time, i t  will be suflicient to pull out the branches or balls of branches and shake 
them over a piece of cloth. In  newly constructed inclosures the shrimps must, of 
course, be intsoduced in larger quanti ties and be evenly distributed. 

The fish or crawfish should not be placed in the water until the shrimps have 
increased considerably and have occupied their holes. ~ It might aIso be recom- 
mended to give these small crustaceans a short period of protection after each fishing 
senson. The cultivator of salmonoids and crawfish possesses in these holes reliable, 
Constant, and abundaut sources of food for his fish. In  the more stagnant mater of 
the ponds shrimp-culture will not be so successfuI, but even there the above-described 
method of promoting the increase of Other crustaceans in these poiids mi11 benefit 
the entire cultivation. 

The supply of natural food for fish, etc., may be still further increased if willows 
are planted close Logether, each plantation euteuding from 2 to 24 meters [6.8 to 8.5 
feet] on both sides of the inclosures. Thereby inmy insects, especially many different 
kinds of gnats and flies, are attracted, which, owing to the sheltered condition of 
the water, deposit their eggs therein. In order to make this more convenient for 
them, it is recommended to fix widely spreading branches at certain distances in the 
banks in such a manner a8 to let them rest on the surface of the mater. The larvae 
of these insects make an cxcellent food for fish. The willows, moreover, will furnish 
;t habitation for a large number of diiit'erent kinds of caterpillars, beetles, spiders, 
bugs, etc., which ofteri drop into the water and very considerably increase the food 
supply for the fish. 
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In order to furnish the fish with thousands of these insects, it will be sufficient to 
brush the narrow strip of willows with a small board attached to a light pole, 
especially early in the morning or late in the evening, when these insects are in a sort 
of torpor. .To drive whole swarms of little grasshoppers-of which the fish are 
particularly fond-into the water, it will suffice to walk past the willows and bruRh 
against them a t  noon time, when these insects have retired from the neighboring 
meadows into the shade of the willows. The willows also furnish shade, which is very 
beneficial for the trout and shrimps, keep the water cooler, make the banks firmer, and 
may eventually yield a revenue by selling their branches to basket-makers. In places 
where the ditches widen out considerably, boards painted white and laid on posts 
fixed in the bottom of the ditch will keep the wator cool and furpish very desirable 
resting-places for the fish. It may likewise be recommended in the beginning, 
especially in crawfish-culture, to dig horizontal holes in the sides of the ditches and 
thereby to furnish still more hiding-places. 

During the first year the above-mentioned crustaceans? insects, etc., will furnish 
sufficient food for the young salmon; but if they are to grow rapidly, and if the cul- 
ture is to be made remunerative, they should, during the second and third year, be 
fed with a constantly increasing quantity of small fish, at, regular intervals. To ra(ise 
these fish separately, one or more sunny, shallow, and warm ponds, stocked with the 
rapidly increasing crucian carp (Carassius tdgaris), will answer the purpose. If the 
young crucian carp are to develop rapidly the spawners should be removed, either by 
catching them with nets just after the spawn has been deposited, or by draining the 
pond if the young fish have already been hatched. Crustaceans bred in liquid 
manure may be raised as food for them on the edges of the ponds. The young 
crucian carp are caught with nets whenever needed, and are given to the salmonoids 
alive, but to the crawfish and shrimps dead aud chopped fine. 

By an establishment like the one described the mater of a stream will, without 
proving an injury to establishments of any kind farther down the stream, yield at  
least three times more than it would otherwise. The remunerative character of the 
rational culture of salmonoids or crawfish, especially in the neighborhood of large 
cities, will make it profitable to start such establishments on good pieces of ground 
(e. g., meadows). By the soil which is dug out the surrounding meadow will be 
improved (rejuvenated), by the ditches and channels it may possibly also be irrigated 
in part, and its productiveness will be increased. 

Difficult as the management of such an establishmeut may appear a t  the first 
moment, it is not so in reality, if a systematic plan calculated for a number of years is 
followed. It would give me great pleasure if this article would contribute its share 
in iuducing people to start many well-paying salmonoid and crawfish establishments. 
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IO.-A REVIEW OF THE HISTORY AND RESULTS OF THE ATTEMPTS TO 
ACCLIMATIZE FISH AND O'THEK WATER AFIMALS 

IN THE PACIFIC STATES. 
- -.. . 

BY HUGH M. SMITH, M. D. 

PREFATORY REMARKS.  

Few subjects connected with the utilizlttion of our natura81 resources present 
greater interest than tho possibilities for the successful transfer of useful animals from 
one Rection of the country to another and their accliniatizatioii in new regions. The 
benefits that may accrue to a comniunity or section through the introduction of new 
resources are various, and there are few parts of the country in which valuable 
non-indigenous animals are not now found. 

l n  the case of mater animals, the benefits of successful acclimatization are doubt- 
less proportionally greater than with any other class, owing to the little attention they 
require after introduction, their extraordinary fertility as compared with land animals, 
and the slight labor and expense incident to their utilization. A t  the same time, it 
is apparent that the difficulties i i i  the way of introduction of fish, mollusks, etc., are 
greater than with other animals; the dmwbacks in the mere trans2ortation are often 
very serious, espeoially when long journeys are to be made; while the uncertainties 
attending the deposition of the animals, the determination of the general results, and 
the gauging of the economic effects are much greater. 

Ainong other influences militating against the successful introduction of fishes 
and other aquatic animals into new areas, in addition to those incident to their trans- 
portation, are the following: (1) Unsuitable water temperature; (2) unsuitable food; 
(3) unfavorable topographical condition of the bottom ; (4) absence of suitable rivers 
for anadromous fish; (5) *enemies and fatalities actiug on :L relatively small nuiiiber 
of individuals. 

The results attending the experimental introduction of aquatic food animals into 
the waters of the Pacific States must be regarded among the foremost achievements in 
fish-culture. The striking illustrations here presented of the influence of inan over the 
supply of free swimmiiig anadromous fishes, to say nothing of h is  ability to affect the 
abundance of non-migratory species, are of great economic and soientific interest. 

Aside from the direct economic results whicli have followed the introduction of 
east-coast fishes into the waters of the Pacific States, a very important basis has been 
furnished for judging of the general effects of artificial methods iii regions where the 
object of fish-cultural operations has been to maintain and increase the abundance of 

. 

nakive species. Attention was first drawn to  this phase of the subject iu an article 
379 
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contributed by the writer to the issue of Science for August 18, 1893, in which the 
following paragraph appears : 

Of scarcely less conscquence than the actual results of shad introduction on the west coast 
is the important bearing which the success of the experiment must; have in determining the outcome 
of artificial propagation in regions in which i t  is not possible to distinguish with satisfactory 
accnracy the natural from the artificial conditions. If these far-reaching, and uo doubt permanent, 
results attend the planting, on few occasions, of small numbers of fry in waters to which the fish are 
not indigenous, is i t  not p.ermissible to assume that much more striking conseqnences must follow the 
planting of enormous quantities of fry, year after year, in native waterst There is no reasonable 
doubt that the perpetuation of the ertensivc shad fisheries in most of the rivers of the Atlantic 
Coast; has been accomplished entirely by artificial propagation. On no other supposition can the 
maintenance and increase of the supply be accounted for. 

The zealous efforts of the fish commissioners of California to increase the quantity 
and variety of food and game fishes of the State deserve special recognition. For 
more than twenty-five years the energies of the commiseion have been almost 
constantly directed to the acclimatization of desirable fishes inhabiting the waters of 
the Eastern States. Their remarkable success when acting on their own behalf and 
in conjunction with the New York Fish Commission and the United States Fish Com- 
mission entitles them to the great credit and praise which they have received both 
from the inhabitants of California and from the people of other States and foreign 
countries. The other States of this section have also exhibited great interest in the 
improvement of their fish supply through the acclimatization of eastern speciqs. 

Mention should be made of the efficient pervices rendered to fish-culture by Mr. 
Livingston Stone in successfully taking fitishes across the continent at a time when fish 
transportation was an undeveloped art and when the difficulties encountered would 
have discouraged one less enthusiastically interested and less competently informed 
on the general subject. To Mr. Stone more than to any other person is the direct 
credit due for the introduction of most of those fishes which have since attained 
economic prominence. 

In this report I have considered all those species not already indigenous which 
have been introduced, or the introduction of which has been attempted, i u  California, 
Oregon, Washington, Idaho, and Nevada. Idaho has been included in the dis- 
cussions because all its water-courses are practically tributaries of the Columbia 
River, and fish planted in that stream might find their way into the State, while 
plants in the open waters of Idaho might produce results in Oregon and Washington. 
The proximity to California of the Nevada lakes and rivers in which new fishes have 
been planted, and the similarity of the  fishery interests of the contiguous parts of 
the two States, have appeared to warrant the inclusion of Nevada in the list. In 
the case of a few species having special interest, reference to their acclimatization in 
Utah has been made. 

An interesting chapter might be prepared treating of the experimental intro- 
duction of native western fishes into new waters of the regiori-as, for instance, the 
acclimatization of the chinook salmon and rainbow trout in landlocked Nevada waters 
and the successful transplanting of the Sacramento perch (Archoplites ifiterruptus) in 
Nevada-but this subject is foreigii to the scope of the present paper. 

It is intended in this paper to recount the history of the introduction of each 
aquatic species; to record the general results of the experiments; to state what is 
known of the habits of the animals in their new environment; and to give an account 
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of the economic importance attained and of the fisheries prosecuted. To facilitate 
the identification of the fish, especially on their appearance in  new localities, ill ustra- 
tions of the principal species are included. The reports of State fish commissioners 
have been freely quoted, either as general information or to bear out the writer’s 
statements regarding the different species. 

The importance of this subject and the absence of any special paper dealing with 
its various aspects make it proper to give to the matter tlie detailed notice which it 
receive8 in the following pages. While the printed references to the subject have 
been numerous, there are many prominent phases which have not been mentioned, 
and the full extent of the industry Fhich has been established as a consequence of 
the acclimatization ex-eriments is unknown even to t,he people of the States most 
concerned. 

The following fish and other aquatic animals receive special mention and will be 
considered in the order given: 

(1) The Bullhead or Horned Pout ( Ameiurus uebu- 

(2) The White Catfish (Ameiuvus oatus). 
(3) The Spotted Catfish (lotalnrus punctalns). 
(4) The Carp (Cgpvinua carpio). 
( 5 )  The Tench (Tinca tinca). 
(6) The Goldfish (Cnrasaius auratus). 
(7) The Hawaiian Awa (Chanoe cypt%nella). 
(8) The Shad (Clupea sapidiasima). 
(9) The Common Whitefish (Coregonuc clupei- 

loaua) . 

formis).  
(10) The Atlantic Salmon (SaZmo aalav). 
(11) The Landlocked Salmon (Salnw aalar sebago). 
(12) The Von Bohr or European Brown Trout 

(13) The Loeh Leven Trout (SaZmo tvutta levcn- 

(14) The Lake Trout or Maekinaw Trout (Salve- 

(15) The Brook Trout (Salvelititia fontinalia). 
(16) The Muskellunge (Luciue ncaspuit~ongy). 
(17) The Pike or Pickerel (Ludua Zudua). 
(18) The Eel (Anguilla ohvys!/pa). 

(Salmo far io) .  

e n s i s ) .  

linua nanrayoush). 

* 

(19) The Crappy or Buehelor (Poncozis asnutlaria). 
(20) The Strawberry Bass or Calico Bass (Pornofis 

(21) The Roelc Bass (Ambloplites rupeetria). 
(22) The Warmouth Bass (Cha’t~obvyltua gulosua). 
(23) The Bluo-gill or Blue Bream (LepOnLi8 pal- 

(24) The Green Sunfish (Lcpomia c~aael lus) .  
(25) The Lerge-mouth Black llass (Hicropteras 

(26) The Sniall-mouth Black Bass (Hicropterus 

(27) The Yellow Perch r)r Ringed Perch (Perca 

(28) The Wall-eyed Pikeor Pike Perch (Stizoetedion 

(29) The Striped Basaor Rockfish (Boocue linealus), 
(30) The White Base (Roccus chyaops). 
(31) The Tautog (Tautoga onitia).  
(32) The American Lobster (Homarua amwicanua). 
(33) The Eastern Oyster (Ostrea virginica). 
(34) The Soft Clam ( M y a  arenaria). 

spaloidea). 

l idus).  

aalmoides). 

dolomieic). 

jzaveacena). 

pritreum). 

This paper is based chiefly on inquiries made by t h e  writer iu May and June, 
1804, in the course of an iuspection of the economic fisheries of the Pacific States. 
Acting under instructions from Hon. Marshall McDonald, the United States Oommis- 
sioner of Fish and Fisheries, special attention was given to those fishes and other 
aquatic animals which had been artificially introduced into the waters of this region. 

Much valuable information has also been obtained from Mr. A. B. Alexander, 
fishery expert on the steamer Albatross, who was detailed in 1803 for an investigation 
of this subject, and submitted a report embodying his observations on shad, striped 
bass, and catfish in  the vicinity of San Francisco and in the Columbia River. In the 
following chapters Mr. Alexander’s report has been freely quoted. 

Use has also been made of the information on the foregoing fishes contained in 
the reports qf Mr. W. A. Wilcox, field agent of the United States Fish Commission, 
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who has twice made a canvass of the fisheries of the entire Pacific Coast under very 
favorable circumstances. 

In 1595, Mr. William Barnum, of the United States Fish Cornmission, visited 
parts of Idaho, Utah, Oregon, and Washington, and obtained information regarding 
non-indigenous fishes of those States that has been incorporated in this article. 

The writer desires to express special obligations to Mr. John P. Babcock, chief 
deputy of the California Fish Commission, for uumerous courtesies which have coil- 
tributed to the completeness and accuracy of this paper. Mr. Arthur G. Fletcher, 
of the same commission, has also furnished a number of interesting notes. 

Messrs. Babcock and Fletcher, cooperating with the writer, were able to secure 
accurate figures showing the monthly receipts of shad, striped bass, carp, and catfish 
in 1893 and 1594, wliich information is given elsewhere. 

To the following fish-dealers of San Francisco acknowledgment is due for their 
kindness in according free access to their books, from which an accurate statement 
of the extent of the trade in the species under discussion could alone be obtained: 
American Union Fish Company, J. H. Kessing, A. Paladini, Pioneer Fish Company, 
G. Uamilloni, S. Tarantino, B. Caito, and P. Gusmani. 

The following-named gentlemen have courteously responded to inquiries and 
supplied useful data: Hon. George T. Myers, Portland, Oreg.; Mr. James Crawford, 
fish commissioner, Vancouver, Wash. ; Mr. F. C. Reed, ex-fish commissioner, Astoria, 
Oreg.; Mr. Charles F. Lauer, The Dalles, Oreg.; Mr. George T. Mills, fish commis- 
sioner, Carson City, Nev.; Mr. W. H. Ridenbaugh, Boise, Idaho. 

THE CATFISH. 
INTRODUCTION T O  PACIFIC STATES, AND RESULTS. 

At least three species of catfish-the white catfish (Ameiurus catus), the yellov 
catfish or bullhead ( Ameiurus nebulosus), and the spotted catfish (Ictalurus pulzc- 
tatus)-inhabiting parts of the United States east of the Rocky Mountains have been 
transferred to the Pacific States. Catfish mere taken to California in 1874 by Mr. 
Livingston Stone,* of the United States Fish Commission, and subsoquently one or 
two species were introduced into Oregon arid Washington. Mr. Stone’s assortment 
of eastern catfish consisted of 56 large Schuylkill catfish (Ameiurus catus) fiom the 
Raritan River, New Jersey, and 70 hornpouts or bullheads (A. .nebuZosus) from Lake 
Champlain, Vermont. The large white catfish mere deposited in the San Joaquin 
River, near Stockton, Cal., and the bullheads were placed in ponds and sloughs near 
Sutterville, Sacramento County, Cal.; both plants were made on June 12, 1874. 

It appears from Mr. Stone’s account of his trip across the continent in 1874 that 
at Fremont, Nebr., on the Elkhorn Xiver, he took on board some catfish from that 
stream, and that 18 of these were placed in the San Joaquin River, ne8r Stockton, in 
conjunction with the other large catfish from New Jersey. Mr. Stone refers to these 
as “Mississippi  atf fish,'^ but this desiguation is not detinite enough to conclusively fix 
their identity j and as no specimens have recently been observed, and as no examples 
are preserved in collections, the ichtbyologicrtl status of this fish must be considered 
unsettled. Recent collections in the Elkhorn River and neighboring waters by the 
- ~ 

* See Report California Fish Commission, 1875-75, pp. 5, 6, 22, 30, 32. 
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WHITE CATFISH OR SCHUYLKILL CATFISH (Aiueiuru cutus). 

YELLOW CATFISH OR BULLHEAD ( A ? I L ~ ~ W U S  'lleDulostLa). 

SPOTTED CATFISH (IctuZurI&s punctu tus).  
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United States Fish Commission have disclosed the presence of a number of species of 
catfish, any or several of which might have been obtained by Mr. Stone. Among 
these are the spotted catfish, blue catfish, or channel catfish (Ictalzwus punctatus) ; the 
fork-tailed catfish (Ictalurzis ftwcatus) ; the mud catfish or yellow catfish (Leptops 
olivaris) ; the great fork-tailed catfish or Mississippi catfish (Anteiurus laoustris), and 
the black catfish or bullhead (Ameiurus melas). The first, third, and fifth named 
species are known to be conimon in the river in question, and only these are recorded 
from Fremont. It is therefore probable that specimens of one of these mere secured' 
by Mr. Stone. 

The spotted catfish is probably the best of the tribe, aiid is the principal one 
distributed by the United States Fish Oommission. I n  food value it is regarded by 
Jordan and Evermann as not inferior to the black bass. Several plants have in recent 
years beeii made in the Pacific Status. In 1892 the following adult and yearling catfish 
were deposited in Washington waters, in response to requests: Seventy-five in Clear 
Lake, Skagit County; 125 in a private pond near Vaiicouver; 50 in Doer Lake, in 
Stevens County. I n  1893,100 were placed in the Boise River, Idaho, a tributary of 
the Snake River. Ten were put in t h e  Balsa Chico River, California, in 1895.$ 
Plauts of yearlings were made in Lake Cluyatmaca and Feather River, California. in' 
1891, each water receiving 250 fish. 

The results attending the introduction of catfish in California were immediate and 
marked. As early as 1875, the State commissioners reported on the matter as follows: 

The Schuylkill catfish and the Mississippi catfish, p1:iced in  the Snn Jonquin River, have grown 
rapidly and spawned, but several of the large fish and niauy of the yoting ones have been caught by 
the fishermon near the San Joaquiii bridge, and have been rcturned to the river. The fishermon at 
that  point are much interested in their successful cultiration, and seem desirous that  they should be 
preserved. By another year they will be so numerous that  they may bo ciwglit with safety and 
shipped to  market, as it would beimpossible to  exhaust the river by ordinary fishing. The horupouts, 
a species of small catfish from Lake Champlain, which mere placed in the lalres near Sacramento, 
have increased so abundantly that nearly one thousand have been caught and transported to the 
wrious lakes and t d ~ ~ g h s  in the Sacramento Valley. We caused several hundred of them to be 
placed in lakes containing brush and dead trees, in which i t  would be impossible to  seine them, The 
acclimatization and perpetuation of them fish in the Sacramento Valley is assured, &E they are now EO 

situated that  no amount of fishing will exhaust them. 

In  their report for 1876-77, the fish commissioners stated: 
The 74 Schuylkill catfish imported in 1874, and placed in lakes near Sacramento, have increased to  

a vast extent. They already furnish an important additiou to  the fish food s ~ p p l y  of the city 
of Sacramento and vicinity. From the increase we have distributed 8,400 to  appropriate waters in 
the counties of Napa, Monterey, Loa Angeles, Fresno, Tulare, Santa Cruz, Shasta, Solano, Alameda, 
San Diego, Yolo, Santa Barbara, and Siskigou. These, should they thrive and increase as they have 
in Sacramento, will furnish an obiindance of valuable food in the warn1 watcrs of the lakes and 
sloughs of the interior, and replace the bony and worthless ChllbE and suckers that  now inhabit these 
places. It may be proper to call attcntion to the fact that  those fish have become so numerous in  the 
lakes near Sacramento that  they can now be obtained in any quant'ity for stocking other appropriate 
waters in  any par t  of the State. 

In 1878-79 the California commissioners distributed 39,000 Schuylkill catfish to 
public waters in 22 counties, and reported as follows about the fish : 

These have increased to millions and furnish an immense Supply of food, They have beoome 80 
iiiimerons that  they are &E regiilarly on sale ill the city markets as the most abundaIlt native fish, and 
:ire sold a t  about the same prices. They thr i re  in  our rivers and lakes, and in  the still-water sloughs 
of our plains, as well as in tho brackish doughs in our tide buds. They appear to be equally at 
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home in lakes on the mountains and in artificial rcservoirs in  the valleys. Many farmers who have 
natural ponds on their farms, or who have surplus water from windmills and have made artificial 
ponds, have stocked them with this excelleut fish. The produce of the few fish of this species, 
imported in  1874, now annually furnishes a large and valuable supply of fish food to  people in  the 
interior of the State. The value of all the fish of this spccies now caught annually and consumed as 
food would more than equal the anuual appropriation made by the State and placed at the disposal 
of the fish commissioners. This variety of oatfish has valuable characteristics which admirably fit 
it for wide distribution and for self-preservation in the struggle for existence. 

The report of the California Fish Commission for 1880, from which the following 
extract is made, shows that over 24,000 catfish were digtributed in the State waters, 
and that the fish had become so numerous and widely scattered that further attention 
from the commission was hardly demanded : 

The 74 catfish imported from the Raritan River in  1874 have increased and multiplied, and this 
increase distributed, until now we believe there is no county in  the State, from Del Norte to  Sau 
Diego, tha t  has not been supplied with a greater or less number of these fish. They are regularly 
sold in all the markets a t  the same prices as our most abundant fish. They are admirably adapted t o  
the sloughs end warm waters of the great valley, and in  them have so multiplied 88 to  furnish a 
large supply of food. The aggregate value of this fish alone, 6016 in the markets of Sau Francisco and 
Sacramento annually, would more than equal the appropriation annually made by the State for fish- 
culture. How constant has been the demand made upon 116 for the wide distribution of this fish 
may be seen in our report of expenditures, which shows quite a large amount paid for their capture 
and in sending them by express to  different parts of the State. These fish are now EO numerous and 
widely distributed that probably the time has arrived when their further distribution should be left 
to  private enterprise, and the money of the State heretofore used for this purpose be, employed in  
importing some other equally valuable fish. 

In considering the question of the economic value of the catfish and of the 
effects of its introduction on the native fishes, the fish commissioners make the fol- 
lowing comment in their reports for 1883-84 aud 1885-86 : 

I t  has been stated by fishermen that  they would destroy all the native fish. It is our opinion 
that  it was a timely act on the par t  of the former State commissioners to  plant them just  when they 
did, a6 our native fish were giving out. ' * * They are coming more into favor with our citizens 
every year. The prejudice tha t  existed at the time of their introduction is fast dying out, and the 
majority of our people claim that  they are a better food-fish than the carp. Whether such be the 
fact is a matter of taste. The idea that  they would destroy our native fiRh is a fallacy, as i n  the last 
two years statistics tcnd to  show that such is not the fact. 

Catfish are coming more into favor with citizens as food, and by a large class of consumers are 
preferred t o  carp. 

. .  

The planting of these fish was regretted by many and approved by more. 

Catfish have been successfully introduced into the Columbia River and its tribu- 
tary, the Willamette, but the full history of the planting is not recorded. Mr. F. C. 
Reed, of Astoria, contributes the following note on the origin of the catfish in the 
Columbia: 

The extent of my knowledge of the history of this fish is as fOllOW6: About eight years ago [1888], 
when I w a ~  fish commissioner for Oregon, these fish were reported to  be in Silver Lake, Washington. 
How they came there, I never was able to  find out. When I heard they were in  the lake, I W ~ R  told 
they could not get out of the lake into the Columbia River; this was in reply to  a request I made 011 

the  Washington authorities tha t  I be allowed to  go over to the lake and kill the  catfish for fear they 
would get in the river and be another enemy to our salmon. It was only a year or two after this that 
during an unusual rise in the lake the fish were sent into the Cowlitz River, and from there t o  thc 
Columbia. I thought at the  time they were the real catfish, and would grow large enough to  eat a 
20-pound salmon, but  now I do not think they will Injure our salmon very much, as I h a y  never seen 
them near the spawniug-grounds, and think they prufer still and warmer water. 
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The history of the introduction of oatfish into the waters of Nevada is very 

interesting. It appears that in 1877 Mr. H. G. Parker, the State fish commissioner, 
obtained from the Sacramento River, California, a large number o f  ‘‘ Schuylkill” 
catfish (Ameiurus catus), which were deposited in Washoe Lake, the Truckee, Carson, 
and Humboldt rivers, and several sloughs, 25,000 yearlings being placed in the 
Huinboldt alone. In all these waters the catfish rapidly became acclimatized, and in 
his report for 1878 and 1880 the commissioner slates: 

Nothing cau be more satisfactory than the evidenco I have of the increase and growth of the 
several lots of oatfish I put in Washoe Lake and Carson, Truckee, and Humboldt rivers. Washoe Lake 
is so fully stooked and the fish of that  size and vigor that  further experiments would be useless. Over 
one hundred a day have been taken by one fisherman, none less than 14 inches long, and weighing 
from 1 to l& pounds. Of those planted in Carsou River, a t  Schultz’s ranch, several have been caught 
at Woodfords, 30 miles u p  the river from where deposited, and others 60 miles down the river from 
place of deposit, the  latter having passed through all the poisonous substances flowing into the river 
from iuiniug operations. Advices from the Truckee and T-Inmboldt rivers warrant me iu reporting 
equally as favorably as from those illanted in  Washoe Lake, and with another year’s growth, or on 
the opening of the rivers iu the comillg spring, 1 have no hesitancy in stating that  good and profitable 
fishingmaybehod. ‘ * * I n  December, 1880,I diatributod catfish in Washoe, Humboldt, Churchill, 
Lander, Eureka, Elko, Nye, and White Pine counties. * In all, I planted fish at 81 different 
places. Outside of the Truclree and Hiimboldt rivers, Pinc Creek, and Newark Valley, the plants 
were in lakes, sloughs, streams, and larger springs, but in every place public waters. 

In  the report of the Nevada commissioner for 1881 and 1883 it is stated that 2,000 
catfish were distributed in various waters in those years, and that the results had 
been marked in all the waters stocked, thousands of pounds of catfish being taken 
from Washoe Lake with hook and line in 1882. From the reports for 1883-84 and 
1889-90 the following extracts are taken, which refer to the value o f  the catfish in  
waters where better fish can not flourish and to the economic importance which the fish 
have attained in Nevada. 

From nearly every plant of Catfish I have reports several times a year, and in  every instance I have 
been complimented 011 the introduction of this very prolific and superior food-fish. Its hardy nature 
BO well fits it for our saline and muddy waters, that  in localities where the trout oan not flourish this 
fish is sure to thrive and multiply far beyond any of our transplants. In  Washoe Lake, Carson and 
Ilumboldt rivers, they are now found in such great numbers that  anglers of all ages and sexes never 
abandon the pleasure until well-filled baskets and sacks mark the day’s sport. For two years the 
Carson and Virginia markets have becn to  a great degree supplied with these fish from Washoe Lake. 
They find a ready sale at the highest prices. It has been my custom, and I now have on hand over 
1,000 yearlings ready for distribution, in lots from 50 to  100 fish. The species of catfish herein 
nientioned were taken from the Schuylkill River, Pennsylvania, where it is U U U B U ~ ~  to find them to 
exceed 1 pound in  weight, while in this State many arc caught weighing over 2 pounds, thus showing 
the  favorable results from transplanting fish.-(Report for 1883-84.) 

The introduction and planting of the Schuylkill River blue catfish by our first fish commissioner, 
Mr. H. G. Parker, W ~ B  commenced in August’, 1877, the  first deposits being made in  Washoe Lake, 
Carson and I-Tumboldt rivers. In  two years these fish had increased to  such numbers that the com- 
mission W ~ B  enabled to  stock othcr waters from the si~pply furnished in Washoe Lake. Thousands of 
pounds have been taken aunually for the last eight or ten years, every family living near these waters 
supplying their table for about seven months of the ycar, while the markets of Carson and Virginia 
cities, although receiving large consignments, find such large sale that  their stock is exhausted long 
before the most desirable salt-water fish find a purchaser. Add to this the fact of the number engaged 
in fishing for the market, and i t  will be seen tha t  an industry has been developed, not only giving 
employment to  quite i~ number of men and boys, but  furnishing a food-fish of a most desirable and 
salable quality, and this through the workings of the Nevada fish commission.-(Report for 1889-90,) 

I?. C. B. 1896-25 
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Mr. W. H. Ridenbaugh, of Boise, Idaho, in 1S95 took with a minnow net a few 
small, spotted catfish in Natatorium Lake, in Boise, thus iudicating that the fish 
planted in 1893 have spawned. 

DISTRIBUTION AND ABUNDANCE OF THE UA’1’FISI-f. 

I t  is not possible to assign to each species of catfish its present distribution in the 
Pacific States. There is nothing in the habits of the twoakincts kuo\vn to have becomo 
acclimatized that would prevent both iuhabitirig tho same waters, although the yellow 
catfish or bullhead (A. nebuZosus) is probably more likely to be found in warm, muddy 
ponds, sloughs, and ditches than is the other species, which, on the east coast,is 
commonly known as the channel catfish, in allusion to its habit of frequenting the 
deeper, colder, and clearer parts of the rivers. 

I n  California the catfish have a more general distribution than any other fish. 
The State commissioners in 1880 asserted that there is no county in which these fish 
were not found; the wide distribution which the fish had given themselves had been 
supplemented by the efforts of the commissioners, who, from 1877 to 1879, planted . 
them in 30 counties. 

I n  California catfish are most uumerous in the valleys of the Sacramento and San 
Joaquin rivers, where the conditions are very favorable for their multiplication. They 
are found in most of the tributaries of those streams and in the sloughs connected 
therewith. They have ascended the Sacramento River as far as Kenneth, a station 
17 miles above Redding, and the San Joaquin to Tulare Lake. I n  1886, Mr. William 
Utter, writing from Campo Seco, Chlaveras County, reported that there were millions 
of catfish in the Mokelumne River, which joins the Sacramento River a short distance 
below Sacramento. Catfish are also found in several of the coast rivers of California. 

I n  a “List of the fishes inhabiting Clear Lake, California,” by Jordan and Gil- 
bert, printed in the Fish Commission Bulletin for 1894, the bullhcad (A. nebulosus) is 
recorded as very abundant, and the white catfish (A. catus) is reported as occasionally 
taken with t h e  other species. In Lake Cuyamaca, near San Diego, catfish are reported 
as abundant, and some weighing 13 pounds have been taken with lines. 

Catfish are generally distributed in the Lower Columbia River and in the Willa- 
mettc and other tributaries. The limits of their range in the Columbia basin have not 
been determined. They are very abundant in the sloughs connected with the Willa- 
mette River below Portlaud. Mr. P. C. Reed, of Astoria, states that the catfish of the 
Columbia basin is the bullhead, and that the catfish proper (that is, the fork-tailed 
form) does not occur. He recently obtained and forwarded to the Fish Commission a 
specimen of Oregon catfish; it was secured in Portland and was evidentlycaught in the 
Willamette River. It is 8 inches long, and Mr. Reed states that it is about the average 
size of those taken in the Columbia basin, although rather smaller than the usual run 
of those now saved for the markets, which are 10 to 12 inches long. An examination 
of this example shows that it is referable to the species known as the black catfish or 
bullhead (Anteiurus melas); it has the square tail and other features found in the corn. 
mon bullhead (Anteiurus nebulosus) and closely resembles the latter species, but differs 
from it in having a flatter head, a rather stouter body, aud a shorter anal fin. I n  this 
specimen the length of the head is contained 35 times in the body length, and the 
greatest depth 44 times in length; the anal fin has 17  rays, including rudiments, snd 
its base is contained 58 times in body length. I n  A. nebulosus the anal rays number 
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22. This specimen adds to the doubt existing as to the origin of the catfish in the 
Colunibia basin. The supposition that the original stock in Oregon and Washington 
may have been obtained from California must be discarded, as the existence of A. 
melacs in the latt’er State has not been determined, although this may have been the fish 
obtained by Mr. Stone in the Elkhorn River, Nebraska, in 1874, as previously suggested. 

The quotations previously made from the reports of the Nevada fish commissioner 
are sufficient to show the wide distribution and great abundance of the catfish in that 
State. 

SIZE AND WEIGHT. 

The average weight of catfish taken for market in California is under 14 pounds. 
There is a great abundance of very small fish iu the Sacramento and San Joaquin 
rivers, and inany seine hauls might be made in some places without yielding any 
over 10 inches long. Those weighiug 5 pounds end upward are quite uucommon. 
Specimens of both species caught with a line by the writer ah Collinsville, in June, 
1894, were all 8 inches long or under. These were taken from the muddy waters of 
the Sacramento, and partook to a great extent of the color of the water; some were 
almost milk-white, others pale green or yellowish green. 

Up to May 31,1895, Mr. Babcock had observed no catfish in the San Francisco 
markets weighing over 3 pounds; on that day, however, he saw ail 8-pound fish from 
the Sacramento River, in the Americau Union Fish Company’s market, and heard of 
a 15-pound fish that had been received the same day. 

Salmon gill-net fishermen of the Sacramento and San Joaquin rivers, using nets 
with a 74 or 8 inch mesh, sometimes take large catfish. A salmon fisherman on 
Sherman Island, in the San Joaquin, informed the writer that he had caught several 
catfish weighing 10 pounds. 

Mr. Oharles Cuneo, of the American Union Fish Company, states that a few 
catfish weighing 6 to 8 pounds are received by Sen Francisco dealers, but that 15 or 
16 inches is the usual length. 

Mr. Alexander reports as follows on the size and weight of the catfish in California 
and the Columbia River: 

The average weight of the oatfish sold in the markets of San Francisco is 1 pound. Occasionally 
fish weighing 7 and 8 pounds are brought in, but few fish of this size moot with a ready sale, aud 
there is little inducement for fishermen t o  save them. The average length of catfish js about 12 
inches. In the Columbia and its tributaries the fish run somewhat smaller, three-quarters of 5 pound 
being a fair average in weight and 10 inches in length. 

FOOD O F  CATFISH. 

The catfifih have the reputation among the California fishermen of being large 
consumers of fry and eggs of salmon, sturgeon, shad, and other fishes. This accords 
with their known habits in other waters. Mr. Alexander’s examination, however, of 
the contents of several hundred stomachs of catfish in California and Oregon yielded 
only negative results as to the presence of young fish and ova. 

Writing of the bullhead in Clear Lake, California, Jordan and Gilbert say that it 
is extremely abundant and is destructive to the spawn of other species. The scarcity 
of the valuable Saoramento perch in that lake, which they attribute to the carp, here 
as in the Sacramento River may be partly due to the more numerous catfish, which 
feed almost exclusively on animal matter. 
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By some persons the catfish are held responsible for the scarcity of Sacramento 
perch in the Sacramento and San Joaquin rivers. Mr. Babcock writes that he is 
informed by reliable men living above Colusa that up to 1880 perch were very common 
there and catfish mere seldom taken, bnt Bince that t'ime the catfish have increased 
beyond all belief and the perch have almost disappeared. The supposed influence of 
the catfish on the abundance of the perch arises from the spawn-eating propensities 
of the catfish. 

Mr. A. Paladini, au extensive and long-established dealer of' Sari Fraucisco, 
believes that catfish are especially injurious to salmon in the Sacramento Iiiver, where 
he thinks they destroy large quantities of ova and fry. This matter is sufficiently 
important to warrant careful attention. It mould seem that the centers of abundance 
of catfish are probably remote from the spawning-grounds of salmon. 

ASSOUIATION WITH OTHER FISH, ENEMIES, ETC. 

In California and Oregon catfish inhabit to a great extent waters ill which few 
other fish could or do exist. In the lagoons and sloughs connected with the San 
Joaquin, sacramento, and Willamette rivers, but few fish besides catfish are taken 
with the fyke nets and set lines. When fishing is done in the main streams, a iium- 
ber of varieties are caught with catfish, among which are split-tails (Pogonichtlbys 
macrolepidotzcs), hardheads (Ptychocheilus oregonensis), and carp ( Cyprinus carpio), and, 
in the Columbia basin, young sturgeon (Acipenser transmontanzcs). 

Few enemies and no diseases disturb the catfish in Pacific waters, according to 
Mr. Alexander. No fish are known to prey on them except the striped bass, and even 
that species must do so very rarely. In some instances the ingestion of catfish by 
striped bass results in the death of the latter, the formidable spines piercing the 
stomach and entering the abdominal walls of the bass. 

ORIGIN AND GENERAL EXTENT O P  THE FISHERY. 

From the extracts from the reports of the Oalifornia fish commission previously 
quoted it may be seen that very soon after the introduction of the catfish a fishery 
was inaugurated. The practice of taking the fish for market from public waters ha8 
probably increased from year to year, although no etat.istics are available for any 
early years. At  present it is probable that more catfish are caught for local and 
home consumption than for sale in the large marketing centers, but no accurate idea 
of the extent of the desultory and semiprofessional fishing can be formed. 

The catfish fishery is not of large proportions in either California or Oregou. 
Only a small amount of capital is invested in it, but few persons are regularly engaged, 
and the catch is insigriificant compared with the yield of many other fish taken in the 
same waters. The industry is more extensive in California than in  Oregon. 

The commercial fishery, in California st least, has probably reached its height, if 
it is not already on the decline. The receipts of catfish by the San Francisco dealers 
in 1894 were nearly 30 per cent less than in 1893; the decrease was due wholly 
to the lack of demand, the fish being more abundant. The large receipts of shad in 
the markets in reoeiit years have doubtless put a check on the value of catfish and 
the expansion of the fishery. 
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FISHERMEN, APPARATUS, AND METHODS. 

Fyke nets and set lines or trot lines are the apparatus chiefly employed for 
taking catfish. Both these appliances are used in California; but in Oregon Mr. 
Alexander reports that only fyke nets are set. Considerable quantities are in some 
localities incidentally taken in drag seines. In  the semiprofessional fishing, hand 
lines a'nd dip nets are also employed. The catfish fishery of California is carried on 
by a few persons who ma,ke a business of taking those fish throughout the year. It 
may be followed with some regularity for a time, but is seldom allowed to interfere 
with the capture of salmon, striped bass, and other more valuable species. 

The number of persons who may be regarded as catfish fishermeu in 1893 was 
about 100. These made their headquarters a t  Red Bluff, Fremont, Sacramento, 
Knight's Landing, Isleton, Bouldin Island, Jersey Landing, and other points on the 
two rivers. More than half the regular fishermen were Chinese. 

The apparatus used in the catfish fishery of California in 1893, as determined by 
Mr. Alexander, consisted of 750 fyke nets, valued at $8,500; 100 trawl lines, valued 
at $150, and 15 drag seines, valued a t  $375. The number of boats used for lifting 
nets and trawls was about 60, with a value of $900. It should not be understood 
that all of the apparatus shown is used at  one time. A few nets or trawls may be 
set for a few days or weeks, taken up, and not employed again for several months or 
possibly not until the next year. 

The catfish fishery in Oregon is carried on by seven fishermen in the vicinity of 
Sauvies Island, situated in the Willamette 12iver, a short distance below Portland. 
Mr. Alexander reports that a Mr. Mitchell is more extensively engaged in the business 
than anyone else, and that the Portland dealers look to him for their supply of 
catfish. He lives, with his family and hired inen, in a small portable house on the 
bank of a slough where the fishing is done. The house is so constructed t;hat it may 
easily be put on a float and moved from place to place, as occasion requires. Another 
structure, 15 by 30 feet, is built on a scow, in which the skinning, dressing, and boxing 
of the fish for market are done. The fish as caught are kept in three live-cars until 
needed for shipment. Four fyke nets are employed by this crew; they are set a t  the 
ends of two leaders and are valued at $160; small skiEs are used to tend the nets. 
The aggregate investment in tli6 fishery a t  this place is $445. Six other persons were 
in 1892 more or less regularly engaged in taking catfish, but less extensively than Mr. 
Mitchell. They had 6 scows, 9 skifl's, 12 cars, and 8 nets, with leaders, which property 
was worth about $1,G15, making $2,060 the total value of the apparatus, boats, etc., 
devoted to the fishery. 

The following account of the fykc-net fishery of California and Oregon has been 
furnishcd by Mr. Alexander : 

The fyke net has beon found to be the most economical device yet employed for carrying on 
the catfish fishery. The fyke net can be set and left 
remaining in tile water for an indefinite length of time without the fish dying or making their escape. 
Ri th  the drag seine, the fish caught at each haul must be cared for imalediately if they are to be kept 
alive, which involves considerable extra labor. 

The fyke nets employed on the Pacific Coast do not differ materially from those used on the Atlan- 
tic seaboard and on the Great Lakes. They are from 12 to 20 feet in length, the size largely depend- 
ing on tho locality. In places where the cnrrent runs swiftly, smaller nets are used than in locnlities 
where thero is little or no current. The iisual type consists of a tapering bag distended by four hoops 
from 3 to 4 feet apart. The hoop at tlio month is about 3& feet in diameter, the one at the end 12 to 16 

It has many advantages over the drag seine. 
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inches jn diameter. As a rule, there is only one funnel, situated nearly in  the middle of the net. 
There is no rule for the size of net, mesh, or hoops; each fisherman carries out his individual ideas 
as t o  what is best suited to  the conditions. The size of mesh is usually 24 to 3 iuches, bu t  the nets 
used by the Chinese have much finer meshes, those near the apex measuring not more than half an 
inch. Most of the fyke nets used in California for the capture of catfish are set without leaders; if 
the latter are used, they vary from 15 to 25 feet in length. 

The average cost of such fyke nets as the Chinese use is $15; those employed by the white 
fishermen cost $10 or less, having a larger mesh. 

Io. setting a fske net the ends are fastened to  stakes driven into the bottom, the leader-if one is 
used-being kept in position in the same way. In places where there is little current, the bag end of 
the  net is made fast t o  a stake, but  where tho curreut ruus swiftly i t  is allowed to swing freely by its 
mouth fastenings. Where the tideebbs and flows, themouth of thenet is changed at each turn of the tide. 

In  Oregon the fyke net is used wholly for the purpose of taking catfish, although other species 
are frequently caught in it. In most cases 
they are set double-that is, one leader directs the fish into two nets. The leaders are 150 to  200 feet 
long, and 16 feet deep. The bag end of the nets is macle fast to  stakes to  keep them in shape and 
position, the water being still where this method is used. 

The leaders are 80 made that  they can be easily converted into drag seines, which is often done, and 
hauled over the same ground where the nets were set. This practice is only resorted to  when the 
orttfish become scarce or other fish are desired. 

The nets are of the same pattern as those of California. 

At Antioch, Courtland, Bouldin Island, and many other places on the San Joaquin 
and Sacramento rivers, trawl lines (locally known as trot lines) take catfish for the 
city markets, local consumption, and family use. The length of the lines varies with 
the river or slough in which they are fished. In  the narrow sloughs and upper courses 
of streams they are about 100 feet long, with hooks at intervals of2 or 3 feet, but in 
the wide sloughs and the lower parts of rivers they are often 700 to 800 feet long, with 
250 to 300 hooks. When the current is swift, a wire ground line is used, but in other 
situations the bottom line is of twine. The hooks are small, being about the size of 
mackerel hooks employed in the New England fisheries. Oiie end of the trawl is 
made fast to the shore, the other end to a stone which serves as an anchor. The line 
is placed either about parallel with the shore or, if the current be not swift, directly 
amoss the course of the stream or slough. The hooks are baited with fish or meat, 
beef hearts being a favorite bait. 

In the aggregate, considerable quantities of catfish are taken with hand lines, 
Fish thus caught are rarely marketed, except those obtained by the Chinese. Many 
of the catfish sold in the Chinese fish markets of Portland are taken with hook and 
line. A t  places on the Sacramento River drop nets or dip nets, baited with meat or 
fish, are fished from wharves. Often large hauls of catfish are made in this way. Such 
nets are usually operated by boys, and the fish taken are apt to be small. 

Catfish are usually dressed by the fishermen before they are sent to market, the 
cleaning being done on the fishing-grounds. The nets are hauled two or three times 
a week, usually in the afternoon, according to the demand for and abundance of fish, 
while the forenoon is spent in dressing and boxing the fish, which are kept in the live- 
cars until required. The fish are prepared for market by removing the skin, head, 
and viscera, and packed in boxes holding about 15.0 pounds, no ice being used. 

The fishermen mpplying the Sacramento market usually deliver their fish alive to 
the dealers, who have live-cars conveniently located and can dress the fish as needed. 
The San Francisco and Portland fish markets are so far from the water front that the 
dealers can not keep the fish alive. 
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THE FISHING SEASON FOR CATFISH. 

I n  California, fishing for catfish is done throughout the year, with but little 
variation from month to month, as the receipts of the San Francisco dealers given on 
page 393 will show. Mr. 
Alexander reports that from October to June a few fishermen find employment in 
Oregon in taking catfish for the Portland market. During the summer months, when 
salmon are very abundant, there is little deman.d for catfish. 

The catch is, however, smallest in July and August. 

QUANTITY AND VALUE OF THE CATCH O F  CATFISH. 
* 

As much the largest part of the catfish yield of California is consigned to Ban 
Francisco, Sacramento, and Stockton, figures showing the receipts in those cities will 
give a fair idea of the quantity caught. Mr. Alexander’s inquiries at Sacramento and 
Stoclrton and the writer’s examination of t,he books of the Ban Francisco dealers 
showed that in 1893 the shipments to those places were as follows: 

Pounds. 
San Francisco ._ - - -. . . . . . . - - -. . -. - - . . - - - -. . . . . . . . . . -. . . . . . . . . - . . . . . . -. - 43,976 
Sacramento ._...____.___..____.________..___._.____---..----..----.-..- 59,026 
Stooliton.. . - ~. ._ - __.  ___. .-__. - .____. .-.. _ _ _ _  _ _ _ _  __. ~ ._. __. . . _ _  ._ . . . _ _  36,000 

Total .___...___.____..____..____..____. .____....._____._________._ 139,000 

The quantity of catfish sent from the principal shipping centers on the Sacra- 
mento and San Joaquin rivers, as determined by Mr. Alexander, were as follows, the 
diKerence between these and the foregoing figures, amounting to about 33,000 pounds, 
representing the aggregate of a number of minor shipments of which no record could 
be obtained: 

_.- 

PounclR. 
-. _ _ _  40,000 

13,550 

2,290 
23,000 
15,000 

Red Bluffs, Fremout, and ICnights Landing ._ -. . . . - __. . . __. . 
Coiirtland. - - - - - . - - - -. . - - _-. . -. - -. . - - - -. . __. . - - - -. . - -. -. . . . - - - . - - - ~ ~ -. 
Isleton . -. - - .  . ~ - 
Rio Vista _ _  _ _ _  ___.  _ _ _ _  __.... ._.__. ._-._. .__.__ ..___. _. .___.  .___._ .__._. 
Bouldiii Islnnd .__. ___. . _ _  _ _  - .  ~ - __.  . . -.-. . -. . ._-- -. . -.- - _ _ _  .___.. ~ .. - __.  
Jersey Lauding -. . . -. . . - - - -. . - -. -. . - - -  - -. . . - . -. . . . -. . - - - . -. - - - . . - - ~. 

-. . - - .  . - - - . . . - - - -. . - - . . . .- - -. . ~ - ~. . . - - -. ~ . - ~ - -. ~ ~. ~ 12, ooo 

Total ._ __. .__ __. _____. ..-__. _. .-.--- .__. .-_ - - -  .-. _ _ _  __. - _ _  _ _  _ _  105,840 
The catch by persons who make something of a business of fishing for catfish was 

not under 150,000 pounds in 1893, and fully 50,000 pounds additional would not more 
than cover the catch by farmers, boys, and fishermen in other branches, most of which 
is consumed locally. 

The gross value to the fishermen of the catfish caught for market was $6,358, and 
the total value of the fish to the State in the year named may be estimated a t  $8,500, 
niaking a very moderate allowance for the oatfish used for home consumption. 

The quantity of catfish taken for sale in the Columbia basin in 1893 was about 
90,000 pounds, with a value to the fishermen of $2,800. Comparatively large numbers 
were also consumed by lumbermen, farmers, and others mho fished for their own use. 
The receipts of catfish in Portland in i893 amounted to ‘75,000 pounds. 
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The contention of the California8 fish commissioners in several of their reports. 
already cited, that the value of all the catfish caught annually and consumed aR food 
would more than equal the annual appropriation made by the State in the interests 
of the fisheries and fish-culture, has probably been verified in a number of years. I n  
1893, when the fishery is known to have been less extensive than formerly, the appro- 
priations exceeded the value of the catch by only $1,500. 

EDIBLE QUALITIES O F  CATFISH. 

While the consumption of catfish in California is not large, the fish are well-liked 
by many people; others, however, regard them as very inferior fish. When taken 
frofn the cooler, deeper waters, they have a good flavor, and deserve to rank high . 
among the resident fresh-water fishes of the Pacific States, but when caught in warm, 
shallow, muddy sloughs and ditches they naturally have little value as food. 

Mr. Alexander says that fishermen, with few exceptions, have little praise to 
offer in  behalf of the catfish. Nearly all with whom he conversed said their edibIe 
qualities were of a low grade. He believes, however, that many people think diEer- 
ently, and that the quantity of catfish eaten in some localities indicates that the fish 
are rather popular. The amount consumed can not be due to the cheapness of the 
fish, for at times other fish reach so much lower prices that it would seem 110 catfish 
would be bought. Mr. Alexander thinks that, while a large part of the catfish is 
eaten by Chinese and the poor of the nunierous nationalities found on the west coast, 
considerable quantities must be consumed in restaurants under fictitious nakes, just 
as sturgeon and sharks are served as '' tenderloin of sole." 

The dealers in San Francitwo and Portland do not attach much importance to 
the catfish and do not value its edible qualities highly, but in Sacramento they speak 
well of the fish. 

Drs. Jordan and Gilbert regard the bullhead as the best food-fish found in Clear 
Lake. California, with the exception of the Sacramento perch and rainbow trout. 

THE CATFISH TRADE. 

The principal marketing centers for catfish are San Francisco, Sacramento, Stock- 
ton, and Portland. The last-named place has the most extensive trade. In propor- 
tion to its population, San Franciscc receives much fewer catfish than any of the other 
cities mentioned. 

Catfish can not be said to be common in the San Francisco markets. The demand 
is usually very limited. A t  times, however, when other fish are scarce, they meet 
with ready sale at good prices. In 1893 the average daily receipts were less than 150 
pounds, and in 1894 under 100 pounds. In  no month during those two years did the 
daily receipts run over 250 pounds on an average, and in July and August, 1894, they 
mere under 30 pounds a day. 

An examination of the books of the San Francisco dealers by the California fish 
commission and the writer showed that in 1893 the aggregate receipts of catfish were 
43,974 pounds, and in 1894 were 31,055 pounds. The decrease in 1894 was due to  a 
marked diminution in the receipts during the last six months of' the year, as will 
appear from the following statement. In 1893 the largest quantities were handled in 
September, and in 1894 in April, 
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ASIATIC CARP, SCALE CARP (Cgpriikus C ' i k r l J h ) .  

GERMAN CARP, LEATHER CARP (Cgpriikus (liLr3)io cori~rcsrLs\. 

TENCH (Thkcu tinca). 
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Stateniat by  months of the nurnbci. of potlnds of d ~ e s s e d  oatlisli handled l y  Sun Francisco 

dealers in 1593 and 1894. 

---____. -- ___I 

MontllH. 1 1893. I 1804. 

January ................................. 
Fubrnary ................................ 
1Marcli. .................................. 
April .................................... 
May ..................................... 
Jido .................................... 
July ..................................... 
August,. ................................. 
September.. ............................. 

1,515 j 4,117 
2,570 1, 690 
5,408 4,700 
4,115 5,290 
8,505 2,978 
d, 035 2,030 
2,010 095 
950 357 

0,400 2,473 

There is little or no sale for round catfish in  San Francisco, and those which 
reach the dealers in such coridition are dressed by them before being exposed for sale. 
The fish shown in the foregoing table were dressed weights, which represent about 
two-thirds the original weights. The dressing consists in skinning, eviscerating, 
and removal of the head. 

The price commarided by catfish in the San Francisco market bas greatly 
decreased in the past few years. lu 1888 the average price to consumers was 17 cents 
a pound; in 1889 it was 10 cents ; in 1801,’i cents; in 1802, G cents, and in 1893,4 cents. 

Fully 
three-fourths of the receipts of catfish in San Francisco are consuined locally, arid but 
few are sent beyond the limits o f  the State. 

The catfish trade of Portland is coinparativoly large. The quantity of fish 
handled in 1893 was 75,000 pounds of dressed fish, wi th  cz retail value of $3,750 and a 
cost price of $2,260. 

As elsewhere stated, the quantity of catfish handled at Sacramento and Stoclzton 
in 1893 was 50,025 pounds and 36,000 pounds, respectively, having abmt  the same 
retail value per pound as in San Francisco. 

There is very little reshipping of catfish by the wholesale fish-dealers. 

THE CARP. 
HISTOEY O F  ~NTRODUC!TION. 

The carp (Cyprilzus oarpio) has been planted in all the States of the Pacific and 
ltocky Mountain regions, and is now one of the most widely distributed fishes. A t  a 
comparatively early date the local fish commissioners became impressed with the 
desirability of planting the carp in the sloughs, bayous, and shallow waters generally, 
wliich mere either destitute of fish or, to quote tlia California commissioners, contained 
only 6‘ thc worthless aud unpalatable fish of the warm waters of the great valleys in 
the interior of the State.” Prom the outset a very active interest in the cultivation 
of the carp sprang up in most of the States, and numerous demands for fish for 
stocking local waters came from farmers and others. 

The carp was first imported into California in 1572, when Mr. J. A. Poppe, of 
Souoina County, brought five fish from Ilolsteiri, Germany, arid put them in private 
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waters. These fish appear to have multiplied rapidly, and it is recorded * that  Mr. 
Popye did a thriving business in selling their progeny for stocking purposes. 

Tn 1877, in exchange for eggs of the California trout, the Califirnia fish commis- 
sioners received 88 young carp from Japan; these were retained for breeding purposes. 

The United States Fish Cornmission, in May, 1877, imported carp from Germany, 
and in 1879 supplied 298 fish to the California commission; GO of these were plticed 
in Sutterville Lake, near Sacramento, and the remainder in a private pond in 
Alameda County, where they were at the disposal of t h e  State authorities. 

The foregoing lots, aggregating only 304, represent all the carp from outside the 
State planted in California up  to the time the consignment to private applicants 
was begun by the United States Fish Commission in 1882. 

The United States Fish Commission began the distribution of carp to applicants 
in Idaho, Oregon, and Washington in 1882, and has continued to supply them as 
requested up to the present time, comparatively large consignments being made in 
recent years. Most of the original plants were made in private wa,ters, but by the 
breaking of dams, the overflowing of ponds, and other accideuts, the fish have in some 
localities reached rivers and other public waters. 

The carp was introduced in Nevada in 1881, when the State commissioner dis- 
tributed to applicants some that had been supplied by the United States Fish 
Commission. In  the two subsequent years numerous assignments were wade by the 
national commission, 190 fish being sent to nine applicants in 1882 and 2,285 to more 
than 100 applicants in 1883. Since that t ime there have been calls for but few fish for 
stocking purposes. 

GENERAL EESULTS OF OARP PLANTING.. 

A detailed account of the early results of carp introduction in the Pacific States, 
based on the testimony of the recipients of fish, is given in an article entitled ‘‘ Some 
results of carp culture in the United States,” compiled by Charles W. Smiley, and 
published in the Report of the United States Fish Commission for 1884. 

As early as 1879 the carp had become extensively acclimatized in private waters 
in California and furnished a large amount of food to  people living in the interior of 
the State; this outcome was chiefly due to the distribution from Mr. Poppe’s private 
ponds. 
grown rapidly in size and numbers, and by 1884 they had become so generally and 
successfully planted in the waters of the State that few calls were made for them, 
and the commissioners reported that the supply was enormous, the market price at 
times being only 18 cents a pound. 

The history of the introduction of carp in the open waters of the Columbia basin 
is not known. It is probable that the fish accidentally gained access to the river by 
the breaking of dams or the flooding of ponds. It has become exceedingly abundant 
in the lower Columbia and its tributaries, especially the Willamette River. At The 
Dalles and Celilo the fish are also very numerous. Recent investigations by the Fish 
Cornmission have shown that the fish also inhabits the Snake River as high up as 
Glenn Perry. Mr. Barnum reported the fish as abundant at Weiser, and cited its 
occ~rreiice a t  Huntington, Ontario, Payette, and other points on the river, 

In 1880 the commissioners reported that wherever introduced the carp had . 

*Tho introduction and culture of tho carp in California. By Robert A. Poppe. Report U. S. 
A180 Reports California Fiah Commission, 1874-75 (p. 12), 1880 (p. lo), Fish Comm. 1878, pp. 661-666. 

and 1893-94 (p. 74). 
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Carp have become numerous in Clear and Silver lakes, near Spokane, Wash., 
and are held in considerable esteem. 

Marked and immediate results attended tlie planting of carp in Nevada. Iu 1584 
Mr. Thomas Oliver, who had carp ponds near Carson City, was reported to have 
thousands of young carp for sale, the progeny of eleven small fish received two years 
before. The report of the Nevada fish commission for 1589-90 stated that Mr. 
Oliver’s fish had multiplied so rapidly that he produced more than enough to supply 
his neighbors and the State commission with plants. An earthquake in June, 1887, 
however, destroyed these flourishing ponds. 

Mr. Taft, of Diamond Valley, iu 1890, produced fish for the Eureka market and 
local consumption. The Humboldt River near Winnemucca was said to have an 
abundance of carp in 1890, some of t’he fish weighing 5 pounds and upward; they 
were sold in the Winnemucca marlrets, and were rather highly esteemed. 

In 1881 Hon. Thomas B. Rickey pianted some carp in reservoirs alld ditches con- 
nected with Alkali Lake, in Douglas Couiity. The Nevada fish commission report for 
1889-90 stated that the fish had increased beyond all expectations in All& Lake, 
from which many fish had been taken and salted for home use. 

ECONOMIC IMPORTANCE, FOOD VALUE, AND INJURIOUS QUALITIES O F  CARP. 

I n  the Pacific States, as elsewhere, opinions diEer widely as to the edible qualities 
of the carp, and as to whether the fish is not more injurious thaii useful. The various 
views entertained depend to a considerable extent 011 local conditions and are often 
based on limited observation arid experience. Prejudice and preconceived ideas have 
also led to the formation of opinions favorable and unfavorable to the fish. 

The present feeling toward the carp in  California, Oregon, Washington, mid Idaho 
is generally adverse, and seems to represeut a reaction from the favorable attitude 
which prevailed for a number of years after the acclimatization of the carp. The 
most extravagant statements regarding the food value of the fish were then enter- 
tained. We find in some State reports such superlative expressions as “Carp are the 
most delicious fish that swim”; “carp food-fish have no superior,” etc.-which 
excellence has hardly been claimed even by mauy who are thoroughly acquainted with 
and most favorably impressed with the edible qualities of the carp. With this high 
ideal in mind, it is not surprising that disappointment overtook those who stocked 
their ponds with these fish. 

Outside of the question of its food value, the carp is, in the l’acific States, con- 
demned on a number of other grounds, which will be mentioned. 

In reservoirs and lakes, its habit of stirring up the mud and sedinieiit makes tlie 
water roily. Xeference is elsewhere made to the planting of fry of the predaceous 
muskellunge in Lake Merced, near San Franci8co, in order to secure the destruction 
of the carp, which were very abundant and constantly kept the water muddy. As this 
lake was one of the reservoirs for the water supply of San Francisco, the niatter had 
considerable importance. Sea lions were previously placed in this lake for the same 
purpose. 

Carp have entered the Bluo Lakes in Lake County. Tho Blue Lakes, three in number, were for- 
merly very striking aiid beautiful bodios of water. A. V. LO Mott ~ C W  tolls mo that lower Blue Lake is 
so middy that its beauty is gone, tlie carp keeping the water roiled all tho time. Lake Merced, property 
of the Spring Valley Water Company, in the city :~nd county of Sa11 Fraucisco, wa8 so damaged by 

Mr. Babcock writes as follows on this nubject : 
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carp as to be almost useless to the company. The company employed 4 fishermcn by tho month to seine 
the lake, and during that  time-some four months-bought 19 good-sized seals [i. e.,  ea lions] taken 
near Cliff House. These seals were placed iu Lake Merced in 1891, aiid for a time the company 
employed men to  go over the lake to pick up the pieces of dead carp that  were so uumeroiis as to be 
dangerous t o  the purity of the water. In  the summer of 1895, a t  tho rcquest ant1 expense of the water 
company, I engaged several Italian Gsherincu to  go to  the lake, and under our supervision they used 
all kinds of drag nets and seines in the lake and were unable to take any carp or any other fish than 
sticklebacks. The seals have grown very thin. Another effort was made in  some manner with like 
result in fall of 1895. I am of the opinion that  there are no carp, big or little, in the lake a t  this time. 
The coming season the company will try again for carp, and if none is found tho seals will be killed 
off and large-month black bass placed in the lake. 

A rather wide-spread opinion prevails that the carp coiisumes or uproots the wild 
celery on which wild ducks feed, and “ i t  is reported that these game birds have 
diminished in numbers of late wherever in this State their feeding-grounds have been 
invaded by the carp.” 

Carp are credited with eating other and better food-fishes, but the charge ~eenis  
almost too trivial to notice. The ingestion of live fish must be very rarely if ever 
undertaken, and is inconsistent with the anatomy and known habits of the carp. 

The habit of eating the spawn of other fish is ascribed to the carp in the Pacific 
States, as in other parts o i  the country. From a statement hereafter quoted, i t  will 
be seen that by some the scarcity of Sacramento perch in California is attributed to 
this cause. 

The San Francisco Evening Bulletin of May 29, 1894, contained the following 
editorial notice of the carp aud catfish under the caption 16 Where the fish commission 
went astray.” The article may be quoted to illustrate the sentiment entertained by 
many persons against the carp, and to show the general grounds for that sentiment. 

When the fish commission a few years ago undertook to stock the rivers and sloughs of California 
with catfish a i d  carp, the Bulletin deprecated that  sort of enterprise. Pains were taken to  acquire 
information from various sources about the value of these species as food-fish, in  addition to  what was 
personally known from observation on western rivers. It was found tha t  those Gsh were relatively 
of small value, and that  thie was overbalanced by the injury they would do in decreasing the number 
of better fish. 

Not a single favor- 
able report could be obtained. The tenor of the reports were that  the fish were a nuisance, and that  
efforts were being made to  extcrminate them. Ponds and small lakes were drained off, but the fish 
went into the mud and livcd for weeks. When the water was turned on, the fish were as active as 
ever. They multiplied with amazing rapidity. But nobody seemed to  want them, except the few 
who were still bent on making cxperiments. These fish have multiplied in  the rivers and sloughs 
until in many places they have become a nuisance. Like the English sparrow on the land, they &re 
beyond extermination, and are everywhere execrated. 

Now comes the OregoiLian and reports that  carp have become so plentiful in  the sloughs and bays 
along the Columbia that  Gshermon have offered to supply farmers with aiiy desired quantity for manure 
at $5 a ton. The car3 are gross feedcrs, consuming better food-fishes and wild celery and grasses on 
which wild ducks feed and fatten. It is reported that these game birds have diminished in numbers 
of late wherever in this State their feeding-grounds have been invaded by carp. 

Then the fish commissioners made another unfortunate experiment? against the Btrougest pro- 
tests tha t  could be put forth. They introduccd the hated and almost worthless catfish to  the waters 
of California. These fish, like the carp, liave multiplied rapidly. It was reported, in answer to  the 
protests made at the time, tha t  only D superior kind of catfish would be introduced, against which 
there could be no valid objection. Rut they turned out to be tho same old toughs that  have occupied 
western rivers and bayous t o  the exclusion of better Gsh. These catfish are voracious feeders on 
young trout and salmon. Their value is 80 low that  very few seek them. The Chinese sell them occa- 
sioually, as they do carp, if they can find a customer. n u t  most cousumers turri away from these fish 
in disgust. 

The German carp liad already been tried in ponds and lakes on private estates. 
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The fish commissioners introduced t o  tho waters of California, among some of good quality, two 
gpecies of what were called edible fish that  uow have come into tho category of nuisances. If every 
one of these fish could be removed from the water to the land, aud there employed as fertilizers, a 
substantial gain would be made. 

condemn the carp in severe terms. They say of this fish: 

Everywhere very common; burrowing into the mud among the tules or iu shallow watere, thus 
kceping the shoal waters roily all the time. It destroys 
the eggs of the fhxaniento perch and also devours tho J7ullisneriu or mater celery, on which the canvas- 
back and other ducks feed. In California this species is a nuisance, without redeeming qualities. 

Drs. Jordan and Gilbert, in a paper* 011 the fishes of Olear Lake, California, 

This speciesitr regarded as worthless for food. 

The remarks of these writers on the Sacramento perch and the catfish in this lake 
are also applicable to the question of the destructiveness of the carp : 

ArchopliteS interricptus (Pwoh) .  I”0rmerly very common, but  now becoming scarcer, as its 
spawning-grounds are devastated by the carp. The destruction of this valuable fish is one of the 
most unfortunate results of the ill-advised introduction of the carp iuto California waters. 

Anieiurws ticbulouus (Catfsh).  Extremely abuiidaut and destructive to the spawn of other species. 
It is, however, a fair food-fish and much less objectionable tlian the carp. 

The followiiig statements concerning the destruction of vegetation by carp in 
Citlifornis are from a letter from the late Mr. Ramon E. Wilson, secretary of the 
California fish cornmission, dated November 12, 1891 : 

I took advantagc of the tirst opportunity presented, November 3, to  visit the duck-shooting 
preserve of the Tule Shootiug Club, located in the hcart of what is kuown as the “Suisiiu Marshes,” 
lying midway betwcen Benicia alld Siiisun. These iuarshes for twenty years have been famous for 
duck shooting, and for the past ten year8 have been preserved by five clubs. Each of tliese clubs has, 
from year to  ycar, supplemented the natural and indigenous growth of vegetatioii by planting non- 
indigenous seeds and grasses, until about two years ago the pouds, ditches, and sloughs had so grown 
up  with vegetable matter that  upon the opening of the season it was almost impossible t o  push a boat 
through the deuse growth. Last year, the season of 1890, it was discovered that  a marked change had 
taken place. The causc was attributed to the winter, which was a rather severe one, in that  there 
were ninny overflows and freshets occasioned by heavy storms. This year the change in the respect 
mentioned was much greater. It was early reported in  the spring that  there was very little sigu 
of vegetable growth in  any of the ponds. Iiivestigation followed, aud i t  was found that fish in  large 
numbers, ranging from a few inches in  length t o  15 pounds in weight, had invaded the grounds and 
taken entire possession of all the waters. Those fish came, say, iu May and remained until about the 
latter part of July-that is, the bulk, but  many remained later. We are convinced that  these great 
numbers came to  spawn. About August, this great 8cl1001, if you can SO call it, suddenly disappeared- 
that  is, the  larger ones and the majority of the whole. Their going was not unlike the grasshopper 
in  effect on vogetation-not a sign or remnant left. The result is that  to-day, where these same ponds 
have heretofore affoordcd unlimited food supply for surface-feeding ducks in  the early part of t8he season 
and a like supply of celery bulbs for the canvasbacks and redheads for the balance of the season, there 
is absolutely not a single trign of vegetation. At the time mentioned I carefully examiried the beds of 
the poiids and found them positivoly barren of vegetable matter. Notwithetanding the omigration, if 
it can be so called, of the larger fish, the waters are still alive with the same fish, rauging from 2 to  
8 inches in  length. These ponds, heretofore quite clear, are now nothing more tliau mud holes. That 
this fish burrows in the mud there is no question. The beds of the waters are not unlike a sieve i n  
appearance, with holes, round in  form, ranging from ono-half inch to 3 inches in  diameter. The banks 
of the ponds and sloughs are quite like the bottoms. The fish have burrowed to  the depth of a foot 
in many plaqes, and it can be readily aeon that  it lias been done for the piirpose of getting a t  the roots 
of the vegetable growth. 

Following out your suggestion, I secured three of the largest specimens of the fish. I caught 
__ .- .-- - - .- __ 

* Bulletin U. S. Fish Commission, 1894, p. 141. 
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them myself in one of the ponds. I sent them 
to Dr. Jordan, wrote to  him my experience, and am now in ruccipt of his reply. 

“Tho three spocimens mentioned in  your letter havo been received. They are, of course, the 
ordinary carp ( c ? J I ) h U 8  curpio). I will have them opcned to  sce if, perchance, the contents of their 
stomachs may throw any light on the question at issue. I should think therc would be little doubt 
that  the carp might destroy the water celery and so interfere with the food of ducks.” 

What I have said, as the result of my owu obseruation, is truc from evidence, by way of corre- 
spondence, which has accumulated in my officc, and applies to  all the marshes ou the Sacramento and 
San Joaquin rivers for a distance of quite 100 miles. The irrigating ditches throughout the San Joaquiii 
Valley are full of these fish, and it is no “fish story” to  say that  they burrow into the banks and make 
breaks in  the levees. 

The carp is very unpopular in the upper Columbia, a t  The Dalles and Celilo, on 
account of its supposed destructiveness to saimon spawn. It is used to some extent by 
the German families of that section and also in the fishing-camps, but the consumption 
is light. A t  Umatilla and Arlirigton complaints are also made of the carp. 

A t  Huntington, on the Snake River, Oregon, some carp are caught which find a 
sale among the farmers of the neighborhood. Along the same river, a t  Payette and 
Ontario, some favorable mention of the carp as a food-fish is made, but the sentiment 
of the people is generally against it and the fish has no economic value. 

A t  Spokane, carp are sold in limited quantities to German families at 3 to 3& cents 
a pound. 

Mr. Wilcox reports that  carp are found constantly in the Portland market, although 
the abundance of the fish is such that at times it can not be sold a t  any price. 

Mr. James Crawford, fish commissioner of Washington, reports that carp and 
catfish have recently begun to be recognized as of some importance as food-fishes in 
that State, and that in 1892 at least $2,000 worth of these fish were disposed of in local 
markets and in inland towns along the Uiiion Pacific and Northern Pacific railroads. 

Without desiring to ignore any injurious qualities the carp may possess, the opinion 
may be ventured that the fish is credited with doing much harm that it may riot be 
responsible for, and that the evidence on which the carp is so severely condemned 
is, in the Western States, as elsewhere, wholly insufficient a t  present, whatever may be 
the result of an impArtia1 investigation of tho matter. 

I n  the November 5, 1891, issue of Porest and rStreatn is the following editorial 
reference to carp in California: 

Newly two decades ago, and five years before the United States imported the fish from Germany, 
Mr. J. A. Poppe placed five small carp in one of his ponds at Sonoma, Cal. Nine months later (May, 
1873) his stock had grown to 16 inches in length, and 3,000 young fish were obtained from the first 
breeding. The fish were sold to farmers throughout the State, and some were shipped to  Central 
America and the Sandwich Islands. The increase of the species, especially in the marsh or “tule” lands, 
was remarkable, and the demand continued steady. Now a reaotion appears to have set in, and a most 
unjurdifiable style and amount of abuse is being heaped upon a really valuable food-fish, which has 
also long held a worthy place among the anglers’ favorites in  countries wherein it was best known, 
The qualities which led to  the action of the Government in behalf of carp acclimation were the  
following: 

I should say cach weighed throe-fourths of a pound. 
I quote: 

(1) Fecundity and adaptability to  the processes of artificial propagation. 
(2) Living largely on a vegetable diet. 
(3) Hardiness in all stages of growth. 
(4) Adaptability to conditions unfavorable to  :my equally palatable American fish and t o  very 

( 5 )  Rapid growth. 
(6) Harmlessness in its relations to  other fishes. 

varied climates. 
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(7) Ability to populate waters to their greatest extent. 
(8) Good table qnalitios. 
These properties &ill exist and 110 amount of uuroasoning pmjudico can alter or redooe them. 

When we are told that  tho carp is a kind of sucker and “sucks the roots out of tho banks of the 
ditches, causing tho banks to  wash out,” we are boii11d to reply that  C:difornia is noted for tlio variety 
and size of its suckertl, but tho carp is not one of them. The Iiabit rofcrrod to  is not observed iii the 
carp, and tho real culprit iriust be sought in sonic other dircction. It is gtxvely assortod also that the 
food of the ducks and othor wild fowl is e01isumet1 by tho carp and tho  game birds :ire desertiiig the 
ruarshes in conseqiieuce. Again, i t  is charged that  tho salmon :tiid trout waters arc3 being invaded 
and the eggs devoured on the spawning bods. Carp iu  water having a sumuier tomperature of 54 ’ 
would be about as untimely as orangos on tho tundra :tt Point Barrow. W o  shall nest hear that  
tho carp has uttcrly dostrogcd the salmon industry of A1:tska and drivon the seals out of Boriug Sea. 
As a matter of fact, California has many native fi~hcs of tho carp or niiiinow family, some of which 
s\variu in the irrigating ditches, while otliers inhabit trout waters, aud certaiu of those :ire linowii 
to be vory dcstructivo of eggs. I n  the Pi t  and Mecloud, for example, mar be found R large specios 
of Pt,tphoohi~l~a, kuown as the Sacramento “pike,” which is really it giant minnow, growing to a 
length of 5 feet. This, or !omethiug like it, is probably the fish for whose sins the carp is nom 
suffering in  tho estimation of maiiy good people of California. Before passing f ind  judgment 011 the 
subject, tlend sonio of the cold-water carp and tho burrowing iiuisauco to some 0110 who knows the 
fitlhos of the State for identification. Dr. Jordan, a t  tho Leland Stanford Junior University, will sottle 
all doubts for you, aud Forest and Stream will take pleasure in aiding invostigations of any sort into 
the habits of fishes. 

In  a letter dated September 25,1591, Mr. Ramon E. Wilson, a t  that time secretary 
of the California fish commission, called the attention of the United States Fish Com- 
missioner to the Fact thttt carp lied been taken a t  the McCloud River station of tlie 
United States Fish Commission, and that Pit t  River and Squaw Creek, in the vicinity, 
were swarming with the fish. Mr. Wilson expressed the fear that this raid of carp in 
the upper maters of the most important salmon river of the State, the Sacramento, 
was a serious matter. In  reply, the United States Fish Commissioiier stated that i t  
did not seem possible that the carp could injure the salmon, whose spamiling beds are 
located in the cold upper portions of the streams, and that it mould be contrary to all 
experience to find carp thriving in sucli situations. The Comiiiissioner suggested that 
the fish reported in such numbers in tlie Pitt ltiver might not all be carp, but some 
other meinbers of bhe carp family, such as Orthodon) Laviniu, Pogonichtlbys, Myloaheilus, 
Ptyclbocheilus, etc. 

I n  attributiiig to the carp the scarcity of canvasback and other ducks in a given 
region, there should be proof that the carp does and other fish do not ea8t and uproot 
lasge quantities of Vallisneriu; and the influence of market hunters and indiscrimi- 
nate killing by sportsmen must not be overlooked. The scarcity of canvasback ducks 
in most streams probably antedates the advent of the carp in noteworthy numbers, 
and, as in the Potomac, mas coincident with spring shooting i t U d  with the activity of 
pot-hunters using swivel guns. Mr. John P. Babcock, chief deputy of the California 
fish commission, states that he thiuks ducks in  that State have changed their feeding- 
grounds; miles of lands in tlie Son Joaquin Valley arenow covered with ditches and 
miles of alfalfa nom grow where a few years ago there was a desert; and the main 
lnarket supply of ducks comes from that region instead of the Suisun Marshes. He 
thinks, however, that the carp have proved very objectionable in this region, and in a 
letter communicates his observations, as follows : 

The carp have destroyed almost all the wild celery of the lower Sacramento and Suisun Marshes. 
They reach a11 tho ponds during high mater, and, as soon as celery comes up, they eat the shoots, and, 
in many of the  best ponds on the shooting preserves, have talicn roots and a11 of the celery. They 
have not destroyed the tule grass to  any noticeable extent, if at all. Tho damagu has been to the 
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butter grasses. Many of the clubs planted wild celery in 1891, 1892, aud 1893, but the carp destroyed 
it all, and i t  is claimed by observing men that  the celery is entirely destroyed. The clubs resort 
every season to  baiting their ponds with grain, and in these ponds the carp move in droves that  W. P. 
Wbittier tells me look like a tidal wave, as they move from one side to  the other. 

The following observations on the food and the feedinghabits of the carp havebeen 
furuished by Dr. Rudolph Hessel, who superintended the first importation of German 
carp bythe Government in 1877, and the foremost authority in the United States 
on carp-culture. Dr. Hessel’s remarks were prompted by the letter of Mr. Wilson 
previously quoted, an extract from which was submitted for an expression of opinion. 

I n  conneetion with an extract from a letter of Mr. Ramon E. Wilson, California fish commission, 
relating to  the suspected destruction of wild celery and otlier vegetation in the Suisun Marshes in the 
vicinity of San Francisco, Cal., by the carp, I will give yon my observations, extending over a period 
of many years, regarding the habits of the carp (if I may be allowed to so term its mode of living, 
and the likes and dislikes of that  fish), cautioning you, however, not to  regard such observations as 
authority. 

It is t rue t,liat I have paid a great deal of attention to the  habits of the carp iu ;Curope and in  our 
eastern waters, but  I ani not familiar with the waters of tlie Pacific Coast, and, for this reason, my 
conclusions should not be takcn as finill. 

It feasts upon animal as well 
as upon vegetable food, It seems to be au established fact, however, that  anirnal food is preferred, 
hence their persistent hunt in  the mud and about the roots of water plants for worms, crustacea, and 
larva?. At the earliest stages of its existence, from a few weeks to  a few montlis old, the young carp 
can be seen scrutinizing water grasses and tlie under parts of floating leaves, ete., for diminutive aud 
almost microscopic aninials for feeding purposes. Later on they do iiot despise larger animal substances 
in the rivers; but where tlierc is a perceptible scarcity of that  kiud of food in rivers aud stagnant 
waters, they ascend into tribiitaries, creeks, and bayous, ostensibly goiug for vegetable fmd, in  reality, 
however, delving, digging, burrowing, and hunting in the inlid and about the roots of the water vege- 
tation for animal food, as indicated above. No one need, therefore, be surprised if at such vigorous 
exertions of the carp the growth of vegetation generally will not be promoted aud tho w;.ter will not 
become auy clearer. Many a plant will thus be uprooted, rise to  tlie surface, and perish, and this may 
have been tlie case with the eelery plauts iu the Suisiin Marshes, too, to :I certain extent. 

The carp i8 very numerous and prolific in the Potoinae River. There are speeimens from 20 to  30 
pounds, but  tha t  they go for tlie water celery has not been noticed here as yet. Water celery grows 
in abundance in places where the river flows slowly, especially about the so-called flats, but any injury 
to  its growth, or a reduction of its density, iiot to speak of its total destruction, has not been heard of, 
as far as I know, with two exceptions only, uot attributable, however, to  the earp, but to  high water 
in the spring of 1882 and 1889, when every kind of vcgetation was swept away by the floods, and eon- 
sequently water celery disappeared from the river during the two years subsequent to  those freshets. 

I must not forget to call your attention to the fact that  turtles, too, are not averse t o  a meal of 
water eelery. Frequently I have seen ‘‘ red-bellies” and “ yellow-bellies” feasting in  the dense 
growth of Potomec celery upon that  plant. Another point: For years I have kept quite a number of 
these species of turtles for ornamental purposcs in a srnall pond about this station and fed them with 
water celery taken fresh from two ponds stocked with :h great number of old and young carp, whieh 
never touelied the celery, though it must be admitted that  they did loosen the roots in their hunt for 
animal food. 

In conclusion, I reiterate that  I am not familiar with the fauua of the Suisun Marslies, but  my 
impression is that, upon closer investigation, there may perhaps be fouud additional muses for the 
disappcarauce of the water celery aud other vegetation therein, besides the undeservedly muoh- 
abused carp. 

The carp may be very destructive to the spawn of certain fishes; this is probably 
the most serious charge that can be lodged against it. At the same time, no exami- 
nations, by competent persons, of the stomach contents of carp appear to have been 
made in the Pacific States or elsewhere. Even if it should be demonstrated that the 
carp consumes large quantities of fish spawn, i t  would not differ iu this respect from a 
host of native species whose shortcomings in this respect are ufiually overlooked. If 

It is well known that  the carp is not very particular as to  its food. 
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we condemn the carp for this pernicious propensity, mithout conclusive evidence, what 
are we to do with the basses, trouts, salmons, sturgeons, and the entire sucker and 
catfish tribes, with linown spawn-eating tendencies 1 There can be 110 question that 
in the waters of the Pacific States the large indigenous representatives of the carp 
family-the Sacraiueilto pike (Ptychockeilus) and the squawfish or Columbia River 
chub (Jfylocheilus)-are immeasurably more destructive to spavn than the carp. They 
are notorious spawn-eaters; the most att,ractive bait with which to catch them is 
fish spawn; and 011 the spawning-grounds of salQon and trout, where the character 
of the mater is not adapted to the carp and where it is either entirely absent or quite 
uncommon, these fish are almost always present in large numbers and are kuowii to 
subsist largely on the ova of salmonoid fishes. 

Considering the question of the relation between the carp and the scarcity of the 
perch in California, attention is directed to the report of the board of State fish 
commissioners for 1883-84, in which the decrease in the abundance of the perch is 
commented 011 and other factors than the carp assigned as the cause of the scarcity. 
The beginning of the scarcity of Sacramento perch datcs honi 1881 or 1882, and was 
probably antecedent to the general abundance of carp iu public maters. The remarks of 
the fish commissioners in the report cited aro as follows: 

I n  former years this fish was very plentiful, but has booonlo very scarco in the last few years, 
owing to several causes, viz : 

(1) We beliovo tho greatest cau~lo of disnppoarauce is due to tho rec1am:ition of our tule lauds by 
closing the sloughs, whereby ingress and egress are stopped, causing them to deposit their spawn in 
the rivers, and tho spawn is lost by being covered with sediment. 

(2) By a continual drain upon tho supply by Chinosu and othor fishormen, mho are ever on tho 
alert to  find their hiding-places. 

Many people in California think catfish are to blame for the scarcity of Sacramento 
perch. Reference t'o this matter is made in the remarks 011 tlie catfish. 

The fact that carp uniformly command a higher price in the principal markets of 
the country than do many fish with well-established reputations as good food-fishes 
should prevent the reiteration of the statement that tlie carp is of no value as food. 
The additioiial facts that in the United States the carp has greater money value and 
is consumed in larger quantities thau any other fish taken from private waters should 
be conclusive evidence of its food value and economic status. 

A great deal more has been expected of the carp than has ever been claimed by 
those whose experience entitle them to speak on the subject. I n  the United States, 
which is so bountifully provided with salt-water and fresh-water food-fishes, the chief 
utility of the carp lies in its adaptability to cultivatiou in natural and artificial waters 
in the lowlands and plains which are either destitute of food-fish or contain species 
inferior to the carp in size or edible qualities, Throughout the Western States there 
are closed waters, containiirg few or no desirable fish, in which the carp is susceptible 
of successful cultivation and is the equal in food value of any of the fish which are 
fouud in the same situations. It is to the stocking of such waters that the carp is 
eminently adapted, and it is thus being utilized by thousands of families in which 
it is the chief if not the only available food-fish. 

The carp is preeminently a pond fish, and when reared in ponds or similarly closed 
waters i t  mill have food qualities, the degree of excellence of which will depend on the 
character of the water. Discriminntion in the planting of carp should entirely obviate 
any necessity for considering the injurious qualities of the fish, except as a precaution- 
ary measure. 

B. 0. U. 1895-ZG 
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Jlon ths i-- January ............................. 
February ................................ , March.: ............................... 
April ................................... 
June .................................... 

The “Abstract of t h e  Eleventh Census,” in a table showing the extent of carp  
culture in the TJnited States in the decade ending in 1890, gives the following data for 
the States ot California, Oregou, Washington, Nevada, Id:~ho, and Utah : 

Number of carp-ciilturists .............................................. 1,006 
Number ofponds and other bodies of water in which carp were planted.. 1,241 
Number of’ carp planted.. ............................................. 101,617 
Value of carp sold or used from private waters.. ........................ $15,324 

The field inquiries conducted by the Fish Commission through Mr. W. A. Wilcox 
showed that the sales of carp by the fishermen increased annually from 1889 to 1892. 
Figures drawn from the books of the Sail Francisco dealers for the years 1893 and 1894 
indicate a contiuuation of the increase, the aggregate receipts in the Iatter year beiug 
about 20 per cent larger thau in 1893. Following is a statement of the quautity and 
value of the carp taken for market in the Sacramento and Sen Joaquin rivers during a 
series of four years, as determined by Mr. Wilcox: 

.~ - 

1893. 1894. 
___ ~ 

784 10,142 
700 4,755 

4,936 6,708 
3,191 3,839 

1,580 609 

1 
1889 ...................................... i 51,214 $1,734 
1890 ...................................... ’ 58,113 
1891 ...................................... ’ 59,618 
1802 ...................................... ~ 65, 662 1 !:!!! 1 

lots1 ............................. .’ 234,607 i 7.915 1 
---- 

r 1  

The foregoing fish were taken with seines and fyke nets. The averagd gross price 
received by the fishermen was a little over 3 cents a pound each year. I n  addition to 
these fish, large quantities are known to be taken for local sale and home consumption 
in counties remote from the coast, for which no statistics are available, 

Sail Francisco is naturally the principal market for carp on the Pacific Coast. An 
examination of the records of the wholesale fish-dealers of that city by the writer and 
the California fish commission showed the receipts to have been 35,653 pounds in 1893 
and 42,580 pounds in 1894. The largest quantity handled in any one month was 10,142 
pounds iii January,l894. ’The figures for each month iu  the years named are given in 
the following table. In addition to these, many thousand pounds of carp are handled 
by the Chinese dealers, of which no accounts can be obtained, The catch of the Chinese 
fishermen can uot be ascertained, owing to their suspicious disposition and their failure 
to keep any records. Mr. Babcock states that large quantities of carp are offered for 
sale in the Chinese markets every morning. It is likely that their aggregate trade in 
this fish ic; larger than that of all the other dealers. 
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The average retail price received by the Sau Francisco dealers for carp during 

the past few years has been about 4 cents a pouiid. The average weight of those 
exposed for sale in the city markets is 5 pounds. The largest seeti by Mr. Paladini, 
one of the oldest dealers, weighed 30 pounds, while Mr. CUIICO, of the American Union 
Fish Company, has handled a fish whose weight was 33 pounds. 

In  discussing the striped bass, reference is made to the observations of Mr. Alex- 
ander, which showed that in the Sacramento and San Joaquiu Rivers the carp consti- 
tute the principal food of the bass. Further investigatioii will doubtless indicate that 
a number of other fishes (black bass, steelhead, and Sacramento perch, for instance) 
also subsist, in part a t  least, on carp. 

THE TENCH. 
It has been 

somewhat extensively planted in the United States by the national fish commission. 
I n  foreign countries i t  reaches a maximum weight of 1% pounds. The fish is covered 
with very fine scales and is shapely and lia,ndsorne. Its habits are very much like 
those of the carp. The flesh is firm and white, and is considered very yalatable. In  
1895 a number of shipments of ycarling tench mere ninde to the Pacific States; 50 fish 
were placed in Older Springs, Washington County, Oreg.; 400 were put in Eourth of 
July Lake, Fetz Lake, and a pond in Spokane County, Wash., and 768 in Diamond 
Lake, a lake and a pond in Kootenai County, and a pond in Latah County, Idaho, the 
first-named lake receiving 500 fish. In  February, 1885, 20 tench were sent to a private 
applicant in  Virginia City, Nevada. 

The tench (Tinca tirtca) is a fish of the carp family native to Europe. 

T H E  GOLDFISH. 

The goldfish (Carassius auratus) is an ornamental fish, without value as food. 
Numerous plants have been made by the United States Fish Commission in private 
waters in the Pacific States, and the fish has, it1 some insta~ices, probably escaped into 
lakes or larger streams and there become acclimatized. It readily interbreeds with 
the carp, to which family i t  belongs. 

T H E  AWA. 

In the report of the California fish commission for 1876-77 the following reference 
is made to the introduction of the Hawaiian awa (Chamos cyprimella) in California 
waters. No further mention is made of the fish in the State reports, and there is no 
record of their survival or capture : 

In exchange for some salmon and trout eggs, sent to the Hawaiian Islands, we received in July 
laat nearly 100 fish called ccawa.” Those we placed in a small stream at Bridgeport, in Solauo County, 
where they could have free access to britclrish and salt water. They are said to be the moat valuable 
food-fish of the Hawaiian Islands, of fine flavor, and thrive in fresh, brackish. and salt water. Where 
they have access to anlt water they grow to weigh an average of 6 pounds. We have reason to 
believe they will find coiigenial homes and grow and multiply in the waters of thia State. 
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THE SHAD. 
HISTORY O F  EXPERIMENTS IN CALtFORNIA. 

The shad (Clupeu supiclissiwa) was first introduced into the waters of the Pacific 
Coast in 1871. The feat of transporting the fry across the continent was a t  the time 
considered so remarkable and has had such a proiniiient influence 011 fish transporta- 
tion that the original accounts of the experiment, as contained in the reports of the 
California fish commission for 1870-71 and the New York fish commission for 1871, 
inay with propriety be quoted at some length. The possibility aud the desirability 
of introducing the fish into t h e  rivers of the west coast appear to have been first 
suggested by the California fish coinmissioii, as may be seen from the following 
extract from their report : 

Your commissioners made arrangements with Mr. Seth Green, the noted pisciciilturist of Roch- 
ester, N. Y., for the importation of a lot of young shad to be turned iuto the Sacrameuto River. 
No shad proper (8k18a prmslabilzs) are found iu the rivers of the Pacific Coast, while there are found 
aeveral varieties of the same family, such ac1 herring, anchovies, and sardines. As shad readily enter 
rivers while muddy from the spring freshets, and spawn in waters of a tempcraturo as high as 65O, 
there watl reason to hope that  if the shad could be brought here alive and turned into the river they 
would find suitable food, and in time go t o  the ocean and return to  propagate their species. As tho 
shad is veky prolific, each full-grown female yielding from 50,000 to 80,000 eggs, aud as the flesh is 
esteemed to  be nutritious and valuable food, i t  was deemed proper to  make tho first experiment of 
importing new varieties with the yoniig of this fish. The eggs of the shad are hatched in  from two 
t o  four days after they are spawned; therefore, if there were no other reason, time alono would 
prevent the importation of the eggs. 

Mr. Green felt so much doubt as to tho posc1ibility of transporting the young fish for so great a 
distance that  he determined to  superintend the experiment in person. He loft Iiochester, N. Y., with 
an assistant, on the2Oth of June, with 15,000 of tho young fish just  hatched. contaiued in eight tiii cans 
holding about 12 gallons of water each. The water had to be changed at every convenient oppor- 
tunity, as on a part of the journey the weather was qiiite warme Coustaut attention had t o  be given 
to  prevent the water in the cans from reaching a highor temperature than 80°. At Chicago hc lost a 
few fish from a film of oil from the machiiiery of the waterworks with which the water attempted to 
be used waa covered. At Omaha the river water killed a few. The cause of this he had not time to  
investigate. The water of Bear River (discharging into Salt Lake) and the waters of the Huinboldt 
and Truckee rivers were found to  agrou with them and contained plenty of food. 

As i t  was advisable to put  the young fish in  the river at 
as high a point as practicable, for the reason that  the iustinct of the shad is, like that  of the salmon, 
to return to spawn at the same place where i t  was hatched, they were the same day transferred to  the 
cars of the California arid Oregon Railroad and taken to the Sacramento River at Tehama. Here the 
temperature of the water was found to be 603 F. Upon dipping up the rivor water in a glass and 
pouring a lot of the young fish into i t  they mere found to  be lively and the water to  contain large 
quantities of some minute substance on which they fed. All the eonditions being favorable, they 
were turned loose in their new home. 

It is expected they will remain in  this river until about January, by which time they will bo 3 
or 4 inches long. They will then go to  the oeean to  return the next gear weighing from e pound to  a 
pound and a half, ready to  commcnce the increase of their kind. Thus far the experiment has been a 
success. The water of the river is adapted to them. It contairis the proper kind of food for their 
young, and the waters of our coast are filled with tho sand flea, :L small species of the shrimp, on 
which the fish feed after reaching $he ealt water. Tho only thing t o  be feared is that  there may be 
in the ocean some kind of a fish which may BO completely exterminate them that  none will be left to  
come back and spawn. If, after oue or two yeare, even one shad is taken in the river the result will be 
satisfactory, as it will demonstrate the fitct tha t  all the couditious are favorable to their successful 

Mr. Green arrived on the 27th of June. 
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propagation in the waters of our rivers. We could then, a t  a trifling expense, fill our waters with this 
valuable fish. When first hatched and in a condition proper to be transported, one freight car would 
bring over 2,000,000 of them. If, after two years, none should be taken, it would not then be well to 
abaudon the experiment, 

and lris opinion of the success of the experiment, are as follows: 

On the 19th of Jnne, 1871, I started, a t  G a. m., from Mull’s fishery, 10 miles below Albany, 011 

the Hudson River, wit,h 12,000 young Ahad iii four 8-galIon milk cans. They had boon hatched 
the night before :It tlie establi~hment iindcr charge of the New l’orlc commissioners. I arrived at 
ltochester a t  10 p. m. axid changed the water, substituting that from the Geuesoe River without injury 
to tho fish. I arrived a t  Cleveland at  7.45 next moriiing, put 200 shad in Lnko Ihie, and changed the 
wator again. 1 :rgain changed 
water a t  Toledo, and whcn 1 arrived at Chicago, a t  7 p. m., the fish were still in good order. Here I 
first tried the water from tho city waterworlis, bnt found there \vas too much oil in it, so 1 went to 
tho lake. Having tested the \rotor aud found t h t  it Would auswer, I put 200 fish in Lake Xichigan, 
and on June 21 started with cans ncwly filled, at 10.45 a. m., for California. I carricd an extra can of 
water, for before me was a long stretch of almost arid laud. Still I was fortunate enongh to find some 
places between Chicago aud Omaha whcrc I could got a few pails of water and make a partial change. 
The fish were still in good ordcr when me arrived a t  Omaha, but there I could not find any water in 
which they would live five iiiiuiites. Tho way I tested the mater mas by filling a tumbler a ~ ~ d  putting 
a few fish in it. It was easy to toll a t  once, by the behavior of the fry, whether the water agreed with 
them or not. From 0111aha I did not find 
any good water for 400 miles, and tho only way I kept my charges alive W:M by drawing tho mater out 
of the cans into pails sild pouring i t  from onu pail t o  another until piirificd, this process being assisted 
by my getting a little ice wattor from the car tanks. 

I 
used ice water the entire day, a very little a t  a time, aud had hard work to lccep the temperature of 
the water below 8 2 O .  The fish suffered considerably, 
but the weather began to get cold toward uight, and I got the temperature of the mater down to 750 
a t  9 p. m., the fish recovering somewhat. 

June ,%’.--I arrived at Lsramie River at 6 p. in., and got a good change of water, fish doing nrcll, 
and I began once more to  fcel hopeful aut1 encouraged. We had a frost that  night, and nest  morning, 
a t  7, I ~hai iged water at Green River, whore it was in proper condition. A t  2 11. ni. I got another change 
from a stream in wliich there were trotlt, and again a t  Ogden, where I put 200 fish in  tho river. 

JWW 25.--Thu water mas changed a t  tho I h n b o l d t  River. Tho water was good and continued 
good all the rest of the way. 

Juizc 8fL-I arrived a t  Sacramento, :md took the fish 1111 the river 275 miles from Sacramento, in 
company with Messrs. Reddiiig and Smith, tho Califorliirt fishery commissionera. In their presenc-e I 
deposited the fish in the Sacramento River the same night at 10 p. 111. There were about 10,000, in good 
order. 

Wlienever I 
changed tho water, they would clean up all tho food there was in five minutes. They did not Huffer 
for food as loug as the sac lnsted on their bcllies-that is, for nbont five days-then they needed suste- 
nance. If I could get a change of wator often enough from rullning streams, 1 could carry them a long 
way, as nearly all streams are filled with anin11 insects. With this view I examined the water of tlie 
Sacramento where I put them in, and foiind plCntY of food for the Youiig fry. I then went down to 
the Pacific Ocean, twd ascertamed that  there were plenty of Sand fleas, which are the principal food 
that tho old shad live ou in  tlie htlautic. 

And now, in conclusion, I caii ouly say, that  if they do not have shad iu the Pacific Ocean there 
will be but  one cause-the roily wator cansoil by washing the mountains down for gold. ITowevor, I 
think the fish will get through a11 right. I oxemirled the river where it loolted so roily, and fonnd i t  
quite clear on the surface for a few inches down. The tendency of the roil was to  settle to the bottom. 
The youiig shad will find the clear water, and if i t  doe8 not get very much worso than i t  was when I 
was there, they will succcod. But if tliese do not, more lllllst 1x1 sent, for aiiy amount of young fish 
can be taken to  California by In&ing t,ho proper preparations beforehand. 

Mr. Seth Green’s account of his trip across the continent with the young shad, 

Tho iish were then fresh and lively, without any signs of sickness. 

I did not get a full change until I reached Laramie River. 

June 18.-Bad water all (lag, with tho thermometer 100° in  the sh:ide from 9 a. m. to  4 p. m. 

I began to  feel blue aiitl doubtful of the result. 

On  the sixth aiid seventh drLys on6 they begall to be very busy, looking for food. 



406 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

The second plant of shad in the waters of California was made in 1873. I n  June of 
that year, Mr. Livingstun Stone, of the United States Pish Commission, had started for 
California in a specially equipped car containing shad fry, together with a large num- 
ber of young fishes of several other species. He had gotten as far as Nebraska, when 
his entire stock was lost and his car destroyed by the collapse of a railroad bridge 
over the Elkhorn River. On hearing of the disaster, the California fish commiseion 
telegraphed Mr. Stone to return to the Hudson River and secure another lot of shad. 
He obtained 40,000 fry from the New York State hatchery at  Castleton, and transported 
them to the Pacific Coast a t  the expense of the United SGates Fish Commission. On 
July 2,1873,35,000 healthy fry were placed in the Sacramento River, near Tehama. 

All the subsequent plants of shad in California waters were made directly by 
the United States Fish Commission, the place of deposit being the Sacramento River, 
at Tehama. Between 1876 and 1880, inclusive, 574,000 fry were planted, as follows: 
99,000 in 1876,110,000 in 1877,150,000 in 1878, and 215,000 in 1880. Since 1880 no 
shad fry have been introduced into the State. 

The total number of young shad planted in the Sacramento River was 619,000 

STOCKING O F  THE COLUMBIA RIVER BASIN WITH SHAD. 

The first attempt to iritroduce shad into the waters of the northern part of the 
west coast was made by the United States Fish Uo.nmission in 1885, when a consign- 
ment of 900,000 fry, destined for the rivers of Washington tributary to Puget Sound, 
was sent out in a special car. By the washing away of a railroad bridge, so much t i m e  
was expended that nearly the entire consignment was lost, and the original intention 
to go to the Puget Sound region was abandoned. Of the 60,000 fry that survived, 
50,000 were planted in the Willamette River, a t  Portland, Oreg., and 10,000 in the 
Snake River, near its junction with the Columbia, a t  Ainswortli, Wash. 

The following year, efforts to stock the Columbia River were continued, To guard 
against loss incident to delays en route, eggs as well as fry were placed on t<he car, 
which left Havre de Grace, Md., May 9, with 1,000,000 young shad, 200,000 eggs on 
trays, and 385,000 eggs in jars. The eggs ou trays were all lost in trausit and 50 per 
cent of the fry perished, while of the eggs hi jars less than 10 per cent were lost. S t  
Albany, Oreg., on the Willamette River, 550,000 fry were planted, and at  Wallula 
Junction, Wash., on the Columbia River, 300,000 more deposited. 

The aggregate plants of shad fry in the Columbia basin in 1885 and 188G were 
910,000, No additional shipments to that region have since been made. 

INTRODUCTION OF SHAD INTO COLORADO RIVER. 

In 1884, 1885, and 1886, relatively large plaiits of shad were made by the United 
States Fish Cornmission in the Colorado River with a view to  ascertain whether the 
waters of that stream and its tributaries are suitable for the existence and multipli- 
cation of that fish. The reasons for expecting satisfactory results from the stocking 
of this river are thus stated in the report of the Commissioner for 1885: 

(1) The Colorado is free from alkaline salts and of a suitable spring and Bummer temperature; 
the other physical conditions are also favorable. 

(2) The Colorado empties into the Gnlf of California, which extends 8011th for 700 miles before 
resching the ocean, and it i8 thought that tho warm waters of tho lower part of the giilf woulrl be a 
barrier to keep the shad from being lost in the Pacific. The shad then would return to the Colorado 
and Gila to 8pawn. 
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The plants aggregated 2,G81,000, of which 953,000 were deposited in 1884, 848,000 
in 1885, and 880,000 in 1886. These fish mere all planted at The Needles, in Arizona. 
These experiments mere considered sufficiently extensive to test the adaptability of 
the river, and no further plants were contemplated. 

It was expected that by 1587 or 1888 the results of the experiment would be 
known. Information lias never reached the Commission, however, that adult shad 
have been taken in any 9f the tributaries of the Gulf of California, although, in the 
absence of special efforts with suitable apparatus, the outcome of the experiment 
should iiot necessarily, for the present, be regarded as a failure. 

SHAD PLANTED IN UTAH AND IDAHO. 

In 1873, while en route to California with a consignment of young shad, Mr. 
Livingston Stone left 5,000 fry at  Ogden, to be placed in Great Salt Lake basin. The 
fish were deposited in the Jordau River, a few miles above it,s outlet in Great Salt 
Lake. A 
plant of 1,925,000 fry mas made in Utah Lake in the next year. Deposits aggregating 
2,265,450 fish were made in the Weber River a t  Ogden, Bear River a t  Montpelier, 
Idaho, and Bear Lake, Utah and Idaho, in 1891. In 1892, 1,998,000 fry were placed 
in the Bear River a t  Cache Junction, Utah. 

In 1887, 984,000 more young shad were placed in the Jordan River. 

GENERAL RESU+!T!S IN CALIFORNIA, OREGON, WASHINGTON, AND UTAH. 

In  order to iusure protection to the shad in the event of the survival of the fry 
aud the return of the mature Bsh, the Califoruia legislature enacted a law prohibiting, 
uuder a heavy penalty, the taking of shad prior to the year 1577. The existence of 
this law, which was of course entirely proper, made it difficnlt, if not impossible, to 
determine with satisfactory accuracy just when the results of  the experinlent were 
first mauifested. From what can now be learned, mature shad first appeared in the 
waters of California in 1873. It appears that May 10,1873, the California fish commis- 
sioners paid $50 as a reward for the first shad talceu, and in their report of 1872-73 they 
state that while grown shad mere not duo in the rivers until 1874, they had, neverthe- 
less, had three specimeus in their hands and had heard of the capture of two others. 

In a letter to Professor Baird, dated April 30, 1874 (published in Forest and 
Stream May 21,1874), Mr. 5. R. Throckmoiton stated: 

The first shad taken on this coast, as verified by iiiy own observation, was caught in a trap in 
Linsoon Bay, a branch of tlio harbor of Snn E'rnncisco, about tho 1st day of April, 1873. I purcha8ed 
the fish and placed i t  in alcohol and presented it to the Academy of Sciences of the Statc of California. 
It is a male fish, 1 year 9 months and 20 days old, ia 17 inches in length, and 3 poiinds in weight. Two 
other shad were taken in the same locality during the suminor of 1873-male fish and smaller in size. 

In 1874 and 1875 sixteen full-grown shad were reported to have been taken a t  
Vallejo and in the Sacrainento River; the fish eoiumissioriers also learned of others 
taken in the same years. 

The increase of shad in the waters of California has been uninterrupted and rapid 
siwe the first capture of the growl fish. The following important references to the 
appearance of shad in the Sacramento River and elsewhere in 12.77 are from the report 
of the California fish commission for 1876-77 : 

The experiment 
of their importation to this coaet has resulted satkfactorily. The river is of proper temperatiire and 
furnishee an abundance of food for young f l ~ h  before they go to the ocoun. There can be no doubt 

Shad, in their season, are becoming quite iintneroi18 in the Sacramellto River. 
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that  the first shad brought from the Hudson River in 1871 have been to the ocean, returned, and 
spawned. No shad were placed in the river dnring the years 1874 and 1876, yet shad two years old 
were quitenumerous this ye:ir,,and they must have been the product of the first importation. It may 
be safely asserted that  we now have shad born in the Sacramento. As i t  is illegal to take this fish 
prior to  1)ecember of this year, probably there has been 110 systematic fishing for them, yet numbers 
hove been accidentally caiight in traps and nets; probably not less than 1,000 were thus taken during 
the winter and spring oE 1877. They return from the ocean a t  an earlier season of the year t h m  in 
the northern Atlantic States, in this respect corresponding to the periods when they return to the 
rivers of South Carolina and Georgia. The first reported this year &re taken i n  Sonoma Creek, 
January 6; the  latest two a t  Sacramento, Junc 20. Tllesc latter were full-grown fish, a male and a 
female, 011 their return to  the occan after having visited their spawning-grounds. * * * We are 
frequently urged to  make larger importations of shad and fill the rivers immediately. This is impos- 
sible with the appropriation a t  our disposal. We believe, Iiowevcr, that  by 1878 shad will be 
siifficiently numerous in the Sacraniento to warrarit the attempt a t  taking ripe fish for the purpose of 
artificial hatching in our own waters. Should we be succe8sfu1, we can save the expense and risk of 
importation, and all our appropriate rivers can in a few years be filled with this valuable fish. Having 
tliis in view, we would respectfully ask that  you recommend the passage of a law restricting the eatch- 
ing of shad at all other times except between Jauuary 1 and April 1 of eaeli year. This, if faithfiilly 
observed, would give part of the  fish an opportunity to  reach their spawning-places. 

* * 

* x * * c x i t  

It is well known that  salmon, after going to the ocean, invariably roturn to the river of their 
birth for the pnrpose of reproduction, and this wm supposed to be the instinct of the shad, yet we 
have informatlon of shad having been taken a t  Wilmington, and otliers in Russian River, * * * 
points on the coast separated by more than 400 miles. It may be possiblo that  as these fish beconlo 
more numeroiis they will return in  schools to the Sacramento, the young 6Ilowing their elders who 
have once made the journey. Should thog continue to  enter different rivers on their return from the 
ocean, they will aoon stock :dl on the coast that  are appropriate to them. 

During the spring of 1879 several thousand mature shad mere sold in San Pran- 
cisco, and it was reported by the fish coinmissioriers that a few mere found in the 
markets almost every month. In 1880 it was stated that they mere beginning to 
increase by natural reproduction, as specimens of all sizes were found iu the Sacra- 
mento River and Monterey Bay. Up to 1883 their increase was regarded as marvelous 
and the supply was considered as almost unlimited. During that year a law was in 
force forbidding their capture, but enough were incidentally taken to show their great 
abundance. In  1885 and 1886 numberless young shad mere reported to be hatched in 
the tule lakes in the Sacramento-Sail Joaquin delta, and the supply was said to equal 
if not exceed the demand; the California fish commissioners estimated that a million 
good-sized shad mere taken from the waters of the 8tate in 188G. 

A t  the present time the shad is one of the most abundant fishes of California, and 
the quantity taken, while actually less than that estimated in  1886, is enormous, and 
the wholesale and retail prices are less than in any other State. 

In 1882 shad were taken in Rogue River, in Routhern Oregon, and have since been 
reported from time to time in other small coast rivers of the State. 

Shad were taken in the Columbia Xiver as early as 1876 or 1877. As fry were first 
artificially introduced into the basin of the Columbia in 1885, it is clear that the fish 
planted in California were the pioneers in the Columbia, although there is no reason to 
doubt that the large numbers of fry planted directly in that stream augmented the 
existing supply. 

I n  a paper on the fishes of the Pacific Coast of the United States, published in 
the report of the California fish commission for 1880, Prof. W. N. Lockington refers 
to the taking of two specimens of the shad in the Columbia by Prof. D. 8. Jordan. 
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About 1881 or 1885 shad became distributed along the Washington coast, and are 

now regularly found in all the coast bays and rivers. They appear to have reached 
Puget Sound in 1882. Mr. ,Jaiiies G. Swan, of Port Townsend, communicated to the 
Fish Commission the inforination.that on August 26,1882, Mr. G. M. Haller, of Seattle, 
took a sliad in Puget Sound 111 a gill net; tlie fish was small. Since that time shad 
have iricreased in size and numbers and are nom regularly taken in Puget Sound and 
its tributaries, although not abundantly. 

In  1891 shad reached the Fraser ltiver in British Columbia, aud in the same year 
they were reported from the Stikine River, near Wrangell Island, Alaska. 

But ineager reports have been received of tlie outcome of plauts of shad fry in 
Utah and Idaho. No evidence of tlie survival and growth of those placed in the 
Jordan River has been met with, excepting au unverified statement that in 1876 a 
shad 3 inches long was taken hi that river with a hook and line (see lteport Deseret 
Agricultural and J'lanufacturing Society for 1875); there is no certainty of the proper 
identification of the specimen. 

In November, 1888, Mr. M. P. Madsen, of Lake View, caught a 6-inch shad in the 
southern part of Utah Lake, about 15 miles south of t h e  point where plants were made 
in the preceding June. Mr. Madsen reported tlie capture of another specimen in tlie 
same vicinity and of two others on the western side of the lake." Under date of 
October, 24, 1889, Mr. A. M. Musser, fish coinmissioiier of Utah, stated that another 
shad in fine condition had been taken in Utah Lake; its length was 13 inches and 
its weight 1 pound. 

The following rkssumd of the results of the efforts to acclimatize shad on the 
west coast was given by the United States Commissioner of Fish and Fisheries in his 
report for 1887. Speaking of the fry deposited in the Sacramento lZiver between 1871 
and 1880, he says : 

From these slender colonies, aggregating less than 1 per cent of the number now annually planted 
io our Atlaiitic Slope rivers, the shad have multiplied and distributed themselvos along 2,000 miles of 
coast from the Goldeu Gate of California to  Vancouver Island, in British Columbia. They are 
abundant in son18 of the rivers, common in most of them, and occnsional ones may be found everymhere 
in the estiiarics and bays of this long const line. Prior to our experiments on the west coast it was a 
dictum of fish-culture that  fish plniitecl in :i rivcr would return to i t  when mature for the purposo of 
spawning. The result of these erporjments hns been to  demonRtrate that  this instinct of nativity, 
should i t  really exist, is in this case clomiliated by other influeuccs, which have dispersed the shad 
planted in the Sacramento widely beyond the limit8 which we had assigned to  them and in the most 
uucxpected direction. 

The eautle is probably to be sought in the genial influences of the Japan current, which brings the 
warmth of equatorial Asia to  teniper tho extremes of Arctic climate on the southern shore of the 
Alaskan Peninsula, and, thence sweeping to the south, carries tropical heats t o  the latitude of San 
Francisco. Repelled on the one hand by the low temperature of the great rivers and fringe of coast 
waters, a n d  solicited 011 the other by the equoblo aud higher temperaturo of the Japan current, the 
shad have become true nomads, and have brokcn the bounds of' tho hydrographic area to which we 
had supposed thcy would be restricted. Following the track of the Asintic current and finding more 
congenial temperature as they progress, i t  is not unreasonable to  expect that  some colonies will 
eventually reach the coast of Asia and establitlh thcmselves in its great rivers. 

INFLUENCE O F  NEW ENVIRONMENT ON HABITS OF SHAD. 

The changes which have been wrought in the habits of' the shad as the result of 
their introduction into new waters are extremely interesting and important from both 
biological and econoinic standpoints. In the ahonce of a special scientific inquiry, 

~~ _ _ _ _ _ ~  
* Deserct Eveiiing Nezoe, Nov. 30, 1888. 
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no comprehensive remarks on this subject can be ventured, but enough is known, from 
even casual observation, to prove that certain well-marked habits of the shad on the 
Atlantic Coast have undergone noteworthy modification in Pacific waters, and the 
inference is proper that still further chmges heve occurred as a result of the new 
physical and thermic conditions, food supply, enemies, etc. 

GEOGRAPHICAL DISTRIBUTION O F  SHAD ON TEE WEST COAST. 

The present distribution of the shad on the Pacific Coast is from Los Angeles 
County, Cal., to Wrangell Island, Alaska. Following the major indentations, the 
known range of this fish now covers about 2,700 miles of coast line. Its distribu- 
tion: considered from the standpoint of commercial importance, is from Monterey Bay 
to Puget Sound. It seems probable that the shad has become scattered along this 
extended coast as a result of the initial plants in Sacramento River. The suggestion 
of the United States Commissiotier of Fish and Fisheries, iii the report previously 
quoted, that the further extension of the shad’s range to Asia may be expected, seems 
reasonable in the light of the history of the fish’s movements up to this time. 

On the California, coast the shad regularly ranges as far south as Monterey, but 
the absence of suitable streams south of Monterey Bay makes its occurrence iu that 
region probably accidental. 

Several instances of the occurrence of shad as far south as Los Angeles County are 
known. In  a 6‘ Report upon the edible fishes of the Pacific Coast, U. S. A.,” bp Prof. 
W. N. Lockington, in the report of the California fish commission for 1880, reference 
is made to the capture of shad as far south as Wilmington, Los Angeles County. 

Mr. Arthur 0. Fletcher, of the California fish commission, has made inquiries 
for the writer as to the recent presence of shad on the shores of Los Angeles County, 
and communicates the following notes: Four or five years ago (in 1890 or 1891), Harry 
Wallman, a fisherman, caught a l-pound shad in a beach seine near East San Pedro; 
the fish sold for $1. I n  November, 1894, Chris. Hoflman, a fisherman, took in the same 
manner and a t  the same place two shad a t  one time and four a t  another, all 16 or 18 
inches long. On December 3,1895, a 12-inch shad was delivered to the cannery of the 
Hannimaii Fish Company at San Pedro; it had been taken in a seine by J. Turner 
In a letter to Mr. Fletcher, Mr. Henry King, of Santa Monica, stated that in 1893 he 
caught a shad a t  Redondo Beach; it weighed about 14 pounds, and was snagged with 
a line fished off the Redondo wharf. It is probable that other shad have been taken 
in this vicinity, but the fishermen as a rule are not well acquainted with the fish end 
might overlook it. 

On the paranzella fishing-grounds oft’ Drake Ray, north of the Golden Gate, shad 
are occssionally caught by the steamers; in the bay the drag-seine fishermbn take 
small numbers a t  times. 

In  the Sacramento River the shad does not ascend as far as the salmon, aud is not 
common above Sacramento; and in R letter dated November 2G, 1895, Mr. Livingston 
Stone states that no shad have appeared in the upper tributaries of the Sacramento, 
owing to the low temperature of t h e  water. 

In  September, 1894, a deputy of the California fish commission visited the 
Klamath River to watch the run of salmon, and obtained the following information 
about shad in that stbream, which has been communicated by Mr. John P. Babcock, 
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the chief deputy : In  July, 1891, two shad were taken j during July azid August, 1893, 
seven were caught, ranging from 7 to 10 inches in length, and iu August, 1894, but 
one was secured, which was 16 iiiches long. 

The absence of special inquiries in the coast rivers of Oregon, south of the 
Columbia, makes i t  impossible to speak positively of the distribution and abundance 
of shad. They probably enter all the streams of suitable size, but as there is no 
fishiug generally until the late fa11 run of salmon begins, only a few straggling shad 
are found, the main run having probably entereg the river earlier iu the season and 
gone out to sea by the opening of the salmon season. 

In Rogue ljiver, the southerninost stream in Oregon, a lot of shad was taken in 
1883 by Mr. Charles T. Finbly, of Ellensburg. Shad had also been obtained in that 
river in 1882, which had traveled up the coast from tlie Sacramento; they are now 
found in the river each year. I n  1889 a shad was reported to have been caught in the 
Coquille ltiver. 

According to Mr. Alexander, very few shad are taken in any of the tributaries of 
the Columbia, but it is very probable that if proper apparatus were used they would 
be found in many places where they are not now known to exist. He says that 110 

adult or small shad have as yet been caught in the Willamette River. Xach season 
considerable salmon gill-net fishing is done i i i  the river) and if there were any large 
shad there i t  is probable that one would occasionally be taken. 

Mr, Malarkey, one of the largest fish-dealers in Portland, thinks the reason why 
shad do not go up the Willamette is that in the spring months, when they are first 
seen, the current of the Columbia is so swift  that i t  forms a ((back water” for several 
miles u p  the Willamette, which may have considerable influence on the movements 
of shad. 

In the Columbia ltiver the shad is regularly found as far as the Cascades, about 
150 miles above tlie mouth of the river. A few appear to have gone even higher up 
the river, but there is no evidence t h a t  the shad occurs far above The Dalles. Mr. 
Charles F. Lauer, a fish-dealer a t  The Dalles, states that in 1893, when a Mr. Davis 
had a salmon wheel in position uear that place, on several occasions from one to two 
dozen shad were caught in a day, in rather still water; and that in 1894 Mr. Davis 
also obtained a few shad about 2 miles above The Dalles on the Washington side 
of the river, in swift water. In 1893 one of the salmon wheels of Messrs Seufert 
Bros., a t  The Dalles, is reported to have taken two G-pound shed. No one makes a 
business of takiiig shad a t  that point, and probably many of the fishermen do not 
know a shad when they catch it. Mr. I. IT. Taffe, the proprietor of a salmon cannery 
and wheel fishery a t  Celilo, at the mouth of the Deschutes River, has never caught a 
shad a t  that place, and thinks these fish do not ascend the river so far. Inquiries 
and investigations of the Fish Commission in the upper Columbia River and in the 
Snake River elicited no information going to shorn the presence of shad. The fish is 
found in greatest abundance near the mouth of the river; it is caught, however, in 
considerabIe numbers wherever pound-net and d r a g  seine fishing is carried 011. 

Mr. Alexander reports that in 1593 fifteen shed were taken in traps at Point 
Roberts, Washington, near the mouth of the Fraser River; their average length was 
15 inches and they weighed about 24 pounds each. Mr. Oharles H. Townsend, 
naturalist on the United States Fish Commissiou steamer Allrnttwss, states that on 
September 23, 1895, _Mr. Drysdnle, superintendent of tlie salmon canneries at Point 
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Roberts, Washington, informed him that 300 or 400 shad were caught near that place 
during the summer fishing operations. 

I n  Fraser River, British Columbia, whose mouth is near the international bound- 
ary, in latitude 490, accounts of the occurrence of shad have been given in the annual 
reports of the inspector of fisheries. The report for 1891 records the capture of the 
first shad, as follows: 

I wish to mention the fact that a very fine full-grown shad, containing well-cloveloped ova, was 
caught in dio river in the Iattor part of July Iast, by nno of Mr. Wadhant’s fishermen, and sent to me 
by that gentleman. I am in a position, thoreforo, to vonch for tho excellent quality of the first shad 
known to have been caught in the Frnser River. 

In July, 1893, according to the inspector’s report, several shad were caught in the 
north arm of Fraser River. In the same month a, number of fine shad were taken a t  
Rivers Inlet, north of the northern end of Vancouver Island, in latitude 610 30’. In  
1893 shad were said to be getting more plentiful in Fraser River and a t  Rivers Inlet. 

In  a letter to the late John K. Luttrell, special agent of the Treasury Department, 
for the protection of the salmon fisheries of Alaska, Mr. Jobn C. Calbreatb, of Port 
Wrangell, Alaska, refers to the capture of two shad at the mouth of the Stikirie 
River in 1891, and reports none as being taken in 1892 or 1893. The mouth of this 
river is near Wrangell Island, in latitude 560 30’. Mr. Townsend states that while at 
Sitka, on September 10,1895, an alcohol tank, that had been loaned to the Natural 
History Society of that place, was returned to the AlDatross. It contained a fine 
shad which had been obtained at Fort Wrangell by one of the members of the society. 
Whether the fish was taken a t  Fort Wrangell or in the Stikine River could not be 
ascertained. I t  is a female, 159 inches long, 
and weighs about 2 pounds. These are the only references to tlie occurrence of shad 
in Alaskan waters that have been met with. Commander Z. L. Tanner, U. 8. N., who 
was for many years in command of the United States Fish Commission steamer 
Albatross during the fishery explorations of that vessel in Alaskan waters, never 
found the shad while making extensive collections of fish in the rivers of the Aleutian 
Islands. 

This specimen is now in Washington. 

MIGRATIONS AND MOVEMENTS OF SHAD. 

The periodic movenient of shad from tlie ocean into the fresh-water streams of 
the Atlantic Coast is one of its most characteristic and well-known habits. This 
migration begins in tlie early wint’er in Florida and involves all suitable streams as 
far north as the Gulf of St. Lawrence, which is reached in midsummer. The influx ip 
each basin proceeds gradually from south to north, and the arrival in a given locality 
is usually about the same time each year and can be predicted with considerable accu- 
racy. Prior to this regular advent of the schools, no shad are in the rivers, and after 
the completion of the spawning process, which ensues immediately on reaching the 
headwaters, the adults return to the salt water, and only stragglers are found during 
the remainder of the season or until the following year. 

I n  the waters of California this well-marked habit of the shad has to a great 
extent been lost. Prom the figures given showing the receipts of shad in San Prarr- 
cisco from the Sacramento and other rivers, and from the statements made under the 
subject of spawning, it will be clearly seen that shad inhabit the rivers tributary to 
San Francisco Bay and the coastal waters of that vicinity throughout the ;year. Itl 
can not be stated witb certainty that the some individuals remain in Sacramento 
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River, or San Joaquiii River, or Suisun Bay during a whole year, but the fact is 
established that in every month and on every day it is possible to find shad in 
quailtities in those waters. 

It seems probable that the coustant supply of shad in the northern tributaries of 
San Francisco Bay is kept up by the arrival of new bodies of fish from the salt water, 
which take the place of those that have spawned arid gone to sea. The movement of 
schools in and out of the Golden Gate is well recognized. 

Monterey Bay seems to be a loitering and feeding ground for shad bound to or 
from the Sacramento. According to the statement of the California fish commis- 
sioners in their report for 1878-79, the shad which 1e:tve the Sacramento River follow 
the coast to that bay, where they are supposed to find an abundaiice of food, for a 
fern are taken in the fishermen's nets every week throughout the year. 

As it is only during the salmon season that shad are caught in the Columbia 
River, very little is known of their movements and the times of their arrival and 
departure. They are caught from April to July, inclusive, hut after the latter part 
of July few are taken. It is genera'lly supposed that most of them enter the sea 
about that time. Mr. Alexander says that, as no person has been interested enough 
to  study the migratory habits of the shad in the Columbia basin, newly all the ideas 
advanced concerning them are speculation, but what is now known of their habits 
would indicate that a niuch larger proportion of the shad of this river enter the sea 
in a general body thau do those inhabiting the Sacramento. 

THE SPAWNING SEASON AND GROUNDS. 

The change in the spawning season of the shad iricideiit to their introduotion to 
t,he waters of the Pacific Coast is one of the most iiitercsting features connccted with 
the results of acclimatization. On the Atlantic Coast the spawning season of the 
shad rarely lasts longer tlian five or six weeks in a given river basin, and in places is 
shorter during some seasons. 

In California, according to the testimony of reputable dealers, shad are found 
with ripe spawn from December t o  August. Inasmuch as the ripe roe is often taken 
from the fish by the San Francisco dealers and sold separate, the deJers are in posi- 
tion to make accurate observations on this point. May, however, is the month wheu 
most of the shad in the Sacramento region are thought to undergo the spawning 
process. Many shad examined by the writer in May and June, 1594, contained ripe 
spawn, and the roe was ofteii see11 exposed for sale in the San Francisco market 
during those months. 

The principal spawninggrouuds for shad in California are in the lower part8 of 
the Sacramento and San Joaquin rivers, in tho numerous sloughs in the delta of those 
streams, and in the lakes of the soa l led  tule lands-alluvial islands in the beds 
of the rivers. These tule lands were at one time under splendid cultivation, but, 
beooming neglected, the river broke through the embankments and formed lakes of 
various sizes on the sites of former plantations. Some of the tule ponds are from 10 
to 18 feet deep, but the average is only 6 or G feet. At  some places uear the point of 
communication with the sloughs or river t h e  tule waters are very deep; one cut on 
Sherman Island, which was recently surveyed, was GB feet deep within the levee. In  
these tule waters the shad and striped bass are found a t  all seasons, and are generally 
believed to spawn there. They are certainly well suited for spawning-grounds, the 
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conditions for the development of young shad being excellent; there is a large amount 
of vegetable growth around the shores and in the ponds, insuring an abundance of 
minute animal and vegetable food. The water runs out of the tule ponds less rapidly 
than the tide falls in the river, so that a t  low tide there is quite a fall a t  the breaks 
in the embankments; and, on the other hand, when the tide is coming in the tule 
ponds receive the water less rapidly through the narrow eiitrances than i t  rises in 
the river, and consequently there is a fall from the river into the ponds. 

Regarding the presence of young shad in the San Francisco Bay region, Mr. 
Alexander remarks : 

Young shad are observed the year round, but they seem to be more numerous in the early part of 
the summer, when the weather is warm. They are mostly seen in and close to lagoons, sloughs, and 
in shallow places in the bay. Drag-seine fishermen, when fishing for bottom species, frequently catch 
young shad, but a person who brings them to market is guilty of a misdemeanor and subject to a fine. 
In consequence of this law, young shad are not exposed for sale, but are thrown away. In this 
manner thousands of shad fry are said to be annually destroyed. 

Monterey Bay has, by some, been regarded as a spawning-ground for shad, but 
the waters of the bay must offer very slight inducements to shad, owing to the 
absence of fresh-water streams of any importance. The largest stream, the Salinas 
River, is shallow, short, and at  times muddy, and it is doubtful if shad ever enter it; 
there is no record of the capture of shad a t  or near the entrairce to the river. It 
therefore seems probable that Monterey Bay is a feeding and resting ground for shad 
that are bound for the Golden Gate, or for fish that have withdrawn from t h e  fresh 
waters of the Sacramento region. 

The inquiries of Mr. Alexander in  the basin of the Columbia River led him to 
believe that the shad in that region spawn in May, June, and July. This conforms 
with the testimony of fishermen, dealers, and the State fish commissioners. The 
spawninggrounds are said to extend from the vicinity of Grays Bay to within about 
40 miles of the Willamette; a t  least, that is where most of the fish with ripe eggs are 
caught, and it is naturally presumed that this is the general spawningground, t h e  
water and environments being 'supposed to be better suited to the fecundation of the 
eggs than elsewhere on the river. Young shad are very numerous during the whole of 
the salmon season and sometimes become a nuisance to trap fishermen. Small and 
large fish are found together and taken in all the traps in the river from Ilwaco to 
the Cowlitz River, more particularly in those situated OK Chinook, Grays Bay, and 
Knappton. A t  times both large and small shad are abundant off Cottonwood Island, 
near the mouth of the Cowlitz River. 

ABUNDANCE O F  SHAD ON THE WEST COAST. 

The present catch of shad in the Columbia River, Sacramento River, and San 
Francisco Bay and tributaries affords only an imperfect conception of the quantities 
of the fish occurring in those centers of its abundance. Dealers and fishermen say 
that it would be easily possible, should occasion require it, to treble or quadruple the 
quantity of shad now taken, by the use of proper apparatus and by carrying on the 
fishery with regularity and vigor. 

In  the Sacramento-San Joaquiu delta, in the waters between the Golden Gate 
and the mouth of the Sacramento River, and in the lower Columbia River, shad exist 
in incredible numbers. It is probably safe to say that in either the Sacramento or 
the Columbia basin more shad could now be taken than in any other water-course in 
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the United States, but whether these west coast streams would long maintain such 
extensive fishing as is prosecuted annually in the Potomac, Delaware, and Hudson 
rivers is another question. 

I n  all the streams where the shad is regularly found, each year's run shows an 
apparent increase over the preceding season. Under the existing conditioiis of the 
fishery, which result in the taking of only a small percentage of this fish, their further 
rapid increase in abundance may be expected. 

I n  the lower courses of the Sacramento and San Joaquin rivers, in San Francisco 
Bay and the bays emptying into it, the shad is exceedingly numerous and appears to 
be increasing rapidly. Mr. Alexander states that in 1893 many fishermen and dealers 
in that regioii assured him that shad were then five times more abundant than they 
were three years before. During the early part of the summer of 1891 and 1892, shad 
were caught in  such numbers and were sent to San Francisco in such quantities that 
thousands of pounds were thrown away weekly. 

WEIGHT AND SIZE OF SHAD IN WATERS O F  THE PAUIFIU. 

A t  a very early period it became evident that the waters of Oalifornia were favor- 
able to tho growth of shad. It is probably a fact that the fish there attains a larger 
size than on the Atlantic Coast. It is also doubtless true that the average size of the 
fish taken for market is greater than in tlie East. This may in part be due to the use 
of nets with large meshes. 

The average weight of tho shad caught for market in California a t  the present 
time is over 4 pounds. The same difference8 in the size of the sexes which exist on 
the Atlantic Coast are observed in the West. On all the fishing-grounds large numbers 
of relatively small fish occur, which, if caught, would reduce the average, but the use 
of large-meshed gill nets keeps up the average, and as long as a conspicuous part of 
the catch continues to be taken in nets set primarily for salmon the high average will 
be maintained. 

No shad a8 large as those sometimes taken in CaIifornia waters have iu recent years 
been reported from the east coast, and i t  is probable that no authentic record for the 
Atlantic rivers surpasses or even equals several verified instances of the capture of 
large shad on the Pacific Coast. 

In  1880, Mr. W. N. Lockingtoii recorded a shad sold that year in the San Francisco 
market that was 26 inches long, 98 iuches deep, and weighed 8g pounds. Another 
of the same dimensions, but somewhat lighter, was sold in 1879. In 1885, some that 
weighed from 8 to 10 pounds were reported to be commonly taken, and of' late eveu 
larger examples have been observed. 

A t  times in receiit years comparatively large consignments of shad received at 
San Francisco from the Sacramento region have been made up of fish whose average 
weight was G pounds or more. A large number of shad seen by the writer in San 
Francisco, May 24,1894, weighed from G to 7 pounds. All the fish-dealers of that city 
report shad weighitlg 10, 11, aiid 12 pounds. 

Reports of the taking of shad weighing l G  and eveii 18 pounds have been received, 
but they can not be verified, Records of the capture in the Sacramento of several 
specimens w'ith a weight of 14 pounds can, however, be relied on, although such large 
fish must be extremely rare. 

Since most of the shad taken in the Columbia River are obtained by means of traps 
and seiiies with a relatively fine mesh, the average weight of the fish caught is less 
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than in the Sacramento, although it is probable that there is actually little difference 
in the size of fish from the two streams. According to 3lr. A. B. Alexander, t h e  aver- 
age weight of the shad caught in the Columbia IS  24 pounds and the average length 
is 15 inches, while of the fish selected from the catch to be seiit to market the average 
wcight is 3 to 4 pounds and the average length is 21 inches. The weight of the largest 
shad thus far recorded was 9 pouuds, although examples 6, 7, or 8 pounds in weight 
are not especially rare. 

FOOD OF SHAD. 

Very little information on this topic can be given, owing to the lack of systematic 
study. It niay be stated, however, that, as on the Atlantic Coast, t h e  stomachs of shad 
takeu in the rivers contain no recognizable food. Mr. 17. C.  Reed, of Astoria, Oreg., 
formerly State fish commissioner, states that during the past five years he has exam- 
ined the stomachs of hundreds of Uolumbia ltiver shad urid has never yet found any 
kind of food in them. The fishermeii of Monterey Bay are of the opinion that the 
relative abuudance and scarcity of Rhad are determined by the absence or presence of 
Rhrimp. Mr. Lindsey, in charge of one of tlie fish firms, arid several other fishermen 
reported that they always found shrimp in the stomachs of shad; in  years when 
shrimp are plentiful there is always a corresponding increase in shad, but when 
shrimp are scarce fern shad may be looked for. 

ASSOCIATION O F  SHAD WITII OTHEIC FISH. 

I n  San Francisco Bay arid tributaries shad associate largely with other market- 
able fish. They are fourid with salmon, herring, anchovies, smelt, and striped bass, and 
are caught in drag nets and gill nets employed primarily for those species. In the 
Columbia ltiver shad are caught in pound uets with saJn~oii, sturgeon, and otherfish. 
Drag seines take shad a t  the same time that salmon are caught. 

SHAD FISHERY O F ,  MONTEREY BAY. 

This is the southernmost locality on the Pacific Coast where shad are regularly 
caught. Fishing is prosecuted at Monterey, Capitola, and Santa Cruz, bu t  a t  Mon- 
terey and Santa Cruz it is of very little consequence. Shad are taken in the bay 
chiefly from May to July, but they are also caught in other mouths in small numbers. 
Mr. Alexander makes the following report: 

Each season, however, a fern straggling 
individuals are caught, but tho catch has never been great enough to lead tho fishermen to suppose 
that this species will ever strike this part of Montcrey Bay in paying quantities. The lack of fresh 
water on tho south side of the bay seemingly precludes tho possibility of this fishery roaching any 
commercial importance. So sniall has the catch boon that no attempt has been mado to manufacture 
nets especially adapted for the capture of shad. The fish which have been caught from time to time 
have been ta,ken in the ‘ I  three mesh” or trainmol not while fishing for othcr species. The entire 
catch of shad for this t(ca8on [1893] amounted to only G fish. 

Capitola is the principal shad-fishing cominunity on Monterey Bay. In 1893 
there were 28 persons engaged in taking shad here; these used 7 gill nets, having 
a mesh o f 5 j  to 6g inches. Occasional 
specimens have been taken in  drag seines hauled along the beach. The fish have an 
average weight of 4 pounds and recently have yielded the fishermen about 26 cents a 
pound. The principal part of’ the catch goes to San Francisco, a few being consumed 

Only a few shad are taken by fishcrmon at Monterey. 

The grounds are 14 to 3 miles off shore 
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locally on the shores of the bay and in the adjacent towns. At Santa Cruz 15 shad 
fishermen used 12 gill nets. They fished on grounds 2 or 3 miles off shore. The catch 
in 1893 was quite small, and was sold locally a t  G cents a pound. In 1886 and 1887 shad 
were more numerous here than at any other time. In 1892 they were more abundant 
than for several years. 

Of the shad fishery of Santa Cruz, Mr. Alexander remarks: 
It is not much greater in  importance than that  of Monterey. In  1886 and 1887 shad were more 

plentiful than they have ever been sinco. The catch has gradually been falling off since 1887, and it 
now ainounts to  very little. Fishermen uo longer look for shad to visit Monterey Bay in  large num- 
bers, for the catch each year indicates that  the water and general surroundings of the bay are not 
suited to their habits. The first shad caught at Santa Cruz brought several dollars, and for a consid- 
erable time they were sold a t  high prices. It was common for fishermen to get from 75 cents to 
$1.50 a piece for them. A s  soon, however, as they began to make their appearance in considerable 
numbers in the market of Sau Francisco, the price immediately fell to a comparatively small figure. 
Fishermen persistently demanded high prices for a long time, and not a few Italians thonght that  they 
were suddenly going to  amass a fortune from catching shad, but they soon found that this fishery 
would yield no greater profit than other branches of the industry. 

The statistical inquiries of Mr. Wilcox relating to the Monterey Bay fisheries 
disclosed the following catch of shad in the years named, the values given representing 
the gross prices received by t%e fishermen : 

Yoars. 

1 1889 ...................................... 
i- : 

..................................... 
1891.. ................................... 
1892 ...................................... 
1890. 

Pounds. Value. 1 
20,284 $810 I 

___--..-----.-.-- 

30,120 1,205 
35,000 1,400 

24,860 

gg5 I 
Regarding the future of the shad fishery of Mouterey Bay, Mr. Alexander says: 
If  shad should greatly increase in numbers in all parts of Monterey Bay the fishermen would 

derive no greater benefit than from the barracuda, mackerel, etc., and in fact not so much, for the 
reason that  the day has gone by when fishermen can expect t o  get large returns for these fish. Sacra- 
mento River and San Francisco Bay can supply the State with shad a t  nearly all seasons, which 
practically precludos the possibility of fishermen sitiiated further south from gaining more than a 
meager share of the trade, even if shad should become numerous south of Golden Gate. If the 
population within a radius of 60 miles of Monterey Bay should greatly increase, tho case might be 
different ; but  at the preseut time and under the existing circumstances, fishermen of Monterey Bay 
do fully 8 s  well if not better by occupying their time fishing for other species. 

SHAD FISHERY O F  SAN FRANOISOO BAY AND TRIBUTARIES. 

Early hListoi.y.--In the remarks on the results of the introduction of shad to the 
Pacific Ooast, reference was made to the first fish captured in California waters. The 
following additional notes on the early history of the fishery have been furnished by 
Mr, Alexander : 

In a very few years after shad were planted in  the Sacramento River, fishermen began t o  eatoh 
them in their nets. Frequently several months 
would elapse without a single fieh being taken; suddenly, however, they would again put  in an appear- 
ance, each time in greater numbers than before. Shad a t  that  time were considered a great l u x U r Y ,  
and the price was very high. The first specimens taken brought so much that  fishermen who were 
fortunate enough to  capture even three or four in  a day did a lucrative business. The use of nets 
having less than a 74-inch mesh being prohibited, very few small fish were caught. This was at that  
time a wise proviaion, for i t  gave the shad an opportunity to  grow and multiply, This law, however, 
has never been repealed, and to-day, on account of the large-size mesh required by the statute, tl great 

A t  first only a few mature specimens were caaght. 

F. C. B. 1895-27 
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deal of illegal fishing is being done. Little or no notice is taken of it in the case of the shad, however, 
for the reason shad are so numerous a t  most seasons that  it is thought no perceptible decrease will be 
caused by  the methods now employed. 

The high price paid for shad did not long continue, for a marked increase in the catch was the 
resuIt of thesmall fish planted from time to  time by the United States Fish Commission. Most people 
could not afford to  purchase this food-fish while high prices prevailed, and the demand c ,me almost 
wholly from first-class restaurants, hotels, and wcalthy families. It was not until about 1886 that 
the fish began t o  be generally consumed, at which time the price had fallen to  10 cents a pound, a few 
cents higher than salmon. Previoutj to this, comparatively few people on this coast had ever eaten 
shad, and considerable effort was put  forth by dealers to increase the sale, the  supply being greatly in 
excess of the demand. People in moderate circumstances not being familiar with the food value of 
this newly introduced fish, it w a ~  not unnatural for them t o  continue to buy such species as they had 
always been accustomed to, namely, sturgeon, salmon, herring, smelt, and roclifish. To-day shad are 
in large demand, but they have not taken the place of, or, in the estimation of many, rank with, the 
foregoing fishes. 

The .fishiizg-yrounds.-The principal shad fishing-grounds in the vicinity of San 
Francisco are San Francisco Bay, San Pablo Bay, Suisun Bay, Karquines Strait, 
Sacramento River, and San Joaquin Iiiver. The comparatively few shad taken outside 
the Golden Gate are caught only incidentally and do not indicate any special resorts 
for the fish in the waters frequented by the paranaella fishermen. The hydrographic 
basin which finds its outlet through the Golden Gate is the most important shad 
ground on the west coast and is evidently admirably adapted to the growth and 
multiplication of that fish. 

The concentration of the shad in the San Francisco Bay region seems to be due to 
the absence of suitable maters elsewhere on the California coast, and does not indicate 
any special tendency of the fish to remain in the waters where the fry were first planted. 
On the entire coast of California there are no streams of proper length, depth, tem- 
perature, volume, etc., to afford spawning-grounds for shad, with the exception of the 
Sacramento and San Josquin rivers. 

The following interesting statement of the physical relations existing between 
the waters of this region and the fish fauna is from the report of Mr. W. A. Wilcox, 
entitled 4' The fisheries of the Pacific Ooast 77 (Report United States Fish Commission, 
1893) : 

A large part of the salt-water and fresh-water fish received in  San Fraucisco is taken in San 
Francisco Bay and its tributary bays and streams. 'This inland water area is of large extent and 
well adapted t o  the  support of a large amount and variety of animal life. The quantity of fishery 
products annually withdrawn from these waters is enormous, but  it is doubtful if the full resources 
are utilized or appreciated. 

In a general way the dimensions of San Francisco Bay and the smaller bays connected therewith 
may be stated as follows: From the southern end of San Francisco Bay, bordering on Santa Clara 
County, to  San Francisco is a distance of 25 miles, the width of the bay being from 2 to  10 miles. 
Between San Francisco and the entrance of San Pablo Bay the digtance is 11 miles; San Pablo Bay is 
10 miles long and from 8 to  10 miles wide. Karquines Strait, which oonnects San Pablo Bay with 
Sujmn Bay, is 8 miles long and one-half t o  1 mile wide. Suisun Bay is 16 miles long 'and from one- 
half t o  6 miles wide. The total length of these connected waters is about 70 miles. 

At the  northern end of Suisun Bay, in Solano County, the two largest rivers in the  State have 
their outlets. A peculiar feature of these rivers, probably not found elsewhere in the United States, 
is the relation existing betwecn their respective sources and outlets. The San Joaquin takes its risc 
in  the semitropical section of the southern par t  of the State, and flows northward hundred8 of miles 
through a warm region. The Sacramento, with its headwaters among the perpetually snow-oovered 
Sierra Nevada Mountains, flows south many hundred miles, and, through numerous passages, mingles 
with the San Joaquin and is lost in the tide waters OP the  bay. These two streams constantly carry 
with them a large amount of minute animal and vegetable life, muoh of which must find a congenial 
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home in San Francisco Bay, and furnish a large and varied quantity of food for the fish life of the 
fresh, brackish, and salt waters. 

Another interesting feature of tho bay is the almost uniform temperature of the water, there 
being only a few degrees variation a t  any season of the year. That the conditions are extremely 
favorable to  the support of aquatic life is demonstrated in the rapid increase and permanent residenoe 
of the several fine food-fishes introduced from the Atlantic Coast by the Government. Some of the 
fishes thus acclimatized are naturally anadromous, but in San Francisco Bay, contrary to  their usually 
migratory habits, they do not appear to have any desire to spend much if any of their existence in 
the ocean. 

Another feature which has its influenceupon the quantity of animal life present in San Francisco 
Bay is the absence of fishing banks or submerged chaius of mountains off the coast of California 
adjacent to the Golden Gate. Fishing-grounds, such as are found off the coast of the Atlantic States, 
do not occur within many hundred milos of the California coast. I t  may therefore be assumed that 
during very stormy weather numbers of the near-shore marine fishes would seek food and shelter 
inside the Golden Gate, where, finding favorable conditions, many remain. 

While considerable quantities of shad are taken in San Francisco Bay, that 
ground is much less productive than the bays and streams which enter it on the north. 
One of the best fishinggrounds lies between Penole Point, at the southern entrance 
of San Pablo Bay, and Martinez, on Karquines Strait-a distance of about 15 miles. 
Another good ground is at  the head of Suisun Bay. The best grounds, however, are 
the Sacramento River below Sacramento and the San Joaquin River below Stockton, 
and the numerous sloughs at  the delta of those streams. At times the fish are taken 
as far up the San Joaquin as Banta. 

Mr. Alexander states : 
By experience the fishermen of the Sacramento and San Joaquin rivers have learned the points 

where shad are most likely to  be found; each locality has its best spots, and around these the nets me 
set. A fisherman who finds a good fishing-ground one season will seek the same place the next year. 
Fishermen who have discovered good grounds in various parts of the river are very careful about 
letting others know the spots, and will often go a long distance out of their way rather than let it be 
known where thqrir favorite grounds are. 

Fishermen.-The persons engaging in the shad fishery of this section are also 
engaged in the market or salmon fisheries, or both, shad now constituting only a small 
part of their catch and receiving but little special attention. They are for the most 
part natives of southern Europe, a large perceutage being unnaturalixed. 

The number of fishermen taking shad varies greatly from time to time. Some 
months there may be several hundred in whose nets shad are caught in noticeable 
numbers, but those who set nets especially for shad probably do not number more 
than 100. In 1893 there were 90 persons who might be called regular shad fisherman; 
these belonged at  San Francisco and at  the various fishing stations between that 
place and the lower courses of the Sacramento and San Joaquin rivers. 

The apparatus and methods.-h the Sau Fraucisco Bay region shad are now 
taken in salmon gill nets, in trammel or three-mesh nets, and in shad gill nets. No 
pound nets or traps, such as are so extensively employed on the Atlantic Ooast for 
shad, are used in these maters; a few fish are incidentally obtained in drag seines. 

The trammel nets are employed chiefly in San Francisco Bay and, in addition 
to shad, take rockfish, flounders, perch, and other species. This form of apparatus is 
very popular with the foreign fisherman, and is usually fished in conjunction with 
special shad gill nets. Each boat fishing regularly carries from 4 to G trammel nets, 
with an average value of $20 each. The two outer nets composing the trammel have 
a mesh of 14 or 16 inches; the inner piece is provided with a 58 or 5g inch mesh. 
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The special shad gill nets are 60 to 70 fathoms in length and 2 to 3 fathoms deep. 
They have a mesh of 54 to 6 inches. During 1893 1,500 pounds of shad netting were 
received from eastern manufacturers by the San Francisco Ba,y fishermen. About 225 
pounds consisted of cottou twine worth 75 cents a pound, and the remainder linen 
twine worth $1.30 a pound. The nets are hung by the fishermen. The average value 
of the cotton nets is $25 or $30; that of the linen nets $35 to $40. 

Mr, Alexander’s account of the method of setting gill and trammel nets for shad 
is as follows: 

Several nets are generally set together. Each boat carries 3 shad nets and 4 to 6 trammel nets. 
The boat is made fast to one end of th6 string aiicl together they drift with the current, care being 
taken to evade all places where snags are known to be. Two men go in a boat; in setting the string, 
one M ~ U  throws the nebs out end the other keeps the boat in positioii with the oars. The nets are 
generally set across the stream or tide, but in a short time they will swing around in the direction 
of the current. After drifting a certain time, or when it  is known that fish are in the nets, they are 
hauled. As the nets come in the fish are picked out, the 
nets being so stowed that they may be thrown out again without additional handling. As soon a8 a 
day’s fishing is over or a good catch secured, sail is made and the fish are taken to tho nearest 
railroad or steamboat landing and prepared for shipment to San Francisco. 

Whilo a great many shad are in the aggregate secured in salmon nets, their 
number is small compared with those obtained with shad and trammel nets. The size 
of the mesh of the salmon gill net (7 inches) ordinarily permits all bu t  very large shad 
to  pass through. Fish of siriall and medium size, however,are frequently caughti, 
especially when the nets become tangled or doubled. Formerly a large part of the 
shad supply was obtained in this way, but the low prices now received lead fisherman 
in search of salmon to often throw away the shad that may be caught. 

The boats used in the shed fishery are the felucca aiid the ordinary salmon skiff. 
The former is employed in San Francisco, Suisun, and San Pablo bays, the latter in the 
two last-named bays and in the rivers. A t  times in 1893 there werc over 100 boats 
employed in taking shad in San Francisco Bay and tributaries, principally in 
apparatus set for other fish. The boats from which nets were set for the purpose of 
catching shad numbered about 40. 

According to Mr. Alexander, more shad are caught in muddy water than in clear 
water. I n  parts of San Francisco Bay, where the water is comparatively clear, a net 
will take bu t  few shad in a day, even when the fish are plentiful; in such places most 

’-of the catch is made a t  night, but in the rivers and in bays near the mouths of streams, 
where the water is thick, fishing may be done a t  any time. The best time for shad 
fishing is at the ‘ L  slack tide.,’ The fishermen endeavor to have their nets down then. 
The last of the ebb tide aud the first of the flood tide are also considered good periods 
in the San Prancisco Bay region. 

Prices of skad.-The fish all leave the hands of the fishermen in a round condi- 
tion. The price received varies much with the seasoii, the day of the week, and the 
quantity of other fish in  the market. A t  tfiimes each year shad will yield the fisher- 
men 6 to  8 cents a pound, but this price seldom lasts more than a few days. The 
average in 1893 and 1894 was about 2 cents a pound; often, however, the fishermen 
could get only 5 cents for a full-grown shad, and it was not rare for a box of shad 
holding 80 pounds to bring only $1. 

The average price of shad in recent years has steadily declined; it was about 5 
cents a pound in 1889,4 cents in 1890 and 1891,28 cents in 1892, while iu‘1893 and 
1894 it reached a figure below which it will probably not fall, as many fishermen will 

In most cases one man does tho hauliug. 
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cease to catch the fish if the value declines further, and the diminished output will 
maintain the price. 

The place where shad are taken has no influence on the price. Fish from Mon- 
terey Bay, San Francisco Bay, and the Sacramento a11 comniand the same price, as no 
differences in the condition or food value are attributed to fish from differeut waters. 

A feature of the shad fishery which is noteworthy to a person familiar with the 
conditions on the Atlantic Coast is that fish with ripe roe command no higher prices 
than others, althoiigh the roe is considered a delicacy and is quite extensively eaten. 

SHAD FISHERY O F  THE CIOLUMBIA RIVER. 

The first year for which complete data are available showing the amount of the 
shad catch of the Columbia River is 1888. Mr. Wilcox made a cauvass of the fish- 
eries of the Pacific States covering that year and reported a total catch of 10,000 
pounds in the river. These yielded the fishermen $500. Hc reports that about 1888 
the first noticeable catch of shad was taken in the pound nets of Baker Bay, near 
the mouth of the river. The following year quite an increase was noticed, the nets 
often having half a dozen a t  a lift. This mas not enough for the fishermen to waste 
any time over, and the few taken were either given away to anyone wishing to sample 
the new fish, or were returned to the water. A few found their way to the city market 
at Portland and quickly found sale, 10 ceiits per pound being paid the fishermen. 
The fish slowly worked their way up the river, the haul seines about 80 miles up 
taking some 200 pounds in 1889. 

I n  1892, whon Mr. Wilcox again visited this region, he found that the shad had as 
yet received very little attention, and were taken only in seines and pound nets set 
for salmon. The special features of interest in connection with the shad were the 
much larger incidental catch, the increase in the average size, and the decrease in 
market value during the years intervening between the two inquiries. The quantity 
and value of those taken and sold during 1889,1890,1891, and 1892 were ascertained 
to be as follows, the catch showii being taken at or near the mouth of the river in 
Clatsop County, Oreg., and Pacific and Wahkiakum counties, Wash. : 

____ 
1889 .._..__.___..__. 
1800..: ..__.._.._ __. 
1891 __...__._ ~ _._... 
1802 .._.._...__..... 

- ~ ____ 
49,800 $4,979 200 $20 ~ 80,000 $4 99s 
84,420 6,753 010 50 85.030 1 $203 
110,388 0,983 13,000 780 129,388 I .  iG3 
174,250 5,228 37,000 1, 170 211,250 0,308 

Mr. S. H. Greene, of Portland, Oreg., in May, 1893, communicated the following 
information on the shad of the Oolumbia River: 

Regarding the results which have attended the introduction of the eastern shad in the waters of 
this coast, permit me to  say that  the caunerymen, marketmen, and fishernion a11 agree that  so far as 
the shad of the  Columbia are coucerned, they are prospering beyond the most sanguine expectations. 
Six years ago this summer a shad W:LY talten in one of the traps a t  the moiith of the river that  weighed 
B fraation over 6 pounds. It was thought to be a wanderer from the California coast, but quite a 
number were taken that season weighing 2 pounds or so. At that  time the fishermen and shippers at 
the mouth of tho river got 16% cents a pound (grostr) by sending thom to the Portland market, the 
marltetnien paying freight, as they were considcred quitu a curiosity. Now you can buy dressed shad 
in most of tlie markets a t  4 cents a pound. This fact is indicative of the prosperous condition of the 
shad. Last seimon some of our marketmen f o n d  i t  necessary to salt their surpliis. One Portland 
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firm salted about 2 tons. Shad are taken either in the fish traps or drag nets. The gill-nettera do not 
get them. The shad run 6 or 6 pounds i n  weight, but  the greater majority are of about 24 or 3 pounds 
weight. Frank M. Warren & Co. have canneries a t  Cathlamet, Wash., and a t  The Cascades, 
Oregon. Mr. Warren informs me that  the shad are very numerous at both places. A t  The Cascades 
of the Columbia the fish wheels take great numbers of very fine shad, and all information a t  hand 
indicates that  the shad of the Columbia are in a very prosperous condition. 

Mr. A. B. Alexander, mho in 1893 was detailed to  make inquiries regarding the 
shad in the Columbia River, reported as follows on the shad fishery: 

The shad fishery of the Columbia has little or no history, for as yet it can hardly be called an 
indnstry. All  shad brought to  market are taken incidentally. They are caught by thousauds in traps 
and turned away, there being very little demand for them. The total amount sold at all points on, 
the river in 1893, as near as can be estimated, was 85,000 pounds. This does not include the amount 
given away by fishermen. It is very probable that  nearly as many of these fish are given away as 
sold. A fisherman who brings in a hunclred or more shad disposes of what he can; the rest being left 
on his hauds, he either gives them away or throws them overboard. I am told that  it often happens 
that  a large portion of the catch is disposed of in  the last-mentioned manner. Nobody buyd shad at 
the small towns on the river, for all desired can be obtained from fishermen by merely asking for them. 

Nearly all shad of the Columbia are taken in traps or drag seines, principally by the former 
method; a few are also caught in  salmon gill nets, bu t  the number is so small that  it is hardly worth 
mentioning. Occasionally a shad weighing 8 or 10 pounds is caught in a large-mesh chinook gill net, 
bu t  the majority of those taken i n  this manner are caught in  nets set for tlie blueback and other 
small salmon. 

Fishermen make no regular business of sending shad to  market; it is only when i t  is thought that  
the last supply is sold that another shipment is made. The dealers never send orders to  fishermen, as 
at nearly all times the s%pments they voluntarily make are amply sufficient to supply the demand. A 
large portion of shad is taken in  traps, and it is a very easy matter for a fisherman to bail out one or 
two thousand pounds, or as many more as are wanted, take them to the nearest steamboat landing, 
and send them to Portland. It 
sometimes happens that a good day’s work is made with little or no exertion; at other times word 
come8 back thzt the fish have only brought cnough to pay freight charges. This, of course, is 
discouraging, and he has little desire to  make further shipments until he is quite sure that  some 
returns will be made to  him. 

No such fabulons prices have been paid for shad on the Columbia River as have been received a t  
different times in  the market of San Francisco and elsewhere in the State. The early run of shad sells 
for 12 and 15 cents a pound; as soon as they commence to  appear in any considerable number the price 
immediately falls until it reaches 5 or 6 cents, which is the average price. The fishermen are paid for 
early shed 4 and 5 cents a pound; this price does not last long, for i t  falls in proportion to  the number 
taken, and very soon l.b and 2 cents are all that  can be realized. Frequently fishermen can not get even 
a cent a pound; when shad reach this figure few are brought to  market. The demand for shad is as yet 
too small to  hold forth any inducements to  fishermen t o  engage in the industry. Owing to  the 
limited demand, the price from year to  year undergoes little change. Thd fish shipped from San 
Francisco are sold at from 4 to 5 cents more a pound than those caught in the Columbia; not because 
they are euperior, but  on account of the time of year they are shipped. 

Portland is the only market of importance on the river, and during the season of 1893 handled 
70,000 pounds of shad; of this amount 17,500 pounds were shipped from San Franeisco. About 15,000 
pounds were sold at Kalama and 1,500 pounds were consumed in  Astoria. At ICalama one firm has 
paid some attention t o  shipping shed to  neighboring States and Territories; in 1893,10,000 pounds 
were shipped from this place. All the shad consumed in  Oregon and Washington during the winter 
and early spring months come from San Francisco. The retail value of shad shipped from San 
Francisco is 10 cents a pound; average value of those caught in the Columbia, 5 cents. There is no 
regular demand for shad from any locality, and in  consequence dealers buy only a limited amount at 
a time. Montana, Nevada, and Utah are as far east as Portland dealers ship shad. Occasional 
shipments are made t o  cities and towns on Pnget Sound, but the amount which goes north, is small. It 
is evident that the reason why shad are not more in  demand in  interior towns and cities is on account 
of their not reaohing the consumers in good condition. While the fish may, and probably do leave 

If he gets a fair return, he is encouraged to repeat the experiment. 
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the market securely packed and iced, long before they reach their destination they are in  need of 
more ice, and when a box of shad lies 24 hours or more, even under cover, with no ice on it, the 
contents are sure to  be in  poor condition. 

Smoked and salt shad are not in  demand, perhaps for the reason that  few people here have ever 
eaten them cured in  such a manner. It is very probable that  if some individual should t ry  the  
experiment of salting and smoking them he would be rewarded for his trouble, for the people of 
this locality eat more salt and smoked fish than elsewhere on the Pacific Coast. In all the markets 
and most of the grocery stores salt mackerel, cod, smoked herriug, eels, and haddock are for sale. 
That there is considerable demand for these fish is plainly indicated by the quality kept, which is  
of the best. 

That there is wanton destruction of both young and adult shad on the Columbia River is 
acknowledged by dealers, cannerymen, and fishermen. Large numbers of shad are dumpcd out of 
seines and left to die. This destruction goes on day after day during the spring and summer months, 
and, from what can be learned, a much greater number of fish rot on the beaches than are saved. 
Many shad are also annually destroyed in  traps, or rather by trap fishermen. This is due to  the 
manner in which the fish are taken out of the traps, little or no care being used to  put them back into 
the water alive; they are 80 roughly handled that  a great many of them die. No notice is taken of 
this unnecessary killing of shad, for the reaeon that  they have no great commercial value. 

The coudition of the shad fishery of the Columbia River in 1894, when it was made 
the subject of inquiry by the writer, did not present any specially prominent features 
not, referred to by the other observers quoted. The abundance of the fish has con- 
tinued to increase, as demonstrated by its more frequent capture in the salmon nets, 
but the local demand has improved but little. The relatively small quantities saved 
for market, as compared with the possible catch, are sent mostly to Portland, where 
they are regularly exposed for sde  and are always found on the bills of fare of the 
best hotels and restaurants. 

The 
fishermen receive about 4 cents a pound, net, but the sales at  that price are limited, 
and the value falls too low for profit if the supply is increased even comparatively 
little. At Wallace Island, near Eureka, Wash., during the early part of the salmon 
seaeon of 1894,400 or 600 pounds of shad were caught daily in a salmon seine; some 
attempt was made to utilize these fish by shipping them to Portland dealers, but 
the price dropped so low (2 cents a pound) that the fishermen could not make the 
venture pay. 

The Columbia River shad are of excellent quality, and during the time of their 
greatest abundance, April 16 to July 16, one would expect a large consumption in 
Portland and the other cities and towns adjacent to the river, but the abundance, 
cheapness, and popularity of salmon, together with the general unfamiliarity of the 
people with the edible qualities of the fish, make it probable that a number of years 
will elapse before a special shad fishery on the Columbia River will have local support. 

The following additional references to the economic value of the shad in the 
Columbia River in 1890, 1891, and 1892, respectively, are extracted from the reports 
of Mr. James Crawford, fish commissioner of Washington, for the years named : 

There has been no regulm fishing for this fish, which, in the opinion of many, is the finest fish 
we have. What have been oaught have been taken in  pound nets set t o  catch salmon. Still there 
have been 60,000 pounds of shad taken in Baker Bny duriug the past season, netting the fishermen 8 
cents per pound. Catching of shad promises to  be, in the near future, one of the  most valuable 
industries of the Columbia. Young shad have been seen this season in both Gray's Harbor and 
Shoalwater Bay.-(Report 1890.) 

In my last report I mentioned the wonderful increase of this fish in  the waters of the Columbia 
River, and this seaeon the  niimber coming into the Columbia to  spawn W ~ E  much larger than ever 

The ruling retail price of shad in Portland in 1894 was 10 cents a pound. 
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Years. 

1886 .................... 
1889 .................... 
lS9O .................... 
1891 .................... 
1892 .................... 

-__-- - 

before known. Shad weighing as much as 9 pounds Lave been frequeutly taken, and although there 
has been no special effort made to  catch them, and what have been taken were caught in pound nets 
set for salmon, 50,000 pouuds is a safe estimate of the catch of 1891. This amount has been disposed 
of in the marketa of Portland, Astoria, and the cities of Puget Sound. Five cents per pound was 
received for the fish, making the value of catch $2,5OO.-(Report 1891.) 

This desirable table fish continues to  increase in number and size in the waters of the Columbia 
River, and, although no effort has been made t o  take thorn, enough have been caught to net the 
owners of pound nets, traps, and set nets about $2,000. They have been taken as far up the river as 
the  Cascades, about 150 miles. The shad is not a native of the Pacific Ocean, but was first intro- 
duced by the United States Commission of Fish and Fisheries into the Sacramento; later some were 
plwed in tho Columbia River. From this beginning they have increased until they are considered a 
staple article among the fish-dealers. Their flavor and size will compare favorably with the shad of 
the Hudson River.-(Report 1892.) 

STATISTICS OF THE SHAD CATCH O F  THE PACIFIC COAST. 

Figures are available to show the quantities of shad taken and sold in the 
Pacific States in each of the years 1888 to 1892, inclusive. These statistics are based 
on the field inquiries of Mr. W. A. Wilcox, agent of the Uommission, and represent 
the results of the examination of records of fishermen, dealers, and transportation 
companies. In each State the yield shows a large aunual increase since 1888, 
although the value of the fish to the fishermen was less in 1892 than in the previous 
year, when the output was over 20 per cent smalIer. The yearIy decrease in the 
average price per pound received by the fishermen illustrated by the table herewith 
presented (until in 1892 the average gross price was under 3 cents) suggests a reason 
for the diminished output in the subsequent years, which is disclosed by incomplete 
statistics gathered in San Francisco and elsewhere. 

sumntary of the quantities and values of Shad sold by Jishernten of the Paoijic Stateu from 1888 to 1892. 

Oregon. 

___ ___ 

California. 

90,871 $6,513 10,000 $500 
263,788 10,833 20,900 2,099 
318,140 11,891 50,100 4,008 
445,006 15,856 70,500 4,230 
526,404 14,372 109,000 3,270 

- - - - __ I 

Washington. ' 
-~ .. ___I 
Pounds. ' Value. Pounds -1- I . I ____ I 

200 $50 101,071 1 $7,063 1 
21 010 2,055 31&,78h 16,887 

59: 900 1 3: 590 575,406 23,076 
103,350 i 3,183 138,844 20,825 

ao' 092 1 2 800 404,332 18,759 

PRICES OF SHAD ON THE WEST COAST. 

The first shad taken on the Pacific Coast were regarded chiefly as curiosities 
and brought extraordiuary prices, and even after the supply became comparatively 
regular the market value of the fish continued very high for some years. 

Mr. J. H. Kessing, who has been in the fish business in San Francisco for forty years, 
states that when shad were first caught in California they were in great demand and 
he sold them at wholesale at $10 to $15 each; many brought, $1 to $1.50 per pound. 
These prices are confirmed in the early reports of the California fish commission. By 
1880 the abundance of shad had reduced the market price fo the consumer to 20 to 25 
cents a pound. In 1887 and 1888 the average price was about 10 ceiits a pound, while 
at the height of the season it was sometimes as low as 5 cents. In 1889 the average 
retail market value of shad was 5 cents a pound; in 1890 it dropped to 4 cents; in 1891 
it was 3 cents; in 1892 it was not over 22 cents; in 1893 and 1894 it was 2 cents or less. 
During the years 1893 and 1894 the prices often fell to  one-half or 1 cent a pound, and 
thousands of fish could not be disposed of at any price. To protect themselves against 
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losses arising from too great a stock, the dealers were obliged to restrict their receipts. 
Of course, a t  the figures last quoted the fishermen who sell on commission get no 
returns. 

111 the Columbia River the prices for shad have never been as high as in California, 
although they have at  times ruled almost as lorn. About 1887, when the fish first 
began to be numerous, the salmon fishermen and shippers of the lower river received 
about 16 cents a pound (gross price) by sendiug their shad to Portland. I n  1893 and 
1894 the general retail price in Portland wes 10 cents a pound, the fishermen receiviug 
about 4 cents a pound, nest. It is only by placing a limit on the supply that these 
prices are maintained. Fishermen who have endeavored to utilize the shad incidentally 
taken in their salmon nets have, as a rule, received such low prices that no inducement 
was offered to continue the shipments. At times in the past three years ouly 2 cents a 
pouud could be realized by the fishermen on fish sent to market, a price entirely too 
low to pay for time and expense. 

FOOD QUALITIES O F  THE SHAD. 

Notwithstanding the great abundance of the shad in the vicinity of the principal 
seaboard cities and towns of the Pacific States, a large proportion of the people of the 
west coast are totally unfamiliar with the food value of the fish, and i t  is eaten by only 
a comparatively small par6 of the population. While the price of the shad is such that 
it is within the reach of everyone, the supply of other fish that have been long in 
popular favor is also sufficiently abundant to keep the prices relatively low. As salmon, 
the prime favorite of the public, is most plentiful and lowest priced at the time when 
the shad is found in the markets in greatest numbers, the latter meets with only a 
limited demand. 

With the exceptions of some complaints about the bones, no one speaks in dispar- 
aging terms of the edible qualities of the shad; and if it did not have to compete with 
an almost unlimited supply of salmon, herring, smelt, anchovies, flounders, rockfish, 
and other species €or which there is a strong local sentiment, there is no doubt it 
would occupy the very front rank in popular estimation among the fishes of the coast. 

One potent reason why the shad has not advanced farther in popular esteem is 
the poor condition in which it reached the consumer, about the time when its remarkable 
abundance first brought it into notice. The lack of care in the preservation of fish 
which has characterized the fishing industry of the west coast naturally led to the 
early deterioration of so delicate a fish as the shad, and people who ate the fish a number 
of years ago acquired a distaste for it, which has continued. It is gratifying to iiote 
that in the past few years there has been a radical change in the state of preservation 
in which the shad reaches the consumer, owing to the plan of the San Francisco dealers 
to restrict the receipts and to purchase, 8s far as possible, only the quantities that’ they 
can probably dispose of before the fish become tainted, one day’s catch supplying the 
next day’s trade. 

Of the opinion held regarding the edible qualities of the shad in the Columbia 
River region, Mr. Alexander says that the dealers consider the shad a very palatable 
and valuable fish, and greatly regret that the demand for it does not increase. People 
have so long been accustomed to eating salmon and smelts that they have formed a 
prejudice against all other fish. The fishermen all say that shad are excellent, and 
they fail to see why there should be so little call for them. 
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THE SHAD TRADE O F  SAN FRANCISUO. 

San Francisco is the principal shad market of the Pacific States, as it is for all 
other fishery products intended for immediate consumption. All the fish-dealers who 
purchase their supplies directly from the fishermen handle shad, and the amount of 
their trade in this product constitutes a reliable basis for estimating the extent of the 
shad fishery in California. The San Francisco dealers get their shad from San 
Francisco, San Pablo, and Snisun bays, Sacramento and San Joaquin rivers, and 
Monterey Bay. 

In 1894 the writer made a thorough examination of the records of the Sa11 
Francisco dealers, and noted the quantities of shad handled by them in the preceding 
year and in 1894 up to June. For the remaining montlis of 1894 the California fish 
commission, through Mr. John P. Babcock, the chief deputy, obtained similar data 
and courteously supplied them to the United States Commission of Fish end Fisheries. 
Mr. Babcock also procured some information for 1893 from several firms. The figures 
thus acquired permit the presentation of a table, showing for each month in 1893 and 
1894 the actual quantities of shad received in San Francisco. 

The aggregate receipts in 1893 were 429,136 pounds and in 1894 were 270,807 
pounds, these amoimts being the round or gross weights of the shad. 

There is not a day in the entire year when shad may not be found in the San 
Francisco markets, and during nine months it is lone of the commonest and cheapest 
fish exposed for sale in that city. During July, August, and September,,when the 
salmon fishing is at a low ebb or totally suspended, the supply of shad is much less 
than at other times. 

In 1893 the largest receipts were in May and November; in 1894 in January and 
May. The average monthly receipts in the former year were 35,761 pounds and in the 
latter 22,567 pounds. During the three months ending December 31,1893, more shad 
were handled than in any previous period of similar length; in that time 227,874 
pounds were received, an average of over 75,000 pounds per month. A detailed 
summary of the monthly receipts is given in the following table : 

Statement by months of the number of pounds of shad handled by  San Fvanoisco dealers i n  189.9 a?td 1894. 

Nontlis. 1 1893. 

I- 
January ................................. 
February ................................ 
March. .................................. 
April ................................... 
May ..................................... 
June.. ................................... 
July ..................................... 
August.. ............................... 
September. .............................. 
October.. ................................ 
November ............................... 
December.. .............................. 

0,588 
19,185 
19,540 
32,389 
80,557 
36,184 
3,319 
2,796 
698 

53,652 
96,340 
77,882 -- 

Total ......................... .......I 429,136 

I 
1894. 1 

' 475 
24,229 
38,110 
8,278 

170,807 
-- 

A condition of the San Francisco shad market, by no means rare, is thus referred 
to by Mr. Babcock, in a letter dated May 9, 1895: 

canvas8 of them all for retail figures. 
The run of prime shad is on again. The markets all shorn fine fish this morning, and I made & 

Chinatown dealers offerod me G,7, and 8 powd shad for 10 and 
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16 oents each; all %-ere in good condition and fresh. The Clay-street mmketmen asked only 2 oents a 
pound retail for dressed fish, and said they had sold but few. The Pioneer Fish Company said they 
had not sold 1 pound at retail this morning, and that they would have to dump their firih this 
afternoon; wholesale price, 1 cent a pound. In the California, market, Leon was offering to deliver 
fish at your house for 5 cents a pound, end would sell fish over the counter for 10 oents apiece. 

The receipts of shad in San Francisco could be greatly increased if the dealers 
did not discourage their shipment by the fishermen, owing to  the very lorn prices which 
prevail when the supply is large. All the firms dealing extensively in shad are obliged 
to restrict the receipts in order to protect thembelves and their fishermen from loss. 
Shad have at  times been thrown away because of the impossibility of selling them, or 
sold at  ridiculously low prices. Thus, in October, November, and December, 1893, 
when the preceding table shows large receipts, the prices were sometimes hardly SUE- 
cient to cover the transportation charges. A shipment of 1,500 pounds of fine shad, 
sent in by a Sacramento River fisherman in the third week of November, brought only 
$1.60, and about the same time another lot of 795 pounds sold for only $1. 

At the present time, fewer shad are probably handled in San Francisco than in 
1890,1891,1802, or 1893. The supply of salmon in that city determines the quantity 
and price of the shad sold. Owing t o  incremed shipments of Pug& Bound salmon to 
Sen Francisco of late, the market has been partly closed to shad; these salmon are 
cheap fish, which the San Francisco dealers are able to buy at 1 to lt cents a pound. 
When salmon are scarce, shad and other cheap fish are in demand. 

The action of the dealers in curtailing the receipts of shad in the past two years 
has resulted in fewer gluts, and conditioiis have been altogether more satisfactory 
than formerly. At the present time, when the dealers desire a consignment of shad, 
they have only to telegraph or telephone to one of their agents OH the fishing-grounds 
and the required quantity mill be on hand the next morning. By this method the fish 
reach the consumer in a much better condition than where the receipts are unre- 
stricted and the fish are held over from day to day. 

Practically the entire quantity of shad handled by San Francisco dealers is sold 
and eaten fresh. The Chinese prepare small quantities of sallf shad; the fish they 
utilize this way have often been on the dealers' stands for several days and can be 
obtained very cheaply. The fish are lightly pickled for one or two days and are then 
hung up to dry on the roofs of their houses. Although there are several smokehouses 
in Sari Francisco, no shad are smoked. The experiment of thus treating shad has 
been tried and abandoned, owing to the little demand for them prepatred in this way; 
there is, however, some salu for smoked salmon and sturgeon. 

Mr. Thompson, of Oakland, who has bee11 engaged in the smoked-fish business 
for a number of years, has given more attention to smoked shad than anyone else on 
the west coast. In  1893 he is reported to have smoked between 11,000 and 12,000 
pounds of shad, which had a retail value of $1,440, or about 12 cents a pound. 

Mr. Alexander reports that about half the shad which go to San Francisco dealers 
are reshipped out of the city to various parts of the State. Some shipmehts are made 
to Salt Lake City, Denver, and points in Mexico. The fish are cleaned, iced, aud 
packed in boxes holding 100 t o  200 pounds. When shad are to be sent very long 
distances, or to a warm climate, one box is placed within another. Fish prepared for 
distant shipment are split down the belly and packed with ice, but those intended for 
local consumption are split down the back. 
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THE WHITEFISH. 
In 1872 and 18’73 Professor Baird, the United States Fish Commissioner, sent to 

the California fish commission from Lake Superior 50,000 eggs of the common white- 
fish (Coregonus clupeiformis) in two lots ; many of these perished cliiriiig transportation. 
The survivors (25,000 in number) were hatched in an extemporized structure on Clear 
Lake, in which the young were placed. Clear Lake is a large body of water in Lake 
county, in the Coast Range, about SO miles northwest of Sacramento, and was selected 
for this purpose by the California authorities because of the supposed advantages it 
afforded, it containing few other fish, having a suitable temperature and other physical 
conditions, and being so placed that i t  could be readily seined. 

I n  1875 the United States Fish Cornmission sent 20,000 whitefish eggs from Lake 
Michigan; these mere suocesBfully hatched a t  Berkeley and deposited in Tulare Lake 
on March 29,1876. This lake, the largest in the State, was thought by the California 
commissioners to have the requisite temperature, food supply, etc., for the whitefish, and 
the introduction of that species was much desired by the people living near the lake. 

Larger plants were made in various parts of the State in 1877 and 1859, the eggs 
beiug furnished by the national fish commission. In 1877, 75,000 fry were put in 
Donner Lake, in Nevada County; 50,000 in Sereno and other lakes, in Plstcer County, 
and 175,000 in Lake Talioe, in the extreme eastern part of’ the State, partly in Nevada. 
In 1879, fry were planted as follows: 70,000 in Lake Talioe; 70,000 in Donner Lake; 
60,000 in lakes in Nevada County; 225,000 in Eagle Lake, in Lassen Coudy; 100,000 
in Tulare Lake; 10,000 in Mark West Creek, in Sonoma County; 10,000 in San Jose 
Water Company’s reservoir, in Santa Clara County; and 20,000 in Chabot Lake, in 
Alameda County. 

In January, 1883, the United States Fish Commission delivered 500,000 eggs a t  
the hatchery of the California commission a t  San Leandro. No record of the results 
of this consignment has been met with. 

Whitefish fry were introduced into a number of Oregon lakes in January and 
February, 1889, by the United States Fish Commission. The largest deposit, number- 
ing 400,000, was made in Elamath Lake, near Linkville, a t  the southern end of the 
lake. About 100,000 fry were placed in Eullaby Lake, near Astoria; 78,000 in Ohetaw 
Lake, in Wasco County; and 10,000 in  Laddis Lake, in Multnomah County. 

The plants of whitefish in Washington have consisted of 375,000 fry placed in 
Washington Lake at Seattle; 300,000 in Lacamas Lake, in Clarke County; and 10,000 
in Silver Lake, at Castle Rock. These deposits were made by the United States Fish 
Commission in February, 1889. 

I n  Cceur d’Alene Lake and Pend d’oreille Lake, in Idaho, in the basin of the 
upper Columbia River, very large deposits of fry were made by the United States 
Fish Commission in February, 1889. 111 the former lake 1,930,000, and in the latter 
1,300,000, yQung whitefish were planted. Hayden Lake, a small body of water north 
of Lake Cceur d’Alene, received 20,000 fry a t  the same time. 

The results attending the introduction of whitefish into California waters have 
been extremely meager, if not altogether negative. While i t  is possible that the fish 
have in certain waters been overlooked, owing to the  ionp pro so cut ion of comniercial 
fisheries and the absence of scientific investigation, it is known that they. have not 
attained economic importance anywhere in the State and have never been taken, in 
recent yeara, in some of the waters in which they were planted. 
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The reports of the California fish commission for the years following the first 

whitefish plants contained several references to the taking of large fish. The report 
for 1875-76 stated that several mature whitefish had been caught in Clear Lake in 
the winter of 1875, and in the report for 1876-77 the commissioners say of this fish: 

We believe they have lived in Clear Lake, also in  Tularc. It is reported in n Lake County paper 
that a whitefish mas taken in Clear Lake April 10, 1876, which measured a foot in length. We have 
no positive information that they have found a congenial home in Tularo Lake, but havo heard reports 
that a few have been seen. 

In the commissioners7 report for 1878-79 it is stated that tho fish had thrived and 
that reports of the capture of a few mature fish in Tahoe, Tulare, and Clear lakes had 
been received. The report for 1883-84, however, casts considerable doubt on the 
supposed taking of eastern whitefish in California waters. The commissioners say : 

The Veeults accruing from the planting of this kind of fish in our waters are not fully known to 
the commissioners, and + * * we have uo reliable data a& to \Vh8thOr they  are a ~ucce88 or not. 
There are native mhitefifih tllat are caught in lakes Bigler and Donner, wlmh have been takon for those 
planted by the former commissioners. * * * There has been no showing of the eastern whitefish 
EO far. * up to August 30 (1884) not O n e  hits boon taken, so far as the commissioners have any 
knowledge. 

In the report of the California fish commission for 1893-94, which contains a review 
of the outcome of the introduction of non indigenous fish, no results are said to have 
attended the planting of whitefish. The inquiries of the United States Fish Uommis- 
sion have not disclosed the existence of any eastern whitefish in Oalifornia waters. 
In a recent report" on the fishes of Clear Lake, no species of whitefish is reported. 

Mr. F. 0. Reed, of Astoria, has often made inquiries about the whitefish planted 
in the lake in that vicinity, but has learned nothing. The fishermen have no means of 
catching them if the fisb are really there, and would hardly know them if caught. 

In Wa'shington and Idaho a number of reports of t h e  taking of whitefish have 
been received, but the possibility of mistaking the native whitefish (Coregonus william- 
soni) for t,he introduced species is so great that it would require actual specimens in 
order to settle the question in a given locality. The fact t h a t  most if not all of the 
supposed eastern whitefish have been caught with a hook casts considerable doubt on 
the correctness of the identification. The native whitefish, which is widely distributed 
in the Pacific States, readily takes the hook, but the common eastern species very 
rarely bites a t  a baited hook. The average weight of the native whitefish is under 1 
pound and the maximum is about 4 pounds. The eastern whitefish sometimes attains 
a weight of over 20 pounds, and fish weighing 10 pounds are common, although the 
weight is usually only 3 to 5 pounds. 

Hon. George T. Myers, of Portland, has kindly interested himself and others in 
ascertaining the results of planting whitefish in Washington and has forwarded 
several communications 011 the subject. Mr. Myers mentions the reported capture in 
recent years of a number of whitefish with hook and line in lakes Washington, Sam- 
mish, and other waters where the eastern fish was planted, and states that  a fisherman 
formerly living on lakes Michigan and Superior Rays that lie has caught some of the 
fish which were identical with those he had previously taken in the Great Lakes. 

* * 

__ - - - _-_ 
*List of Fishes inhabiting Clear Lake, Cdifornia. By David S. Jordan and Charles H. Gilbert. 

Bull. U. S. FlEh Com. 1894, pp. 139-140. 
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Mr. James arawford, fish commissioner of Washington, writes as follows : 
I have yet to  hear of any whitefish being caught in  any of the waters of the State. I have heard 

of some strange fish haviug been seen in  the waters of Lake Washington, but no one knew what they 
were. Some whitefish were planted in  Lake Lacamas in  this (Clarke) county, but, although I have 
made repeated inquiries about them, I could never hear of any having been seen. It may be that  
because whitefish do not take a hook they have never been caught. 

Inquiries by Mr. William Barnum in Idaho in 1895 elicited the information from 
several sources that eastern whitefish had been taken in lakes Pend d’Oreille and 
Gaur d’Alene, but the evidence is that the fish in question were of some other species. 
A specimen of supposed eastern whitefish obtained at Gaur d’Alene City, from the 
lake of that name, proved to be Williamson’s whitefish. 

The large, cold, deep lakes of Idaho, in which plants were made, are apparently 
as well adapted to the growth and multiplication of the whitefish as Lake Superior. 
While there may be an abundance of mature whitefish in those waters, their existence 
might be entirely overlooked i n  the absence of deep-water gill-net fishing and special 
scientific investigation. The inquiries of the Fish Commission representatives in 1894 
and 1895 failed to throw any light on the presence or absence of the eastern whitefish 
in lakes Gaur d’Alene and Pend d’Oreille. 

THE ATLANTIC SALMON. 
The attempt to acclimatize this valuable food and game fish on the Pacific Slope 

mas made in 1874, when the 6‘ aquarium car,” in charge of Nr. Livingston Stone, of the 
United States Fish Commission, carried numerous species of eastern fish across the 
continent.* Four hundred and fifty small Atlantic salmon (Sulmo sulur) obtained in 
the Penobscot River, Maine, were among the consignments; of these, 305 survived and 
were deposited, June 12,1874, in  the Sacramento River at Redding. 

In 1890, 200,000 eggs were consigned to the Fish Commission station a t  Fort 
Gaston, Gal. Of these, 194,000 were successfully hatched, and in May, 1891, the young 
were placed in a pond. Capt. W. E. Dougherty, the superintendent, reports that they 
were fed until about the last of July, when, having attained a very considerable size, 
they were liberated in the Trinity River. 

The deposit of young fish placed in the Sacramento River in 1874 has yielded no 
known results. The fish undoubtedly succumbed to physical causes or were devoured 
by enemies, the planting being entirely too small to  warrant the expectation of suc- 
cess. The only reference to the matter subsequent to the planting is contained in 
the report of the California fish commission for 1874-75 : 

None of the eastern salmon have been seen since they were plaoed in the Sacramento River. It 
is hardly expected that they should he as yet, as without doubt they have gone to  the ocean, not to  
return until the  spring of 1876, when we have to  hear o f  some of them being caught on their return 
for the  purpose of spawning. It will be interesting to  learn in after years if they will cross with the 
Sacramento salmon and produce a new variety. 

Captain Dougherty states that the salmon planted in 1891 did well, and that some 
of them were subsequently taken by Indians, having reached full size. No other 
report of these fish has been received. 

* See Report California Fish Commhsion, 1874-75. 
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THE LANDLOCKED SALMON. 
In January, 1878, the United States Fish Commission sent to the California fish 

commission, from Grand Lake Stream, Maine, 50,000 eggs of the landlocked or 
Schoodic salmon (Salmo salay sebago). These were hatched at  San Leandro by the 
Californian authorities and in March and April deposited in various waters. In their 
report for 1878-79 the commissioners say : 

As the landlocked salmon &re natives of the cold lakes of Maine, we have thought the most 
appropriate places for the distribution of the young fish would be in our mountain lakes; but, for 
purposes of testing their fitness to thrive in warmer waters, a portion were also distributed to lalres 
h the valley and on the coast, a8 follows: Donner Lake and other lakes near the summit, 10,000; San 
Francisquito Creek, Espenosa Lake, etc., 10,000; Tulare Lake, 15,000; San Leandro Creek and Lake, 
2,500; Arroyo Laguna, near Sunol, 700; reservoir at almshouse, San Francisco, 1,000; Echo Lake, El 
Dorado County, 250. 

A somewhat more detailed statement of the distribution of these fry is given in 
the report of the United States Fish Commission for 1881, page 894. Sereno and 
Chabot lakes and Laguna Honda are mentioned as receiving fry. 

In  the report of the California commission for 1881-82 figures are presented show- 
ing the distribution in 1881 of 20,100 landlocked salmou fry in Prosser Creek, Donner 
Lake, Lake Tahoe, and in various waters in S m t a  Cruz, Marin, San Mateo: Alpine, 
and other counties. These fry resulted from a shipment of 25,000 eggs from Grand 
Lake Stream, donated by the United States Fish Commission. 

The report of the United States Fish Commission for 1881 shows that in the 
spring of 1882 a shipment of 10,000 Schoodic salmon eggs was sent to the California 
authorities; the resulting fry, 5,433 in number, were placed in Prosser Creek, Blue 
Lake, and Lake Honda. 

I n  1884 the United States Fish Commission sent 30,000 landlocked saImon eggs 
&om Maine to the California fish commission. These were hatched with a reported 
loss of 7& per cent, and the fry were distributed as follows: 5,000 in Independence 
Lake, 10,000 in Donner Lake, 10,000 in Bigler Lake (Lake Tahoe), and 300 in Butterfly 
Creek. 

In 1890 the United States Fish Commission station at Fort Gaston, Cal., received 
20,000 eggs of landlocked salmon from Maine. The disposition made of the fry is not 
known to the writer. 

Thirty thousand eggs were sent to the California commission in February, 1892, and 
the fry were turued over to tlie Country Club. The eggs arrived in poor condi- 
tion, and only a small percentage hatched. The fry were planted in the preserve of 
the club. 

In March, 1895,10,000 eggs were delivered to the Country Club of San Francisco 
for stocking waters on the club's preserve in Marin County; 3,000 fry were produced. 
A t  the same time, 10,000 eggs were seiit to the California fish commission. These 
were hatched with heavy loss (GO per cent). Mr. Babcock states that the fish are 
retained et Sisson, but will be placed in Lake Tahoe in 189G. 

A number of plants of landlocked salmon have been made in Nevada from spawn 
furnished by the United States Fish Commis.sion. The nature of the early work in 
Nevada is obscure, and no account of the first plant or plants has been met with. In 
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the report of the State fish commissioner for 1881-82, the first reference to the fish is 
found, the commissioner there stating that in 1881 he again commenced hatching land- 
locked salmon. The eggs were first forwarded by the United States Fish Commission 
in December, 1882. From this consignment, consisting of 15,000 ova, 14,000 fry were 
hatched and placed in the Truckee and Carson rivers in June, 1883. I n  1890,1891, 
and 1892, 70,000 eggs were sent to the Nevada fish commissioner. No records are 
available showing the disposition made of the fry resulting from the shipment in 1800. 
The fry from the 1891 consignment were distributed as follows : Truckee River, 7,000; 
Humboldt River, 5,000; Carson River, 2,500; Lake Tahoe, 2,500. The plants in 1892 
consisted of 4,500 in Truckee Biver, 4,000 in Humboldt River, 4,000 in Carson River, 
and 500 in Lake Tahoe. 

The published details of the results attending the planting of salmon fry in 1878 
are very meager. No referenoe was made to the matter in the State commissioners’ 
reports until 1854, when it was stated that the plant in 1878 had been only a partial 
success; that only a few fish had as yet been taken, and that the catch had been about 
the same as last season, of which no mention is made. The State report for the years 
1885-86 says of the landlocked salmon : 

Some small plants were made by former commissioners. Many 

Mr. E. W. Hunt, deputy of the California fish commission, in a report dated 

The fish increased and thrived. 
large ones have been captured during the last and present year. 

September 30,1891, made the following reference to landlocked salmon : 
I have been making inquiries about the landlocked salmon planted in Donner and Independence 

There have bcen two or three caught in  Independence Lakc during the  spring and summer, 
The professional fishermen on the lake do not think that  they hybrid- 

They are decreasing instead of increasing. None have ever been oaught in Donner Lake that  

lakes. 
weighing from 1+ to 3 pounds. 
ize. 
I can hear of. 

Mr. John P. Babcock states that  of the fry placed in Lake Tahoe nothing had been 
heard up to December, 1895. Mr. Babcock thinks it possible that, as they so closely 
resemble the so-called (( silver-side trout 77 of Lake Tahoe (Isal?no mykiss hefishawi), 
some of them may have been taken and not reported. He also furnishes the informa- 
tion that the fry resulting from the shipment of eggs for the Country Club in 1892 
were placed in lakes 011 the club’s preserve in Marin County, and several fine speci- 
mens were taken there in 1595. The club reports that  the fish are doing finely. 

I n  Nevada the results of the introduction of landlocked salmon seem to have 
been quite marked. The following quotations from the reports of the State fish com- 
mission will be sufficient to show the general outcome: 

The landlocked salmon furnished by the United States Fish Commissioner were planted in the same 
waters with the McCloiid River salmon. The plants were small, and from the large bodies of water 
to be stocked I had but little hope of reporting at so early a day as this. No attempts, other than 
ordinary angling, have been resorted to  in  determining their condition. Sportsmen and fishermen 
have had numerous good catches of these most desirable food-fish, and an undeniable verdict as to  
their superiority for our water8 comes from every intelligent person accustomed to  the habits of fish. 
They do well in the Truckee and Carson, proofs of which I have in the returns made to  me by fisher- 
men this season. I await the reception of more spawn, that  I may be able to  introduce them into 
every stream in the State. 

Mr. H. G. Parker, while fish oommissioner, made ono plant in Lake Tahoe and Truckee River. 
During the past few years many of these fish, weighing from 1 pound up to 34 pounds, have been 
taken. * * * Of my 1891 plants, several, from 2 to  10 inches in  length, have been seen, thus rihowing 
our waters are adapted to  their growth. (llept. 1891-92, p. 12.) 

(Rept. 1883-84, pp. 4-5.) 
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THE VON BEHR TROUT. I 

The fish resulting from 25,000 eggs of the Von Behr or European brown trout 
(8aZmo fario), sent from Northville, Mich., to Fort Gaston, Cal., in January, 1892, were 
placed in California waters in 1893 and 1894. In 1893 the plants consisted of 10,700 
yearlings in Supply Mill and Fish Tang creeks, near Hoopa Valley, Humboldt County; 
60 yearlings in Three Ureeks, near Hoopa Valley, Humboidt Uounty, and 178 yearlings 
in Redwood Creek, Humboldt County. The yearlings planted in 1894 were: 100 in 
Elk River, near Eureka; 981 in Larrabee Creek; a tributary of Eel Rivcr, and 2,715 
in the preserves of the Country Club in Marin County. I n  December, 1892,300 year- 
ling fish from the Leadville station of the United States Fish Commission were supplied 
to an applicant in Idaho for planting in a private pond near Reynolds, Owyhee County. 
This fish occasionally reaches a weight of over 20 pounds, but the average is only 5 or 
6 pounds. 

THE LOCH LEVEN TROUT. 
In February, 1894, 20,000 eggs of the Scotch lake trout (Halmo trtctta leve?&e?asis) 

were sent to the California commission from the Northville station of the United 
States Fish Oornmission. The eggs were hatched a t  Sisson and the fry placed in a 
lake near the hatchery, to be retailled as brood stock. Under date of December 6, 
1895, Mr. J. P. Babcock, of the California oommission, writes that  the fish have done 
well, and in July, 1805, 250, about 3 inches long, were deposited in Webber Lake, 
Nevada County. Several thousand are supposed to be still 011 hand a t  Sisson. The 
Loch Leven trout is very similar to the brown trout in size aud appearance. 

THE LAKE TROUT. 
Attempts have been made to introduce the lake trout (Salvelinus namayaush) into 

California and Nevada. This fish is also known as the salmon trout or Mackinaw 
trout. From the commercial standpoint, it is the most valuable of the so-called trouts 
of the United States. It is generally distributed in the Great Lakes, being especially 
abundant in lakes Superior, Michigan, and Huron. I n  1893 over 16,000,000 pounds 
were taken in the Great Lakes, for which tlie fishermen received more than $COO,OOO. 
The fish attains a large size, and is an excellent game and food fish, It is adapted to 
cloar, cold, deep lakes, in which it has been known to reach a weight of 90 pounds. 

I n  November, 1894, the United States Fish Oommission sent 100,000 lake-trout 
eggs to  the California fish commission. The eggs mere hatched with a loss of only 
about 7 per cent, and in May, 1895,65,000 fry were placed in Lake Tahoe, the remainder 
being retained at the Sisson hatchery. 

In 1885 the .United States Fish Commission sent 100,000 eggs to the Nevada fish 
commission. One lot of 25,000 eggs was lost in transit, but the other arrivod in good 
condition, In  December, 1889, the Nevada commissioner received another consignment 
of 30,000 eggs, which were hatched with little loss. The State reports do not show 
where these fry were planted, and no data are at  hand giving tho results of the early 
plants, but Mr. George T. Mills, fish coinmissioner of Nevada, states that the lake-trout 
fry planted in 1889 have done well and arc multiplying. They were planted mostly in 
Lake Tahoe and are now occasiona1ly taken by the fisheruen of that lake. The largest' 
Mr. Mills has any account of wei@ied 11 pounds; this is above the average of trout 
now taken in the Great Lakes, 

l?. C .  B. 1805-28 
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THE EASTERN BROOK TROUT. 
PLANTING O F  BROOK TBOUT IN PACIPIC STATES. 

Exteusive attempts to acclimatize the eastern brook trout ( Salveliltus fowtiitalis) 
have been made in several of the States of the Pacific Slope. The first plants, made 
more thai: twenty years ago, have been supplemented in recent years, and the fish has 
beeu given a wide distribution, especially in California and Nevada. 

As early as 1872 the Califorilia fish commission began their efforts to introduce 
this favorite game fish into t h e  State waters, and purchased 6,000 young fish for that , 
purpose. The plants were made in three equal installments-in the North Fork of 
the American River, iu the headwaters of Alameda Creek, and in tlie Sau Andreas 
reservoir near San Fraucisco. 

In  1875 the California fish cominission purchased 60,000 brook-trout eggs in New 
Hanipshire and hatched them at  Berkeley, with a loss of 4 per cent. The fry were 
distributed in public waters of the State, about 20,000 being placed in lake8 and 
streams in Mendocino, Sonoma, Napa, and Yolo counties; 20,000 in Calaveras Creek 
(in Alaineda and Sauta Clara counties) and other streams tributary to Ban Francisco 
Bay; 10,000 in Prosser Creek, Nevada County, and 10,000 in the North Pork of 
the American River, i l l  Placer County. In January, 1577, 133,000 additional eggs 
were obtained by purchase in the East. The young fish resulting from these eggs were 
planted in suitable waters in Siskiyou, Contra Costa, Alaiueda, Placer, Nevada, Saiita 
Cruz, San Mateo, Montereg? Los Angeles, Sail Diego, Yuba, and Snnta Clara counties. 

New Hampshire and Wiscousin furnished eggs in 1878 and 1879 to tlie number of 
70,000. The fry resulting from these were extensively distributed, the North Fork of 
the American River and tlie Truckee River receiving tlie largest plauts. In  1880 
41,500 fry were distributed. Prom that time up to 1890 the reports of the California 
commission do not sliow any brook trout handled. In the latter year, however, 100,000 
eggs were purchased in New Hampshire, and 53,000 fry were produced oud distributed 
in tributaries of the Sacramento and Klamath rivers. In the same year the North 
Pacific Game and Fish Club privately planted 25,000 young trout in Robinson Creek. 

The most extensive brook-trout propagation by the California authorities was 
carried on iri 1892, wheu 31 7,000 fry were distributed, tho eggs being taken in Marlette 
Lake, Nevada, where the fish had been acclimatized. The following year 251,000 fry 
were hatched from eggs obtained in Yevada, and in 1894 26G,OOO more fry were 
planted under the game conditions. 

The aggregate deposits by the State comiiiissioii uumbercd 1,228,000 fry, which 
were placed in IieFrly every county having suitable waters. For detailed statemelits 
of the waters stocked, the reports of the Califoruia fish cornmissiou should be con- 
sulted. 

In May, 1893, the United State8 Fish Commission made plants of young brook trout 
in California, as follows: 50 yearlings in Three Creeks, near Hoopa Valley; 215 year- 
lings in Redwood Creek, at Berry’s Crossiug, and 5,900 yearlings in Supply Mill and 
FiRh Taug creeks, Hoopa Valley. These fish resulted from :I lot of 20,000 eggs from 
New York, which were hatched and reared a t  Fort Qastou (Cal.) statio11 of the United 
States Fish Commission. 

The brook trout appears to have beeu successfully iirtroiluced into Nevada waters 
at a comparatively early date, but a history of the matter is iiot a t  hand. The Nevada 
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fish commissioner, in his report for 1881 and 1882, speaks of having hatched brook 
trout, but no details are given and no inention of the subject is made in his tW0 

preceding reports, going back as far as 1577, implying the carrying on of private 
fish-cultural work before the formatiou of a State fish commission. In  1883 areservoir 
of the Virginia and Gold Hill Water Company yielded 250,000 eggs of the brook trout, 
which, when hatchod, were distributed to the Oarson, Walker, Truckee, and Humboldt 
rivers, each receiving 40,000 fry. About 3,000 fry mere also placed in Washoe Lake. 
In 1885 or 188G, 50,000 eggs were taken from the same reservoir, but the details of 
the distribution are not recorded. In  1887,500,000 eggs were obtained from fish caught 
iu Marlette Lake, and in 1888 the saine number was taken in that water. The combina- 
tion of the resulting fry with the young of the native trout of Lake Tahoe in the 
distribution tables published by the State commissioner makes it impossible to record 
the waters iii which plants were made. Large numbers of fry were deposited in 1889 
and 1800, but no details are available. 

The planting of fry by the Nevada commission was continued in 1891 and 1892. 
In the former year 545,000 fish were allotted to private waters or public streanis, t h e  
Truckee, Carson, and Humboldt rivers receiving 410,000 fry. In t h e  latter year the 
plants aggregated 362,800 fry, of which 320,000 were placed in tho rivers named and 
68,000 in Lake Tahoe. In 1893 the State distributed 430,000 brook trout, the plants 
being niostly in the Truckee, Oarson, and Humboldt rivers and Lake Tahoe. The eggs 
were taken from fish khat had been introduced. 

Plants of yearling brook trout were made in Oregon and Washington by the 
United States Fish Conimission in the fall of 1894. Sixteen liuiidred fish were equally 
apportioned to the South Fork of the Umatilla River, near Gibbon, Oreg., and to 8 
tributary of Dead Point Stream, near Hood River Station, Oreg. The fish put in 
Washiiigton waters consisted of 375 yearlings in Twiu Lake, 750 in Mountain Lake, 
750 in Kelly Lake, 750 in Hooker Lake, 1,150 in Cranberry Lake, 1,160 in Johns Lake, 
and 51 in Washington Lake-a  total of 4,976. All of these fish were reared at the 
Fish Commission Rtation a t  Leadville, Colo. 

STATUS O F  THE BROOK TROUT IN THE YACIPIC STATES. 

While detailed information is wanting regarding the outcome of the attempts to 
colouize the brook t8rout in this region, and while the results of plants in many places 
are unknown to the writer, enough has been recorded in the State reports and elsewhere 
to show that tho fish has become adapted to numerons waters, where it has spawned 
and now constitutes a pormaiient addition to the list of gaine fishes of the section. As 
early as 1880 the results of brook-trout planting in California had become noteworthy. 
I n  the report of the California fish comlnission for that year it is recorded that- 

The South Yuba and the North Fork of tho American rivers, which originally contained no fish 
above the high falls on each stream, arc now woll stocked with trout. We have also stocked other 
streams, which naturally contained no fish, or from which all the fish had been caught. 

In the report of Mr. ,J. G. Woodbury, superintendent of hatcheries, published in 
the report of the California fish commission for 1889-90, the following references me 
made to the results of planting ea,stern brook trout in 1575, 1577, 1878, and 1879. 
After mentioning the waters stocked, he says: 

In all these short coast streanis, whioh become wanner and diminish in volume as the summer 
advances, they have not reproduced theniselvcs-at least I can not learn that they have been ortught 
for a number of gears past; but in it11 the high Sierra streams where these trout were planted they 
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can now be caught quite plentifully. The integrity of thcir characteristics in a11 their virgin beauty 
is maintained. A number of theso fish were caught during the past summcr in Blackwood Creek, 
Lake Tahoc. 

About four years ago a few of thcse fish were planted in a small lake ou the mountain side back 
of McKinney's place, Lake 'I'shoe. Last ycar Mr. McKinney told me that  a number of castern trout 
had been caught in  that  little lake, one of which weighed 3 pounds. He said they wore fiorce fighters 
and had a delicious flavor. Some of thcsc eastern trout have been caught 30 miles down the river 
from the place where they were first planted in the North Fork of the American Rivor. It seems to  
me very probable that  the eastern brook trout, as they become older and largcr, will drop farther and 
farther down the main stream, and ascend other branches to spawn, and thus becoming acclimated mill 
gradually stock all the streams in the State accessible from tho first strcam in which they were plauted. 

Mr. John P. Babcock, in response to an inquiry, contributes the following inter- 
esting notes on the eastern brook trout in California: 

Thefontinalis has bccn given a very wido distribution i n  the streams of the State, slinolit every 
stream having been stocked atr different times since tho fish's introdiiction in 1872. 

None of the plants in  the immcdiate coast streams has been successful. In  the small streams 
of the higher altitudes the fish has done fairly well. 

Takc the Truckee basin : The Nevada and California commissions have made liberal plants in 
Lake Tahoe. A few have been taken from the lako. Our  men seiniug for epav-ning mykiss in spring 
of 1895 took onefonlinalis that  weighed 3% pounds. It is highly marked and of :L deep, stocky build; 
wc have it in  the office. It is the only fontinalis takeu in  the lake with our seine, though we have 
taken many thousands of cut-throats. Of tho streams that  come iiito Tahoe from the  most, ]%lack- 
mood and Taylor creeks afford the best fontinnlis fishing; the trout, though not large, arc common. 
Very few specimens have beon taken from the Truckce River proper, bu t  i n  a number of its small 
tributaries they have been and are doing well, notably in Prossor Creek and its very small tributary, 
Alder Crook. A few foiztinalis wcighing over 2 pounds have been taken from Prosser Creek. I n  
Alder Creek the brook trout predominate, as they do in Cold Strcaui, a small crook above the town 
of Truckce, but  in none of the other small streams of theaegion does tho fonfinalie oxceed 20, per 
cent of the catch, while the rainbow trout (Salmo irideus) introduced to these waters cxcecds 70 per cent 
of the catoh for the past four years. 

In Lake of the Woods, a small sheet of water above aiid m a r  Webber Lake, in  Sierra, County, 
specimens of f O l l f i l l d i 8  were taken tho past season (1895) that wcighed over 3 pounds, and one %pounder 
was taken from Wcbber Lake. 

The brook trout have douc well in the heapwaters of American, Yuba, and ]?'eather rivers, 
though they confine themselvos to the smaller maters. Tho sanie may be said of the small streams in 
the Shasta region, the small creeks around the town of Sisson being well stocked. Large plants have 
been made in  Sacramento and McCloud rivers, but  no fish have been taken cxcept in headwaters of 
small streams. 

In  the Klamath region they have not been a success. 
In the Yosemite Valley country the plants have been very successful, end E O ~ C  fine fishing is to 

The fish placed in the King River region are roported as doing well. 
In southern California, in spite of repeated eforts, they have not done woll. 
Speaking of theintroduction of these fish in general, it cannot be said to have been as successful 

as anticipated. They do not seem to hold their own against the natives; they have added but  little 
to  the attractions of the sportsmen, who do not consider them the equal of either the cut-throat or 
rainbow trout in  gameness or flavor. They take the same flies as the nativcs. In Lake of the Woods, 
however, they take the spoon only, and can not be called to  the surface with flies. The commission 
will make no further efforts to  propagate these fish. We obtaincd the main supply of foatinalis spawn 
from Marlette Lake, in Nevada. 

About 1892 a hybrid between the brook trout and the Dolly Varden trout (#aZvc- 
li~aus malma) was produced a t  the Sisson hatchery of the California fish commission. 

. Two thowand eggs of the latter fish were fertilized with brook-trout milt. The 
experiment has been repeated each year up to the present time, and a large number 
of small fry is on hand. Mr. Babcock writes, under date of December 18,1895, that 

be had in  Bridal Veil Creek and near Wawona in sonm of the lakes. 
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some of the specimeus iiow at  Sisson are about 7 iuches loiig. In  November, 1895, 
a few eggs were takeu from the hybrid fish, and an effort will be made to hatch them. 
Mr. Babcock states that the crosses exhibit very beautiful colors. 

Only meager data are a t  hand relating to the outcome attending the plauting of 
the numerous trout fry in Nevada waters. It is kuomu, however, that the fish have 
riot only survived hi most of the waters stocked, but have proved an economic com- 
modity for sale in local markets and for home consumption. The fact that all of the 
spawn previously mentioued (smouuting to more'thau 3,000,000 ova) was taken from 
wild fishes, is in itself suEcieut evideuce of the adaptability of this fish to the maters 
of Nevada and of its successful introduction. 

The acclimatization of brook trout in the Hurnboldt River has beeu very success- 
ful; the report of the Nevada commissiouer for 1893-94 states that good catches have 
been made arid that ai1 encouraging future awaits the fish in that stream. 

Hon. George T. Mills, Nevada fish commissioner, writes as follows regarding the 
easterri brook trout in the Carsoii River and elsewhere in Nevada: 

Their scarcity I attribute to 
their leaving the main stream for the inany side streams, and from therc ont ill irrigating ditches, 
where they perish. 111 other small strealus in the State where they havc beeu placed, they are a 
success beyond our expectation. With 118 they are extremely hardy, a d  the fry will stand almost 
anything. For example, in July of thi8 year, I sent 20,000 to some creeks in the northeastern part of 
this State-12houra by rail, 70 miles by wagon-with the loss of only one fish. This I think phenomenal. 

Sufficient time lias not yet elaspetl to determine the results of the planting of 
yearling trout in Oregon and Washington in 1894. 

The S. folitinalis do not 8eem to have iucreased in that atream. 

THE MUSKELLUNGE. 
In  May, 1893, the New York fish commission furnished to the California fish 

cornmission 100,000 fry of the niuskdlunge (Lucius masquinongy) from Chautauqua 
Lake. The United States Fish Oornmission gave free transportatioll of the fish 
to Ogden, Utah, from which place the consignment was under the auspices of the 
California commission. The fish reached their destination in good condition, and 
93,000 were placed in Lake Merced, near Sari Fraucisco. 

The introduction of this species was uiidertakeu a t  the solicitation of the Spriiig 
Valley Water Compauy, of San Francisco, which paid half the expense of transporta- 
tion from Ogdeu. It haviug been learued that the muskellunge grows rapidly, is a 
voracious feeder on live fish, and has excellent game qualities, i t  was thought to be a 
desirable fifiAh to plant iu the reservoirs of the company to check the proliferatiou of 
carp and aft'ord sport. Oarp existed in great abundance in Lake Merced and Palisidas 
Lake, which are reservoirs for the water supply of San Fraucisco j and these fish kept 
the water constantly stirred up and consequently muddy. The desirability of keeping 
the c,wp i u  chcck was probably the chief reason for the importation of the muskellunge. 

The muskellunge fry were put in private water under an agreement with the 
water company permitting the State to take such fish for breeding purposes end 
distribution as might be desirable. 

The plauting of muskellunge in h k e  Merced appears to have been it failure, 
although sufficient time may nbt yet have elapsed to fully decide the matter. In  
June, 1894, the California comn~ission employed some drag-net fishermen, who iuade 
hauls in every part of the lake, but obtaiiied no muskellunge, and the commissioners, 
in the report for 1893-94, express the belief that the fry have not survived. 

,. I '  
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The muskellunge is a magnificent food and game fish, sometimes reaching a 
Further efforts will doubtless be made to secure its weight of nearly 100 pounds. 

colonization in California. 

T H E  PIKE OR PICKEREL. 
On September 15, 1892, 76 yearling pike (Lucius Eucius), sent from the station of 

the United States Fish Commission a t  Quincy, Ill., were placed in the Boise River, 
near Boise, Idaho. In the preceding December a plant of 400 pike was made in Lake 
Cuyamaca, California, near San Diego, and another of 100 in the Feather ]liver, in 
Butte County, Gal. These fish were also yearlings from Quincy. 

Mr. Arthur G, Fletcher, of the California fish commission, visited Lake Cuya- 
mac;L in January, 1896, and found that the pike had survived. In two hauls of a small 
seiue near the shore, 4 fish under 8 inches lorig were taken; 2 of these, which were 
forwarded to San Francisco, were females with well-developed ova. Pike are said to 
be more numerous tlinn any of the other eastern fishes-black bass, yellow perch, 
catfish, and crappie-that were planted in the lake at the same time as the pike. Mr. 
.J. E. Friend, of San Diego, recently caught with rod and line 2 pike that weighed 2 
pounds apiece, Professor Jordan has identified as the little pickerel (Luciue venni-  
culatus) one of the small specimens obtained by Mr. Fletcher. 

T H E  EEL. 
HISTORY O F  INTRODTTUTION. 

As early as 1871 the California, fish commission contemplated the introduction 
of the common eel (Anguilln clwysypn) into the Sacramento River,* and in 1873 ail 

eEort was made to import eels from the east coast. Acting in behalf of the CalifornL 
fish commission, Mr. Livingston Stone, of the United States Commission of Pis11 
and Fisheries, started froin Charleston, N. H., with an “aquarium car,,, containing, 
besides a large number of other fish, 1,500 eels from Martha’s Vineyard, Mass., ant1 
40,000 from the Hudson River, New York. The car passed beyoiid Omaha with the 
eels in good condition,-and the prospects were favorable for the safe arrival on the 
Pacific Coast of between 20,000 and 30,000 eels, when the car was wrecked in a rail- 
road accident and the entire stock was lost. 

I n  1874 the attempt to introduce the fish was renewed and successfully carried 
out by Mr. Stone in the new L(aquariurn car,” to which frequent reference is made i n  
this paper. The original consignment consisted of’ about 2,000 small ‘( fresh-water” 
eels from Castleton, N. Y., ou the Hudson River, and several thousand small b L  salt- 
water )) eels from New York Harbor. The loss of the former lot in  transit was almost 
complete, but the eels taken from salt water Btood the journey well. On June 13 
the fish from the Hudsoii River, then reduced to 12 in number, were placed in a slough 
of the Sacramento River near Sacramento. The eels from New York Harbor, abont 
1,500 in number, were deposited in an inlet of San Francisco Bay, near Oakland. t 

* Report of the Commissioners of Fislieries of the State of California, 1870-71, p. 14. 
t In a tabulated statement accompanying Mr. Stone’s report of the trip with the aquarium car, 

them eels are said to have been placed in lakes at Sutterville, n tow.1 on the Saoranientb River, near 
Saeraruento. (Rept. Cal. Fish Coni., 1874-7.5, pp. 6, 30, 32.) 
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The plant.iiig of eels in waters of California was next accomplished in 1879 under 

the same circumstances that attended the introductiou of several of the other fishes 
to which reference is m d e  ill this paper. The transportation of the fish across the 
continent was again superintended by Mr. Ilivingstoti Stone, whose report * contains 
all that is recorded regarding the history of the experiment. The supply of eels con- 
sisted of about 3,000 iiidividuals obtained by Mr. Seth Green in the Hudson Xiver, 
Xew Pork, and about 500 others secured by Mr. H. W. Mason in the Navesink 
River, New Jersey, in connection with the taking of striped bass intended for the 
same shipment. The tank of eels from the Hudson River was thrown away 811 route, 
as Mr. Stone saw that there was no 1)ossibilify of their reaching the coast alive; the 
others (about 500 in number) reached Sacramento oil June 18 in good condition and 
were deposited in the Sacraniento River and Alameda Creek. 

I n  July, 1882, Mr. J. G. Woodbury, of the California fish commission, took 10 eels , 

from the Shretvsbary River, New Jersey, to California, in connection with the trans- 
portation of striped bass. They were carried west without loss by keeping them in a 
well-ventilated box in which moist eelgrass was placed. These eele were appareutly 
larger than those in the previous plants, being from 12 to 24 iuches in length. They 
were planted in Suisun Bay in water about :t foot deep, on the edge of the tules. l r  On 
being put into the water they immediately bored straight down into the soft mud, 
and in a moment were all out of sight.” 

OUTCOME O F  THE EXPERIMENTS. 

The results of the introduction of eels to California waters are not fully known, 
and reports of the capture of the fish are unsatisfactory and somewhat contradictory. 
The first reference to the taking of an eel in California appears to be that given in the 
biennial report of the State commissioners for 1874-76. 

Of tho fresh-water oels placed ill a tributary of the Sacramento Itiver, we learn that  one had been 
caught in Willow Slough, in Yolo County, which had grown t o  be more than a foot in length. We 
have no knowledge that  the Salt-wtlter eels placed in Sacramonto Bay have ever been seen. 

In the report of the commissioners for 1876-77 i t  was stated that a few eels had 
beeu caught, but they had not become numerous. The next report recorded the cap- 
ture of several ‘‘ taken. in the fresh water, near Sacramento, full grown, atid 3 feet in 
length.” In 1880 the commissioners stated : 

proportioil to  that  of other imported fish. 

with the foregoing: 

They say: 

Occaaioiially we hear of au eel being CaPturod, but  as yet tliey have iiot ehowii en increase in  

The statements regarding this fish ill the report for 1853-84 conflict somewhat 

Eels, placed in our waters by the foriuor coiumissioners, have not been a success. It is probable 
that  the place where they were deposited and where they have made their homo has iiot yet been 
dimovered; et a11 events, uoue have been taken siiico they were plantoil. It seem8 to  11s that  they 
ought to do well iii our inland waters, as t h y  arc fond of the bottonls of ponds or streams where 
mild prevails, &B is tho case in oiir lakes and rivers. 

Am&art Natwmlist for April, 1882 (page 326), contains this iiote : 

resulting from the 1)lant of 12,000 mado by the California fish commissioners. 
easterly shore of San Francisco Bay and measurod 3 feet iii length. 

Under the probably erroneous oaption, “ The first California eel caught,” the 

The San Francisco Chvon$cle of February 8 reports the catch by George Bird of the first eel, 
It was caught on the 

- . -  

* Report 011 Ovurland Trip to Californiib, 1879. (IT. S. P. C. Rept. 1879, pp. 657-G44.) 
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In 1894, when the writer visited the Pacific Coast, no eels were at any time seen 
in the markets of San Francisco or other cities, and the following statement, based on 
his observations, was printed in a report * embodying the data on certain phases of the 
fishing industry obtained at the time: 

Inquiries regarding the results of the attempted acclimatization of the eel (Anguilla chrysypa! on 
this coast are apt to elicit misleading information unless great care is exercised. In the San Francisco 
mssket8s one learns that eels are not infrequently exposed for sale, and that both salt water and river 
fishermen catch them occasionally, but a11 examination of the reported eels usually shows them to be 
lampreys. 

According to Mr. Charles Cuneo, of the American Union .Fish Company, San 
Francisco, eels are occasionally caught iu the viciuity of Sari Praiicisco in seines and 
other fine-meshed nets operated for other fish, but they are quite scarce. A few come 
from San Francisco Bay and a few are taken by the steamers using drag nets outside 
the Golden Gate. Mr. Cuneo says a steamer will sometiines bring in 10 or 12 poullds 
of eels. Those exposed for sale in the‘ San Francisco markets are small, usually being 
only 10 to 12 inches long. The wholesale price is 10 to 15 cents a pound. 

In  view of the hardiness and great prolificness of the eel, it is somewhat remark- 
able that it has not gained :I firm hold hi California and become abundant. It is, of 
course, possible that the failure to catch more of them has been due to the absence of 
suitable pots or traps, but the fact that the fish are so seldom taken with the various 
forms of apparatus now used can only be explained by their actual scarcity, and in 
their last report (1894-95) the California fish commissioners regard the eel cis one of the 
fish from whose attempted introduction 6‘ no result can be said to have come.” 

While the eel is a highly esteemed food-fish in the principal markets of the Atlantic 
States, is easily caught, and yields good returns to fishermen, it is perhaps fortunate, 
on the whole, that it has not attained abundance on the Pacific Coast. It is known to 
be very destructive to the spawn of shad and other important food fishes, and if it 
existed in large numbers iu the California rivers it might seriously reduce the supply 
of salmon, striped bass, and other river fish by resorting to the spawning grounds and 
devouring the ova. 

THE CRAPPIES. 
The crappy, sac-a-lai, or bachelor (Pomoxis annularis), and the strawberry bass 

or calico bass (Pomoxis sparoides), have been distributed in California, Washington, 
and Idaho, from the United States Fish Commission station at Quincy, Ill. The first 
plants were made in Washington. In  1890,285 yearling crappies were placed in Lake 
Washington, near Seattle; the following year 220 were put in Loon Lake and 50 in 
Liberty Lake, near Spokane; in 1892,25 were planted in Deer Lake near Loon Lake, 
and in 1893,18 were put in Shepherd Lake, A plant of 388 yearlings was made in 
1892 in the Boise River, near Boise City, Idaho. 111 Lake Uuyamaca, near San Diego, 
Cal., 285 yearlings were deposited in 1891. The largest consignment was made in 
1895, when 50,000 fry were sent to the Califoruia fish commission station at Sisson. 
Mr. Babcock writes that none of these lived. 

While most of the fish belonging t o  this genus which have been distributed in 
western waters, are known to have been of the first-named species, it is certain that 

--- 
* Notes on a Reoonnoissance of the Fisheries of the Pacifie Coast of the United States In 1894. 

Bulletin U. S. Fish Commission, 1894, pp. 223-288. 
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the plants have included some strawberry bass or calico bass (P. sparoides), which 
inhabits some of the same waters as the crappy or bachelor. Both these members of 
the sunfish family are valuable food and game species, attaining a length of 1 foot and 
a weight of l& pounds. 

THE ROCK BASS. 
Pour full-grown rock bass (Atnbloplites rupestris) obtained in tho Missisquoi River, 

Vermont, were taken to California by Mr. Livingston Stone in 1874 and deposited in 
Napa Creek, a tributary of San Pablo Bay, on June 12. No knowii resuIts have 
attended the planting of these fish, although the black bass placed in the same waters 
a t  the same time have greatly multiplied. 

The rock bass or red-eye perch is found in the Mississippi and Ohio valleys and 
in the Great Lakes. It attains a. weight of 16 pounds, is a hardy, gamy fish that 
takes the hook readily, and is a palatable pan-fish. Like the black bass, it builds a 
nest and protects its young. 

\ 

THE WARMOUTH BASS. 
A few small plants of this member of the sunfish family (Centrarohidm), to which 

the black bass, rock bass, and crappy belong, have been made in California, Wash- 
ington, and Idaho. It is a hardy species, adapted to quiet maters, and is naturally 
found in the coast States from Virginia t o  Texas, in the Mississippi basin, and in the 
Great Lakes. It closely resembles the rock bass in size, Iiabits, food value, and game 
qualities. 

Four hundred yearling warmouth bass (Chc~rzobryttus guloszcs), from Quincy, Ill., 
were placed in Lake Cuyamaca, near San Diego, Cal., in 1891, In the same year 100 
yearliugs were deposited i n  Feather River, near Gridley, in Butte County, Cal. A 
plant of 201 yearlings was made in Boise River, near Boise, Idaho, in 1892. I11 Loon 
Lake, Washington, 29 yearlings were placed in 1892. No reports from any of these 
fish have been received. Of 12 fish delivered to the California fish commission in 
June, 1895, 6 were alive in December, 1895, in a pond at Sisson. 

THE SUNFISHES. 
Small plants of the green sunfish (2;Tomis cyanellus) and the blue-gill or blue 

bream (Lepomis pallidus) have been made in public maters of Washington and California 
by the United States Fish Comlnission. The Washington consignments consisted 
of 25 yearlings in Loon Lake aud 25 in  Lake Colville in 1890; 300 in Loon Lake 
and 150 in Deer Lake in 1891, aucl 9 in Deer Lake in 1892. I n  1805,13 yeirlings were 
clelivered to the California State hatchery n t  Sisson, 18 were put in Elsinore Lake, 
and 18 in the Balsa Cliico River. A few sunfish were accidentally introduced with 
other fish into Lake Cuyamaca near San Diego in 1891. 

It is not known with certainty which of the numerous species of sunfish inhabit- 
ing the Uuited States have been taken to the Pacific States; but as the shipments 
were made from Quincy, Ill., and as both of the species iialned are common in that 
vicinity, it is probable that they have been introduced. Dr. Jordan has identified as 
Lqomis cyanellus specimens of sunfish obtained in Lake Cuyaniaca by Mr. Fletcher, 
of the Oalifornia commission. 
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. THE BLACK BASSES. 
HISTORY O F  INTRODUCTION. 

Plants of both large-mouth black bass (iMicropterus s a h o i d e s )  and small-mouth 
black bass (M. dolomiezc) have been made in the Pacific States. The mall-mouth fish, 
however, was introduced much earlier and in larger numbers. It appears to have been 
first taken to California i i i  1874 by Mr. Livingston Stone i n  his L‘aquariuin car.” The 
original lot cousisted of 75 full-gro\vti spawning bass froin Lake Champlain, Vermont, 
and 24 small fish froin St. Joseph River, Michigan. Two of’ the large fish arid 12 of 
the small ones were lost in transit. The adult fish were placed in Napa Creek and 
the immature lot in Alaitieda Creek. 

The probable extermination by anglers of the fish put in Napa Creek lcd the coni- 
missioners to renew their attempts to acclimatize the black bass, and in 1879 they had 
Mr. Stone take out 22 fully matured fish from the East. These were put in the Crystal 
Spring reservoir of the Spring Valley Water Company, in San Mateo County, with 
the assuraxioes of the company that the fish would be protected and be at  the disposal 
of the commission should they incresse. Shortly before this :L small lot of black bass 
seems to have been imported by a sporting club and placed in Lake Temescal, in 
Alameda County, near Oaklaud.* 

From 1879 to 1889 no bass appear to have been planted by the California com- 
mission, although iu the meantime the fish had probably been distributed privately 
from the waters previously stocked; thus, in  1889, it was reported as being in the 
Russian River. In 1889 the State authorities begiln the distribution of black bass 
froin planted waters, chiefly the Sau Andreus reservoir, and 500 fish froin 6 to 9 inches 
loug were deposited iu Clear Lake in Lake County, Thermalito Reservoir in Butte 
County, and Sweetmater Lake in San Diego County. 

I n  the following year small lots of bass were pnt in Clear Lake, Blue Lakes, 
Pajaro Itiver, Laguua de San Luis, reservoirs in Monterey and San Luis Obispo COUII- 

ties, and a lake at B1 Monte in Monterey County, the aggregate plants being 357. 
Some bass were taken from the reservoir of the Spring Valley Water Company iu 1891 
or 1892, but the number was quite small and 110 details of the distribution are recorded. 
In  1893,155 fish mere sent out by the State commission. The extent of the work in 
1894 edipsed all previous records. The State authorities sent a deputy to the Russian 
River, where in May tlie wild fish were seined. The number caught aud distributed 
was 9,350, which were chiefly consigned to public waters not previously stooked. The 

” I n  a report of Mr. J. G. Woodbiiry, California superintendent of hatcheries, printed as en 
appendix to the biennial report of the State fish commission for 1889-90, the following statements are 
made : 

“Seth Green brought the first black bass to California. These were brought out at the expense 
of IL sportsmen’s club and placed in Temescal Lake, near Oakland. The second lot of black bass wad 
brought out by B. B. Reddiug, for the California fish commissiou, and planted in the Crystal Springs 
reservoir, near San Mateo, with the permission of the Spriug Valley Wilter Cornpimy.” 

Mr. Woodbnry gives no further particulars, and is certainly in error in clainiing that the two lots 
mentioned by him were the firet and second, respectively, taken to California. He has overlooked the 
bass carried by Mr. Stone in 1874. The fish planted in Tenlescal Lake probably curnprised the second 
lot transported to the State. 

- 
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largest plants were made in Fresh-water Lake, Hunlboldt County (2,000); San Joaquin 
Biver, near Herndon, Fresno County (1,000) ; Lake Yosemite, Merced County (1,000) ; 
Stony Lake, Humboldt County (500) ; Keweah River, Tulare County (600) ; Garvey 
Lake, Ban Gabriel, Los Angeles County (500); Irvine Lake, Orauge County (500). 
Sniall waters ill Alameda, Los Angeles, Santa Ih,rbara, Sen Bernardino, and Tulare 
counties also received fish. 

The distribution of smwll-mouthed black basa by the California commission mas 
further extended in 1895. Mr. Babcock furnishes the information that froni tlie 
lendlocked overflow ponds of the Russian River 25,600 fry mere collected by tlie 
commissiop’s ageuts, aiid that the fish mas given a much wider distribution in the 
State, applications from almost all counties beiug filled. 

The United States Fish Commission in December, 1891, placed 1,990 yearling 
Isrge-mouth bass in Lake Cuyamaca near Sari Diego, aud 620 iu the keather Xiver 
near Gridley. In  June, 1895, a, carload lot of 2,500 large mouth bass was sent to the 
Califorilia fish commission. The fish were retained in ponds a t  Sisson. I n  the same 
month 50 fish were put in each of the following California waters: Buena Vista Lake 
near Bakersfield; reservoir near San Diego, and Elsinore Lake near Elsinore. 

The plants of black bass in Oregon have not beeu ~inmerous, although consider- 
able interest Iias been manifested by anglers in securing the acclimatization of tlie 
fish in the State. In  October, 1892,500 yearling large-mouth fish were placed in  the 
upper part of the Willamette River near Salem, slid in July, 1896,75 yearlings were 
deposited in Doves Lake near Salem; 25 in Mill Creek, a tributary of the Willamette 
River, and 76 in Big Creek, a branch of the Powder ltiver. 

Comparatively numerous plants of yearling large-mouth bass have been made by 
the United States Fish Cornmission in Washington during the past few years. In  
1890 Washington, Loon, and Oolvillr? lakes received 1,220 fish; in 1891,125 fish were 
sent to Loon aud Liberty lakes; the followiug year 3,647 fish were planted in Ulear, 
McDonald, Loon, Deer, American, Liberty, and Gravelly lakes. Clear, Padden, and 
Shepherd lakes, a private lake in Spokane County, and a, public lake iu Skagit County 
were supplied with 400 fish in 1893. The shipmeuts in  1895 consisted of 625 fish, 
deposited in Loon, Cevauaugh, Silver, St. Clair, Welty, and Clear lakes, the aggregate 
plants in Washington being 5,442. 

In the Boise River, near Boise, Idaho, 1,597 yearling large-mouth bass were 
planted by the United States Fish Commission in November, 1892. 

In 1888 the Nevada fish commission exchanged 30,000 young eastern brook trout 
for small-mouth black bass, the other party to the transaction beiug the Spring Valley 
Water Compaiiy of Sail Francisco. The number of bass received is not stated iu the 
ofiicial report, but itt probably amounted to several thousaird. Some were planted iu 
Carson ltiver and Washoe Lake, and about 1,000 were placed in a privtte reservoir 
near Oarson. 

The noteworthy results attending the planting of black bass in Utah warraut 
reference, although the general discussion of fish acclimatization in that State is not 
colrsidered in this paper. In September, 1890, the United States Fish Commission 
delivered 300 yearling lerge-mouth bass to BIr. A. M. Musser, the State fish commis- 
sioner, by whom they were placed in Weber Itiver, near Bgden. A t  the sanie time 
1,418 yearlings Were planted in Utah Lake, a t  Battle Creek. 111 1893 two lots of 28 
fish each were s11ppliecl to alqtIican.ts in sal6 Lake city. 
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RANGE AND ABUNDANCE IN PACIFIC STATES. 

With very few exceptions, the black bass have survived and multiplied in all the 
waters in California in which they were planted, so that they have become one of the 
most widely distributed game fishes of the State. The State fish commissioners have 
refrained from depositing fry or yearling bass iii waters already stocked with salmon or 
trout, but have restricted the distribution to lakes, reservoirs, ponds, and rivers in 
which the predaceous bass could do no damage. It seems only a question of time, 
however, when the bass will naturally find their way into and become abundant in all 
those rivere in which they have not already been planted. 

Very prompt results attended the planting in Napa and Alomeda creeks in 1874. 
I n  their report for 1874-75 the California commissioners stated that during the latter 
year black bass had been caught in Napa Creek and that large numbers of young had 
been observed. The fish planted iu Alameda Creek were said to have been seen, but 
none had been taken. The report for 1876-77 stated that the fish had increased; 
that  many had been caught, and that by June, 1878, the young could be taken for 
stocking other streams. The next biennial report (for 1878-79) records the probable 
extinction by anglers of the fish put in Napa Creek, none having been caught in the 
two years named. 

The adult bass placed in the reservoir in San Mateo County in 1879 rapidly 
increased, and in 1880 the State cominissioners hoped in another year to take the young 
for distribution. Fish imported by the Sportsmen's Club of San Francisco about the 
same time and placed in a lake in Alameda County had also increased and were sub- 
sequently utilized in stocking other waters. The San Mateo County reservoir served 
as the principal source of supply for the State commission until 1894, since which time 
the young for distribution have been mostly taken from the Russian River. 

I n  the Awerican Angler for April 9,1887, Mr. Charles Kaeding records the arrival 
a t  San Francisco on March 2 of the first black bass from the Russiari River. The fish 
was taken at Guerneville and weighed 24 pounds. By 1889 or 1890 the Russian River 
had become well supplied, although the California authorities stated that up to that 
time not many public waters had been stocked. Numerous applications for bass were 
made to the State commission in 1890, aud over 800 yearlings were obtained for plant- 
ing from waters that had been previously stocked. The abundance of the fish in 
Russian River was attested by the large number of yearlings taken for distribution in 
1894 and 1895 from the overflow waters of that stream, the aggregate collections being 
35,000. Large numbers of young fish were seeu in the river itself in 1895. Mr. 
Babcock believes the stocking of the Russiaii River was done by private parties, as 
there is no record of plants made in that stream under State auspices. 

I n  their report for 1893-94, the California commissioners said that they could quote 
from many letters showing the most remarkable growth of black bass iu stream8 and 
lakes which had never before been stocked. Besides the numerous closed waters in 
which the fish are found, the following rivers, in addition to the Russian, are also 
stocked: Tule River, headwaters of the American River, headwaters of the Ssn 
Joaquin River. A few have also been reported from the Sacramento River a t  Colusa. 
Jordan and Gilbert record the'small-mouth bass from Clear Lake. 

Mr. Fletcher, deputy of the California fish coiiimissioii, reports that black bass are 
doing very well in Lake Cuyamaca, and that a great many have been taken in the last 
two years. Mr. J. E. Friend, of San Diego, who passed 8ome weeks on the lake in tho 
latter part of 1895, took 3 large-mouth black bass weighing 25 to 35 pounds each. 
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Regarding the outcome of the plants of bass in  Washington waters, Mr. Alex- 
ander reports that  as far as he has been able to learn nearly all the bass are thriving 
and are in  a fair way to soon become plentiful enough to give the anglers sport and 
supply many tables with food. 

Clear Lake, 14 miles from Spokane, is one of the waters in which the United 
States Fish Commission has deposited bass, plants being made in 1892 and 1895. In 
August, 1895, Mr. William Barnum, of‘ the Commission, visited this lake and found 
the fish abundant. Silver Lake, about 2 miles. distant, has also been successfully 
stocked, and bass were numerous in 1805. Otter Lake, a small lake in the vicinity, 
was privately stocked with fish from Clear and Silver lakes in 1894. The qudstion of 
stocking Medical Lake with bass from Clear Lake has been under discussion for some 
time, and several plants of fish have been made. The peculiar character of the water 
in Medical Lake, however, is thought by some to militate against the success of the 
experiment. Eing Lake, near Medical Lake, has also been planted with bass from 
one of the neighboring lakes. I n  1895 black bass were reported abundant in Loon 
aiid Washington lakes. 

No information as to the outcome of planting bass in Nevada has been received 
since 1892. Up to that time the fishermen of Carson River and Washoe Lake had 
taken no fish, according to the State fish conimissioiier’s report. 

Mr. W. 13. Ridenbaugh, of Boise, Idaho, has a poud connected with the Boise 
River, 19 acres iu extent, in which large-mouth bass are abundant. Another pond of 
2& acre8 was drawl off in 1892, and 2,240 bass, averaging half a pound each, were 
placed in the Boise River. No fishing has as yet been done in the river, and it is not 
known how the fish are flourishiug. The eventual stocking of the Snake and Colum- 
bia rivers from this stream is not improbable. Mr. Ridenbaugh has never heard of 
any bass being caught by anglers or in any other way in the Boise Biver. He has 
watched for them in the irrigation ditches, especially after a break, when the water 
was low, but has never seen one, and is inclined to believe that the fish have gone 
down the Boise River into the Snake River. The latter is sluggish and deep in places, 
and apparently well suited to bass. Mr. Eidenbaugh thinks it will one day be a great 
bass stream. 

Under date of December 21,1895, Mr. Ridenbaugh informs the Commission that 
his first stock of black bass ’was obtained in St. Joseph, Mo., and shipped to Boise by 
express. The lot consisted of 50 fish about (i inches long. These were placed in his 
smaller pond eight years ago, and during the last four years he has. caught annually 
about 60 fish, weighing 1 to 1& poulids. The larger pond was stocked with small fish 
from this pond and with bass received from the United States Fish Commission. 

Large-mouth black bass are now exceedingly abundant in Utah Lake, Utah, the 
lake having been stocked by the single plant in 1890. The economic result of this 
successful introduction is more important than in any other State. 

The large-mouth bass reaches a greater weight tlian the other species; in the 
Great Lakes, Mississippi Valley and Eastern States, the maximum is about 8 pounds, 
but iu the warm soutliern waters a weight of 15 or more pounds is attained. The 
maximum weight of the small-mouth form is about 5 pounds. 

AB yet there is little occasion 011 the part Of fislierrnen and anglers in the Western 
States to know the characters distinguishjng the two species of basses, since only one 
of them has boeii plaiited in a given locality; but as the fish receive a wider distribu. 
tion by natural and artificial means the two kiuds will in time be sometimes found in 
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the same waters, and it will often be a matter of interest to aiiglers and others to learn 
which fish has been caught. The color markiiigs and the general tippearawe of the 
two basses are usually sufficient to distiiiguish the species, as the sccompauyhg figures 
will show, but the most mtisfactory and conclusive feature by whicli they may be sepa- 
rated, whatever the age or condition of the specimens, is the number of rows of scales 
on the side of the head. I n  the large-mouth bass the scales are relatively large and 
in about 10 transverse rows, while in the small-mouth species these scales are quite 
miiiute and in about 1 7  rows. 

FISHlNG FOR BLACK BASS.' 

In California the black bass is not a commercial fish. It is seldom, if ever, seeii 
i n  the markets of San Francisco or ot'her large cities, and when exposed for sale is 
usually an indication of a violation of law on the part of some fisherman. 

The oiily legal method of taking bass iu California is with hook and line. A 
favorite fishing-ground is the reservoir of the Spring Valley Water Company in San 
Xateo County, where fishing is by permit, and ouly 20 bass are allowed to be cmght 
a t  one time by oue person. Mr. Alexander reports that the guests at the Hotel del 
Monte, Monterey, are permitted to fish in the lake and reservoir in the hotel grounds. 
The catch. is limited to 18 fish to a rod. Bass a foot in length have been tabeii in the 
lake, and sornt*, 18 inches long have been caught. in the reservoir a t  Thermalito. 

Some bass angling has been done in the Russian Eiver, where the fish are abun- 
dant, but it is said the fishiug is not good. Coiisiderable illegal fishiiig liaa from time 
to time been reported in this river. Mr. Alexander states that several fishermen with 
drag seines made comparatively large hauls in 1894, iiiucli to the indignation of the 
State authorities and the people in the vicinity. I n  July, 1894, arrests were made and 
coiivictiou had for usiug dynamite to kill bass. Several hundred bass were found 
floating in the river after the explosion of a submerged charge of powder, and dead fish 
are said to have lined the sides of the river and caused a strong stench for some time. 

The bass in Clear Lake and other lakes near Spokane, Wash., afford titine sport 
to anglers. The fish usually weigh 1 to 1& pounds. Mjnnows are used for bait, and 
eveii dead or mutilated ones will prove attractive lures. The black bass sold i i i  the 
Spokane markeh are taken in Silver and Clear lakes with hook and line, 110 netting 
being permit!ted. Mr. E. Michael, a fish-dealer of Spokane, reports that he pays the 
fishermen l2 f  cents a pouiid for bass and retails them at 15 to 17 cents a pound. He 
handles about 150 pouuds a week during a season of about 10 weeks. 

In Utah Lake, Utah, the large-mouth black bass has become a fish of coiisiderable 
commercial value. Iu 1895 Mr. William Barnum, of the United States Fish Commis- 
sion, learned a t  Salt Lake City that one dealer jIi that place was receiving about 500 
pounds il week from Utah Lake. The fish are very highly esteemed, and retail readily 
at 20 cents a pound. The usual weight of the fish taken for market in Utah Lake is 1 
to l& pounds, but a few specimens weigh 3 to 4 pounds. A fish weighing 44 pouiids is 
recorded. The bass is said to be the only high-priced fish used by the Chinese, who 
are very fond of it. The Deseret Evcning News of September 26, 1895, reported that 
12,000 pounds of bass had already been taken that season from Utah Lake. The 
report of the Utah commissioner for 1894-!)5 states that  60,000 pouiidfi of black bass 
were caught ii i  Utah Lake in those years, most of the fish being shipped to Colorado. 
Fishing is done with lines. 
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T H E  YELLOW PERCH. 
The yellow or ringed perch (I’erca favesoens) is one of the most important food- 

fishes of the Middle Atlantic States aiid the Great Lakes. It is also of considerable 
economic value in the Mississippi Vdley. Its alverage weight is under 1 pound, but 
iiiider favorable conditioiis it sometimes reaches a weight of several pounds. The 
miiual output in the coast and lake States is worth over $250,000. Attempts have 
been made by the United States Fish Commissioii to aoclimatize this fish in Califoruia, 
Washington, and Idaho, in lakes, rivers, and ponds. The results of the plants, which 
aggregated 7,830 yearling fish, have not been reported to the Fish Commission, with 
two exceptioiis. 

In Deceinber, 1891,3,00O yearliiig yellow perch were placed in the Feather River, 
in Butte County, Cal., and 3,980 yearlings in Lake Cuyamaca, near San Diego, Cal. 
This fish seems to have beeii successfully introduced into Lake Cuyamaca. Mr. 
Fletcher, of the Oaliforiiia fish commission, reports that large numbers have been taken 
by anglers; specimens obtained by him have beeii ideritified by Dr. Jordan. 

Some plauts of yearlings were inade in Washingtoil in 1890,1891, and 1e95. In  
the firsirnamed year 25 were deposited in Loou Lake aiid 30 in Lake Colville; in 1891, 
600 more were put in Loon Lake; aiitl in 1S9B. 200 were plaritecl in South Palouse River, 
50 in Loon Lake, 100 in Lake St. Clair near Tacoma, and 100 in Silver Lake. 

Mr. J. A. Borden, of Spokane, who had caught yellow perch in the Potoniac Itiver, 
states that these fish are pleiitiful iii Loon Lake, Mr. E. Michael, one of the principal 
lish-dealers in Spokane, handles yellow perch and reports that they sell well. 

Newman Lake, in Idaho, received 200 fish, and private poiids new Hauser a i d  
Shoshone, in the same State, 200 more, iii 1895. 

TII 1873 Mr. Liviiigstou Stone attempted the introduction of yellow perch into 
Celifoniia. His ill-fated aquarium car contained 110 specimens of this fish from the 
Missisquoi River, Vermont. The attempt seeins to have elicited some criticism, to 
which the following letter of Mr. Stone, in the issue of Powst and Stream for March 19, 
1874, was a reply. It appeared under the title, “1s tlie yellow perch a good fish to 
introduce into Ualiforniat ” and may be appropriately quoted in view of the subsequelit 
successful planting of the species, as just ineiitioued : 

I should like to  ask those who are EO horror-struck at the prospect of iiitroclucing yellow perch 
(f’6l.Cn $flavescess) into the State of California whether they suppose that  any given fish is the sanie 
i n  quality all over the world, or that  tlie yellow perch is II poor fish everywhere because i t  happens to  
be where they have known it. If they do, I :hrlvise them to take what apare time they have and read 
t,hemselves up in  n:ttiiral history. They will theu find thiht i t  is ouo of the niost common facts of 
natural history that  fish, :is well 11s food and fiir-yieldiiifi aiiilnols, vary almost iudcfinitcly in quality 
with their habitat. Why does uot tho fiir of  the California mink bring $18 much as that  of a Labrador 
or Lake superior lllinkf Tho clinlnte of C:ilifornia does uot produce such 
good fur as the  climate of Labrador or IAke Snpcrior, eveu on the sanle animals. I t  is exactly the 
same with fish. I>iff’erent climates, and especially ditfereut waters, produce fish of entirely different 
qualities, thollgh of the same variety. ‘rho bass Of OUl’ ROUthOrll Wthters is not the 881130 as the bass 
of Saratoga Lake and Lake Champlain, tint :I far iuferior fish. Iu some 
warln waters it is a poor fish enough, but i t  is not 80 in the Cold, pure lakes of New Eugland or 
northeastorn New York. I will agree with lily frieud Mr. Mathcr, if he insist6 upon it, that  the 
yellow perch he is acquainted wit11 is a mitmribble fish and llot fit to  take to  California. h i t  the 
yo]low perch of Saratoga Lake alld Lalco Chnmplthin and Monadnook Lake, in New Ilainpshire, is an 
elltirely different thing. Mr. Mather milst come :~nd eiht some Of thelil before he puts them down SO 

summarily. If f i e  will, I have 1 1 0  doubt that hu will d s o  agree with me th:ht the yellow perch of 
these localities is a very sweet, fiwl, :ind excellent fish wlieu in scason. I a111 sure if he shoI1ld eat 
Borne Sar&oga Lake perch off the table of my friend Mr. MOOIi ,  thilt he would i%hy that  tho yellol\. 

The reason i8 obvious. 

SO with the yellow perch. 
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perch is about as good a fish as lie had ever eaten. Anyone who is in  the habit of going to  Saratoga 
Lake knows Mr. C. B. Moon, of the Saratoga Lake House, the  reputation of whose game and fish 
dinners is world-wide, and no one who is acquainted with Mr. Moon can have a shadow of a doubt 
that  he  is an unimpeachable judge of the qualities of game and fish. I wrote t o  Mr. Moon for the 
purpose of getting his opinion on the merits of the yellow perch, and he sent me the following reply: 

I use a large quantity 
of these fish every season. I consider them a most excellent fish indeed. Many of my customers a t  
the lake give them the preference above a11 other fresh-water fish on account of their swectness and 
flavor. They increase rapidly when introduced into good waters, and I am sure they would be a 
hardy fish t o  ship, and any section of tho country might well feel glad to  have them introduced.” 

Now as to the actual charges against the yellow perch, that  they are ( I  bony and predaceous.” 
I say,What of that?  The shad is very bony, but a capital fish nevertheless. The brook trout is more 
predaceous than the perch, but he is the king of fresh-water fish nevertheless. Saying that  the perch 
is bony and predaceous does not make ont a ease against him. The question is whether these disadvan- 
tages affect his good qualities. I think very decidedly that  they do not. I reaffirm tha t  the yellow 
perch of northern and iiortheastern maters is a very sweet and excellent fish when in  good condition, 
and people must call them worse naiues than bony and predaceous before they can put  them down. 

Besides possessing edible qualities of an cxcellent character, the yellow perch has other merits. 
It is a hardy fish and can probably be introduced successfully where other fish would fail. It is very 
prolific also. Not bu t  that  other fish are equally so, but the eggs of the yellow perch will hatch 
under circurristances that  would be fatal to other eggs, so that  the perch is in consequence practically 
more prolific than other fish. It is also exceedingly easy to  hatch the spawn of yellow perch 
artificially, which is another advantage. 

If this is not a sufficient vindication of tho attompt (which, by the way, I would have it 
understood, had the full sanction of tho Califorilia fish commission) to  introduce the yellow perch 
into the waters of the Pacific Slopc, le t  me :Ldd that i t  is a t  all events far preferable to niost of the 
fish at present existing in  the fresh waters of California, and even if it ilestroyed four-fifths of the  
other fish t,here it would replace them by a better kind. 

For instance, the fish of Clear Lake are (I give the local names, for I do not yet know the 
scientific names) the California salmon trout, white perch, shapaulle, hitch, suckers, chy, roach, 
spotted sunfish, mudfish (mud suckers), blackfish, trout, bullheads, vivip:irons perch. The Ash of 
the  Sacramento River are trout, salmon, chubs, perch, hardheads, Sacraruent,o pike, viviparous perch, 
split-tails, suckers, herrings, sturgeon, crabs, lamprey cels. The varieties of these two localities 
comprise niost of the fresh-water fishes of northern and central California, uod I think it safe to say, 
with the exception of the salmon, tront, and postlibly the viviparons perch and blackfish, which 
latter is quite rare, that  there is not onc of these fish that  is superior to the yellow perch of New 
England and northern New York, which i t  was proposed to takc to  California. 

“Your letter is arrived making inquiries in regard to  the yellow perch. 

T H E  WALL-EYED P I K E  OR P I K E  PERCH. 
In 1874 Mr. Livingston Stone transported sixteen full-grown wall-eyed pike or 

‘6 glass-eyed perch ” (Stizoetedion vitreum) from the Missisquoi River, Vermont, to 
California, where they were deposited June 12 in the Sacramento River opposite 
Sacramento City. There has been no report of the survival, capture, or multiplication 
of these fish, with the exception of the taking of a single specimen in a slough of the 
Sacramento River, mentioned iu the 6811 commissioners’ report for 1874-75. 

The Ualifornia fish commission has been desirous of securing a large consign- 
ment of wall-eyed pike from the United States Fish Comniission for introduction into 
certain lakes and ponds of the State, and a shipment will probably soon be made 
from Lake Erie. This is one of the best food-fishes of the Great Lakes, and would 
doubtless readily become acclimatized in some of the shallower and warmer waters of 
California. I n  the Great Lakes, i t  is most abundant and important in Lake Erie, the 
shoalest and warmest member of the system. Its maximum weight is fully 30 pounds, 
but the average of those taken in the Great Lakes is from 5 to 10 pounds, 
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THE STRIPED BASS. 
HISTORY AND RESULTS Olr' INTRODUCTION. 

The striped bass (Roccus liweutus) was first introduced into the waters of the 
Pacific Slope in 1879, a t  the same time that a consignment of eastern lobsters was 
taken across the cont,inent. The acclimatization of this species was undertaken at the 
suggestion of' Mr. S. R. Throckmorton, then chairban of the California fish commission. 
In  a letter" to Professor Baird, recounting the history of the experiment, he says: 

I have long had the impression that  the great bay of San &'rancisco, together with the bays of 
San Pablo and Suisuu connecting with i t  and the number of creeks running into them, affording a 
variety of qualities and conditionsregardiiig temperature and saline properties, together with feeding 
material, would be well adapted to the propagation and growth of striped bass. 

In July, 1879, Mr. Livhgstoii Stone, of the United States Fish Uommission, 
made a collection of living striped bass in the Navesink River, New Jersey, for 
transportation to  California. He obtained 132 fish from 19 to 3 inches long and 30 
medium-sized specimens. Twenty-five of theso died during transportation and several 
were thrown away, but the remainder, about 135, reached Califorilia in good condition 
and were deposited in Earquines Strait, a t  Martinez. 

The second and only other plant of striped bass in Oaliforuia waters was made 
in 1882, when Mr. J. G. Woodbury, of the Ualifornia fish conimission, carried about 
300 fish, 5 to 9 inches long, from the Shrewsbury River, New Jersey, to Suisuu Bay, 
where they were deposited at Army Poiut, about 3 miles from the preceding plant. 

Tlie results attending the attempted iiitroduction of striped bass in California 
have been most remarkable, considering the very meager plants. While the second 
deposit of young fish undoubtedly added to the supply, the fish, in the three years 
intervening between the two experiments, had already gained a foothold, as the fol- 
lowing data will show. The Ualifornia authorities, however, were not certain that 
the fish had become suficiently acclimatized or that enough of them had survived to 
insure the perpetuation of the supply. 

Mr. Throckmorton, in the letter to Professor Baird before referred to, records the 
capture of striped baas in 1880, as follows: 

Some six or seven months after the time of placing them in the water, I heard that  one of 8 
il~ches in  length had boon taken in  the Bag of Monterey, which is about 100 miles south o$ this, and 
is an open roadstead on the Pacific Ocean. All of the zircumstances \yere of so doubtful a character 
that  1 gave the  rumor but little attention, until about the 1st of July, eleven months after the 
planting of the young fry, a t  the time about 14 inches in  length, in  the Straits of Karquines, there 

brought to  me a very handsome striped bass taken in  this harbor, measuring 124 inohes in length 
and weighing 1 pound. The fish was in the highest conditiou, the milt full and ripe, and the flavor 
fully up to  tlie best specimeris of the fish at the East. The exceedingly rapid growth indicates the 
adaptability of the waters of this bay to  its development. 

In  their report for 1880, the California commissioners give soue additional notes 
on the occurrence of the fish: 

The 150 striped bass brought in 1879 and placed in the waters of the Straits of Karquines are 
probably increasing. One of these fish was caught in the bay near Sausiilito and brought to  market 
and identified. We have heard of a few others having been captured at Monteroy and near Alameda. 
~ _ _ _ _ _ _ _  -- - 

* Bull. U. 8. &'ish Commission, 1881, pp. 61-62. 
IC. C. B. 1895-29 
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Subsequeut reports of the California commissioii contain a number of references 
The following extracts may be given as 

Striped bass have been taken in the Hay of San Francisco weighing 4 pouiicls, and one taken 
in the Bay of Monterey in September, 1883, wcighcd nearly 17 pounds. It will be some time before 
striped bass will bo very plentiful, as the immonse area i n  which they travel will have to be well 
stocked beforo aiiy onoplaec would have any considerable numbers for the fishermen t o  work upon. In 
October, 1883, one was caught in  the Sacramento River weighing 16 pounds. This and other catches 
are strong evidence that  the striped bnss will propagate in our waters. March 3, 1884, a striped bass 
weighing 4 pounds was for sale i n  a San Francisco market. March 11 there was one offored for sale 
that  weighed 184 pounds. 

Last year 
several were caught weighing over 20 pounds, and during the post wintcr one was caught weighing 
35 pounds. I have been watching for the young fish, the progeny of those brought out in  1882, and 
during the past spring I heard tha t  they were being caught by the thousands and offered for sale in  the 
market. I found there a lot still unsold, aver- 
aging from a half to  threc-quarters of a pound in  weight. I WBB delighted to  see them, knowing that  
those brought out from New Jersey must have kept together in  the muddy waters of our bay till they 
matured and spawned aud their young had been successfully reared. But, knowing that  the young 
atriped bass rnn in  schools, I became alarmed lest the many Chinese nets in  our bay and the lower 
Sacramento and San Joaquin rivers would soon destroy tho greater part of them. I immediately 
visited the newspapers and they kindly published a notice of the arrival of the numerous strangers, of 
their great importance, and the danger of their destruction if they wcre not protected. Your honor- 
able board petitioned the board of supervisors to pass an ordinoueo to  prohibit catching them under 
8 pounds in weight. A similar petition would be advisable t o  the boards of 
supervisors of Marin, Sonoma, Solano, Contra, Costa, Alameda, San Joaquin, and Sacramento counties. 
The young bass will most certainly visit the  waters of all these counties, and their protection for a 
few years is of vital importance. 

I have since learned from the marketmen tha t  from three to  four thousand of these fish were sold 
i n  the market before the ordiuance was passed, and that  it has since becn in  the newspapers that  these 
fish have been caught and sold in  other counties around our bay. The arrival of so many young of 
this fish at one time in  our markets shows conclusively that  the striped bass have successfully repro- 
duced themselves in  our waters. 

to the presenco and capture of striped bass. 
bearing on the growth, distribution, and multiplication of the fish : 

(Report for 1883-84.) 
Quite a number have been caught from year to  year, increasing in weight every year. 

I hurriedly went up to the market to  see if it were true. 

This they quickly did. 

(Report of superintendent of hatcheries, in  report for 1888-90.) 

DISTRIBUTION O F  STRIPED BASS. 

The known range of this fish in the Pacific States includes only California. It 
has distributed itself so widely on the California coast, however, that its occurrence in 
Oregon and even Washington waters is probably only a question of time, supposing 
that it does not already occur there. 

The center of the fish's abundance is San Francisco Bay and its tributaries. It 
is found all over San Francisco Bay, Suisun Bay, San Pablo Bay, and the lower course 
of the Sacramento and San Joaquiu rivers. The bass regularly ascends the Sail 
Joaquin River for a distance of 20 miles above Bouldin Island. During a visit to the 
upper San Joaquin, in November, 1895, Mr. Babcock learned that a catfish fisherman 
a t  Grayson, about 100 miles above the mouth of the river, had for two years been 
taking a number of 1-found and 2-pound striped bass in a slough near that place. 
They go up the Sacramento River as far as Sacramento, but were not common at that 
point at last reports. In 1893 Mr. Alexander learned of their capture near Fremont, 
about 7 miles above Sacramento. 

On May 30,1894, in Suisun Bay Slough, a number of bass weighing 4 pounds and 
upward were taken with minnow bait on a regular angling rod. Several examined 
contained anchovies and file worms. This is a new locality for the fish, although 
several years ago they mere reported to occur there. 
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In Tomales Bay the fish occur sparingly. According to Mr. Babcock, of the 

California fish commission, they are quite numerous i u  Creamery Slough, a very small 
slough between Toinales Bay and Itussian River. !Phe water is made extremely salt 
by evaporation, and no other salt-water fish of commercial importance are found in it. 

I n  Russian River the striped bass is now plentiful. It made its appearance there 
about 1890. In that year a 6-pound fish was taken on a hook baited with a minnow, 
and in 1891 the salmon gill-net fishermen hegau to catch the fish. On0 weighiug 16 
pounds has been taken by them within a few years. The species ascends the Russian 
River a distance of 20 miles, to Guerneville. 

The striped bass is found regularly but not abundantly in Monterey Bay. A t  
Monterey a half-pound specimen was taken by the Albatross in 1890, which was 
supposed by Mr. Charles 13. Townsend” to have been the first caught south of the 
Golden Gate. As early 8s  1880, however, they had been reported from that locality. 
In 1893 only one was taken at  Santa Oruz, according to Bfr. Alexander’s inquiries. 
In that year the first striped bass were taken by Capitola fishermen. 

Until 1894 tlie striped bass was not known to range south of Monterey Bay. In 
September of that year, however., two were takeu in a seine a t  Redondo Beach, Los 
Angeles County, thus extending their distribution about 360 miles, following the coast 
line. Each weighed about; 6 pounds. 

Reports of a more extended coiistwise range of the striped bass than that assigned 
have been made. In  Aiwil, 1587, in a letter to Professor Baird, lfr. Horace D. Dum, 
of San Francisco, stated that he was informed that these fish had been taken at 
places as widely separated as San Diego aud the Oregon line. t In the report of the 
California fish commissiouers for 1883-84 it is said “bass have been taken as far morth 
as British Columbia.” While there is no reason why this fish should not be found as 
far north aud south as the points given, 110 records of its catpture, except as before 
stated, are available, and the inquiries of the agents of the United States Fish Com- 
mission, covering the years 1888 to  1894, inclusive, failed to disclose the occurrence 
of striped bass as far south as Sail Diego or uorth of California. 

MIGBATIONS, MOVEMENTS, SCHOOLING, ETC., OF THE STRII’ED BASS. 

Although striped bass may be taken in the waters between San Francisco and 
IAO Sacramento delta a t  ally time during the year, they are more abundant in certain 
months than in others, and there is no doubt that  the migratory habits which charac- 
terize the fish in its native waters have not been entirely lost on the Pacific Coast. 
They are sometimes observed schooling in and Off the mouths of sloughs. A dozen 
or more may often be noticed playing and circling near an eddy. A t  times, Mr. Alex- 
ander says, they will hover persistently about places where two strong currents meet, 
to the discolnfiture of the fishermen, whose nets are liable to injury if set in such places. 
They oftell go in large schools. In  referring to their abundance, mention is made of 
the presence of a iiuinerous body of fish 011 the Berkeley Flats, in S i ~ n  Francisco Bay, 
in June, 1894, and in the Sen Joaquin ltiver in December, 1893. 

The bass seem to prefer the waters of the San Joaquiii to those of the Sacramento, 
the former being marmer and clearer. The water in the Sloughs that connect the two 
rivers all flows from the Sacramento into the Sail Joaquin. Striped bass are scarce 
in the Sacramento, and some of the salmon fishermen of that stream have never 
caught them. Salmon are much more plentiful in the Sacramento than in the San -- ___-- 

XB’o’OTest n?td Xtream May 8, 1890. t Unll .  U. S. Fish Corn. 1887, p. 60. 
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,Joaquin. Nearly all of the fish which begin the asceirt of the latter stream finally 
get into the Sacramento by way of the sloughs. 

Mr. Alexander could learu of the capture of uo striped bass distant from the 
California shores. The fish seems to follow the coast closely. If it wandered far to 
sea, either in schools or in scattered bodies, the fishermen would probably so011 know 
of it, as hundreds of trammel nets are set in the open water6 oft' the Golden Gate. 
The felucca fishermen who resort to the grounds around the Farallone Islands, about 
30 miles oft'shore, have never reported striped bass in that vicinity. 

SPAWNING SEASON AND GlIOUNDS. 

The observations thus far made 011 the spawning of the striped bass in California 
waters are not conclusive, but what ha6 been determined indicates a protracted 
spawning period such as characterizes the shad iu the same region. The inquiries of 
Mr. Alexander and the testimony of dealers and fishermen seem to show that the 
principal spawniug time is from April to June; but Mr. Babcock, of the California 
fish commission, who has devoted considerable attention to this fish, has found 
striped bass in the San Francisco markets containing ripe spawn in each month 
between December and May. On May 26, 1894, he examined a large fish with fully 
matured ova, and during the same inonth the writer saw a uumber of specimens, in the 
San Francisco markets, from which the eggs were running. 

The delta of the Sacramento and Sau Joaquiu rivers undoubtedly includes the 
principal breeding-grounds of the striped bass. The tule waters, the sloughs, and 
the lagoons are well adapted to the fish. In  the tule waters, to which reference was 
made in treating of the shad, striped bass are found a t  all sea6ons and are generally 
believed to be there for the purpose of spawning. A t  Jersey Landing, 011 the lower 
Sail Joaquin River, the fis'hermeu find bass nine months in tlie year aud always get 
more fish there than in the united stream below Black Diamond. 

Small striped bass 4 to 5 inches long are frequently caught in drag seines in and 
off the mouths of sloughs, and Ohinamen also catch them in their fyke nets, according 
to Mr. Alexander. 

The California fish commissioners, in their report for 1891-92, state that the striped 
bass should be protected while 011 their spawning-grounds and that their capture 
under 2 pounds in weight should be prohibited. 

- 

ABUNDANCE O F  THE STRIPED BASS. 

The increase in the abuudance of the striped bass in Sau Francisco Bay a d  
tributaries has been uninterrupted and rapid. While the fish is fax less numerous 
than the shad and will probably never rival that species in abundance, the appear- 
ances are that' in a few years the supply will exceed the demand. Between 1889 aud 
1892 the yield of striped bass in California increased 250 per cent. In 1893 the 
quantity handled by the San Francisco dealers was 5 times greater than the entire 
catch of the State in 1889 and 1& times greater than the total output in 1892. I n  1894 
the receipts of the dealers were over 80 per cent greater than in the previous year. 

An idea of the abundance of the fish may be gained from the following statement 
communicated by Mr. Babcock: On June 19,1894, tlie fisherlnen struck a school of 
striped bass 011 the Berkeley Flats in Sail Francisco Bay; on June 20 one boat caught 
1,500 fish and tlie other boats made large hauls. Those fish weighed on ail average 6 
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- ~ 

............ .......... 

Totnl 
1800. ”t;~‘ weiglit. 

POUlLd8. 
I January 38 250 
I 3’ebruai.y 45 338 

March 151 1,210 
April .............. 50 048 
May ............... 56 73 1 
JUIIO 1 0 
October ............ 22 312 
Novernlmr .......... 208 2,534 
December .......... 649 7,305 

-__ ----_______ 

............. 

............... 

pounds apiece. The fishermen reported that until two weeks before that t’iine not a 
great maiiy bass had been taken in the bay. It is doubtful if in recent years a t  any 
point on the Atlantic Coast so large a catch of striped bass-9,000 pounds-ha8 been 
taken by one boat in one day’s fishing. The great abundance of striped bass a t  that 
time led Mr. Babcock to think that in ten years they would equal the shad in numbers. 

Another illustration of their abundance may be given. Between December 15 
and 25,1893, Mr. William Crane, of Bouldin Island, on the San Joaquin River, and 
another fisherman using a seine caught and shipped to Sen Francisco 6,000 pounds of 
striped bass. These fish were taken in San Joaquin, Middle, and Old rivers. 

WEIGHT O F  STRIPED BASS. 

The average weight of the striped bass now caught for market in Oalifornia is 
between 10 and 12 pounds; those weighing 16,18, and 20 pounds are common; many 
weighing 20 to 30 pounds are found, and larger fish are sometimes taken. A very 
careful examination of the receipt books of the San Francisco dealers made by the 
writer in May, 1894, yielded accurate data and disclosed the capture of some larger 
fish than had previously been recorded. The average weight of 1,461 fish was found 
to be 11 pounds, as shown by the following detailed statement, by months, for 1893 
and part of 1894, giving the number of fish on the dealers’ hooks whose weights mere 
entered : 

.. -~ .________I_ 

1804. 

............. 
31 .............. 10 

Avornge 
weiglit. 

........... 

___ 
I’ntrnds. 

114 
13 April ............... 20 435 
13 May ................ 5 1  435 

1 4 ~  Tntal ...... 244 2,774 
llt - 

-- 0 
-__- 

Ilk Grand total . . 1,461 16,123 

Table showing by nioiiths the average weight8  of 1,4G1 striped bass handled by Sam Fvanoisco dealWS. 

The largest striped bass heretofore recorded from Oalifornia waters weighed 45 
pounds. It was taken in Ban Francisco Bay on June 16,1889, and mas noticed in 
Porest and 8tream of July 11,1889. In the issue of the same paper for November 20, 
1890, mention is made of the capture of a striped bass of 40 pounds’ weight, and reports 
of other8 of similar size have been received. In  May, 1893, one was sold in San Fran- 
cisco that weighed 49 pounds, which is the largest reported up to this time. There is 
no reason to doubt, however, that the California striped bass will attain the size 
reached on the Atlantic Coast-over 100 pounds. 

Compsratively few of tlie striped bass shown in the preceding tabulation had their 
individual weights recorded on the dealers’ books, the entries usually being for a 
number whose aggregate weiglit only was given. Separate entries for five that weighed 
over 30 pounds each were found in the record8 for 1893. These were as follows: May, 
one weighing 49 pounds; October, one weighing 37 pounds; November, one weighing 
40 pounds and one weighing 39 pounds; Tlecemher, one weighing’ 32 pounds. 
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FOOD OF STRIPED BASS. 

The introduced carp appears to be the principal food of the striped bass in Cali- 
fornia, and in the fresh waters is the almost exclusive food. Mr. Babcock has opened 
hundreds of bass for the purpose of ascertaining the nature of their food, and has 
never seen any other fish than carp in their stomaclis. He has heard, however, of 
small catfish beiug found in thein. Mr. Alexander’s examinations of many bass in 
the San Francisco market showed that whenever food of any kind was present in the 
alimentary tract it was in nearly every instance carp. A 10-pound carp is said to 
have been found in the stomach of one bass. His conclusions are that, taking the 
season through, carp will be found in the stomaclis of 7 out of every 10 bass sold in 
San Francisco or caught in the rivers. 

A t  Capitola, on Monterey Bay, crabs have been taken from the stomachs of bass, 
and it is probable that in the salt water a great variety of fish food is ingested. 

ORIGIN O F  THE STRIPED BASS FISHERY. 

It was just ten years after the planting of striped bass in Oalifornia waters that 
a special fishery for them Wafs inaugurated. While they had been taken in consider- 
able numbers during the five or six preceding years, it xas  not uiitil 1889 that the 
fishermen directed any special efTort toward their capture. Even a t  the present time 
comparatively few of the many fishermen in the San Francisco Bay region are provided 
with apparatus specially adapted to the taking of striped bass, but their increasing 
abundance is yearly resulting in drawing more attentiou from the fishermen, and it 
seems only a question of a few seasons when this fishery will have attained consider- 
able magnitude. 

THE FISHING-GROUNDS POR STRIPED BASS. 

The striped bass is found in greatest abundance and is taken in largest quantities 
in the lower part of the San Joaquin River. It abounds in the ponds, marshes, aud 
sloughs connecting with the river, and is there found a t  nearly all seasons. 

According to Mr. John I). Babcock, chief deputy of the California board of fish 
commissioners-and his opinion is borne out by the testitiiony of the fishermen-the 
striped bass appears to remain in the delta of the San Joaquin and Sacramento rivers 
throughout the year. When the run of salmon begins in the spring, and the waters 
of Suisun Bay below the mouths of the rivers are filled with salmon nets, only a few 
striped bass are taken, perhaps not more than one to three daily by the entire fishing 
force, while a t  the same time, in the Sen Joaquin Itiver, at Jersey Landing, Antioch, 
Bouldin Island, and other places in the lower course of the stream, the salmon fisher- 
men take striped bass a t  every tide or a t  every haul of their nets. 

The San Joaquin fishermen have found that a northerly wind makes the striped 
bass more numerous in the main river. The explanation of this phenomenon-which 
appears to be well recognized-is that the relatively shallow water in the sloughs and 
ponds is made roily or is too much a,gitated by the wind, and the fish seek the deeper 
water of the river. 

Striped balss are taken in the Sacramento River, but, as elsewhere mentioned, in 
much smaller quantities than in the San Joaquin River. Good fishiug is at  times 
done between the mouth of the Sacramento River and San Francisco, in Suisun and 
San Pablo bays, and the northern part of San Francisco Bay. 
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Mr. Alexander reports that  early in fall the fishing is carried on principally in the 
northern part of San Francisco and Suisun bays, and that as the season advances 
striped bass gradually move up the river, the fishermen endeavoring as far as possi- 
ble to keep with them. In the wiuter the main body of the fish is found in the waters 
constituting the delta of the Sacramento and San Joaquin rivers. The fishing is a t  
its height between October and February, attaining its maximum in December. The 
fish appear to be found in larger nutnbers in San Francisco Bay adjacent to San Fran- 
cisco in sumxner than a t  other times. 

In Monterey Bay there are no regular fishing-grounds for striped bass, the few 
t&en being caught only incidentally. A t  Monterey and Sanfrt Cruz only a sinal1 
number have ever been obtained. None was taken a t  the former place and only one 
at the latter in 1893. More are found a t  Capitola than elsewhere in the bay. I n  1893, 
which was the first year in which striped bass were caught by the fishermen of that 
place, 25, weighing 260 pounds, were obtained in a, drag seine in September. 

APPARATUS AND METHODS EMPLOYED IN CAPTURE O F  STRIPED BASS. 

In Ban Francisco Bay and the waters tributary thereto gill nets and purse seines 
are employed in the capture of striped bass. Drag seines used for other fish and 
salmon gill nets also take striped bass incidentally. 

In  1893 there were 31 regular striped-bass fishermen in California. These used 12 
boats, worth $1,400; 24 gill nets, worth $GOO, and 3 purse seines, worth $450. 

The striped-bass gill net is from 60 to 70 fathoms long and 25 to 30 meshes (or 
about 14 feet.) deep. It has a mesh of G& or 62 inches. The cost is about $25. 

The purse seine was introduced in 1892, and is said by Mr. Alexander to give satis- 
faction to the few fishermen who use it. The seine is like a small mackerel soine, being 
200 to 225 feet long and 14 feet deep. The cost is $150. The comparatively small 
size of this seine makes it adapted to use in the sloughs and similar waters where a 
full-sized purse seine could not well be handled. 

The purse-seine fishermen set their seines only when striped bass are visible. As 
soon as they are observed schooliiig or playing at  the surface, the boats are put in 
motion and the seine is set. The seine, beiug small, is quickly set, pursed, and made 
ready for another trial, and many hauls may be made in the course of a day. Three 
inen usually go in each boat, and sometimes two bosh are employed to set a seine, b u t  
this i u  often done from one boat. 

When the day’s fishing is over, the fishermen take their catch to the nearest steam- 
boat landing or railroad station, most of the fish being shipped by water. Nearly all 
the steamers plying between Sacramento, Stockton, and San Francisco make numer- 
ous stops in the fishing districts and take on board the striped bass, shad, salmon, and 
other fish that have been brought in. The principal dealers in Ban Francisco have 
packing boxes a t  the different landings, which are used by the fishermen in making 
their consignments, each dealer usually receiving all the fish caught by certain fisher- 
men, The fish are packed without being cleaned or iced. 

ANGLING FOR STRIPED BASS. 

The anticipation of fine sport with the striped bass which the California anglers 
entertained when the successful introduction of the fish was assured has not been 
fully realized. Up to the present time comparatively fow bass have been taken with 
the rod, and the fish has not evinced the gamy disposition which characterizes it on 
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the Atlantic Coast. In May, 1890, a 6-pound fish was taken in Russian Biver with 
a minnow bait. In May, 1894, some weighing 4 pouuds and upward were caught 
with minnows in Suisun Bay Slough. Other captures might be reported, but the 
number taken has been out of proportion to tlie trials made. Whether they do not 
bite so readily as in its native waters or whether the California fishermen have not 
used the proper gear, a t  the proper time, and in the proper places, is not known. 

STATISTICS O F  THE CATUH O F  STRIPED BASS. 

Following is a statement of the quantities of striped bass caught and sold by 
California fishermeu in 1889,1890,1891, and 1892, as determined by Mr.W. A. Wilcox, 
tield agent of the United States Fish Commission. The values given represent the 
gross prices received by the fishermen. 

Summary of tke striped-bass catch of California in 1889, 1890, 1891, mid lS92. 

t 1889 ...................................... I 1890 ...................................... 
1891 ...................................... 

~ 1892 ...................................... 

I 

Complete figures for later years are not available, but the catch for 1893 and 1894 
may be approximately determined by tlie receipts of these fish by the San Francisco 
dealers. In 1893 the estimated yield of striped bass was 90,000 pounds, valued at 
$10,000, and in 1894 it was not less than 170,000 pounds, for which the fishermen were 
paid $16,100. 

The aggregate value of the striped bass taken in California up to and including 
the year 1894 was between $45,000 and $50,000. The practical importance of the 
introduction of this fish to the Pacific js further emphasized when the foregoing figures 
are contrasted with the cost of its acclimatization. The entire expense connected with 
the matter was only a few hundred dollars. The investment, now yields an annual 
return of $15,000 or more, and may be expected to greatly increase from year to year, 
Few achievements of fish-culture in public waters are comparable to the financial 
succms of this experiment. 

F O O D  QUALITIES O F  THE STRIPlGl> BASS. 

The very high price which the striped bass commanded, even after it ceased to 
be a curiosity in the San Francisco market, is evidence of the esteem in which i t  is 
held in California. 'It is generally regarded as one of the choicest fish of the State, 
and its addition to the food-fish supply is much appreciated by the public, the fisher- 
men, and dealers. It is in demand throughout California arid is consumed along the 
entire Pacific Coast of'the United States and in most of the interior States of the West. 

Mr. Babcock furnishes the interesting information that in May, 1895, Mr. J. P. 
Haller, manager of the Sacramento River Packers' Association, canned several hundred 
pounds of striped bass as-an experiment. The fish were selling a t  2 cents a pound at 
Black Diamond, and 500 to 600 pounds could have been obtained daily from salmon 
fishermen making Black Diamond their headquarters, while the fishermen above that 
place took many more fish than the Black Diamond men. The mauager reported to 
Mr. Babcock that he was much pleased with the canned bass; that i t  was fully equal 
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to the white Alaska salmon, and that he thought the association would in a year or 
two make a regular pack of striped bass. Through the courtesy of Mr. Babcock, the 
writer had an opportunity to sample a call of striped bass and was much pleased with 
the flavor of the fi8h as thus prepared. 

THE STRIPED BASS TRADE OF BAN FRANCISCO. 

January ................................. 
Februnry ................................ 
~ n r c h  ................................... 
April .................................... 
May ..................................... 
June ..................................... 
Jnly ..................................... 
Angust .................................. 
SeptomlJo1.. .............................. 
October.. ............................... 
Norember ............................... 
Docember. ............................. 

Total ............................ 

Probably seven-eighths or more of the striped bass caught in California are sent 
to San Fraucisco, where the larger part of the yield is consumed; but a somewhat 
important trade in this fish is carried bn by the Ban Francisco dealers with other 
cities and towns of the West. The wholesale dealers sell to retail dealers, hotels, and 
restaurants in San Francisco, and make consignments to Oregon, Washington, Utah, 
Nevada, Arizona, New Mexico, and Mexico, as well as to numerous California towns. 
The entire striped bass catch reaches the Consumer in a fresh condition. The only 
people who eat the fish salted are the Chiuese, and the quantity they consnine is not 
large. Mr. Alexander remarks on this point: 

The Chinese are hcavy buyers of striped bass, but they, 8~ e rule, l>iirchase fish inferior in quality, 
which have lain in the market much longer than they ought. Such fish c:&n be bought comparatively 
cheap, 011 nn average from 6 t o  7 cents a pound. The Chinese method of dressing striped batis which 
are to be salted is to split them down the back, the head being left on. They are then washed and 
sulted ill barrel8, where they remain for a week or ten days, at the end of which time they are taken 
out and dried on flakea or-hung 011 liues arranged on the tops of houses or in back yardti. This is the 
usnal way Chinese ciire all kinds of fish not eaten fresh. 

The inquiries of Mr. Wilcox in 1892 showed that the receipts of striped bass by 
the San Francisco dealers were about 5,000 pounds in 1890,25,000 pounds in 1891, and 
60,000 pounds in 1892; these figures are based on estimates furnished by the different 
dealers. Data for 1893 and 1894 were obtained from the books of the dealers by MI'. 
Babcock, of the California fish commission, and the writer. The actual quantity 
handled by wholesale dealers was 80,793 pounds in 1893 and 149,997 pounds in 1894. 
The dealers' receipts, by months, are showii in the following table, which illustrates 
the times when the fish are most abundant: 

Stntenteirt o.f the iuirnhrr of poiinde of stviped baas handled by 8aic I+flWciRCQ dealers in 189.7 niid 1894. 

80,703 

__ __ 
Won ths . 1893. 

____ 
3,448 
3,087 
5,403 
8,351 
7,232 
4,353 
2,950 
2,655 
8,507 
0,820 
10,473 
17,614 

1894. 
- __. - 

14,177 
12,672 
9,002 
9,098 
9,413 

' 4,820 
7,521 
0,803 
10,218 
23,192 
17,950 
24,031 

149,907 
.. - 

PRICES OF STRIPED BASS T O  FISHERMEN AND DEALERS. 

The prices first paid for striped bass were, like those for shad, very high. Even 
as late as 1888 the ruling price in the San Francisco market was $1 per pound. By 
April, 1890, however, on account of the increasing abundance of the fish, the price 
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dropped to 18 cents a pound and has since ruled lower each year. A t  times in 1893 
and 1894 striped bass could be bought at prices that were within the reach of even 
the frugal Chinese. Referring to the San Francisco market, Mr. Alexander states: 

In the month of September, which is the close season for salmon, striped bass command a good 
pricte, biit i t  is only for a short time, for 3s soon as snlmoii begin to appear again the price drops to B 

ION figure. It  can not be said that salmon alone causes the price to fall, for i t  is partly due to striped 
bass bsing caiight in considerable numbers at  that time, mid it is B combination of circu~nstancee 
which makes it possible to buy the fish at most seasons at a reasonable figure. 

From 1889 to 1892 the average price received by the fishermen fell from 25 cents 
to 114 cents a pound. During 1893 and 1894 the prices received by the San Francisco 
dealers ranged froin 4 to 30 cents a pound, the average price being about 10 cents. 
The average net price to the fishermen was 2 to 3 cents less. 

In  December, 1893, when large consignments of bass were received at San Fran- 
cisco, the prices fell to a very low figure. A dealer who made returns a t  only 3 cents 
a pound incurred the great displeasure of the fishermen. On June 21,1894, the day 
following the large catch on the Berkeley Flats in San Francisco Bay, the wholesale 
price in San Francisco was 34 cenks and the retail price 7+  cents a pound. 

Writing under date of July 24,1895, Mr, Babcock says that striped bass did not 
yield the fishermen over 6 cents a pound taking the year through, and that the San 
Francisco dealers had undersold the New York dealers every month, as shown by the 
quotations in the Fishing Gazette. During November, 1895, the receipts were very 
heavy, and on November 9 the retail price in San Fraucisco was only G cents a pound. 

THE WHITE BASS. 
Twelve yeafling white bass (Roccus cl~rysops) from Quincy, Ill., were delivered to 

the California fish commission at Sissoii in June, 1895, a t  the time the carload of large- 
mouth black bass was sent to that State by the United States Fish Commission. Five 
of these were alive in December, 1895, and will be retained for breeding purposes. 
This fish, which is abundant in the Great Lakes and the Mississippi Valley, may be 
regarded as a landlocked striped bass and is an excellent food-fish. It is doubtleds 
well suited to the warmer lakes, sluggish streams, and bayous of the Pacific States. 
It is adapted to cultivation, reaches a weight of 3 pounds, and is quite gamy. 

THE TAUTOG. 
Mr. Livingston Stone,' of the United States Fish Commission, carried specimens 

of the tautog (Tautoga onitis) from the Atlantic to the Pacitic coast in his aquarium 
car. The fish were obtained a t  Woods Hole, Mass., and were deposited iu Hau Fran- 
cisco Bay near Oakland, June 12, 1874. They were of small size, and the number 
planted was 23. There is no evidence that anything ever came of this amall deposit 
of fish in this large body of water. In  the report of the California fish commission 
for 1876-77, it is stated that some tautog had been reported to have been seen in the 
San Francisco market, but no subsequent references to their appearance have been 
met with. In  1873 Mr. Stone included tautogs in the collection of live fishes which 
he attempted to carry to California, but they were lost in the wreck of the transpor- 
tation car. 
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THE AMERICAN LOBSTER. 
HISTORY OF PLANTS. 

A full account of the planting of eastern lobsters (Homarus antericanus) in the 
Pacific Ocean has been given in the paper by Mr. Richard Bathbun, entitled ‘‘ The 
transplanting of lobsters to the Pacific Coast of the United States,” published in the 
Bulletiu of the United States Fish Commission for 1888. The following notes on the 
history of the plants are largely abstracted from Mr. Rathbun’s report, to which 
recourse should be had by those desiring a more detailed discussion of the subject 
than is given in the present paper. 

Five attempts have been made to introduce eastern lobsters to the Pacific Coast. 
The first trial was a failure, owing to’a railroad accident; the others were successful 
to the extent of reaching the coast with live lobsters and depositing them iii suitable 
waters. 

The first attempt to transport live lobsters across the continent was made in 1873 
by Mr. Livingston Stone, who represented the United States Fish CommistJion and 
the California fish commission in the matter. Lobsters constituted only a small 
part of the contents of the aquarium car, which had been stocked with a number of 
eastern fresh-water and marine fishes. The start was made with 162 lobsters obtained 
from Woods Eole and Massachusetts Bay. By the breaking of a railroad bridge over 
the Elkhorn River near Omaha, the aquarium car was wrecked and the contents lost. 
Forty lobsters had survived the journey to that point. 

In 1874 Mr. Stone undertook the transportation of another lot of lobsters, under 
the auspices of the California fish commission. The consignment consiated of 150 
eggbearing lobsters procured in Boston. The losses en route were very large, only 
four lobsters reaching the coast alive. These were deposited in San Francisco Bay, a t  
Oakland, on June 12. A t  Salt Lake City, Utah, two lobsters were put in Great Salt 
Lake. 

Efforts in this directioii were not renewed until 1879, when, under Mr. Stone’s 
direction, the United States Fish Commission made the third attempt to introduce 
lobsters into the Pacific Ocean. The lot consisted of 22 females, to which were 
attached about 400,000 eggs nearly ready to hatch. Between Boston and Albany 
40,000 eggs hatched. The trip to California was made with the loss of only one 
lobster, the remainder being deposited in excellent condition off Bonito Light-home in 
a sheltered position a few miles outside of the Golden Gate. 

Nine years later the Fish Commission sent a relatively large number of adult and 
embryo lobsters to California, in a special car in charge of Mr. J. Frank Ellis. The 
lobsters, which were collected at  Woods Hole, consisted of 254 males and 3G0 females, 
8 of the latter carrying eggs on the swimmerets; 150,000 loose eggs were also added 
to the consignment. The losses on this trip were quite large, amounting to 282 adults. 
In  Mr. Rathbun’s opinion the heavy mortality was due to the weak condition of the 
lobsters incident to the spawning and molting conditions. Of the eggs, 75 per cent 
reached the west coast safely. The place selected for the planting of the lobsters 
was Monterey Bay. On June 23,162 lobsters were placed in the sea about three- 
fourths of a mile off shore from Pacific Grove, in water 12 fathoms deep with rocky 
bottom. A second plant of 95 lobsters was made July 1, a mile off Point Lobos, to 
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the south of Carrnel Ray, in water 30 fathoms deep with rocky bott'om. The remain- 
ing lobsters, 73 in number, which were being retained in a floating car a t  Monterey, 
were chiefly intended for plantiug at some point on the northern coast of California. 
One of the bottom boards of the car having become detached by the heavy swell, all 
but 30 of the  lobsters rapidly made their escape into Monterey Bay. On July 4 the 
steamer Albatross left San Francisco with the 30 lobsters 011 board, the lot consisting 
of 13 males and 17 females. These were planted the following day in 13 fathoms of 
water off Trinidad Light-house, this point having been selected because of the favor- 
able conditions of temperature, bottom, and water, which were thought to more 
closely resemble those of the lobster's natural home than any other place on the Cali- 
fornia coast. The eggs were hatched on the grounds, and 104,000 young lobsters 
obtained, 2,000 of which mere planted in Sari Francisco Bay and 102,000 in and off 
Monbrey Bay. 

The last shipment of lobsters to the Pacific Coast was made iu January, 1889, the 
season for the trial being different from that of the previous experiments. The lob- 
sters were collected a t  Woods Hole, and numbered 279 males and 431 females, 63 of 
which carried eggs. The shipment was made in a United States Fish Commission car, 
in charge of Mr, J. PraDk Ellis. These lobsters were intended for the Washington 
and Oregon coasts. The start was made from Woods Hole Janusry 14, and the lobsters 
were planted January 22. Owing to the failure of a part of the arrangements, the 
lobsters destined for Yaquina Bay, Oregon, could not be deposited in that place, and 
tlie entire plant was consequentlyrnade on the coast of Washington. 'Of the 710 
lobsters with which the journey was begun, 233 survived the trip and were placed 
as follows: 88 off Cape Disappointment, at the mouth of the Columbia River; 22 in 
Shoalwater Bay, and 123 in Puget Sound, near Port Townsend. 

The following table is a recapitulation of the plants of lobsters on the Pacific Coast. 
The aggregate deposits of adults amounted to 590, a large number of which were egg 
bearing females. 

Rimimary of the American lobsters planted on the Pa@o Coast of the United Statee. 

Year. 

1874.. 
1879.. 
1888.. 

1889.. 

- 
In 

Adults. Embryos. Localities. 

San Francisco Bay.. ............................... 4 ............ 
Pacific Ocean, nem! Golden Gate.. .................. 21 ............ 
Pacific Ocenn,'off Point LO 08 ...................... 95 ............ 
Monterey Bay.. .................................... 45 0,000 
Paoillo dcean, off Trinidad Lighthouse.. .......... 30 2,000 
Paciflc Ocean, off Cnpe Disappointment.. .......... 8R ............ 

Off Hudsdn Point Puget Sound. ................... 
OW Wilson Point,jPnget Sound ..................... 

Paciflc Ocenn off Montere g ........................ 162 98,000 

Shoalwater (Willap) By.. ........................ 22 .......... : . 
Scow Bay Pnget onnd ........................... 24 ............ 

25 ............ 
74 ............ 

Total. ....................................... 590 * 104,000 

IUld d 

DESIRABILITY O F  INTRODUUING LOBSTERS TO THE PACIFIC: UOAST. 

The Atlantic lobster would unquestionably be a very acceptable and important 
addition to the fishery resources of the Pacific States. The spiny lobster, locally 
called crawfish, which now takes the place of the lobster in the markets of the coast 
States, is A valuable food product; but it has only a limited distributiou, not occur- 
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ring north of Point Couoeption, California, and is probably inferior in quality to the 
true lobster. The long stretch of coast line north of Point Conception is destitute of 
crustacea which now have economic value, with the exception of-the large crab (Ouwcer 
wugister). Mr. Rathbun, in  the paper already cited, says: 

The omission of the true lobster from the aquatic fauna of the Pacific Coast has been considered 
by the inhabitants of th:it region a great misfortune, and while its absence causes neither suffering 
nor affliction, it is much desired both &R an article of commerce and as an added variety to  the food 
supply. The scheme [to attempt its colonization] has received the approval of high authorities, and 
the benefits to be derived from tho introduction of 80 Usefill a species are generally admitted. 

SUITAJ3ILITY O F  PAUIFIU COAST WATER8 TO THE EASTERN LOBSTER. 

In the paper by Mr. Rathbun before referred to, thak writer considers in detail 
the question of the suitability of the west-coast waters to the existence of the lobsfer. 
His remarks on this subject are SO opportune that they may be appropriately quoted : 

The North Atlantic and North Pacific oceans have much in  comn~oii with respect both to  their 
physical and biological characteristics. Identical species of fishes and marine invertebrates iiihabit 
the northern parts of both oceans, and the number of related forms in the two regions is very great. 
The natural resorts of lobsters on the eastern coast-rocky, gravelly, and sandy bottouis, covered in 
places with kelp and rockweed, and with an abundance of aquatic life suitable for food-occur 
throughout the North Pacific region from California to  Alaska. Temperatorc, howevcr, is probably 
to be regarded as the most important factor determining the fitiiess of the region for this new food 
product, and i t  is the only oiie which we can now pretend to measure, although we have little data  
respecting it for the western coast. 

On the Atlantic Coast the lobster ranges froin Delaware to Labrador, being most abuudant 
between tho Cape Cod region of Massachusetts nnd the Gulf of St. Lawrence and Newfoundland. Its 
bothymetrical distribution is from tho littoral zone (in some localities) to depths of probably 50 to 60. 
fathoms, but the fishcry is chiefly carried on inside of i~ depth of 30 fathoms. It apparently does not 
migrate up aud down tho coast to an appreciablo extent, but  inoves off iiit-o doeper mater with tho 
approach of winter in  order to escitpe the severe cold. 

This writer next enters into a discussioii of the water temperatures of tho two sides 
of the continent, comparing the mean temperature of A number of lacalities on the 
Atlantic Coast with that of San Francisco and Cape Disappointment. A chart is intro- 
duced which shows for the entire season the mater temperature at San Francisco and 
Vineyard Sound light-ship. Mr. Rathbuii’s statemen ts on the adaptability as regards 
temperature of the places in which plants were made ibre as follows: 

The water temperature a t  Montereg is probably not very different from that  s b t  San Francisco, 
whileTrinidad Light-house is intermediate i n  position between San FrancLco and Cape Dislippointment. 
At both of these observing stations the records indicate ranges of temperature falling withiu those of the 
New England coast, and therefore presumably favorable t o  the existence of lobsters. * * * By refer- 
ence to  the chart it will be seen that  the temperature is far more equable at Siln Frttucisco than in  
Vineyard Soiind, having a range of only about loo in  the one case and of over 300 in  tho other. The 
yearly range a t  Sen Francisco corresponds to  that  in Vineyard Sound from May 20 to  the last of June and 
from the first part of October t o  the niiddle of November, seasons duriug which tho lobsters are on the 
inshare grounds, the former being also tho regular hatching ~ ~ ~ 8 O n .  In case lobsters become colonized 
on the coast of northern California it will therefore be intQre8tiUg to  observe if the more equablc tem- 
perature of that  region has any influence in bringing about a change in  their customary habits. Will 
their offshore migrations be lesa pronouuced arid their breeding season prolougcd I Another matter 
which the temperature comparisoll suggests is as to whether the more severe cold of the eastern winters 
is essential to  their welfare or not. There is nothing $0 prove the case one way or the other, but the 
h o t  that  lobsters seek shelter from the extreme cold would rather indicate that  they might not suffer 
from its abseuce. An additional question of interest to  the biologist concerns the effect upon the 
existing fauna of the introduotion of the  eastern lobster on a large scale. Will it to  any extent disturb 
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the general balance of life in  that  region, reducing the prominence of some species and perhaps aiding 
others in  their struggle for existence? Only the futuro can decide this matter, but in  any event the 
addition of the  lobster to  the Pacific waters could produce no harm for which the inhabitants would 
suffer. 

Mr. A. B. Alexander, fishery expert on the Fish Coinmission steamer AZbatross, 
thinks that some parts of the Alaskan coast afford better couditions for the lobster 
than exist on the shores of the Pacific States. 

Tho geographical position, temperature of water, and general charaeter of the bottom in many 
parts of Alaska are, in  the opinion of the writer, much better suited to Ihe requirements of the lobster 
thau that  part of the  coast lying below or south of Cape Flattery. The whole archipelago of south- 
eastern Alaska contains many places where trhe lobster would be more likely to  live and multiply than 
a t  any place on the Pacific Coast. 

The temperature and other environments of this region correspond more closely to the home of 
th6 lobster on the Atlantic Coast. It is quite evident that  lobsters requirea great change in  tempera- 
ature of water, far greater than they would find off the Pacifie Coast below 50° north latitude, from 
the fact that they arc only found i n  latitudes where the water undergoes such a change. 

The coast of southeastern Alaska is cut up into hundreds of islands, both large and small, forming 
numerous bays, channels, and estuaries, very similar to  the coast of Maine and some parts of Nova 
Scotia and Newfoundland. From Massachusetts t o  the Gulf of St. Lawrence is where lobsters abound 
in  greatest numbers, and in this region the water in summer is comparatively warm and in winter 
extremely cold, elements perfectly congenial to  this crustacean. In Alaska the water annually under- 
goes, t o  a much leas degree, the change which takes place i n  the  latitudes above mentioned. All  
things considered, no great mistake would be made in planting lobsters in  the waters of southeastern 
Alaaka. The harbor of Sitka would be ai1 excellent place t o  t ry  the experiment; also a t  Hooniah. 
There arc many localities equally as good above Prince of Wales Island, namely, Howkan, Nichols 
Bey, and Shakaan; or at Loring, Revillagigedo Island, and several more points farther up the Behm 
Canal. 

RESULTS O F  EXPERIMENTS IN PLANTING LOBSTERS. 

He writes as follows on this point: 

No economic results have attended the planting of lobsters on the Pacific Coast, 
and, although the capture of several adult lobsters in years subsequent to the plants 
has been recorded, no specimen of lobster from the Pacific Ocean has been preserved, 
or identified by a scientific authority. 

The reasons for the absence of results are unknown. Whether the negative out- 
come has been due to the nonadaptability of the Pacific waters to  the lobster, the 
destruction of the plants by natural enemies before propagation had ensued, the 
failure of fishermen to catch the lobsters, or the scattering of the relativelysmall 
plants over a large area and the failure of the sexes to come together, can not be 
determined. It may be that it is yet too soon to expect noticeable results, at least 
from the plants made in 1888 and 1889, while the small deposits in the earlier years 
may be dismissed from consideration. The following extract from Mr. Rathbun’s 
report bears on this question : 

The lobster is, to  tho boat of our knowledge, (I slow-growing species, not attaining a length of 
10 inches within at least 6 or G years from the time of leaving the egg, and by some it has been uom- 
puted that  the growth is even less rapid. The 565 lobsters recently planted on the  coasts of California 
and Washington can not in  themselves be regarded as a direct addition to  the food supply. They are 
only a breeding stock, and any increase in  their numbers must be derived from the  growth of their 
progeny, also taking into account the young embryos placed in  the water off Monterey in  1888. The 
number of embryos pltuted by the Fish Commission was about 100,000. Supposing that  they all lived, 
we could not at the end of five or six years have an addition of more than that  number of adult 
lobsters in the Monterey region, and until that time there would be no additions to  the original stoak 
of hreeding lobsters. At the end of the first year, or during the first breeding season following their 
introduotion, a maximum of 1,800,000 eggs and embryos would be all that  could be expected from the 
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original lot of females planted, under the most favorable circumstances, and provided they a11 lived 
that  long. Prolonging these conditions, the maximum number of eggs mould not be increased from 
year to  year before the fifth or sixth ycar. It is probable, however, that  the original tltoclc of aclult 
lobsters will uot keep entirely together, and somc mill undoubtedly become the prey of fishes. More- 
over, lobster oiubryov are subject to great mortality, and only a very small percentage reach maturity. 
If at the end of six or cvcn ten years a few thousand only compose tho colony off Monterey, the exper- 
iment may bo considered as successful, but when once i t  has been firmly established on so large a basis 
tho annual increase will be much more rapid. 

Mr. Rathbun states that during 1889 A few of the adult lobsters deposited in the 
Monterey region bad been seen in shallow wate-r, and that yoln~g lobsters about 4 
inches long mere reported to be observed from time to time. Of the reported occur- 
rence of the latter he remarks that full credence can not be given the statements until 
the specimens have been examined by someone competent to identify the species. 

During the past few years several reports of the capture of lobsters on the Pacific 
Ooltst have been circulated. In  1893 iiotice of the taking of lobsters in the vicinity 
of Mon terey was published. Mr. Alexander diligently investigat,ed the matter and 
reported on it as follows : 

Reports are frequently circulated that  lobsters have benn taken by the fishermen of Montereg, 
but each time the investigation which has followed has proved tho story false. Those not familiar 
with the lobster easily mistake the fresh-mater crayfish for that  animsl. During the past season a 
report was circulated through the press of this coast that  several small eastern lobsters had been 
caught a t  Monterey, and, to add strength to the story, i t  was stated that  samples had been sent to the 
Fish Commission for identification and word had been sent back th:lt the samplosreceived were the 
genuine eastern lobstcr. Such reports are very misleading and have caused considerable inquiry to  be 
made concerning the lobsters plautcd on the coast in 1888. 

The writer has had occasion to interview tho fishermen of Monterey several times during the 
past four years, but has never boon able to  find a man mho was certain he had caught a lobster. 
Prof. Charles H. Gilbert saw the specimeus that  were taken this simmer, and s1,ates that  they were 
fresh-water crayfish. 

That several of the lobsters planted a t  Monterey have been caught there is little doubt. Captain, 
Nichols, of the United States Navy, says that  several years ago he ate a lobster which was purchased a t  
a market in Oaklaud; being an eastern man, and having taken an interest in the fisheries all his life, 
it is to  be presumed that  he is correct in what he says. The questions arise, Who caught tho lobsters7 
and, Have they been exterminated? The white fishermen say they have never been guilty of saving 
what they supposed to be lobsters, but w e  of the opinion that  the Chinese have caught and sold 
many specimens, but  of this there is no direct' proof. From what can be learned it would seem that 
tho lobsters planted here were either cangllt before they had time to  inorease, or the character of the 
bottom and general surroundings was not suited to them for propagating. 

The fishermen of that  
locality have made diligent search for them with such clpplianoes as they had, but  t o  no purpose. 
Captain Nichols, in charge of thu light-house board of California, has had lobstcr pots made and set on 
and near the spots where they were planted. This kind of apparatus has also met with negative results. 

a,re found in the report of the State fish commissioner for 1890 : 

number have been Reen by fishermen in Port Townsend Bay, and also in Shoalwater Bay. I met two 
gentlelnen on Grays Harbor who had each taken one, one being takeu at tho mouth of the Hcquianl 
IZiver, and the Other near Peterson Point, Close to the entrance Of Grays Harbor. As both these 
gentlemen were from States bordering on the Atlantic, they were perfectly familiar with the lobster 
in all its different stages of growth, and both agreed that i t  was a genuine young lobster they had 
taken. From this evidence there 
can be 110 doubt that  the effort to  transplaut lobsters into the waters of our State has been successfu1, 
lbnd in  a few years will have stocked the Puget Sound as well as Shoalwater Bay aud Grays Harbor. 
AS the lobster requires about five year8 to ILlDtllTO, the pI'CSent legislation for their protection is ample. 

No traces of tho lobsters planted off Trinidad, Cal., have ever been found. 

The followiug very positive references to the lobster on the coast of Washington 

1 have endeavored t o  ascertain if any young lobsters have been seen since. I find that quite 

The gentlemen, after examining thou:, returned thein to the water. 
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T H E  EASTERN OYSTER. 
WHEN AND WHERE INTRODUCED. 

The shipping of live eastern oysters (Ostrea virginica) from the Atlaiitic seaboard 
to the Pacific Coast quickly followed the completion of the first transcoiitinental rail- 
road. It is stated that the first oysters were taken to California in or about 1870 by 
Mr. A. Booth, of Chicago. The business rapidly increased, and has continued to be 
of great importance up to the present time. It is recorded" that the first shipment 
consisted of three carloads of large oysters and that the market was overstocked, so 
that the consignees, to avoid loss, were obliged to plant in Sail Francisco Bay all the 
stock that were not promptly disposed of. This enforced planting of oysters resulted 
favorably, and was the beginning of a business which has since grown to large 
proportions. 

It is probable that the first consignments consisted of oysters intended for imme- 
diate consumption, but in a very short time the practice was inaugurated of importing 
seed oysters for planting in ,San Francisco Bay, and this eventually became the ruling 
custom. Recently, however, a new company has been shipping marketable oysters 
to San Francisco. 

The necessity for shipping eastern oysters to the Pacific Coast arose from the 
small size and poor quality of the native species (Ostrea Zurida). This has a very 
objectionable coppery flavor, which greatly diminishes its food value, although the 
comparatively large consumption indicates that a taste for it may be acquired. 

The supply of eastern oysters on the west coast is kept up by large shipments 
from the East. I n  recent years from 50 to 100 carloads have been sent annually to 
Oaliforuia and plantcd in San Francisco Bay, where they remain until they attain 
a suitable and profitable size for marketing. The oysters are shipped in freight cars 
holding 80 to 90 barrels and are usually three weeks on the cars. The business is 
carried on chiefly in the fall months, and losses en route are quite small. One-year 
and two-year old seeds are planted on the grounds in the southern part of San 
Francisco Bay for three and two years respectively. Their growth is considered 
rapid, and they retain their original flavor to a large extent, or, at least, do not acquire 
the metallic taste of the native oyster. 

Full accounts of the conditions and methods of the eastern oyster industry of 
San Francisco Bay will be fouiid in the report by Captain Collins referred to and in 
the article by Mr. Charles H. Townsend in the Report of the United States Fish 
Cornmission for 1889-1891. The special interest in this connection which the paper 
of Mr. Townsend possesses is the reference to the question of the propagation of the 
eastern oyster in the waters of California, for unless natural reproduction ensue the 
species call hardly be considered as acclirnatized. Tho opinion has been generally 
entertained and is still quite prevalent that the eastern oyster does not and will not 
propagate in San Francisco Bay, owing to the supposed unfavorable physical and 
other conditions. 

~ 

*Report on the Fisheries of the Pacifio Coast of the United States. By J.  W. Collins. <Report 
U. S. Fish Corn., 1888. 
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Some rema8rks of Mr. Townaend on this point will be quoted. His complete 

The interesting fact that  oysters do propagate in San Francisco Ray, in certain favorable localitics 
a t  least, Calls for some explanation as to the long acceptance by the public of the h t e m e n t  tha t  
there has been no natural increase. * * * During occasional visits to  the oyster beds in 1889, I 
found proof of considerable natural propagatiou of the eastern oyster in the southern part of San 
Francisco Bay, and transmitted evidence of the  same to the United States Commissioner of Fish and 
Fisheries, who directed that  an examination be made in  order to determine to  what extent this had 
taken place. * * The investigations of this subject .have simply disclosed the facts tha t  the 
oyster has to  some extent adapted itself to the new habitat iu common with the other introduced 
species, and that  in spite of many unfavorable conditions it is slowly increasing. 

report should be consulted by those desiriug to fully investigate the matter: 

* x * * * * 
Not only are the chances for the fixing of spat diminished by the use of ground in some places 

where there are very few old shells upbn the bottom, but almost a11 of the shells of Oetrea viiyinica 
are returned from the nirtrketmen to the principal oy8ter company, who sell then1 for the manufacture 
of lime instead of using them for the iwp~OVOlnent of the beds. Theso shells of castern oysters, if 
returned to  the beds where they wore grown, or to other portions of the bay, would certainly increase 
the chances for the fixation of spat set free from the beds where adult oystcrs are growing. It is 
probable that  careful attention to this matter of increasing the fixing surface required by the ~ o t ~ ~ l f i  
oyster might make just  the difference between rapid self-propagation and the  present Slow increase. 

One of the first indications I had of the natural propagation of the oyster T V ~ B  the  finding of 
young oysters six months or a year old upon beds where those three or four years old were kept. 
They were in most instances attached to clusters of dead shells of the small native oyster. Very few 
were to be found attached to adult specimens of Oetrea virginica, but this may be explained by the 
fact that  B U C ~  oysters are frequently handled ind  ‘(laid out” to kecp them well upon the surface and 
prevent any settling in the mud. The handling is done in order to seloct and clean the largest for 
market, the  others being also cleaned of the ever-accumulating native oysters, which would iuvolve 
the destruction of such small eastern oysters as might be among them upon the shells of the large 

The fact of young eastern oysters being attached to  anything is proof that  thcy grew in the buy 
where they were found, for oysters do not have the power of fixing themselves a second time. All 
these small oysters are knocked off the large shells with a small cleaning hatchet, and the operation 
is a necessary onc, as the extremely productive natives cluster upon the larger species in such numbers 
as t o  greatly interfere with their growth. 

In  October, 1891, I discovered some oysters of large size in certain sloughs of the south bax, 
where they had long escaped the stingrays in consequence of bars which shut off the sloughs from all 
but  the highest tide. These were the largest oysters ever seen a t  San Francisco, and had cvidently lain 
there for several years. More recently I obtained a quantity of oysters, apparently two years old, in  
Oakland Creek. AB the oyster beds maintained there several years ago by Mr. Doane, now of the 
Morgan Oyster Company, have long since been abandoned and the stakes removed, it is evident that  
a limited number of oysters have found conditions suitable for their development and growth, even 
in  this muddy place. They are no longer found 011 the mud flats, where they were originally kept, but 
live in  the mud of the channcl, from which I obtained them with tongs. 

Mr. Cleaveland Forbes, of the Spring Valley Water Company, iuforrned me that  several years 
ago he found full-grown eastern oyster8 up011 the piles of an old narrow-gauge railroad trestle, across 
a slough, near Dumbarton Point, and that  the men of his party frequently found mrtny upon banks 
composed of shells of the native species, near where the pipes of the company eross the  bay. 

Mr. H. D. Dunn has recently reported, through the press, the discovery of a full-grown emtern 
oyster near Mile Rock, in the Golden Gate. 

It is possible that during the long time eastern oysters have been kept in  the bay they have 
become in a measure acclimated, and that  thore is a constantly increasing tendeney to propagate- 
tha t  ie, the  progeny of oysters grown here become hardier with each generation and better adapted 
t o  the colder but  more equable waters, 

During my latest examinations of the bay (May and June, 1891) eastern oybters, very large and 
old, were found in the following places near the sites of former oyster bedtj: Several adhering to the 
piles of the narrow-gauge railroad trestle across Sen Leandro Bay ; a few upon the rocks a t  the extreme 

oysters. 

F. C. U. 1895-30 
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north point of Sheep or Brooks Island, near low-water mark; a few upon the rocks at Point San 
Pedro (at entrance to  San Pablo Bay). Those from Sau Leandro Bay doubtless originated as spat 
from the oyster bed near the cntrance to  that  bay, a t  the end of the bay northwest from the  island. 
Those from Sheep Island had merely drifted as young across the half mile of distance from tho old 
beds near Ellis Landing, while the San Pedro oysters originated upon the beds between Marin Island 
and Point San Quentin, a couple of miles distant. 

Mr. H. D. Dunn informed me that  wild eastern oysters had beeu reported to him from some other 
place near Point Sen Pedro, but I did not discover them, being without a pilot. These finds are very 
interesting, as showing not only the  breeding of the oyster in varioiirr parts of the bay, but  t h a t  the 
species begau breeding mveral years ago wlien oysters wcre laid out in those northern parts of the bay. 
At Point San Pedro oysters are directly exposed to the influences of the Sacramento River. But tho 
largest and most important tract of oyster propagation is in  the regioii of the natural shellbanks of 
native oysters along the east side of the  bay, beginiiing a t  Bay Farm Island and extendiug well soiith- 
ward and off into deep water. Here wild eastern oysters may be found during the low tides that  
expose the outer portions of the shellbanks. A t  this place they are numerous, and when the tides are 
sufficiently low i t  is possible to  gather them by the more, ranging in size from yearling8 to  those 
several years old. This deposit is a t  least 4 miles removed from the nearest site of a former oyster 
bedding-ground, and tliere is no doubt about tho oysters upon the whole tract being of volunteer 
growth. A channel several feet wide separates this tract from the old bed on the north, while it is 
nearly 10 miles to  the nearest beds on the south. 

Examination of two or three hnndred oysters gathered in  this region shows the fixing surface 
for the spat to have been the shells of the native oyster (Ostvea Zwida). Indeed, there is nothing on 
this whok! bank but clean shells of the native species. The bank is exposed to  heavy seas during the 
season of strong winds, and many eastern oystcrs doubtless become buried beneath the easily drifted 
shells of the small natives. It is probable that  there is a very great production of eqstern oysters 
here tha t  we know nothing of, as the whole tract is accessible t o  stingrays, which prey upon every 
kind of shellfish outeide of the stake-protected beds. It is also probable that  the heavy seas which 
at times sweep across this shallow section of the hay and actually break up the clusters of native 
oysters by rolling then1 toward the beaches, have ail iii.jiirioiis effect upon newly fixed eastern spat by 
burying them beneath the drifting shells. 

Considerable quantities of mild easteru oysters are annually gatliered upon this and other shell- 
bariks in  the bey. They are rctailcd in Oakland and Alameda at $1.50 per 100, or sold t o  the oyster 
companies who lay them out on their fenced beds for further growth. They are obtained when 
unusually low tides happen to  oxpose them. No tonging or dredging is done, the oysters being 
gathered by hand. I have no means of knowing the  quantity 
of oysters derived from this source. 

It appears, therefore, that  there are other parts of Son Francisco Bay BB good for oyster-culture 
as those now inclosed, and that  the increase of wild oysters now growing there would be more rapid 
if they were inclosed and afforded similar protection from heavy seas, stingrays, etc. 

The work is performed chiefly by boys. 

Several attempts have been made t o  acclimatize oysters on the Washington coast. 
Mr. Townsend reports that many years ago two sacks of eastern oysters were placed 
in Budd Inlet, Puget Sound, uear Olympia. They are known to have lived for several 
weeks, but were soon lost sight of. A few sacks of oysters were also planted in 
Willapa (Shoalwater) Bay, near Oysterville, a number of years ago. They lived, but 
no increase in their numbers was ever observed. 

In 1894, pursuant to urgent solicitations of the people of the State, the United 
States Fish Coinmission sent a carload of eastern oysters to Willapa Bay. The 
consignments consisted of 80 bsrrels of large oysters from Raritan Bay, Princess 
Bay, Newark Bay, Keyport, East River, and Chesapeake Bay. The oysters arrived 
in excellent condition and were planted near Bay Center on November 11, Mr. Town- 
send superintending the planting. These will be carefully protected until sufficient 
time has elapsed to demonstrate the adaptability of this bay to the growth and 
multiplication of the species. 
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EXTENT O F  THE TRADE IN EASTERN OYSTERS. 

The business of planting eastern oysters in San Francisco Bay, and of taking 
them up for market when they have attained sufficient size, is one of the most impor- 
tant branches of the fisheries on the Pacific Coast. Iu 1888 the quantity taken from 
beds in Ssn Francisco Bay and sold was 117,000 bushels, and the output has increased 
annually since that time. Over 100 pcrsons are employed, and nearly $300,000 is 
invested in vessels, shore property, cash capital, and oyster-grounds. 

The inquiries of Mr. W. A. Wilcox, agent Of the United States Fish Commission, 
have shown the quantity and value of the yield of eastern oysters from 1888 to 1892 
.inclusive to have been as follows, the fiaures for the last four years namcd being 
extracted from Mr. Wilcox’s paper” in the Report of the United States Fish Commis- 
sion for 1893 : 

______I- - - -  - - - __ -. __ - 

I YoarR I Ilusircls. 1 va111<1. 1 
1888 .................................... 
URD .................................... 
1890 ................................... 
1801 .................................... 
1892 .................................... 

I 

THE SOFT CLAM 
The existence of the soft clam or long clam.(ilfya rcrenaria) of the Atlantic Coast on 

the shores of California was first suggested in 1874, when Dr. W. Ncmcomb desoribcd 
it from San Francisco Bay as a new species under the iiauie iMja kenqhillii, recog- 
nizing that it was distinct from the native Mya of the Puget Sound region. It is 
interesting to observe that it is also found on the coast of Japan. 

Mya arenaria in San Francisco Bay,”t by Dr. R. E. 0. 
Stearns, it was shown that since 1874 this clam had become abundaiit along the 
eastern side of San Francisco Bey, although it was not known north of that  bay. 
The author had, however, received specimeus from Santa Oruz, on M o n k e y  Bay, 12 
miles south of the Golden Gate. 

In discussing the origin of the clam in Sau Francisco Bay, Dr. Stearns gives the 
opinion that the origiual mollusks were accidentally taken to the Pacific Coast with 
carloads of eastern oysters destined for planting near San Francisco. He writes as 
follows on this point: 

In a paper entitled 

From whence came the seed which 110s produced the &bundance of this species Which has spread 
and is now spreading rapidly along the shores of Sau Fraucisuo Bey? 

Eramine the ancient shell heaps aud mouUdE found horOabOilt, alld onc m:by find the thin broken 
valves of the Mucontas, but not a fragment of the shell of Mgn. h e  may find tho shells of tho native 
HuZiatis and OZiveZZa and the beads and irionoy or ornaments made from them; the bones of the 
common California deer, of the w!lales, and perhaps other itiiiniaJs, all of which are still to be found 
in the neighborhood or not many miles away, but not a piece of Myu. The onoient elam-diggers, 
whose kitchen middens are met wit11 ill inany places on the Alnmeda and other shores of the bey, whose 
skeletons and implements are sometimes exhumed or discovered, had “passed over to tho niajority” 

‘The Fisheries of tho Pacific Coast, 1GG pages, 14 plates. 
tAnierican Naturalist, xv, 1881. 

._ - ._ - - - 
___-_I - - . _._ 
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centuries before the advent of J fyu  arenaria in California waters. To proceed to  the question, Wab 
the seed of this mollusk introduced from the waters of the Asiatic shores of the North Pacific or from 
the American shores of the North Atlantic? I f  artificially introduced, of which there can be no doubt, 
from which direction does the extent and character of the traffic of our commercial intercourse make 
it most probable that  the species came or was brought? By water on the stmmships from Japan, or 
by railroad 3,000 miles overlanc' from tho Atlantic seaboard? 

With the completion and operation of the transcontinental railroad, our oyster 111e11, many of 
whom have a large capital invested in the businas, commenced the importation of small oysters 
(0. virginica) from the Atlantic side by tho carload, for planting in Ssn Fraucisco Bay, where i n  a 
season or so they attain a merchantable size, &wowing exceedingly fat. * * * There is no similar 
traffic with Japan, aud i t  is hardly possible that  the fry of Mya arenaria, if i t  did adhere to  the 
bottom of the Japanese steamers in Japanese ports, would be able So hold on for so long a time or for 
so great a distance with the  friction of the water against the bottom of the steamer constantly' 
operating to  sweep it off. Native oysters are also imported from various points in Washington 
Territory and planted in the bay, but we have uo knowledge of- the Mya existing at any point in  the 
region from whence these latter oysters are brought. 

The soft clam has attained great econoinic importance in California. As early as 
1881, as Dr. Stearns shows, it was the leading clam in the San Francisco and Oakland 
markets and had superseded to a great extent the native clams (Macoma rzasuta and 
Tapes stanzinea). That writer referred to the value of the soft clam and the desir- 
ability of its further distribution in the following words : 

In the presence of the fact of the rapid increase of this truly excellent edible-next to  the oyster 
the most valuable, either as human food or  fish bait, of any of this class of food-and the inference 
froin i ta  spreading so readily in Ssn Francisco Bay that  other places along the coast might prove 
equally congenial to  it, it would be a wiso, public-spirited act  i f  the  captains of our coasting vessels 
would take the trouble and incur the slight expense attending the planting of this clam at such points 
m their vessels touch at in the  ordinary course of business. 

- 

In  the report of the California fish commission for 1885-86 the commercial value 
of the soft-shell clam is thus referred to : 

During the last few years soft-shell clams have been taken in  great quantities. The spawn is 
supposed to  have been brought to this coast with the eastern oyster. They have covered the flats 
surrounding San Francisco Bay. The number taken by bushels can not be obtained, as they are 
marketed in San Francisco by the box, each box holding about 2 gallons of solid meat. Two hundred 
and fifty boxes, or 500 gallons, are consumed daily, making the annual consumption 156,500 gallons. 

The inquiries of the agents of the Fish Commission, covering a continuous period 
froin 1888 to 1892, have shown the extent of the soft-clam fishery and trade of Uali- 
fornia in those years. The great bulk of the output is sold in San Francisco, and the 
quantity handled by the dealers of that city, as shown in the following table, repre- 
sents approximately the quantity taken iu the State. The unit of measure is a box 
holding about 50 pounds of clams in the shell. The receipts of soft clams are seen to 
be increasing, while the consumption of native clams has varied but little in recent 
years. The ruling price to the consumer has been about $1 a box for several years. 

Table dkowiny the quantity of soft clams ?handled by SU?~ Franoiaoo dealera. 

Uoaua. 
1888 ..................................................................... 31,200 
1889 ................................................ ......, .............. 18,500 
1890 ..................................................................... 25,000 
1891 ..................................................................... 30,OilO 
1892 ..................................................................... 40,000 
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According to Mr. Charles H. Towusend,” naturalist on the Fish Oommission 

steamer AZbatross, a large part of the soft-shell clam supply comes from San Pablo 
Bay, where Mya arenaria is found to the exclusion of all other mollusks, and where 
“this species is apparently as abundant as if it  had always existed in these waters.” 

In 1884 the existence of the soft clam in great abundauce in Shoalwater Bay, 
Washington, was shown. The history of the presence of the eastern clam in that 
locality was given by Dr. Stearns in the following letter to Professor Baird, published 
in the Bulletin of the United States Fish Oomiiiisaion for 1885: 

I have examined the box of clams which just  came to  hand from Donald Macleay, eaq., president 
of the Board of Trade, Portland, Oreg. Mr. Macleay states that they are the eastern clams, and found 
et Shoalwater Bay, Washington Territory, which is correct &E to their original (indirectly) and present 
habitat. I was aware of the presence of these clams a t  the locality given by Mr. Macleay some months 
ago, and it mould be mise to  put the matter ou record. Captain Simpson, a public-spirited citizen of 
San Francisco, of the firm of Simpson Bros., extensively engaged in  the lumber trade, employing 
a great many vessels in their business, informed me that  he had at one time (or at various times) sent 
up the coast by their captains :Iquantity of Mya weitaria for plauting in Shoalwater Bay, and it, hfye, had 
multiplied wonderfully, and now (at  the time of our conversation, May, 1884) this clam was abundant 
there. The clams planted by the direction of Captain Simpson were obtained by him in Sen Francieco, 
where N y a  now “rules the roost,” its increase in San Francisco Bay and oxcellent quality having nearly 
superseded the native cl:ims, the latter being now seldom seeu on the stalls of the fish markets. 

Mr. Townsend says that the soft clam has been introduced into Puget Sound fiom 
Shoalwater Bay. It is stated that about six or &even years ago the original plants 
mere taken from Shoalwater Bay by the engineer of a coasting steamer and deposited 
near Tacoma. They &re reported to have greatly multiplied and to have been taken 
in large quantities for food. 

OTHER ANIMALS SUITABLE FOR INTRODUCTION. 
FISHES. 

The remarkable success which haH attended the attempts to acclimatize fishes in 
the Pacific States naturally suggests a Continuance of the experiments. While there 
is a great abundance of valuable native food-fishes in the fresh, brackish, and salt 
waters of the Western States, and while the introduction of additional fishes is not 
generally needed, nevertheless it is doubtless true that it is desirable to augment the 
existing food supply of some sections by transporting several valuable easterri fishes 
which would be very welcome to the people of the West, 

There are, in 811 the Pacific States, but more especially in Oregon and Washington, 
lakes and other waters now barren of food or game fishes, into which the introduction 
of native species or of eastern fishes could be readily accomplished. 

A number of fishes, the introduction of which has already been attempted and has 
&,her proved a failure or only a partial succe88, might with propriety be given a further 
trial in waters now destitute of desirable species. Among these are the rock bass, the 
&,lentic salmon, the muskellunge, and the pike perch. 

Oare should be exercised in transplauting fishes to avoid the introduction of pre- 
daceous species into waters already containing desirable fish. The putting of black 
bass or pike perch in a trout stream! for instance, should be discouraged, as should 
the liberation of black bass or other sunfishes in salmon streams. 

of the United States. 

-- 

* Report on observations respecting the oyster resource8 aud oyster fishery of the Pacific Coast 
Rept. U. 6. Fish Comm., 1889-1891. 
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Dr. C. H. Eigenmann, in a paper on the food-fishes of tlie California fresh waters, 
contained in the report of the California fish commissioii for 3.888-1890, calls attention 
to the comparative scarcity of' species in the fresh waters of the State. He sws:  

Therc is coniparatively a very limited variety of fishes in Ca1iforni:i. A stream which in  the 
Mississippi Valley would harbor 75 or 100 cliffcrent specics of fish would in  California scarcely contain 
20. This is due to two causes: 

(1) Yauy of our streams become entirely dry duriug the summer, and no species that  does not 
migrate to the sca, or the lower or higher water courses, can exist in  them. 

(2) I t  is :I law in tlie distribution of frcsh-water fishes that  the greater tho water system the 
larger the niimber of species of fish foilnil in m y  of the tributaries. The tributaries of the Sacramento 
thus have much fewer species tbimu the tributaries of tho Ivhsissippi, and the tributaries of the 
Mississippi much fewcr than the tributaries of' tho Amazon. 'l'o be more precise, one naturalist has 
caught as many species of fish in  onc of the tributarics of the Mississippj iu a day as there is known 
from the entirc region west of the Sierra Nevada. 

By saying tha t  tlic number of species o f  fresh-water fiahes is limited, I do not wish to  imply that  
the food-fishes are less in number or inferior in quality, merely that  we have less variety-a defect 
which caii be remedied by introducing other spccies. The most proniineut food-fishes of the Mississippi 
Valley which are not iudigeuous to California are the various catfishes, the buffalo, pickerels, most of 
the  sunfishes, espocially the black bass, perches, and the bass. Several of these have already been 
introduced. 

Mr. A. B. Alexander, fishery expert, on the Albatross, regards mackerel (Scoinber 
scombrus), bluetisli (Poniatoiwus saltatriz), and haddock (ilIelanog?-anamus ccgli$nus) 
as among the most desirable fishes that could be introduced into these new waters, 
He says: 

Tho species of deep-sea Atlantic fish that  woiild be most appreciated by the Pacific Coast people, 
in the opiuion of the writer, are t h e  mackerel, blucfish, and haddock. It is quite evident that  no 
other fish would meet with such saIe as these, for the reason that  all three species are best when eaten 
fresh, which would suit thc tastes of the inhabitants of ovsry city on the west coast. Salt fish are in  
no great demaiid, and as a rule those which arc brought to  inarkot in any other state cvcept fresh are 
seldom called for. 

The haddock, if successfully plsnted on the Pacific Coast, worild meet with a demand equal to 
auy salt-water fish brought to  market. Tho haddock is a profitable fish to  buy as comparal to the 
red rockfish and cultus-cod, thew being less wastc to  it. 

The mackerel is in demand tho world over, and if introduced on the Pacific Coast would be 
appreciated by fishennan, buyer, and consumer. Tliere ie little doubt that  mackcrel mould live and 
propagate ou that  part of the coast from Montercy Bay southward. Monterey Bay would be a good 
locality to  plant young fry, for the rcason that  the Pacific lnackcrrel are found in that  bey as numerous 
as anywhere 011 the coast, and it iri but reasouable t o  suppose that  where 0110 species is found the other 
wouId Iive, as bot11 species aro found iu the Atlantic, and some years in  the same locality. 

It would not be advisable to  make a planting of haddock farther south than the latitude of Son 
Francisco. It is vcry probable that  in  tho vicinity of Cape Flattery would be a better place. 

The well-known predaceous habits of the bluefish might be regarded as a draw- 
back to the transplauting of the fish, although there can be little doubt it would 
prove a highly esteemed ailclitioii to the food and game resources of t h e  coast. The 
hake (Yhyc is  chuss), the cusk (Brosmius brosnie), and the pollook (Pollachius sirens) 
could also be acclimatized a s  easily as the haddock, but as they are less valuable as 
food they need not be further considered. 

The scup or porgy (Stettotomus clwysops) would unquestionably find a congenial 
habitat in Sau Francisco Bay and in other shore waters of the coast, and it would 
also be a well-received addition to the fresh-fish supply of the region. As a food-fish, 
i t  is superior to the viviliarous perches now so extensively consumed in San Francisco. 
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The following correspondence, which pa,ssed between the California fish comrnis- 
sion and the United States Fish Commission regarding the acclimatization of aIewives, 
is self-explanatory : 

[Letter of California Fish Commissioners, dated Nny 10,1895.1 

We have had some correspondence with reference to the introduction of the alewife into Cali- 
fornia waters, and would be glad to  have your opinion as to the advisability of such a step. We are 
informed that  the young fish can be talren in great numbers in Maine waters wheu going to sea from 
tho spawning-grounds, and if such is the case it would not be a difficult matter to secure the right 
k i d  of fish for transportation. Do you consider them a desirable fish for onr waters, and woiild the 
conditions here be favorable to  their development? 

[Letter of United Stntea Comniissioner of Fish nnd Fisheries, dnted Mny 18, 1895.1 

Regarding the transplanting of alewives from the east coast to  Californin, permit me to say that  
there is little doubt that the waters of your State are adapted to  the alewife, and there is every reason 
to  believe that the introduction of the  fish would prove as successful as that  of the shad. A t  the same 
time this commission is not satisfied that  the acclimatization of the fish is necessary or even desirable. 
As food-fish, both the brauoh alewife (Clupsapseudohu~~engrca) and the glut herring or summer alewife 
(Clupeu mstivU7iis) are inferior to  the shad, and the low estimatiou in which the 1;Ltter fish is now held 
in San Francisco suggests that  the smaller and less valuable alewives would meet with little favor on 
the part of the fishermen, fish dealers, and the general public. If introduced into the Sacramento River 
and Ban Francisco Bay they would doubtless bo excellent food for the striped bass and other fieh-eating 
species; bu t  there i i  already a great abundance of carp, which are known t o  constitute the principal 
food of the striped bass, and the introduction of the alewives for thh purpose does not seem to be 
demanded. Whilo i t  is the habit of these fish to return to tho sea, like the salmon and shad, the branch 
ahwife at least is susccptible of ciiltivation in landlocked lakes and other waters, where i t  might 
have economic value or furnish food for black bass or trout. 

Alewives are found along the entire castern coast of the United States north of Florida, and there 
are important fisheries in North Carolina, Maryland, and Massachusetts. Fish for transplanting could 
therefore doubtless be 88 readily secured in other States as in  Maine. This Cornmiasion does not 
propagate these fmh. It is not possible to  transport the adult fish across the continent, and it would 
probably be unfeasible to  carry yearlings, and, in the opinion of this Commission, the acclimatization 
of the alewives in  California could only be accomplished by means of fry. 

THZ DIAMOND-BACK TERRAPIN. 

There is probably no fishery product of the Eastern States whose introductioii to 
the west coast could be more easily consummated and prove more welcome than the 
diamond-back terrapin (Malaclemmys palustris). The wide distribution of the aniinal 
on the Atlantic seaboard-from Rhode Islaud to Mexico-suggests that it would prob- 
ably live along the entire coast of Califorilia and possibly farther north. 

In  an article" on the fisheries of the Pacific Coast prepared by the writer the 
foIIowizlg reference to the diamond-back terrapin and the west coast native terrapin 
is made: 

The question is often asked by eastern fishermeii and doalers whether the diamond-back terrapiu 
is found on the Pacitio C o m t ;  nnd, if not, whcther there is a11 acceptable substitute therefor. 

The diamond-back terrapin (Muluolenimys palust?*s) does not exist on the wost coast, and the 
genus is  not there represented. The California terrapin (Chelopus ntamo~atrcs) ,  the only member of 
the order which has yet attained commercial proruinence on the coast, is much inferior to the diamond- 
back in food value. The conditions ieem excellent for the succussful introduction of the diamond-back 
terrapin to the west coast. The extensive salt marsh08 around &an Francisco Bay and in other places 
would tloubtless supply a suitable habitat for the animal, whose high food value would in time bring 
i t  into active demand and stimulate cultivation and a profitable trade. 

*Notes on a reCOnnOiEi3aUCe of the fisheries of the Pacific Coast of the IJnitetl Stitten in 1894. Hul- 
letin United Ststes Fish Commissiou 1894, pp. 223-288. 
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THE BLUE CRAB. 

The writer believes that the introduction of the common crab ( Callinectes kastatus) 
of the Atlantic Coast to the waters of the Pacific States would not only prove a valu- 
able addition t,o the food resources of the region, but would be very acceptable to the 
fishermen, dealers, and consutners, and would serve as an important substitute for the 
large crab (Cancer magister) now so extensively utilized on the west coast. 

It can not be said that the introduction of the small eastern crab is demanded by 
any present scarcity of the native crabs. The principal reason for its transportation 
would be to afford a new variety of cheap food and to oEer a new object of capture to 
the fishermen. It would also doubtless serve an important function in supplying food 
to various fishes, aud also in furnishing, as on the east coast, an important bait in 
line fishing. 

Of the relative merits of the east and west coast crabs as to food value, there is 
room for little difference of opinion. The smaller species has a much more delicate 
and palatable flesh. Another reason why the importation of the blue crab may be 
desirable is the advent of large numbers of visitors from the Eastern States, to whom 
their native soft-shell and hard shell crabs would prove very acceptable. 

As to the feasibility of transplanting crabs from the Atlantic to the Pacific sea- 
board there can be little question. The introduction could doubtless be accomplished 
with facility. The crabs are fully as hardy as the lobster and are more easily handled. 

The adaptability of the waters of the Pacific Coast to the crab will a t  once suggest 
itself Lo anyone who will study the thermal and other physical conditions of the two 
coasts. On the Atlantic seaboard the blue crab ranges from Cape Cod to Mexico, 
and it would thus seem to be better suited to the waters of California than is the 
lobster. 
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