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l.-OBSERVAI'IONS ON T H E  AQUARIA OF THE U. S. FISH COMMISSION 
A T  CENTRAL STATION, WASHINGTON, D, C 

-__ - 

[plates I to IV slid two toxt figures.] 

BY WILLIAM P. SEAL. 
__ 

THE MARINE AQUARIA. 

The esta,blishment of a m;brinc qnarium :L entrill Station for the purpose of 
ciernoiistrating the possibility of kcqiiig maline plttnts and animals a t  a distance froni 
the sea, and consequently with the us0 of a very limited quantity of water, was entered 
q)on a t  the beginning of the year 1889, aiid 1i;w resulted so favorably as to afford 
&undence of argument for an extension of the work as it moans of practical observa- 
tion aiid experiment. 

Thc system of constructtion adopted is tlic most economicd and favorable possible. 
Tile building is ppactically a grccnliousc in stylc, 16& fcet wide and 644 feet long, built 
agdinst the west sido of Central Station, with ;L small extcnsioii about 8 feet in length 
on the south sicle, snBoient to accommodate the puml,ing apparatus, filter, etc. This 
style of struoture, wliether simple or elaborate, is iiecessary to afford the light required 
to establish favorable conditions for plant life, and 110 doubt in as marked a degree 
for the health a,nd liqjpiness of' a,nimal life also. 

The constrnction of both building and grotto will be understood by referring to 
the txccompenyiiig ground plan. 

The central space or gallery for the observation of the aquaria is completely cov- 
ered with imitation rock-work mado of hcavy paper applied in B soft or plastic condi- 
tion Rnd afterward painted, sanded, sild frosted. No part of tho aquarium tRnlrs is 
allowed to show except the glass, whicli appears like so insiiy holes or openings in the 
rocks. While all extravagance in the attempt to imitate natural rock is avoided, thero 
is still afforciecl a very realistic represolitstioil of a natural grotto or cavern in which 
the observer appears to be boneath or surrounded by water. 

The idea, of oonstructing ai1 aquarium in any imitation of a cavern or grotto has 
been very vigorously assailed by Mr. W. A. Lloyd, lato superintendent of the Crystal 
Palace Aquarium, London, England, principally from an artistic or esthetic stand- 
Point, the argument being in general that any attempt a t  ornament or idealization is 
Unnecessary end inefficient for the object sought, and therefore wasteful and inartistic:. 

(See plate III, a t  end of article, page 12.) 

1 
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2 RULTJE‘I’IN O F  THE: UNITED STATES FISH COMRIISSION. 

Not assuming to be competent to affirni or deny Mr. IJloyd’s coiiclusioiis trour his 
stiuidpoiiit or to forni an opinion concerning attempts of this nature in European capi- 
t J s ,  which were altogetlicr different from the skeleton framework ancl Iiglit paper slicll 
of tlie Central Station Aquarium, they having been built of stone and ceinent a t  great 
cost, I commend the idea as here employed on the score of economy, cleanliiiess, and gen- 
eral effectiveness. To have produced equally good results wit11 wood or metal would 
have cost very much more. The advantages of such a11 arrangement are that, while 
tlie aquaria are afforded the light necessary for their success, it is cut off from the eye 
of the observer, except as it reaches i t  softened and diminished in passing through the 
water. A flirther advantage is that the attendants can carry on tlieir work unclis- 
turbed and without annoying or distracting the attention of the observer from the 
ihquaria. It further prevents the introduction of food, or the interference of any kind, 
by visitors or those not properly authorized. 

Some unavoidable use of brass piping in tlie beginning demonstrated beyond ally 
f‘urther need of experiment’the necessity for tlie entire absence of metals from the 
tanks, reservoirs, and circulatory apparatus, and consequeatly the materials NOW used 
in their construction are glass, slate, hard :tnd soft rubber, and wood, nothing being 
used which is oxidizable or capable of exciting gz~lvanic or cheniical acttion. 

The use of an awning covering the entire structure affords the necessary protec- 
tion from excessive heat ancl sunlight in suminor. 

A gas engine with hard-rubber pmnp supplies the inea8iis ofclevitthg the water to 
a sufficient height to give the pressure necessary for effective a h t i o n .  

The number of aquaria in tlie marine grotto is twenty-four, having an aggregate 
capacity. of about 1,500 gallons of water. The elevated taiik holds something over 400 
gJlons. The reswvoir, located in the yitrcl of Central Station ancl inclosed with wood 
and glass, holds about 4,000 gallons of water, thus making a totaJ of about 6,000 gallons 
in the circulation. The upper tank, being a t  an elevation of about 40 feet, gives a 
pressure of about 20 pourids to the water entering the aqu:irin. 

By passing tlie water through very sinall glass nozzles (one‘thirty-second to one- 
eighth inch orifice, as reqnired) ak this pressure a sinall amount of water suffices, as a 
very large RlkloUIIt of air is drawn in with it and dispersed throughout the entire body 
of water in an aquarium in minute bubbles, thus affording efficient aeration. 

In addition to tliis circulatory system, there is an auxiliary system of aPration, 
which is used in case of unavoidable suspension of the circulation, and is also va1n;ible 
in special cases and in the azration of water of other degrees of density than that in 
the main body of salt water. 

This system, devised by Hon. Marshall McDonald, is a inodification of tlie varions 
air-punips in use, which are operated by a fa11 of mater through tubes, and is so siml)lc 
and efficient a~ to be of very great value, and within the reach of all, for the aBratioii of it  

single aquarim bept for amusement or for the greater needs of iustitutions of learn- 
ing. Artificial :%Fration, or cliauge or circulation of water, is necessary where more 
than a certain proportion of aquibtic aiiiIna,ls are kept in a given amount of water. For 
the keeping of nmrine fornis of‘ life where the supply of salt water is necessarily limitetl 
and especially for the urns of biological laboratories, this device should prove of very 
great value. 

As but a small 
a;mouut is uecessarg for tho operation of a single pump, it may be carried up fronl 

To establish such a pump there inust be first a fib11 of water. 
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OBSERVATIONS ON TNIG ' AQUARIA BT CENTRAL STATION. 3 

watercock, conveniently located, by ueans of small rubber tubiug. The higher it ea1 
be carried, tlie greater will be the force created. The fall should be 8 or 10 feet at 
Icest,, and 20 or more feet will make it much more efficient. The higher it is carried, 
however, the stronger tlie tubing must be. From this tube :I small streatm of water, 
cant down to  a geritle flom, is allowed to drop into another tube having an eiilarged 
mouth aiid of one-fourth to three-eighths inch bore, drawiug iii with it air, thus inducing 
vapillerity, the air forming into globules or bubbles alternating with water spaces, as 
sliown in fig. A 1, plate IV. 

In the illustration the tube is showii as being attached directly to  the cock and 
with a hole in tho side for the induction of air. This method of attachment is probably 
the best, and might be made more effectual by the use of :I metal supply-pipe. 

Some provisiou is necessary for carrying off the water in case of any accidental 
stoppage of the punip, as when the water is prevented fiorn pas8ing down the tube 
it finds its way out of the air-hole at the top. fimncl-shaped receiver mith a nipple 
inserted into the side, to mhich may be attached o piere of small rubber tubing l e d -  
iug to a sink or other exit, might be placed on the tube below the air-hole and would 
probably be as simple mid effective as mythiug; but this can be left to individual 
ingenuity. 

A suidl riozzlu hila beeu used tlirougli which to pass the water into the tube (A 1) 
with force, but i t  is probably 110 inord efficient, while great strain is brought on the 
tubing attaohiiig it, ofteii causing it to burst, and it is also liable to become choked by 
suisll crustaceans, scale from the water-pipes, etc. 

Through the tube (A l), which is ail enlarged sketch of what would be the top of 
the supply t~tb0 (A a), t'he air m d  water pass into a jar, B, which has, in addition t o  
the eiitrauce or supply tube, two exit tubes, a11 passing through an a'ir-tight cork or stop- 
per, 0. One of these tubes, D, inerely passes through the stopper and is for the exit 
of the air, which of course remriius iu the upper part of the jar or ibbove the water, while 
the longer one, extending to the bottom of the jar, is for tlie exit of the water. 

A proper regulatioii of the height of the overflow-pipe outside the jar will regulate 
the flow of air iiito the aquarium. This regulation is uecessary to equalize the pressure, 
;is it will vary with the proportion of air mid water pcwsiug; into the jar, the depth of 
water in the aquarium, etc. 

Several forms of liberators for the air passbig into the aquaria have been devised. 
The difficulty in efticient a6ration in this way has beeii in the tendency of the escaping 
globules of air to coalesce aiid forin large bubbles. The more finely the air can be 
comminuted the more rapidly it will be absorbed by the water, aiid consequently the 
1110re porfectr the dratioii will be. Many kinds of dead wood, wliicli are porous, such 
:IS grape-vine, have been found to liberate the air in very minute bubbles, and sponge 
properly inserted into the inonth of a glass tube bent in the shape of a hook so that the 
inouth will open upwards has worked well. It is probable that many other more 
wtishctory porous materials may be found. 

The original supply of salt water was brought from Chesapeake Bay, sild fro111 

time to time when the Commission's steamer, the Fish Hawk, returns to Washingtoll 
t b i i  additional supply is obtained. This, however, does iiot supply all loss from various 
causes aud artificial sea water lias soinetiines been used. This has been made by using 
;I salt producai by evaporating sea water. 
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The usual method of preparing artificial sea-water for the aquarium is by use of one 
of the many formulas provided for tlie purpose. In the present case Turk’s Island salt 
is used. Tlie writer has used this salt for preparing salt water for small still-water 
aquaria with perfect success, aud i t  lias proven satisfactory ill the present case. There 
was in the beginning some principle, apparently niilclly acrid or astringent, affecting 
more or less unfavorably all ofthe lower fornls of life, while i t  l i d  but little noticeable 
effect on the fishes. Fishes linviiig a sliiny mucous coating, such as the toad-fish, 
appeared to lose it and the skin hecame sliriveled in appearance, but their general 
health seemed unaffected. 

It appeared probable that, as there is a considerable precipitate of lime from this 
salt in solution, some of it inay have remained in suspension for rz long time owing to 
the activity of the circulation. It was noticed at  least, that in tlie sanie water which is 
quiet and has stood for sonic time the low form of life kept in inucli better condition, but 
without some form of aGretion tlie ainount of life so kept innst be very limited. The 
1-csult was all the more puzzling because of the fact that some fish usually very clificult 
to keep lived remarkably well. Aiiioug these mas the gizzard shad, transferred from 
fresh water. It was finally found to be necessary to exercise more care in introducing 
the water into the reservoir so as to avoid stirring up the precipitslte of lime formed at 
the bottom of tlie vessel iu wliich tho solution was made. After this precaution was 
taken the disturbing effect disappeared. 

Commission for 1884, that the Berlin, Hamburg, snd Vieuna aquaria encountered iii 
the beginning Iiuinerous difficulties in the preparntioii of art,ificiaI sea-water, threatttrii- 
ing failure for a considerable period. 

The director of the “Zoophyte Aquaria” in the Zoological Garden in Regent’s Park, 
London, declared some years ago that L‘artificial sea water, even if a chemical analysis 
can not discover the least difference between i t  and natural sea water, is never bene- 
ficial to animals aiid plants; )’ but this lias been disproved by the success of the aquaria 
a t  Berlin, Hamburg, wid Vienna. In 1884 tlie artificially made sea water of the Ham- 
burg aquarium had not been changed for 15 years, and mas then perfectly transparent 
and odorless, aiid in every way satisfactory. 

A minute green organisin which appeared in tlie water of the Washington 
aquarium during a long and unavoidable suspension of the circulation during the 
summer of 1889 in such numbers as to render the water opaque was finally eradicated 
by causing the water to pass through a filter composed of sand and gravel of gradu- 
a td  sizes on its way to the reservoir. 

One of the interesting evidences of the advantages of the greenhouse system 
employed, affording abundance of light, is the beginning of the development of alga? 
&rectlg froin spores on the slate work of tlie aquaria and on the stones placed therein. 
There is appareut evidence that ill time there will be a dense growth of alga? adapted 
to the clinnged conditions, just i ts on SCa-WallS, piles, etc. This is a matter of slow 
development in nature, 60 that some time will elapse, probably, before there is a very 
complete realization of this expectation. 

The necessity for light is most effect’ually illustrated by the fact that this plant 
tlevelopment is peatest in the aquaria at  the southern end of the grotto, diminishing 
grM1ually tom%rds the llortflern cud, wliicli does not, receive 60 lllllch sunlight. 

T t  appears, froin A papx  by R. 8. Hotiinann iii the Bnlletiii of the U. S. Fish . 
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The plant and animal life has been supplied by sei'ning expeditions to Chesapeake 
Bay, and by several lots of  specimeus brought by the Commission's steamer Fish Hawk 
011 her retnriis from work of investigation. 

Dnriiig the springs of 1889 and 1890 a number of the eggs of the horse-shoe crab 
( L i ~ t d ~ s )  were received by mail from Delaware Bay by Dr. Hugh M. Smith, of the Fish- 
eries Division of the Commission. They were seiit by Mr, E. S. Howell, o f  Dias Creek, 
New Jersey, packed iu met sand in small t in boxes. They lratchecl and developed until 
about three-eighths or one-half iiicli long, ndicu they begari to die off gradually, probably 
from lack of proper food. Tlie aclnlts in the aquarium feed on beef, clam, and fish. 

A number of nests of the 2-spined sticlrlebaclr ( Busterosteus actc2eatus) were built, 
affording au opportunity foi observation of the breeding habits of that species. The 
nest is composccl of a mass of' vegetable fiber aiiil siirecls of algse, living and dead, 
deposited on the bottom of t>he ncpr i~ui i  or 011 tlic flat upl)er surface of a piece of 
rock. It is not so elaborate as that of' the 4-spilled species, but is bound together in 
tlie same manner by iiieaiis of a thread spun by special secretive glands, as described 
by Prof. John A. Ryder, in the Bulletin of the Coinmission for 1881, in the case of the 
4-spined species. The yomig are protected by tlie malo after katching by driving away 
other fish, and by giving them an education iii self-protection. He will dart at the 
yomig R S  if about to devour them, causing them to take refuge among the plants and 
stones, to agaiii emerge as lie darts oft' iu pnrsuit of fish venturing near. With a 
vigilance that is iucessant eiicl iuntiriiig tliey are thus guarcled and driven under cover 
until finally they flee and hide a t  tlie passing of a shadow 077er the mter. 

During the spring and suniiner of 1889 four species of Oyprinodonts spawned in 
the ; u p r i a  and their spawaing habits aiid sexual coldration were noted. 

The readiuess with whicil tliese small species spawn iu captivity jnstifies the belief 
that when ddequate conclitioiis are afforded for oiw larg:er fislies siiiiilnr results will 
be atstained with them. Such a consuniiiiatioii wonlcl imdoubtedly lend to tlie most 
practical advance possible in 0111' hiowleclge of the habits of our fishes. 
' It was noticed, on transferring ~oiiie white perch (Rocctce a?mwicanzis) suddenly 
from fresh to salt water, that tliey were. so buoyaiit as to be unable to swim beneath 
the surface, the dorsal fin and part of the back being out of tho water, and that it was 
only after some days that they acquired the proper specific gravity and could swim 
about normally. This probably evplaiiis the necessity for st gradual clinnge from water 
of one density to another, they not appeibriiig to suger from tho effects of the salinity. 

In  a similar experiment with some eels t'hey ~vere  able to kee]) nwar the bottom, 
but had a tendency to stand on their heads. 

A very interesting experiment has been macle ill confining fishes infected with 
fungus (generally as a result of injuries received in trniisportation) aircl such as are 
infested with parasites, iu brackish water for a time. It is .well lrnowii by all who 
llandle live fish that they are very easily injured. Tlie scales may be detached, the 
fins torn and abraded, the lips bruised and torn from khocking against the sides of 
the can or box, ancl the whole mucous coating and skin more or less scratclied and 
bruised. Many of these injuries (lo not shorn for some days, and it is possible that 
where fish are speedily restored to natnral conclitioiis at  the end of their journey they 
1nay find in the mud or in some other source II healiug specific which will effect a, cure. 

the aquarium, however, they are so011 attacked by fungus (Sapolegnia), and in their 
f m w l l y  depressed condition, refusing food although undoubtedly slowly starving, 
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they soon succumb. The usual method of treatment in such cases is to dip thein fre- 
quently into salt water. While many other solutions, such as carbolic acid, washing 
soda, etc., are frequently used, it is quite probable that the salt water is as efficacious as 
any of them and much less liable to do harm. The labor involved, however, in treating 
a. number of fish in this manner is very great, and the splashing and slopping ocba- 
sionecl by large fish is a further objection. 

It is also a. question as to whether the injuries inflicted upon fish by the frequent 
handling of them, especially in the common knot-woven net, are not as great as the 
benefits received from the treatment. However that may be, the experiment herein 
described seems to  opeu up a very simple and efficacious treatment of fishes so injured. 
The water in the aquarium was brought to a density of 1.006. Tlic fish experimented 
iipon were large-mouthed black bass, white bass, red-eye or rock bass, crappie, yellow 
perch, white perch, eel, sunfish, carp, goldfish, and catfish. The under lips of the black 
bass were badly torn and completely covered with fungus. There is no question in the 
minds of any who saw thein and uiiderstood their condition that they woulcl ]lave 
speedily died in a fresh-water aquarium. After a montWs sojourn in the brackisli mater 
they were fully restored, with a new skin grown over what were ragged festering sores. 
While in the brackish water they commenced to feed upon small miniiows give11 them, 
whereas in the fresh water they would not feed at all. In every repetition of this 
experiment the same favorable results were obtained. 

The crappie is a timid and very delicate fish, easily injured by trmsportation. It 
is soon at~acked by fungus. In  every instance it has  been speedily restored by the 
brackish-water treatment. All the other species mentioned were quickly cured of 
injuries or freed from fungus in the same way. 

The goldfish and carp are frequently infested by a minute infusorian parasite, the 
identity of which is not yet certain, and the catfish, sunfish, white perch, trout, and 
others, are in winter infested by a parasite, Clwowmtophugus parasiticus, and all of these 
have yLelded to the brackish-water treatment. 

It seems assured also, from the experiments made, that any of our fresh-water 
fishes will live for an indefinite time in salt mater about one-fourth the density of sea 
water; whether an artificial solution will answer as well as the sea water itself is yet 
to be determined. There i8 an interesting field for experiment and observation thus 
opened up in this direction. It has been found also that, to some extent a t  least, bene- 
fiaial effects have followed the temporary transfer to brackisli water of species supposed 
to live wholly in sea water. 

All of the salmon and trout may be transferred suddenly from fresh water to water 
having a density of 1.010 without inconvenience to them, and the water can then be 
brought up to the full strength in the course of two or three days. 

It should be stated that the density of the main body of water is kept at 1.020, as 
that has been found to be sufficiently saline for any species whatever, and also to be 
more generally favorable to all species. 

The aquaria have proven to be very popular, and the expressions of wonder and 
delight are universal; and many zoologists, and biologists in particular, are gratified 
that at la& there is a possibility of the development of conditions affording the mean8 
for the study of marine as well as fresh-water forms in a living condition where access 
may be readily had to works of reference. 

Of course it is not to be assumed that the ultimate measure of euccess will be sud- 
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denly attained. Much is yet to be learned regarding the requirements of all forms sf 
life under artificial conditions. ,The temperature a t  one season is unfavorable for some 
species, and at another seasou for otlier species. There may be a necessity for a change 
of density of water a t  certain seasoiis for some species as well as the nearly uniform 
temperature which they find in nature by migration, and these are impossible to provide 
for under existing conditions. All of these and many other influences are matters well 
worthy of investigation in the general interests of science, to  say notliing of the advance 
of knowledge necessary in the holding and handling of many of our fishes for the more 
practical purposes of propagation. 

The realization of these objects must be accomplished tlirougi the inediuin of years 
of investigation and patient observation and experiment, based upon a knowledge of 
past progress in this direction, and a comprehensive idea of ancl faith in the possibili- 
ties of fish-cultural development. All the experieiices of the past, successes and fail- 
iires, point to the necessity of approximating natural conditions more closely in the 
keeping of living things in captivity. 

Some fishes areless easily kept or transported than others, principally, it is believed, 
from mental effects alone. Many are physically much more tender and more easily 
injured than others. The young of a species will endure the conditions of captivity, 
while the adult will refuse food and pine and die. 

In  the future development of aquaria, ancl in a11 attempts to hold fish or other animals 
for purposes of study or propagation, all of these influences of environment must be 
considered. To ignore them is to limit the chances of success, or to invite absolute 
failure. All the advances made will be upon the lilies of imitaking nature more closely, 
so a s  to render animals measurably happy and contented by affording such conditions 
as will promote a normal and healthy physical condition and development. 

T H E  FRESH-WATER AQUARIA. 

There are twenty-five tanks devoted to fresh-water fishes; they vary in capacity 
from 10 gallons to almost 300 gallons. The conditioiis aflorded me, as a rule, unfavor- 
able, owing to the impossibility a t  present of having the proper amount o€ light for 
healthy plant growth, upon which depciids the proper condition of the water as well as 
the health and happiness of the fishes. The prevalence of fungus is very great, leading 
to the conchision that the conditions for its developinent are very fitvorable. There are 
animal parasites, also, which at times become veritable plagues, but which, under 
natural surroundings, do not appear to exert any inj urions influence on fishes. Some 
means of controlling t h e  temperature of the warter in winter would be very desirable, 
as, when it approaches the freezing point, the fish generally refiise food, and not being 
afforded the opportunity for the semi-hibermtion possible .to them in nature, they soon 
Ruccumb. These matters are mentioned not as difficultitis which can nott be overcome, 
but rather as the unavoidable results of an enforced economy. 

One very persistent a d  troublesome form of parasite is described in the Report of 
the Commission for 1884, by Dr. S. Kerbert, as Chronzatophngw parasiticus. This para- 
site is an infusorian which encysts itself in the skin of fishcs and but few a’re exempt 
from its ravages. So completely will a fish become infested mith them that it would be 
difficult to find a spot as big as a pin’s head free from them. Many experiments have 
been macle to find mema of destroying it, but, until the efficacy of confinement in 
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brackish water was noticed, it was impossible to restrict its ravages. When thus 
infested the fish will refuse food and by scratching tliemselvcs violently on the sand 
or stones will soon produce an inflamed condition of ihe skin aiid a rapid growth of 
fungus, to which influences they soon yield and die. 

The necessity for a supply of brackish water in circulation, in addition to the salt, 
mid fresh water system, is thus clemonstrated to be of the greatest importance, froin a 
1)ractical and economical standpoint. 

The prevailing muddy character of Potomac River water renders i t  necessary to 
employ some meaiis of filtration. The system now in use (the Loomis), although prob- 
ably as good as any, if not tlie best of the same character in use, is open to serious 
objections from several points of view. It requires frequent cleaning to render constant 
good service. The use of alum as a coagnlator involves the necessity of very great 
watchfulness on the part of those required to attend to tlie operation of tlie filter. 
The amount of alum dissolved, or necessary to take up the matter in suspeiisiou in the 
water, apijears to vary somewhat with temperature. The ~nucldyiiig and clearing of 
the water must be closely watched and the alum feed regulated to correspond. A very 
Alight amount of alum mill af3’ect fish, arid accidents will occur wit’li the most watchful 
under such circumstances. 

There is a question also as to whether, although apparently having no direct injurious 
action on the fish, something in the cliaracter of the water after filtration by tlie alum 
process may not be, in part at least, the cause of the clifliculties encountered from fungus. 
It is stated in the Report of Walpole and Huxley, inspectors of fisheries of England 
and Wales, for 1881 (See Bull. U. S. Fish Coni. 1881), that- 

It is known with respect to many of the common molds such as Pcnicilliuw~ and Mzlcor, which 
are habitually saprophytes (that is to say, live on decaying organic matter as Sapvolcpiio does), that 
they flourish in certain artificial solutions containing salts’of ammonia. It is quite possible, though 
wllethcr tslie fact is so mill have to be experimentally determined, that Sapvolegniu is capable of living 
under the same conditions. Fungi are also extremely sensitive to slight differelices in the acidity or 
alkalinity of water, so that even apparently insignificant changes in that respcct may cor110 into play 
as secondary coiiditious of salmon disease. * * e A factory for making a Npirit from turuip WILD 

established near Schweidmtz, in Silesia, and the refuse wa8 poured into an aEfliieut of the river West- 
iiitz, which runs by Schweidnitz. The result was such a prodigious growth of Leptomeftr8 that thc 
fELngus covered some 10,000 sqiiare feet of the bottom of the stream with a thick white layrr coinpxrecl 
to sheep’s fleeces, choked up the pipes, and rendered the water of‘the town untlrinkablc. 

The writer has noticed siinilar developments of fungus, possibly the same, in streams 
into which tlie refuse of creameries was allowed to drain. Ou the other hand, the 
presence of fungus in such quantities in the fresh-water tanks a t  Central Statioit may be 
clue, to a great extent, to the lack of light afforded them and the consequent absence of 
growing aquatic plants, as in those tanks where there is au abundance of light and R 

healthy plant growth it give8 no trouble, in fact is practically unknown. 
The attempts to establish an exhibit of live fishes at the New Orleans Exhibition 

failed because of the use of alum in filtration. At  the Ohio Valley Exposition, at, 
Cincinnati, Ohio, in 1888, very great difficulties were encountered in establishing an . 
exhibit of aquaria, owing to the muddy character of Ohio River water and the high 
pressure of the water supply there. Some accidents occurring threatened for a hime R 
failure of the live-fish exhibit. The difficulties were fiually overcome, but, together 
wit11 the other experiences and observations herein reoorded, point to  the desirability 
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of the development of some absolutely pure and automatic system of filtration for use 
in connection with the establishment of aquaria here and elsewhere. 

It should be stated in explanation of t heme  of a filter of this cha’racter that i t  is 
the only systeiu yet introduced whicli will afford a sutlicient supply of water and deliver 
i t  with force so as to provide for the efficient aGration of the water. 

The spawning of the yellow perch (Perm flauescens) in an aquarium in March and 
April of 1888, and again beginning as early as December of the same year and running 
through January, February, March, a,ncl up to April 10 of 1889, is further evideuce of 
the possibilities of the natural spawning of fish in aquaria. Probably few fish of sucli 
size would spawn under such restricted conditions, inuch larger taulis and more natural 
surroundings being required. The smaller species of fish spawn more readily. The 
goldfish and the paradise fish (iMacropodus) are hatched and reared in the tanks each 
season. 

GENERAL OBSERVATIONS ON THE HABITS O F  FISHES IN THE AQUARIA. 

SPAWNING HABITS O F  THE 1)ARTEIZS. 

During April and May of I889 a, number of spawnings of the “ tessellated” darter 
(Bokosomcc o2mstedi) were observed. The eggs were deposited on the under surfaces 
of stones, or on the backs of ~tlieiii, where 0110 lcsned ag~itist  the ends or back of the 
tmk, or agniiist another stone, in a, single irregular laycr over an area of about 1 by 3 
iiiches. T~iey were about the size 
:tiid appearaiice of  those of the com- 
~iioii suiifish and were deposited in 
the same niaiiiier. The great aotiv- 
ity and brilliant coloration of the 
male, which is ordinarily one of tho 
most sober-hued of the darter family, 
differing but little from tlie fcmale, 
were very conspicnous. 

The spawning was cffi?cted by 
passing up and down over the sur- 
face chosen until all the egg8 were 
extruded and adhering to tlie stone. 
The fish undoubkedly pair, for, al- 
though all the males would be in a 
state of great excitenient and woultl 
endeavor to join in the oper a t’ 1011, 

they \vere invariably driven away by 
the successful male, who would dart 
:It them furiously with opeii mouth 
alxi fins quivering witli excitement, 
the colors glowing with i11cre:ised 
brilliancx, and intensity. The male 
wards the eggs incessantly and 

I-.- -4 

FIQ. 1. Eggs of tho Ta3bellt%totl Dnrter (Rolrosoma oknatedi) 
spwviied in Aqunrin. 

(trives every 6s; from t h e i ~  vioinity duriug inailbation, retaining the brilliant color 
until that duty is over. 
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The markings on the fins of the males become a t  this period very bright and dis- 
tinct, and add inore to its ornamental appearance than the brightest coloration does to 
other species. The colors assumed at this period are :L mingling of delicate aiid incle- 
finable shades of blue and green with bronze and iridesceiit reflections, which, with the 
striking effect produced by the markings, make j t  perhaps as beautiful as any of‘ the 
family, if not so gorgeously colored. 

The “rainbow darter,” also called blue darter, soldier fish, etc., is probably not 
found east of the Allegheny Mountains. It is one of the most highly colored species 
of the family Percida.. The prominent colors are red, yellow, orange, blue, and greeii, 
arranged in conspicuous patches, or regular patterns of the most striking character. 
The specimens in the aquaria are froin the vicinity of Cincinnati, Ohio, and Neosho, 
Missouri, aiid correspoiid perfectly in color and markings. 

The following probably inadequate description of tlie markings may give so108 
idea of the gorgeous colors of the fisll: Lower half of spinous dorsal deep brick-red 
with a line of lemon-color arrangecl in a series of arches on the membrane just above 
the back; a lemon-color line, composed of a series of arches also, at  the upper margin 
of the dark brick-red, arranged in reverse order to tlie lower lemon line, that is, with 
the concavity of the arches turned upward; the upper half of the fin of’a very deep 
indigo-blue. Soft dorsal, an artistically arranged pattern of green, blue, yellow, aiicl 
light brick-red, diBcult to describe except by diagram. Ventral and anal fins with 
broad band of pale-blue (becoming more intense a t  times of beatest exciteiiient) a t  base 
and tips, with a broad central band of deepest indigo-blue; pectoral fins tramisparent, 
yellow at base; caudal transparent, bordered with dusky ancl gale blue; m blue blotch 
;tcross the nape; breast with sninll orange spot; :t lemon-yellow dash around the throat. 

This species is more addicted to perching on aquatic plants near tlie top of the 
water; this habit, with its darting movements (which are analogous to  the flight df 
birds), nof having 

At the spawning period a spot would at times be selected, apparently, among the 
1)lants as a place of deposit for the eggs, and, altliougli iii their active sexual deinon- 
strations they wouId trave1 to every part of the tank, they would invariably return 
and perch in the same place. As with the tessellated darter, there was uiidoubtedly a 
Mating, although usually tvo  or three other males would hover very near and 
frequently make rushes to join the female, .ill which they were invariably defeated niid 
driven away by the chosen male. At times the spawning would take place anioug 
the pebbles on the bottom of the tank, the female dragging herself along in a quiv- 
ering Gamer, the niale pressing closely alongside, and other males following closely 
in the rear, evicienbly bent on assisting in the fertilization of the eggs. All the fish 
not actually engaged in tho spawning were evidently in A state of great exciteiiient, 
and followed after, eating the eggs as fast as they were deposited. As the tessellated 
darters are much the larger, the eggs could hardly have been protected from thein, 
although many smeller fish, notably the 4-si)ined stickleback, under like circ~unsta~icea, 
mould attack anything regardless of size. 

It is probable that in a wholly natural condition the eggs are deposited OB the 
under or protected sides of stones wliere they would be more easily guarded. In the 
limited space of an ordinary aquarilim tank, well stocked for exhibition, there would 
hardly be a, sufficiency of desirable spawning-places for all. In some cases the females 
would remove the sand from beneath a part of small stones by means of the fins and 

swimming bladcler, make it very bird-like in appearance. 



OBSERVATJOYS ON THE AQUBLZIA AT CENTEAL STATION. 11 

would remain ensconced in the shelter thus made, but no spawning was observcd i i i  

such situations, the preference appeariug to be for the denser inasses of plants high 
up or among the pebbles on the bottom. 

. The spawning of the tessellttted darter W ~ S  wholly as described 011 t,hc sheltered 
sides of stones, but their presence in the smine tnnli may have interfered mith the 
iiatural.habits of the others. 

The quick, jerky, energetic, cliinbing tuid dartiiig niovements of both species w c  
inucli like those of the aut-hatches aSniong birds. 

BREEDING HABITS OH PlEESH-WATER MUSSELS. 

Three species of Uwior~idce wero ~inclcr observ:Ltioli during the spring of 1 S90, n~liicli 
showed the manner of dcvelopinent ;iucl escape of the young. The :iccompaiiying 
sketches of two species are traced froin water-color pictures by  Mr. 8. F. nenton. 

The specinieiis were not posi- 
tively identified by the concholo- 
gist mho observed them. It will 
be seen that while the shells are out- 
wardly verymuch alikethe peculiar 
tlevelopnieiit of the mantle is very 
iliff'orent in each mid would afford 
:I ready means of identification in 
the breeding-season. ' The difference in color is also 
very great. In the one with tlic 
small teiitacles the color of the - 
inautle is white, tipped with pale 
yellow, with the gills, which also 
iiialose tlie eggs and appear as the 
lobed central mass, a pale slate 
c,olor. In the other the inantlois 
salmon color fkom pale to  quite deep 
tints, while the egg-sack is purple. 

In each of them the peculiar 
processes or tentacles were kept 
constantly in motion, in the one 
waving like cilia, while in the other 
they were constantly clasped and 
unclasped, crossing as a pair of 
;wins. 

third species. There wa8 no such 
nxtensive clevelopnient, tliere being simply two F O W ~  of short tentacles of equal lciigtll, 
which were kept in constant wave-like motioii after the manner of cilia. 

The first two speciiness were froin ponds in which thcre is 110 current, and this 
probably accounts for tlie ueceSsi ty of a,n extensive developiiieiit of teiitacles for the pur- 
pose of indiwing circnlation mid providing food and fresh miter. The third was taken 

--- 
,- 

-*a. 

c- -. 

..- 

No sketch was maclo of the FIG. 2. Fmult  n-nter Mutiscl throw~ug oiF the ptmg. 
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froin a rapid stream ffowing into the Potoiiiac and, having abundance of circulation 
through uatural currents, clicl not iieed so elaborate a developinent of tentacles. 

Thc authorities say of the generative habit that the eggs are fertilized in the fall of 
the year and are carried by thc: female through the whiter, ineanwhile undergoing clevel- 
opment to the swiiniiiing stage. About March tJiey make their escape and enter into the 
swimming stage, during which they are arined with hooks, by iiieiiis of whicli they fasten 
themselves to aquatic aiiiiiials, where they uudergo further development, finally dropping 
off aricl sinking to the bottom a s  the fully clevelopecl niussel, but still very minute. 

A PECULIAR HABIT O F  A I-IOLOTIIURIAN. 

A holothurian, or so-called sea-cuciiiiiber, in one of the tanks was observed to 
eviscerate itself, as is their known habit. It iiiimediately put foi-tli a iiew set of bran- 
chi%, very delicate and traiispareiit, but somewhat sInaller tlian usual. This woulcl 
indicate that the new orgaiw are developed before the old are thrown away. The 
brancliis of this species of llolotliuriaii are ordinarily dark gray in color. The new 
ones were white, translncent, and beautifully lobed aiicl braiiched, not having the umal 
fringed appearance given to them by the developineiit of numbers of still more iiiiiiute 
lobes. They were evideiitIy oiily partly developed and lookccl like Rome of the sinal1 
and delicate red alga with all the coloring iiietter bleached out. 

SPAWNING O F  OVO-VIVIPAROTJS FISH. 

The top-minnows ( Gainbusiapatrzcelis) have frequently brought forth their yomlg 
in an aquariuiii and they have been mared to maturity, bnt all attempts to observe 
the method of fertilization or the evtrusioii of the young have failed. 

In  conclusion it may be said that inaiiy minor observations of more or less v;tliic~ 

Altogether the results herein noted, while not extremely iiiiportant,, point to possi- 
to science or practical fish-culture have been macle. 

bilities of great practical value when ade,qunte fhcilities are aflordecl. 
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%-THE FISHING VESSELS AND BOATS OF THE PACIFIC*COAST." 

BY J. W. COLLINS. 

[With 13 plates and 4 text cuts.] 

Many of the vessels employed in the Pacific Coast fisheries &re not typical fishing 
craft, or, at least, have iiot been developed as an outcome of the fisheries mid specially 
constructed for the purpose. Many of those built for the trade came from New England, 
and under this head would be included whaling ships as well as schooners employed 
in the cod aud halibut fisheries. 

1.-THE WHALE FLEET. 

1. Qcizeral rcmarlc'ks.--ln recent years San Fra,ncisco has become the principal winter 
rendezvous for fleets engaged in the whale fishery in the Pacific and Arctic Oceans. 
The Arctic and Okhotsk Sea fisheries are uow of special importance, a'nd most of the ves- 
sels employed in them in sumlner retufu to Sen Francisco in the fall, land their catch, and 
remain tliere until they refit for aiiotlier uortilern voyage or, as is commonly the case, 
start 011 a preliminary cruise in tlio Pacific. 

Sa11 Francisco has now become larg'ely interested in the whale fishery, and, perhaps 
as a natural remlt, many of the vessels sailing from tliere are those purchased from 
whaling ports in New England. Thna we find that several of the steamers and barks 
which co-nstitute the larger part of the fleet &re typical New England whalers. A 
llurnber of whaling vessels have been built on the Pacific Coast. These are generally 
modern in type; several of them are first-Glass auxiliary steamers and resemble the 
latest additions to the New England whaling fleet. But, judging from a series of 
1)hotographs of Sun Francisco wlialers, now in the possession of the U. S. Fish Coxn- 
mission, it would seem that  a considerable number of steamers and perhaps a smaller 
number of sailing vessels, particularly schooners, have been taken from other trades 
and put into this business without regard to tlieir special adaptability as originally 
constructed. Ordinary coasting steamers and other vessels liave been fitted up and 
Btrengtliened, to make them, as far as practicable, suitable to encounter the perils and 
Peculiar conditions incident to  the whale fishery among the ice-floes of tlie northern 
Seas. The vessels that go to the Arctic lmve tlieir bows heavily sheathed with hard 
wood and iron, while they are otherwise made stronger so that they can successfully 
endure the strain and pounding which are inevitable when making passages through 
ice-floes. 

For Arctic flshing :~uxiliary steamers are by far the most servicoable and least 

rhea6 notes ~vere primarily iiitenciod for publication as n part of a report on tho fisheries of the 
Pacific Coast of the TJnited Stattes, but circumstances have made it expedient to print them eeparately. 

- - - - .____ - -- -.- 
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liabIe to disaster, but tlie adclitiowal cost of building and running has prevented it mpid 
increase of this class of  vessels. 

In recent yeass schooners ranging from 80 to 150 tons have come into favor for ice 
fishing. These vessels are lighter sud haiidier than sailing barks of 300 tons or niorc 
and can work to greater advantag*e through leads in the ice. Besides, they are inucli 
less liable to be crushed, since their light draft, which generally does not exceed 10 to 11 
feet, enables them to get close to the “ground ice” or “shore ice,” or perhaps to work 
into coves or crevices to avoid daiigcr from floe-ice that may be driven in against the 
coast. The barks usually draw about 14 feet, and, with rare exceptioizs, will take bot- 
tom outside of the shore ice. They are tlius exposed to tlie clanger of being crushed or 
driven in so hard 011 the bottom that it is difficult or impossible to get them afloat again. 
The small size of tlie schooners is no special disadvantage to them so far as capacity 
for their catch is concerned. AS ib rule they save only the mlialebozle or the hides and 
ivory of walrus, and the smallest of them usually have ample room for those products. 

The following notes relative to steam whaling vessels are extracted from an uiipub- 
lished report on fishing craft of tlie United States that was prepared bg the miter. 

2. htroduction oj*steniners iiz t?Le wkab $s?hery.-With the single exceptio11 of the 
Pioizeer, a former Government trensport, which was traiisformed into a steam-wha,ler 
in 1865, tlie whaling fleet of the Uiiited States previous to 1879 was composed wholly 
of sailing vessels.’ 

The many perils eiicountered in tlie whale fishery of the Arctic seas, where the 
vessels are coiistaiitly liable to he nipped by the heavy ice; the necessity for riiakiug 
rapid passages froin one whaling ground to another 3 the demand for the prompt trans- 
portation to  market, of the products of tlie fishery, combined with the influence mllicll no 
doubt was eserted by the e~a~iiiple of the English, Scotch, and Newfoundlanders (wlio 
as early as 1887 to 1863 bad einployeci steamers in the seal and Arctic whale fisheries),t 
led to the introcluotion of steam vessels from the United States for the prosecution of 
the North Pacific and Arctic whale fishery. 

~ ____-_--__ L_c___-.--__-- --- - - __ 
*I‘The first steam whaler from itlie Uiiited States,’; writes Mr. J. 1’. Brown, “was the bakk Pioneer, 

212 tons. She was built at Charlestoan, M a m ,  as a Govornmont transport, and rebuilt in 1865 for 
the whale fishery. Tho projector8 of this enterprise were Metiers. Williams & Havens, of New Lon- 
don, Conn., whose names arc prominently connected with the Grinnell expeditions. Tho P i o i i e ~ ~ .  
sailed from her home port April 28, 1866, for tho Davis Strait fishery, aiid returned November 14, 1866, 
with 340 barrels of whale oil aiid 6,300 pounds of bone. Dwing her secondseason, iu  July, 1867, she was 
Crll~llQd in the ice and abaudbuecl. Tho bark Jarin salIcd from New Bodford, October 2, 1872, with it 
donkey endno, which was used as R power for hoisting purposes.” 

t“In the year 1863,” writes the Rev. M. I-Iarvey, of St. Johns, Newfoundlmd, “the b ~ o a t  inno- 
vator, steam, entorod the  field, and the tirst steamer took part in this [tlio seal] fi~hery. The value 
of steam in connection with Arctic explorations hid previously been’ demonstrated, and its intro- 
duction has revolutionized the sealing iiidnstry. It was soon found that  steamers strongly built and  
rrrmod for encountering ico POSS08SOd an imilieiisc superiority over the old sailing vessols. They 
could cleave their way through ice i n  which tho sailing vessel bo powerless; could 11old on t o  IL 
‘seal patch’ when tho other would be blown off; and, carrying larger crews, could bring in imwoneo 
loads of pelts when tho 8ealle Were met with iu abundance, In consequewce, the number of steamers 
rapidly inoreasdd a d  the numbor of @:tiling vessels still more rapidly diminished. In 1866 there 
were 177 sailing V08fMl8 and 5 stearnere; ill 1873 there were 18 eteanicrs; in  1882, 25 steamers. Sinco 
that  date the number of steaLmers has les8cnod, and is now L1885] about 20. * * During tho last few 
yeaye 6 of the Dundeo stoamors forrnerly ongaged in the Greenlaud seal fishery have coxne 00e liere 

~ ~ ~ B O I I  m d ,  aftor shipping Newfouuillaud crevps, llavo taken part successfully jn this fislicrg. 
m e n  it oloses, they loavo for the whale fishery i n  Davis Straits, and return to  Diindeo in October.” 
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3. The .first steam- wlder . -A  limited iiruiiber of steamers have beeu built iu tlie 
United St%tes in recent years, especially for the ndide fishery. Tlic pioneor of this 
fleet was the bark iMnry atad  hole,^, which \vas launched at Bath, Maine, July 17, 
1879.* This vessel was bark-rigged, and provided with a full sail plan, besides wvllicli 
she had auxiliary stemi-power and a screw-propeller. She was able to  steam 6 to S 
knots’ an hour. The boiler and engine occupied one-third of the space below deck. 
She was also provided with B ste:tiii-miudla~s, which was opertitecl by a separate engine, 
and used both for wc?igliing andior a i id  for hoisting in blubber. Tho Jfar,y aud Helen 
was 420 tons register, Iier dimensions being :is follows: 130 feet long on deck j 30 feet 
3 inches beam; aiid 16 feet 8 inclies cieep in the hold. In her full suit of  sails she ]lad 
2,860 yards o€ canv:~~. Her hi111 m i ~ s  made a triflc fiiller than common, in order that 
she niiglit support tlie iucreased weight of her engine iiud the necessary coal carried in 
thebunkers. She \vas built of oiili, yellow pine, mid liackiiintaclr ; she cost, when ready 
for sea, $66,000. 

Brown iniikes tlie following iiiterestiiig refereiicx? to  tlie Mary a)bd Helet& : 
She sailed froin lior hoiue porL S;opt8cinbw Y2, 1879, :uid \V:M seut iuto tho ice in 1880, under the 

cornmalid of Cupt. Le:~uder C. Owoii. hfhor a successful c-raise she wiis sold-to the United States 
Goveriiinurit for $100,000, niicl uiitlor tho iiniuo of Rotlqsrx prcwtwle(1 iii search of tho missiiig research 
Rtcaiuer Jt.atmetto niicl tho wh:~lorri IVOIOI t T\’olltciloit ;~ud Jlyilccict. She wont iuto wiutor quarters at 
8t. Lnwrouco Bey, Siberia, iu 1881. Ou Novoinbor 30 of’ tliat y e w  :I firo brolco oiit iu her foro-hold 
and she was abandoned. Hor ottirors :mtl crow were rescuuil by Captain Owcii, liur forrnor cwnmander, 
then mastor of the ste;im-wlialor Nodi S t t o . .  T‘ho XovtlL S t w ,  in a remarkable succession of events, 
was afterwards, duriiig the mrno MB:LHOI~, crusbtrd by icn wliilu cruisiuy for wliale~, at ILU almost total 
loss to llur owiiors. Iiuuiodiiltoly ibftor t h w d e  of tliu X u r y  niLd &lot& to the Government, orders wore 
given to build a twin ship, oiid M a ~ y  atid Eeleii No. 2 is uow :&)at in tho whaling scrvico. Slie is a 
counterpart of her predocewor. 

4. Other stea,m-zul~de~~s.-Tl~e ilf~wy cciui Helm eiigaiged in the wlitilo fishery of the 
norther11 Pacific, Bering Sea, and Arctic Ocean, mid met with such s~icccss that her 
arst soason’s catch paid for the ship aid left 2% b;~lance of $40,000 to be divided nmoiig 
the owllers. She did not go 011 a second cruise, for, :LS Iias been stated, when &e was 
ready to sail she was sold to t,he Government. Her success resulted in the building 
of otlicr vessels of a similar type for New Bedford iind San Francisco. 

In June, 1880, tlie steam-bark Beluidere, the second of her class, was launched at 
Bath for tho same owners who had the Mary nicd Helm built. She mas 140 feet 6 inches 
long on deck, 31 feet 3 inches beam, and 17 foet deep in the hold, registering 440 tons, 
and was furnished with a condeiising engine, cyliiider 22 inches, with 28 inches stroke, 
and a boiler 12g foet long mid 7 fect diametor, carrying 60 pounds of steam. The 
second ilfary and Helei& is 151 feet long, 31 feet wide, and 1 7  feet deep, registering 508 
tons. She was built of white oak, pitch pine, sild h:eckmetack, had four sets of heavy 
Pointers in the bow, braced across the vessel with lieavy timbers to strengthen her 
against the shock of ice-floes ; she carried the usual small propeller engine, and also 
two donkey ‘engines in  the forward house for handling the anchors and general hoisting. 

When the Tlwmher \vas built she was considered tlie most coinplete in hor equip- 
ment. She had patent tr,y-morka and iron oil twks  in the lower hold. Her engines 
am single, direct-acting, mith independent oondeuxor mid pumps. Tlie cylinders are 

- _- . - __ - __ -------_ 
’ “Tho most proininout vetisol of this typo,” rcuiilrks Brown, “both so far a8 tho iuitial step in  

theNort1i Pacific is concerned as we11 OR iu a historical point of vimv, was the late Iiodgctrs, formerly 
the Afar# and Helen, which was lost iu tho search for tho Jeanwelto iu 1881.” (Suo Plate V.) 
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22 inches by 36 inches. This type of engine is, in the opinion of competent authority, 
better adapted for whaling purposes than the compouiid engine, and inore economical. 

The model and rig of these barks do not differ very materially fiom those of an 
ordinary merchantman, but they have been built a little bulkier than the averago 
whale-ship, for reasons already stated. They were, of course, provided with tho 
riecessary davits for hoisting boats, and the try-worlis which are characteristic of all 
vessels engaged in the whale fishery. 

The following particulars respecting tho dimensioils and t hc construction of niodeni 
steam-whalers mere supplied by Messrs. Goss, Sawyer & Packard, Bath, Maine, who 
built them : 

Length between per]penrficul:m. . . . . . . -. . - - - _. . - - - - - . . - - - ~. . - - - - -. - . . - - . feet . .  180 
Length over all .  - -. . . . . - - . - . ~ - - -. ~ ~ - -. . - - - - . -. - - - - . - - - -. - -. -. . - - - -. . ~ ~ - - -do.. . 160 
Breadth of b e ~ m  ....................................~.--.---...--.-..-~--.  do^.. 31+ 
Depth of hull..  . . . - -. -. ~ -. . ~ -. . . -. - .  - - - - - .  . . . - - _ _  _ _  .__-. -. .. - - -. . -. -. . __- .do .  -. 1G 
Tonnage, gross.. - - -. ~. -. . - - -. . . - - - . . - - - ~. . - ~ - ~ ~. ~. - ~ --. . ~ - - _ _  - -. . - -. . -. . - - _ _  - 512 
Tonnage, not.. . . _. .._. ..__ __. . . . - - ._. . _ _ _  . . - _. . ._.. . .-__. .. . __.  .___ .___ ___.  _ _ _ _  343 

The engines are single, dhect-a,cting, with two boilers of the Scotch type. Either 
anthracite or bituminous coal may be used; 7 tons are consumed in 24 hours' steaming. 
The rate of speed is about 10 knots aii hour. The propeller is noli-hoisting, lias two 
blades, and is made of yellow metal. In the ice it is protected by tho stern and rudder 
posts, the blades being in a ,line. The planking is of oak and yellow pine. The bow is 
sheaijhed with three-eighths of an inch of yellow metal and solidly timbered. Pro- 
visions are made for 30 men in the crew, and t-he quarters are heated by pipes leading 
from the boilers. 

11.-THE FUR-SEAL AND SEA-OTTER VESSELS AND BOATS. 

6. Vessels of #an Pranciseo and Ptiget h'ow?~d.-A fleet of considerable size is 
employed in spring and summer in pelagic fur sealing from Ssn Francisco and ports 
on Puget Sound. These are a11 schooners, some of which have gone to the Pacific fiom 
New England and are of tho type commonly used in the Atlantic sea fisheries, while 
others have been built on the west coast. There is considerable variation in the size 
of the vessels coinposing this fleet, ranging from 1s toris to  more than 100 tans. Some 
of the vessels were engaged in  the halibut fishery, as well as in sealing, in 1888 and 
1889. Some vessels which engage in pelagic sealing during the spring and early sumnier 
find einpIoyment for a part of the season in hunting sea otters. Part of tliese are sinall 
schooners that are built in Alaska, and which have certain peculiarities. 

6. Aluri7can sohooners.-The Almkan coast is high and broken, as a rule, particularly 
in that region where tho principal fislilleries nre carried on, and because of this tha winds 
are generally very unsteady near the land. Often 8 vessel may lie becaltned'for several 
rzinutes under a bold lieadland aiitX suddenly be struck by a squall sweeping down 
from the hills, and with such force that the best searnariship is required t o  prevent her 
from capsizing. Again, she may be sailing along with an apparently steady breeze, 
when, without wmning, the wind comes swirlkg around a, point or headland (or the 
vesgel runs into : ~ n  LLedcly breeze"), causing the sails to  jibe before it is possible to  
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These exigenoies of navigation have oausud soiue 
Captain Tanner 

Tlio iliainsail is generally triangular 
This preveiits tho use ol' 

0 maingaff, however, which detracts greatly from the beauty of the rig. I t  is claimed by thoso w l l o  

crnploy it that this pattern of sail is much safer fn sqiially and otherwise rough wetither, and that 
with i t  there is loss dauger of carrying away the mainboom or inaiiiiriast in jibbing. I ts  advuntagos 
are also said to be greater than those of the ordinary pattern in approaching the inany dangerous bays 
and headlands oii the Alaskan coast. It is possible that this style of niainsnil may be better :d;bptcd 
to stormy weather, as it presents less area to  tho wind, but in nn ordinary sailing breeze i t  laburs 
under a great disadvantage in going to windward with schooners c~~rry ing  a gaff to tlioir maiusail. 
Purthermore, the New England fishormen enter harbors on tho Atlantic Coast which are fully as 
dangerous as any in  Alaska. The topniast of these schooners is a continuation of the most above the 
eyes of the rigging. Should the topmast bo carried away O ~ O S O  to the rigging, an entirely new mast 
Would have t o  be put in. No light sails are carried except the mainstiby sail, which is sot froin tlw 
deck. The masts nro far enough apart t o  adinit of 
a fair-sized foresail, which is essential on account of the small size of the mainsail. These little 
8chooners are excellent sea-boats, from the fact that  they are very (loop in proportion to their size, and 
therefore draw a good deal of water. The wootl 
chiefly used in  their construction is Alaskan spmce and pine. The fastenings tae of irou, galvaiiizrrd 
iron having been e1nployed duriug lato yotms. The construction of these vessels, so far fro111 ship- 
building centers and with so few facilities a t  hand, refleets much credit upon their designers and 
builders. (Explorations of fishing grounds of Alaska, de. ,  duriiig 1888.) 

buch a sheet or lower the canvas. 
modihation in theschooner-rigged vessels built or used in Alaska. 
has alluded to this as follows: 

Most of tho sailing vessels of Alaska are schooner-rigged. 
shape, resembling the "riding" sail used by the Grand Bank fishermen. 

A j ib and a forestay sail oompriso the head sails. 

They have a considerable dead-rise and drag-line. 

1 

Pro. 1. Sail plan OF Alnskm Schooner. 

7. SeaZiy boccts.-Hunting seals a t  sea has resulted in bringing into hlko Psoifitic 
a new type of boat, the sealing punt used at  Toulinguet, Newfoundland. This 

' boat is believed to he eminently .well ;dspted to the needs of those who pursue the fur 
at sea. The first boats of this kind used on the Pacific, of which "0 have 

F. C. B. 1 W 2  
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BWt. hOhI36. 

Length O\-Ol’ :dl ............................................................ -15 54 
13e:nn, ex1 reIl1c. ............................................................. 3 0 
Depth, :iiiiiilehipH.. .......................................................... 1 2 
Height, anlidshipti, guuwalu t o  bottom of floor. .............................. 1 3 
Height ofeteni .............................................................. 2 0 
Highest point of bow. ....................................................... 2 !I 
Thickness of gunwale. ...................................................... 1 
Length of paddles, m c h .  .................................................... 4 8 
Width of paddle blade. ...................................................... 0 7 

The Clyocluot slid Nitti1i:bt tribes 01’ clans 0 1 1  V:iii(:ouver Islaud are expert in 
constructing canoes, made 0x1 the s:me model as those used by the Malrahs; indeed, 
t]ie latter often buy their boats, especially the larger ones, from the island tribes. 

--__ ~ 
_I 

*Tile description8 that follow arc extracted froin :tu unprxbliehod report on fishing craft prepared 
1,y thr mritcr, t o  wliirli rrfi-rrnw II:IH prcvioiisly lwrii iii:1drq 
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FIG. 8. Plan of top. 

The shaded portion is black. 
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,~ii1ioes, a u c i  find that they briiig quite: as good il pricc without these ornatuunta as with tholu. 1 have 
noticed, however, ainony some of tho Clallalns, who are apt t o  keep a canoe much longer than the 
M:tkalis, that  the shell oriiaments are still used. When the canoe is finished it is painted inside with 
:I mixture of oil and red ocher. Sometimes charcoal and oil are rubbed on the outside, but more 
ooinmonly i t  is siinply charred by means of long fagots of cedar splints, set on fire a t  one end like a 
torch, and held against the side of the canoe. Tho surface is tlleli riibbed smooth with :I wisp of grass 
or :I branch of cedar twigs. When the bottom of a canoe acts foul from loug use, it is dried and 
v1i:hrrcd by the  same process. 

The paddles are made of yew, aiid :&re iisually proeurod by  barter with the Clyoquot Indialls. 
The blade is broad like an oar blade, and the end rounded i n  mi oval or lauceohte form. The l ~ a ~ d l e  
i n  a separate piece fitted transversely with the lertgth of the pa~ildlo, and sufficiciitly long to  afford ib 
good hold for the hand. Theso paddles when new arc blackcned by slightly charring them in the fire, 
:ind then rubbed smooth and slightly polished. 

The sails were formerly niadc of mats of cedar bark,which are still used by some of t h o  Clyoquots, 
Illthough most of the tribes in the virinity now nse cotton. The usual form is sqnare, with sticlrs a t  tlie 
top and bottom like a vessel’s yards; it line pils.ies Ihroiigh a hole in the top of the mast, rigged from 
the lower stick, and the sail is easily a d  quickly lioirted or lowered. When taken in it is rolled 
round the lower yard, and can be uiilaryetl to  its fhll size or ~wluced t o  :idjust i t  to  the force of tho 
wind. Some Indians have adopted sprit-sails, bnt they arc not iii guncrnl nse, nor are they :IS safe or 
c.onvenient for t h e  canoe as the sqiiare sail. 

In  c r u i h g  on the Strait they usually lreep wcll inshore, uuless they intonil to cross to  the 
opposite side; and i f  t h e  canoe is lmge and heavily laden they always anchor a t  night, and for this 
pllrpose URO a large stone tied t o  a stout h e .  Sometimes they moor for the night by tying the canoe 
to  the kelp. When the  craft is iiot heavily burdened it is invariably ]~n i~ lc ( l  011 tho beach whenever 
tile object is to  encamp. I f  the wind is fair, or they have white meii on bo:~rd, t h y  will travel idlnight, 
1jut 011 their trailing cxvnrsions they usnally enramp, which eansos much delay in  :I lorig jonrncy. 
Ihave been sevcn days, in the winter soason, making the passage between Neal1 Bay and Port Townsend, 
about 100 miles, and i n  the siiinmer havo made the same trip in but little over 24 hours. The average 
pmsage, however, is about three days for thtb distance named, which iiicludes camping two nights. * 

Wilkes, mho visited the Nortliwe~t sometliing more tha;ll half B century ago, seems 
to have been much impressed with the canoes he saw there, and particularly so with 
the ingenious manner in which the natives repaired their boats. He makes the 
following statements : 

They were 
made from a single trunk and have a shape that  may be considered clegant, and whioh is preserved 
from change from stretching or warping by  means of thwarts. The sides are execedingly thin, seldom 
exceeding three-fonrths of an inch, and they are preserved with great care, being never suffered to  lie 
exposod t o  the sun for fear of‘ reiits and emcks. When these do occur, the Canoe is mended in a very 
ingenious manner : holes are made in tho  sides, througb which withcs aro passod and pegged in such a 
way that the strain will draw i t  tighter; the withe is then crossed and thr  elicl secured in the  sanie 
manner. This is neatly 
done, and answers the purpose well. t 

The fishing canoes are generaLIy propelled only by paddles, and are usually pro- 
vided with fishing lines made of kelp or sinew, baskets in which spare hooks and lilies 
are kept, a number of the peculiar halibut hooks used by the Indians, and clubs for 
killing the fish. 

In recent years, since pelagic fur-sealing has been prosecuted fiom the Puget 
Sound region, Indians have often constituted a large portion of the crews of sealing 
vessels, and these have generally preferred the light dugouts for chasing seals. 

The canoes of this region Loregon] differ from anything we had sccn on the voyage. 

When thc: tying is finished, the whole is pitched with the gun1 of the pine. 

* “The Indians of Cape Plattery” (Smithsoninn Contributions to Knowledge), by J. a. Swan. 
t Narrative of the 1Jnited States Exploring Expedit>ion, 1838-1842, by Commander Charles Wilkew, 

U. S. N., vol. IV, page 300. 
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A small dugout from the same region (also iii the National Museum) has the same 
characteristic features, but differs iu proportions and in having a strong and tolerably 
symmetrical sheer throughout her length, also in being painted uniformly black; it has 
the following measurements, which represent the minimum for dugout canoes of Alaska : 

Feet. Inohes. 
Length, extreme . ~ ___. _ _ _  ~ _ _  - _ _  - .  .-_ _.__ _ _ _ _  .___ ___. .._. _____. ___. __. . _._. 
Beam, extrenie. _ _  ~ - _ _  ~. -. - ~. _ _  - _ _ _  - _ _  - 1.. -. - _ _ _ _  _ _ _ _  _ _ _ _  _._. __._ .___ _____. 

Height at born _ _  ~. . __. _ _  _ _  _ _ _  - _ _ _  - .  _ _  - __.  - .  __. __. . _ _ _ _  ___.  _ _ _  - _.. ~ .___ .__. 
I-Teiglit zit stern. ~. - -. . ~. - _ _  . . - -. - - - -. . ~ - - ~ -. - -. ~. ~ 

8 
2 

1 . 

10 
2+ 

74 
Deptli, airlidships.. ~ - -. -. . _-. . _-- .  - -  ~ -_. - _ - _  - .  ._. _. ._ .___ _ _ -  - - .-. .. . . .----- 11+ 

. _ _  . . -. - -. - 1 10 

These canoes are most commonly propelled with paddles, wikh lanceolate-shaped 
blades, and often highly ornamented. Sometimes a small sail is‘ used, and running 
with a free wind they will make good speed, but having no keel they can not, of course, 
make much progress to windward. They set lightly on the water, and move easily, 
and tlie natives paddle them with considera’ble rapidity. 

111.-SKIN BOATS. 

10. Beographioal diatribzctio~.-Over the greater part of the United States and the 
Territories skin boats are little used or entirely unknown. , The aborigines of the east 
and west coasts, as well as those liviiig near the inland waters-the lakes and rivers 
that intersect the country in various directions-have generally found at  their com- 
mand, and more easily obtainable, other material as well or better adapted to  the 
building of boats, while skin suitable for this purpose could not be secured in most 
cases. It is only in the colder regions, where timber or bark is scarce or entirely 
absent, and where the native hunter usually has little difficulty in capturing the seal, 
sea lion, and walrus, that skin boats are extensively or universally employed, these 
animals fiirnishing the material best adapted to the construction of such craft. Thus, 
while we find that only one type of skill b o a t t h e  so-called “bull-boat” pade of 
buffalo hide-has beeu used in the temperate latitudes of the United States, the coast 
netives of western and northern Alaska--“ our Arctic province”-depend almost 
entirely upon canoes made from the skins of various marine maimals. 

A la’rge number of skin boats of various patterns are used in the fisheries pursued 
about the Aleutiau Islands and elsewhere on the Alaskan coast. These may be 
broadly classified into two types: First, the kaiak, to which the name of bidarka has 
been applied by tlie Russians, and largely adopted by the natives of the Aleutian 
islands; second the oomiak, or woman’s boat, also known as the baidar or bidarrah. 
The former is used chiefly for fishing, hunting the sea-otter, killing seals, walrus, and 
whales, and i s  specially constructed for speed and easy management. It is now em- 
ployed to some extent in salmon fishing. The bidarrah is much larger and of a bulkier 
pattern, and generally is employed for transportation and for tlie use of women and 
children, who are not supposed to be as skillful as the men in the management of a 
boat. Indeed, tbis big canoe is used for such work a8 the smaller and lighter bidarka 
is not suitable for. ID some parts of Alaska it is employed in whaling. 

11. The kaiak or bidwka of Alaska.-There are several types of kaiaks used in 
Alaska, differing both in size and form, and sometimes in the material of which they 
are construchd. It i p  not within the province of these notes to  enter into an elrtborato 
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or exhaustive treatise on the peculiarities of the various forms. The subject is an 
hteresting one and, from an ethnological point of view, deserves the fullest consider- 
ation. At another time the writer hopes to do it justice; but here nothing will be 
attempted beyond a description of the more important types, as illustrative of the skin 
boats employed in the Alaskan fisheries. 

At Kadiak, throughout the Aleutian Islands, and thence northwardly along tlie 
lnainland coast, the kaiak or bidarka is extensively used, and in most parts of this region 
the nativ& could not support life without it. Indeed, in some localities of the north 
the ability to build a kaiak inarks an important point in the life of the coast native. 
Petroff says : 

The youth a8 soon iii he is :tble to build a kaiak and to support himself, no longer observes any 
family ties, but goes where his fanoy telce~ him, frequently roaming about with his kaiak for thousands 
ofmileb before another fanoy calls him to take a wife, to excavate a iniserablo dwelling, and t o  settle 
down for a time. * 

In some sections of Alaska kaiaks with only a single manhole are exclusively used, 
but along the greater part of the coast, and especially in tlie Aleutian groui), bidarkas 
With two or three manholes are common, although even there, smaller ones, made to 
carry only a single occupant, are found. It is probable that the true Baiak-the 
smaller canoe with a single h o l e w a s  the originad form of the covered skin boat, and 
Some authorities say that this is iu accordance with D tradition of the natives of Attu, 
the westernmost island of the Aleutian Chain. 

The larger boats of this class, haviiig two or three manholes-those to which the 
name b ida rb  is most properly applied and which are in most com~non use for commer- 
cia4 fishing-were invented by the Russians, according to somo oxcullent authorities, 
Who, after their occupation of  trading posts in Alaska, built, or induced the mtives to 
build, these larger skin canoes that they iilight oarry 1110r0 men. Rut they were not 
able to  otllermise improve upon the k&k iu oonutraotion or model. Indeed, the 
Russians esteeined these skin boats so highly that they at once adopted them to the 
exclusion of all others for navigtbting those maters$ and they appear to  have taken 

shed trading posts in California, where their use 

IL much attuntion to the history of the skin boats of Alaska, 
s that only single-hole kaiaks were made by the natives previous to the advent 
e men. He says there was 110 occasion for the larger oaiioes, or bidarkas, wlliclt 

emand for sea-otter slrins and tho necessity for traders to  make long journeys by 
ater, with native boatmen, called into existence. But opinions differ on this subjeot, 
d we can give here only somo o f  these, alld thus open up the question for discussion 
those who, from experience and observation, are best fitted to furnish the facts. 
Elliott, whose study of Alaska entitles his opinions to much respect, .thinks that 

JVBS visited by tho Russians the Aleuts built and used kaiaks with 
WO holes at least. He bases this opinion on the fact that these natives have always 

er hunting and in wlialing, ,and for these enterprises it is essential to 
This, he believes, will be easily understood, and 

‘ 

ch will carry two men. __ __- 
*&ask&, volume 8, Tenth Censiis, by Ivan Petroff, page 135. 
t Bancroft’s “Native Races ofthe Pacific States,” I, 61. 
“Narrative of tlie U. S. Exploring Expedition,” 1838 to 1842, IJY Commander Wilkae 
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tymsiderecl rensonable, when the methods of oaptnring whales : ~ n t l  sea otters, :IS practiced 
by the Aleuts, are stnclied. In pnrsnance of these inetliods it is nccessa8ry for two meii 
to work together in the saim boat; the one nearkt tlie stcrn imldling and guiding ihe 
hitlarka, while the other throws tlie spear or liarpooii iiitlo the pine. It is also pi-ob- 
able, be thinks, that skin canoes with t lwe  lioles irifiy 1r:bve been mer1 hy cliiefs before 
the Riissinn occupation. 

‘rile otter-hunters always go in pairs, or, in  other words, use t wo-liolrd bidarlwi. 

Iie says : 

Most of tlicin arc inatlc with two Ill:LlihOl~~, soma liavu throo, :~nd :L groat maiiy have but one. .- 

PetroE says : 
Althoilgh single-holo kaialcs are used a t  Kadiak sild tliroiighont the Aloiitinn Chain, the fact, 

reniains, as line boon stated, that  tho  largcr canoes, with two or thrco holes, are also oxtoiisivel~employctl. 
l n  tho riortlierii part of the Territory, however, the single-Iiolo kaiak is chicfly if not criitirely in finwr. 
‘rllc: true kaiak of the Eskiiuo iH exclusively used in the vicinity of Aloxanclrorsk within tlio reach of tide- 
matcr, and is d s o  universal among tho I<tlskokvogmute. 

Tliere are many types of these single-hole kaiaks in northern Alaska, and although 
;dl art? cloiibtless of Eskimo origin it appears that Petroff and other writers on Alaska 
]lave not noticed their t,ypical differences any more than by figuring them. One of 
thcni, which closely resembles the kaiak of’ Labrador, is found at Point Barrow, wliile 
another form, with a peculiar dome-shapcd top, is used, according to Turner, from St. 
Micliael’s sontliward to  Kadiak. Petrofi’ illustrates this a’s being in me by tlie beluga 
lluntcrs on the Kimkokviin River. The difi’erence in tlie types will be more definitely 
st:kted in the technical description which is to  follow. 

The material used for covering the kaiaks and bidarkas varies with the locality, 
a s  the native8 have to utilize the slciiis most readily obtainable. The Aleuts use sea- 
licm slrins to  malm their bidarkas and bidarras. 

The Kuskokviln and Nushagalc Eskimo make boats of the skin of‘ the Mahlklok 
fflyignathus Darbatus), of the Nearpah (Phocn vitulina), and the walrus j while for the 
Szl,rnc purpose the Eskimo of the Arctic Ocean, Bering Strait, and St. Lawrelice Island, 
1l~e walrus hides ;ml tlie slriiis of the ringed sed  fPliocccJ’a?tid(~). According to  Turner, 
the canoes nsed by the ICacliakers, with the single and double m:mholes, have not the 
split wvliicli t*hasscteriees the ~101d~le-11o1~3 bidarkas, but the bow resembles that of tlie 
canoe of the Kuskolcviin, which will be described later and wlucli is distinguislied by 
11;wing n hole in i t  for the insertion of the hand. On Kadialr the pecu1i:hr split bow is 
found only 011 the large bidarkas which have tliree manholes. 

12. CGnoes qf* Kadia7c.-The following description is given by PetroR iii Volume 8 
of‘ the Tenth Oensus report8 : 

They consist of a 
slight framo of light wood tied togethor with wliale sinews and coverod with seal-skin, with tho 
oxcoption of an opcning for tho oarsmon, i ~ n d  are mado with one, two, or tlirro opcniiigs. Each kind 
has :L differcnt name, but  are all lcnowii :LA koiaks. Tho throe-hatch kaialc is c:illod tho I)id:irk:L 
(paitalik); the two-hnteh can013 is oi~llotl fiaikl~pcilc (big mnoe), and tho ono-hatch rmoe, Knin~tgi i~7; .  
Thc two-h:itcli c:moes are most geiiorally usod in 1Cndi:Lk. Over each hatch a watcr-proof apron is 
f:tstencd (called by tho Russians obliawkka and I J ~  tho nativos nkrilivnk), which the inmate draws iip 
to  his armpits in bad weather, soeuriiig it tightly :d,out his chest. Tlie K:ediak bidorkaw diffcr in  forin 
froin thono of other coast tribes, being sllorter aucl liroador than those of t h o  Aleuts, and the pnddlos 

The Kaniag canoes :me remarkable for fine workmanship and gracefnl form. 

11nVO but O l l e  blade. 



fip.2.0 \a 
4 5  

Feet 
0 . 2  

FIG. 1. 
FIG. la. LYoss section. 

Sheer plan of single-hole bidarka. 

Fig.3.a. 

BIDARKAS. 
FIG. 2. Sheer plan of two-hole bidarka. FIG. 3. Sheer plan of three-hole bidarka. 
FIG. 2a. Cross section. FIG. 3a. Cross section. 

N 
-4 i 



FISHINQ VI',SREIJS ANI) I3OATS 01" 'J'HIC 1'ACIFIC COAST. 27 

13. AleutirriL I)iiEur;kcns.-Tlio Aleutian bidarlrit is one of tlie iuost noticeable o€ the 
boats ia Alaska. Both two-hole mid three-liolu bic1;erlins are iised by the Aleuts, 

as \?.ell as the single-hole tames. Tho two-hole bidarlrn is, however, most commonly 
ernl,loyed in tlie sea-otter ;tnd whale hunt and iii tlte cot1 md halibut fishery, and inas 
therefore be properly selected as the type upon wliicli toybase description. 

The frame of a bidarka, is eonlposed of light pieces of driftwood arid small withes 
which are firmly lashed together with siiiews so :ts to sti&ii tlie n.li0le fabric. It is 
said that recently r;ittw~i is used to some extent in tlie frtmes of biclaskas, this light, 
ehtsti6, serriceable inaterial being obtained for tlie iia,ti\-es by tlio traclors on tlie coast. 
A Stzip-rixlls tlie eiitire 1eiigt11 of the bottom and forms ;is 1reeIsoii or insicit1 1ccc1. Oii 

each side :%re geiiera1ly tlirea si~li~ll strips or battens, which extcncl froiii end to e ~ d  of 
tho boat slid divide iiito newly q u a l  sections the spitco between the lrecl at tlte bot- 
toln imd the giui~wle. Tlic gmiwale is u wider strip, which also esteiids from end to 
Wd in a similar manner. These battens arc brought togetlier aaid prpperly lashed a t  

sprung in a t  the after part iind fastened to R peculiar, flat, pro- 
ch is perforated with holes to  receive the seizings of &ew that 

Iusitle of tlicse battens are the ribs of tlie canoe, these 
eing light ;tiid clefily bent to  fit into their sweral plaves. I t  is saicl by Turner that, 
1 prepariiig these for :I canoe, tlio rmtive oftt?n passes the strip through his nioutli 

tile stick bend without brralciug it, obtaining by this priuiitivo 
to tkat secured by ;L c:wpenter TI-110 iiialres saw cnts hi a piece 

TIip bttttcns itre seciirc.1y Iicld in pl;bce by the ribs 
iiting tlie slriii covering froin being slming i u  by tlw ~)rcwiire of 

Tliu fia;uie is covered wit11 the mita~iiied or green &ins of tlie sea liou, wliieli ~ : L V C ?  
'Uicsc hitles art: di*a\.t.n o v ~ r  t h e  slct4eton, deftly 

i pliroe wliik tliey arc wet niicl pliable, aut1 the entire 
itli the exception of tho two uianlioles, mliivli :ire placed 

'( Wheii the slrilis dry ont, they contribot mid 1)ilitl tho frwme m d  are as taut as thv 
chmeut of a well-strnng b;ws-drwu. Tlieii tlie iilitivu s1ii(?ars tlie wliole over with 

s tlic mihter out of the pores OS tlie skin fiw clnite :t long period 
ling of tho t:mt binding of tlis little vessel for 26 to  30 hours 
le bidarlca must be h:nileci out i i i d  nllo~vetl fo dry off in tlio 
es 1i:ird aiicl tight."* 
iicver i t  is hailed out and dried, and it is never left floating 

The biclarlze has a rourid, lreelless bottom, Ihriug 
r, except a t  tlre bow, where it lies alii :ibriq)t npwtirtl 

id Bws fine-liuctl slimy ends, its form being remnrlra1)ly well 

brave and (1t:sterous Alcuts. Thc? steru is geiiernlly, 
, wllile thc bow, 011 its lower and outer edge, as \\Y~II ;IS 
ape ivseiiiblirig soincwhst thnt, of t,lilrc fore end of ;I long, 

of a11 Aleutiaii bidarli~, is that its bow is divided into two parts, 

strips. 

Tvood that lie desires to  bend. 

cr 011 tlie oiitsiclc of the bid:irliu. 

tiug process. 

noRt coii\Teuient positions for the occupimts of t l i c  hnt.  

le water wllen ]lotJ in actual nse. 

__- 
7 -  ----___ _I.̂.._ __._ 

Oiir Awl iv I'roviiico. 
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which might be likened to the mouth of an animal having a curved, shaippointd 
snout. Elliott claims that this form of bow is purely conventional with tlie Aleuts, 
who build their boats that wary simply because they have never built them differently. 
Turner, however, says that this style has been adopted because the natives believe 
that it makes the skins stretch better when they are putting tliem on the frame, and 
also because it oiYers a convenient hand grasp when pulling the canoe out of the water. 
An additional reason is that it makes the bow more elastic and relieves the shock 
when the bidarka suddenly strikes the shore. 

The Aleutian bidarka is propelled wholly by double-bladed paddles, and the 
lances, harpoons, and other implements are held in place underneath strips of seal or 
walrus hide, which extend from side t o  side over the deck of tlie boat. 

The length varies slightly, but the following are about the average dimeusions of 
a two-hole bidarka: Length, 176 feet; beam, 2 feet; depth, 15 to 16 inches. 

As previously stated, the top of a bidarka is entirely covered, or decked, except 
the manholes, around which is a skin-covered wooden rim, about 2& or 3 inches high, 
which not only serves the purpose of a coaming to this circular hatch, but permits the 
occupant to secure around it the lower part of his water-proof garment, a sort of 
hooded frock called kamleika, in such manner that no water will get into the kaiak, 
however much may go over her and her crew.” The kamleika is used only in the 
roughest weather, and at  other times thc natives use a sort of circular apron, the lower 
edge of which is fastened around the rim of the niariliole while the upper psrt is drawn 
tightly about the waist by a gathering-string. 

When the natives engage in cod-fisliing a single iudividud goes in a two-hole 
bidarka. He nsuadly sits in tlie a€tcr manhole, and his fish are thrown into the forward 
opening, until his cargo is obtained. In halibut-fishing two bidarkas are used, placed 
nea,r each other, side by side, the paddles laid across from one to the other, so as to form 
a sort of double boat. This is necessary to prevent the canoes from being cn;l,sized by 
the vigorous struggles of this large fish; it also offers the occupants of one of‘ the 
bidarkas the opportunity to club the fish near it vhile it is being pulled up by the 
native in the other boat. Usually, in this cam, two men go in each canoe, but at 
least two in one, so that the individual not otherwise engaged exerts himself to hold 
the paddles firmly in order to prevent an upset, which otherwise would take place. 

The two-hole biciarka (fig. 2, plate VIII) is the onepar excellence €or hunting the sea 
otter, and probably in no other boat of its size do men take more frightful risks than 
axe taken by the Aleutian sea-otter huntemt 

__ 
* PetroE, in writing of the natims of Kadialr Island, remarks in regard to this garment: 
“The kamleika is the most important article of clothing worn by the Kaniagst as it protects 

them against rain and moisture, and without i t  it would be impossible t o  undertake any extended 
voyages in bidarkas. It is made from the entrails of boars, sca-lions, or seals, occasionally also of 
those of the sea-otter. These are dricd, cut into long strips, and sewed together into shirts with wide 
sleeves, and a hood which is drawn over the head until only a portion of the face remains barc.” 

t See description of sea-otter hunting, by H. W. Elliott, in  “Our Arctic Province,” page 142. 
Captain Slocum says that experience and necessity have taught the Aleut aye ry  important lesson in 
mamauship. When the native is  going out whero thore is a heavy sea and a strong wind blowing, he 
puts one or more stones in  the bow of his canoe to trim it a little by the head. The object is  t o  make 
it easier and more certain to  bring the bidarka suddenly hcad to a breaking wave, and also to prevent 
tlie bow from raising so high above the cre& of a sharp sea as t o  make the boat fall off side to  the wind, 
in a dangerous position. 
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TYPES OF ALASKAN KAIAKS. 
FIG. 2. Kaiak from St. Michael's. 
FIG. %. Cross section. 

FIG. 1. I(siak from King's Island. 
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FIG. 3. Ka.iak from Cape Espenkrg. 
FIG. 3a. Cross section. 
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The three-hole bidarka of the Aleuts and adjacent tribes differs from that OS the 
wo-hole chiefly in its size aiid in having tlie additional manhole. This type of canoe 

used very little in the fisheries, beiiig a boat designed chiefly for cruising or carrying 
white traders about the country. The following are the dimensions of the bidarka of 

cla’ss now in the National Museum : 
Buet. Inohus. 

Length, over all _ _ _ _  _ _ _ _  ._ .--....--..-....--‘... ___. .__. ._____._.____...___. 24 
Beam _____.__.___. ~ _ _ _ _ _ _ . _ _  ~ _ _ _ _ _ _ _  _ _  _______.__________.__.__ ______-__._ 2 
Depth, from top of rnsnhole rim. _ _  _ _  _ _  _ _  -. _ _  -. . . ~ __. - _. . . __. ____.  _ _  ___. 1 
Height of rim of manholes.. . ~ . . -. . ~ ~ -. . . . -. ~. 
Width of manhole.. . ___. . -. - .  -. ~. ._. _ _  _ _  ._. - _ _ _ _  _ _ _  _ _ _  ._. __. . .___. .____. - 1 

8 
3 
14 _ _ _  - -. . - -. l&l$ 

1@ 
. -. - _ _  -. -. -. 

The canoe from which these ~iieasu~e~neiits were takeu was used on the revenue 
s in Alaska and Bering Sea. See fig. 3, 

Skin boats with a single mauliole a,re used for certain purposes. These differ from 
hole and three-hole bidarkas chiefly iii being wider aiid deeper in proportion, 
e larger boats gain iu dimeusions almost entirely by additional length. One 

has the following dimensions : Length, 
inches; depth in manhole, top of rim to 
e VIII) has the typical split bow of the 

arched deck, and a hogback sheer, the 
t beiug llighest in the middle and gradually slanting downward to the ends, except 

The fralne is :is follows: The keelson in the middle of the bottom extends from end 
lid of tile boat, ailid between this and the gunwale on either.side are four battens, 

g lollgit1i&ially, and separated from each other from 39 to nearly 4 inches. 
battons or rib bands are inade of wood, as is all the haine, and are from three- 

to  seven-eighths inch wide, and three-eigliths to one-half inch thick. The 
and the gunwales are a trifle heavier. The ribs a,re flat, OF nearly so, 3 inches 

fourth inch, bent around fiom gunwale to gunwale, inside of tlie battens, and 
eelson, while its upper euds are inserted 

les iu the underneath side of the gunwales. The deck frame is ingeniously con- 
to secure strength with little weight. Near the center is the manhole, around 
is. a stout rim of hard wood, nearly circular in form, and about 2 inches high. 

er side by R strongly arched beam of , tapering towards the ends, which are 
side. Prom the manhole rim a ridge 

extends to the bow and another to  the sterri, this being nearly round and about 
fourths of an iiicli in diameter. The after ridge piece is supported in the middle- 
half way from the manhole to the steru-by beams similar to those under the 

middle of the deck longitudinally, and 

the extreme bow where it has an abrupt upward curve.* 

s e u u  by Wm. Burling, esq., and is marked as a “Boat 
mistako, to this extent at least: Tho Sitka Indians 

skin bo:tt at Sitka is believed to be pnroly aocidontal 
riit-m n1iusn~~l form t,hat has the bow of the Aleuti:w 



give it tho requisite e1ev;ttioii or arched shape which has been mentioned. One eud of 
each is iriortised iuto the rim of the manhole. 

A single-hole liaiak diEering from the above is used along a large extent of Alaskan 
coast, from St. Micliae17s southwardly.* This ka,iak has the sharp ends characteristic 
ofall the skin-covered boats of this region. The forward end gradually tapers from 
below, a s  well as froill the sides, and rises in a gmceful, easy curve upwards, the bow 
terminating in a sliarp point, above ant1 just back of which is 8 compressed eIevated 
ridge, perfor;ttetl by an ellipsc~-shaped hole that 17aries in size but is usually about 
I:~rge (?nough to receive the liand of a man. The use and purpose of this is obvious, 
siiioe it a,fhrds ;I, 1i:end grasp to haul tlie kaiak out of or into the water. 

This t.ype of canoe has considerable rise to its bottom, and 8 dock like that of the 
1i;hiak last described. Indeed, the deck rises in quite a shttrp ridge, somewhat resem- 
1)Iing the top of a pitch-roofed lionsc, altliough the aiigle is less. It has the same 
liogback slicer that has been noticed in the other kaiak. A kaiiek of this type (fig. 1, 
plate IX) in tlie National Mascuni i s  13 feet lmg, 2 feet 1 inch wide, and 15 inches 
t~eep, cxcInsive of the manhole. Therc are sever:il iiiodificatioris of tlic; type last, 
(lescribed, two of which (figs. 2 ancl 3 )  ibre S ~ O ~ W  011 pI& tx. These are propelled 
t)y a si11gle-l)laded paddle, are :dl the skiii b o i 1 t S  of Alaska, excepting those of the 
&&s aiicl those of the most iiortlierii section. 

k&& of Point 73uwow.-!b3 k:liak nsed by the Iiinuits ;it Point Xnrrom, 
;illti tIienoe uenrly to  Cape Prince of Mrales,t is very c*losely allied in for111 to that mide 
by tile Eskimo of the Nudsoii Bay rcgioii, p:trtioul:irly at Uilgav:~ Bay, but it lacks 
tile beaiitiful sheer and symmetry which c1i;eracterize tlie skill lraiaks of tho Green- 
lander. 

Tile fr:bnic of the Poiiit Barrow lraiak is iilibd~ of light pieces of ~rootl, bound 
together by strips of TvhJebone or siuew. The keelsou rests 011 the ribs iustead of 11pol1 
tllc outside skin, as is the ~ O I ~ H O I I  practice iii other 1cai:ilis. has several batfells 011 
ei~o]l side, as in  tlie hleiitiaii c:~no&, but the gu1l\Vdes ;w(’ wider tilid not quit(? so thick, 
1)eing 3 ia&m wide by oiie-Ii;~lf inch tliioli, mliile the b:r 11s :UT’ three-fourths by olle- 
f o ~ ~ t h  iiicli.~ The ribs are h l f  roimil :nid of siliall size, with their c.11ds fixstcried in to the 
lower edges of the gUllWdlt?s, :Uld :hl’($ IiLShed to tilt. b:itt011s. The ma11holc rim is s11p- 
pored by beams, as in other lrei:tks, but while tlw niter beam is coinparatively straiglit 
thc forward edge of the manhole is elevated cousiderably, so that, looking at  i t  ill profile, 
it &ts at a moderate angle with tlie axis of the boat. The rini is slightly corn~~ressed at 
tlie side8, making the shape of the rn:iiihole soimxliak elli1)tical. It is lield in this posi- 
tion by a wooden standard or button on each side tliat is inticl& iii a peculiar shape, its 
lomr end resting on the top edge of the gunwale, and its iipper eiid so notelied that, 
wliile one part upholds the manliole rim, the extreme poiut plotrates  through the skiii 
(q)vrring a~ id  fits snugly t o  the outside of the rim, thus preventing the latter from spring- 
iirg out, of position. The skin deck, iiisteatl of palrsiiig over the outside of the rim, as 
it does on inany of the ksiaks or bidarkss, goes iiisicic, auld, inruing over tlie upper 
@e, is held in p1;~co by a wooden hoop driven tightly over the upper edge of the ni~11- 

*Turner says this typo i8 used from St. Mioheel’s southwardly to Kadink; Dr. Bean reeognlzetl it 
:Is :b form seen at Cook’B Inlot’, : 1 i ~ 1  Pctrotf (AlafikCL, 8th vol., 10th Ckmsns, pngo 134) figure8 it a8 tho 

oi l  11,s tlio 1)clugn IiuiiterH ou tlio I<uskokvim. 
L ~ I ~ L  >tiiulocli hay tliifi type i H  I I ~ O ~  froin liotaobuo Souiid uorthw:ird; oocrisionally it ~n;by 

14. 

’ 

- -___ --_-- -_ -_ ___ - . - . __ - -. - - 

bo 8 e ~ n  in Nortoit Sonl~tL. (Sue figs. 1 i ~ ~ d  2, p h t e  X.) 



KAIAKS AND OOMIAK. 

FIG. 1. Kaiak from Cape. Krusenstern. FIG. 2. Kaiak from Point Barrow. 
FIG. In. Cross section. FIG. ea. Cross section. 

P 
D 
-I rn 
X FIG. 3. Alaskan oomiak or bidsrrah. 

FIG. 3a. Cross section of oomiak, showing construction, 



h l c  and firmly secured ill place by strips of whalebone or sinew wouud nround, over 
and over, as one would sew. 

The lcaiak of the Point Barrow regioii lius a rouiid bottom mid long pointed ends; 
it is neesly straight on top, except just fi~rwartl of the manhole where the deck is 
“crowiiecl” up, forming 21 slmrp ridge that slopes to the level of the forward deck. With 
this siiigle exception the deck is flat. The followiiig are the dimensions of a kaiak 
from Poiiit Barrow (fig. 2, plate x) : 

lJcugtll ovor :Lll . ~. . ~ ~ -. 
I l o : l 1 t l _ _ _ _ _ _  __,. _.._ _._. ..___. ..._ __.. .__._. -... .--. -.-. - - - -  ....-.....__.. 

Foot. Inoboa. 
- 18 

1 
. . ~ - -. . ~ ~ - . - ~ - . - ~ - ~ - . - - - ~. . ~ - - - . . - - -. - . ~. . . . . - a 

!,h 

104 
14% 
1% 

10 
5 

&’ore Hido. . ~ -. . . -. . . - - -. . . - - -. . - ~ -. - .  - - _ _  ~. ~. - -. . . . - -. . - - -. - -_.  . -. - - 

Longitudinal cliamctor ofm:uiholo. __. . _._ _ _  _ _ _ _  . - - - -. . ~ - _ _ _  _ _ _  __.  _ _  ~ ____. 
Muiiholoto bow ...... ._.. ___. .... _... .... .._. ...._....__._. ..._.. .. .____. 

I-Zoight of m:inhoIe rhri . . ~ ~ - - - . - - - -. . . - - - - . . . - -. . ~. . -. . ~ ~ -. . . . . - -. . . . ~. - -. 
1 
8 

Both the Mingle and the double bladed paddle me used 011 the Point Barrow kaiali, 
sccording to Murdoch, who says that the Eskimo prefer tlie single-bladed pa,ddle wlieu 
there is 110 occasion for speed, and they are iLjogging along” itt a11 CihSy rate; but if 
greater speed is needed they always sinploy the double paddle. 

15. The o o ~ ~ ~ i u k  OY biduwak.-The oomiak (figure 3, plat,s x), t o  w1iic:li the mnie 
bidarrdl (sometimes written bidara,, b;tidar, or baidarra) lias been given by the l%ussiaiis 
and largely adopted into the vocabulary of’ the coast aud islaiitl iiatives, is it largo opeii 
skin boat, now oliiofly used for trausportzltion, although it is sonietiiries employed to 
c:Ipturo wlmles by the, Iiniuits of t,he nortli. At  Kadidc, arcordiiig to Petxofl, the 

bidart$, (upzgidr) were? formerly used chiefly in tinie of war aid for ~iia~kiiig lougjour- 
Wys, since they call (::wry fi.0111 30 to 40 pc~oplc.’ Ihit a t  pruseut them? boats are nearly 
a11 in the hands of tlie traders. Oars are ge~ievdly used to propc?l tl~t?ni, t i i d  sonietinic!s 
they are rigged with iiissts :d sails.* The liLl*gt?st ooinialm 011 tlie Alaslitiii coast are 

and employed for t>radiug purposes, Turiwr says, and oiio of tDhese s ~ e n  by llilri 
Kuskokviiu would carry 45 tons. But those used by the iiatives, arid which 

e more pnrticulesly the subjeot of consideration here, v:tiy fiaoni 18 to  30 feet iii 
th. In regard to the employment of the oomiak h wlialiiig, Scammon writes as 

Both are carried. 

whaling boat, idthough to  ,111 appotiranoo simplo in its coustruotiou, will bo found, 
tigation, to  bo adrnirsbly adapted to  the purposo, as well :IS for 011 othor usus nocus- 
is not only usud to  aocomplish tho mor0 important uudortakings, but  in  it they hunt 
garno, and mako thoir loug 81nunror voyagos tibout t81ru corist, up tho duup bdys otid 
thcy traffic with tho  iutorior tribos. Wlioii propi~rod for whdiug tho boat is oloarecl 

Eight 
It is said by Captrrin Norton, who crolumaudccl tho  ship Citizas, wrookod 

Tho irripletnonts riro one or moro 
ns mltdo of ivory, with a point of slato stoiro or iron, n boat zuiist tliut swvos tho triplo purpotlo of‘ 

adiug tho sail nud funrishiug tho staff for tho Itnrpoon rrud Ir~iioo, I I  largo kiiifo, nut1 oight pltddos. 
kuifo lashoc~ t o  tho must constitutos tho PUUCO. 
l’lio boat hoing hi rotldiiioss, t l i c t  cliiwc hogins. AN HUOII i in the wholr in so(:u a r i d  Its oour~io iiscor- 

Not ii wor(1 i n  Npokcw. iror will t l t i y  trlko uotioo of a gr~ssing ship or boiut 

ngors mil usoless iuciimbrancoe, irotl~iug bciug nllowod but  tlro whaling gear. 
ako tho crow. 

io sevorltl yoclrs ago, tlmt t ho  womoir oiigr~go i n  t l tu  olime. 

11 got behind it;. __ . _I - - 
* Alaslru, \~ohuno 8, ‘I’oiith CCIIHUH, prigo 141. 
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when once excited in the chase. All is silent and motionless until the spout is seen, when they 
instantly paddle toward it. Again the spout is seen 
or heard through the fog, and again they spring to  their paddles. In this manner the animal ix  
approached near enough to  throw t,he harpoon, when a11 shout a t  the top of their voices. This is said 
t o  have the effect of checking the animal’s way through tho watcr, thus giving an opportunity to  
plant the spear in  its body with line and buoys &ached. Tlie chase continues in  this wise until :I 
number of weapons are firmly fixed, causing tho animal inueh offort to get under water, and still more 
to  remain down; so it soon rises again and i 8  attacked with renewed vigor. 

It is the established custom with these simple Datives that tho man who first effe~tua~lllly thi-owx 
his harpoon takes command of the wholc party. Accordingly, as soon as the animal becomes much 
exhausted, his baidarra is paddled near, : i d  with xurprising quickness he Cute a holc in  its side sua-  
cientlylarge to  admit the knife and thc mast t o  mhicli i t  is attuclicd. Then follows a course of 
cutting and piercing until death ensues, after which the treaeurc ia towed to the beach in front of 
their huts, where it i x  divided, eacli mcmbor of the piirty recciving two L‘slnl)s of bone’’ and a like 
proportion of tlie blubber and entrails, tho ownCr of the canoe claiming what remains. (Marine 
Mammalia of t , h  Pacific Coast, by Chnrlcs M. Srammon, pp. 31, 32.) 

The spouting over, every paddle is raised. 

The oomiak has a flat bottom, taperiug to :L point a t  either end, flaring sides, and 
sharp bow and stern. In shape it closely resembles the American dory, from wliicii it 
diEers in the following pa8rticul:irs: (1) 111 having less sheer to  the top; (2) in having 
a nearly straight bottom, and (3)  ill not having the V-shaped stern ruming down to 
the bottom, which is a ckaraoteristia feature of the dory. Hiit the bidarrah has tlie 
buoyancy, the easy lines fore atud iLft7 and tlie seaworthiness (SO far as its form is con- 
cerned) that distinguish the dory and Iiave inade it famous as a fishing boat. 

The covering of the bidarrah varies with the locality. The Aleuts use the skins 
ofthe sea lion (Eumetopias slelleri), whiclt are urihaired by sweating in a pile, and they 
are then skillfully sewed together until enough are joined to corer the wood frame of 
the boat. The northern Innuits make their oomiaks of walrus hides, seal pelts, or white 
whale skins. The frame is made of wood, nsually of pieces of  spruce that drift upon 
the shores, and is deftly lashed together with sinews, drips of whalebone, or thongs of 
seal skin;’ the material used for fastening the frame vasies somewhat with the locality, 
aiid alyays depends upon the possibility of obtaining that mliich can be adapted to 
this purpose. 

The number of pieces in a frame may vary, but generally the frame of an lnnuit 
oomiak is as follows: The keelson runs through the center of the bottom, and to the 
ends of this are attached the stem asld stern post, unless the stick grows to  the proper 
shape to make these from one piece. Two other pieces, which may be called sister keel- 
sons, are.fitted with a series of holes on their sides to  receive the ends of cross bars or 
beams of unequal lengths (the largest being in the middle), and these form the sides 
of the bottom, being bent around tlie beams and their ends faetened to the keelson at 
the bow and stern. Upon these side keelsons are stepped upright timbers or ribs, which 
may extend to the gunwale. Along the sides are one or more horizontal strips, the ends 
of which are fastened at  stern and stern post, while they are lashed to eiich timber; the 
thwarts rest upon these battene. On top of the stem and stern post is secured trans- 
versely a flat wooden piece, like a piece of board, which is 10 to  12 inches wide and 
15 to 24 inches long. The gunwales are nom bent around, these resting upon and 
being secured to the upright frames, while the ends are fastened to  the upper side of 
the flat pieces above mentioned, beyond which they project 6 or S inches. 

The skin is stretched over the frame while it is moist or 44green,’7 and having been 
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fastened over the gunwales and its edges drawn down with lashings to the battms, 
is left to dry and shrink until the whole fabric is firmly drawn together and the cover- 
ing is nearly as rigid as sheet iron. 

A model (No. 38882) of a bidarrah used at St. Michael's, Alaska, which is now in 
the National Museum, has a single mast, which is very ingeniously supported by stays 
awl shrouds of seal skin. On this is set a single square sail of coarse matting, which 
is fastened to the yard with sinews, whiie the braces, and all the material which on 
ai1 ordinary boat would be of rope, are here made of seal or walrus hide. Of course it 
mill be readily understood that a sail can be used on such a boat only when it is going 
before the wind. At other times it is propelled by oars or paddles. 

The following are the dimen'Yions of a bidarrah of the type represented by the 
abovementioned model : 

Pcct. Inchoa. 

15 0 
6 9  
3 0  
2 1% 
3 0  
4 9  

13 6 
12 6 
l a  0 

Oars _.____ _____. __._ ._.__. _....___._ ____._ ..__. ~ _.___.______ 10 9 
6 3  

Paddles _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  __._ ___. __._ .-__ ___. ___. _ _ _ _  _ _ _ _  _ _ _ _ _  __. - _ _ _ _  __.. to  1 7 9  

The illustrations of a bidarrah, figs. 3 and 3n., plate x, show the form and construo- 

The finest bidarrahs for transportation seen in  Alaska by Elliott were those used by 
St. Lawrence natives. He says of them: 
These were mad0 oa t  of dressed walrus hides, slmvcd mil parcd down by thcm t o  'the reciuisite 
ness SO that  whon they were sewed with sincws to tho wooden whslebone-lashed framee of 

ied into a pale greenish-whito prior to  oiling, and were even then almost translucent, 

for tho first time into tho baidar of St. Paul Islend and went ashore from the 
y sca, safoly to tho lowcr bight of Lukrmnon Bey, my sensations were emphatic 
water-softened skin covcring mould puff up bctmoen the wooden ribs aud then 

waves rose and fell, so much like an iinstablo support ~ ~ O V Q  tho cold grcen water 
nkly expressed my surprise a t  such an ontlandish craft. My thoughts quickly 
r appreciation of thosp hardy navigators who used these vosscls in  oircumpolar soas 

ago, and the Russians who, mor0 rorcntly, cinployod bidarrahs ohiefly t o  explore Alaskan and 
hatkan terra? incognita?. 

Until Isnw these bidarrahs of tho St. Lnwrence nativos, in 1874, I w:w more or loss inclined t o  beliovo 
, nnd spongy hido of s walrus would bo too roffactory in dressing for uso in 
amos, especially those of the bidsrka; but tho manifest exoellence.and seeworthi- 
boats satisfied me that  I was mistaken. I saw, howcver, abundant ovidenco of 
requirud to tnn or pare down this thiok cuticle to  thiit thin, donsu transparency 

idarrilhs; for tho polt of a hair seal or sea lion does not need any more attention 
sorvicc than that  of simply unhairing it. This i s  done by first sweating the 

n of one of these boats w l h h  is slightly smaller that) the dimensions given above. 

$'. C. 13. 1890-3 
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“loughtak” in piles, then rudely but rapidly scraping, with blunt knives or stone flensere, the hair 
off in large patches a t  every stroke; the skin is then air-dried, being stretched ou a stout frame, where 
in the lapse of a few weeks i t  becomes as rigid as a board. Whcnever wanted for use thereafter it 
is soaked in water until soft or “green” again, then i t  is sewed with sinews, while in this soft 
condition, tightly over the slight wooden frame of the bidarka or tho heavier frame oi the bidarrah, 
In  this manner all boats and lighters a t  the island are covered. Then thcy are air-dried thoroughly 
before oiling, which is done when the skin has become wcll indurated, so as t o  bind the ribs and 
keel” as with an iron plating. The thick, unrefined seal oil keeps the water out from 12 to 20 hours, 
according to the character of the hides. When, however, the skin covering begins to “bag id’ 
between the ribs of its frame, then i t  is necessary to  haul the bidarrah out and air-dry it again, 
and then re-oil. If attended t o  thoroughly and constantly, those skin-covered boats are the best 
species of lighter which can be used in these waters, for they will stand more thumping and pounding 
on the rocks and alongside ship than all wooden or even corrugated-iron lighters could enduro and 
remain neaw0rthy.t 

1V.-THE COD AND HALIBUT FLEETS. 

16. The cod vessels.-The cod-fishing fleet of the Pacific is fully as varied in the 
characteristics of its vessels as the whaling fleet, and probably more so. A consider- 
able number of the clipper fishing schooners built in New England have been taken to 
California in past years and utilized for prosecuting the cod fishery of the Pecific. 
Vessels of this class are not engaged in the cod fishery at  present. The cod-fishing 
vessels now employed are usually of much greater dimenaions than those sailing from 
New England. Large two-masted and thee-masted schooners, of types ordinarily 
employed in the merchant marine, are engaged in the cod fishery. They usually act 
simply as freighters. In  the spring they carry to Alaska the men and material for 
prosecuting the fishery, and bring back, as occasion requires, the products which are 
obtained by the fishermen, who have stations on shore and fish in dories at a short dis- 
tance from the land. 

Large schooners and barkentinea, and an occasional brig or bark, prosecute the 
wd fishery in the Okhotsk Sea. In 1888 only two vessels (the Trentont and Jane A. 
Falkenburg) were employed in this distant fishery. The barkentine Trenaont is 328.31 
tons. On two occasions she has made the passage from the Okhotsk Sea to San Fran- 
cisco in 18 and 21 days, respectively. The last-mentioned passage was made in 1888. 
The barkentine Jane A.  Palkerlburg is another of the Okhotsk Sea fleet. 81ie is 295.10 
tons register, 170 feet long, 25 feet beam, and. 12 feet deep. 

The three-masted schooner Hera is probably the largest vessel ever employed in the 
American cod fishery. She is 369 tons, has two decks, between which are storerooms, 
galley, and ample accommodations for the crew. She carries a crew of 37 men and 
3 boys, has 24 dories and 260 tons of salt when starting on a cod-fishing trip. She has 
brought in a cargo from the fishing banks of 188,000 fish, equal to 300 tons, or 5,360 
quintals of cured cod. Her dimensions are as follows: Length between uprights, 132 
feet; beam, 29 feet; depth of hold, 12 feet. 

The schooner John Hanoook, for many years employed in the cod fishery (but which 
was engaged in the coasting trade in 1888), was formerly a naval steamer. She was 
Commodore Perry’s flagship in 1856, when he visited Japan. 
-~ 

‘The use of the word “keel,” quoted in this connection, is not strictly correct, since neither the 
b i h r k a  nor the bidarrah has a keel. Probably the writer had in mind the inside longitudinal frame 
or keelson. 

t ‘‘OW Arctic Province,” pages 453, 464. 
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Some of the vessels are apparently constructed in a manner that makes them 
unsafe and unsuited to the business in which they are employed. 

According to Lieut. Commander Tanner, the Arago “is greatly inferior in type to 
the poorer class of offshore fishing vessels on the Eastern coast, and would not com- 
mand a crew from Gloucester or Portland. She is 30 years old, and was built at  
Goose Bay, Oalifornia. The floor timbers used in her construction were taken from an 
English bask which was wrecked a t  that place.”# 

The typical do-ry is extensively and almost universally employed in the cod fishery 
both in Alaskan waters and the Okhotsk Sea. The dories used there are generally 
built on the Pacific coast, though in some instances they have been imported from the 
East. As a rule, what are termed “single dories,” with a length of about 13 feet on 
the bottom, are most in favor, one man going in each boat. 

On pages 45 and 4G more detailed mention is made of the dories built on the Pacific 
coast. 

17. The halibut vessek.-l!he vessels employed in the Pacific fresh and salt halibut 
industry (recently conducted to  some extent from ports on Puget Sound) are nearly 
all Eastern-built clipper schooners, that sailed fiom New England ports to prosecute 
this fishery, which is a new enterprise in this region. One steam schooner, called the 
George H. Chance, of Yaquina, Oregon, has entered into this fishery, marketing her 

,catch at  Portland, which is her fishing port. The vessds sailing from Puget Sound 
vary from about GO tons to  more than 100 tons, the largest being the Mollie Adams, of 
Gloucester, Massachusetts, andone of the finest of the New England fleet which rounded 
Cape Horn in the winter of 1887-88.t 

V.-SALMON VESSELS AND BOATS. 

18. The salmon. $eet of Alaska.-The salmon fishery in Alaska necessitates the 
employment of vessels for transporting the supplies and equipments to the stations on 
the coast, in freighting products to San Francisco or other markets, and in supplying 
the canneries with fish from points within easy reach. The fleet is composedof vessels 
of almost every kind, from small sailing schooners to large sea-going steamers. In 
1889 thesailing vessels consisted of schooners ranging from 50 or 80 tons to a five-masted 
vessel of more than 800 tons; besides these there were brigs, barks, and ships of varying 
dimensions. The steam vessels are mostly small schooners ranging from less than 16 
to  upwards of 90 tons, used chiefly for transporting salmon to the canneries, from 
distances varying from 10 or 12 t o  perhaps 19 miles. Several steamers, however, of 
considerable size are used 8s transports or freighters, one of theso being the Haytien 
Republic, a first-class ocean-going propeller of779.53 tons. See plate XI. 

+I Vol. VIII, Bulletin U. S. Fish Commission, page 23. 
t The MoZMe Adam engaged in polagio fur sealing a portion of the se&~ons of 1888 and 1889. 
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The following is a list of tlie vessels, their tonnage, ete., which constituted t h e  
fleet engaged in the Alaskan salmon fishery in 1889 : 

~m nmt ................. ..l.siiiy. ......... 1,160.78 

Aldon Bessie ................ Bmk. ......... 812.55 
Corea.. ................... ...,.... do ......... 564.62 
Coryphene.. ................. do ......... 771.01 
Elehtra ......... :_ .......... .I: ... do ......... 939.90 

658.03 
Hope .......................... .do ......... 758.76 
Jas. A. Borlmd. ............ . I .  .. .do ......... 630.69 
L i d o  Williams ............. do ......... 790.50 
Nicnlan Tliaver ............ ..I: ::do .. ....... 555.41 

Oneha .. 1.. ................. , ... .( o ......... 1,074.26 

Elsinore ..................... 1: : : :do ......... 

Ida Schnaiicr .................... do ......... 
Jennie Stella ................... .do ......... 

Laura Madsen ................. .do ....... .: 
Louis ....................... _I. .. .do ......... 
Nieoline .................... .I. .. .do ......... 
Norwav .................... .I.. . .do ......... 
Novolt$ .................... .I. .. .do ......... 
Ocem birr1 ................. .I.. . .do ......... 
Sadio B'. Ciillor ............. .I. .. .do ......... 

J. E p p i n v .  .................... .do ......... 
<John G. ortli.. ............ . I : . . .do ......... 

... .. - .__ - - 
..................... . ......... Sonoma.. .. .............. ,: .. .do ......... 997.07 Vests.. -1.. .do I 

Will W. Case.. ............. .,. .. .do ......... 554.61 I Williiim Reuton ................. do ......... i 
Wildwood ...................... do ......... 1,056.09 Viking .......................... do ......... ! 'I 

512.58 
248.71 
448. a 
496.21 
429.78 
668 $16 
403.21 
520.33 
381. UU 
123.51 
117.79 
138.02 
374.65 
125.26 
445.85 
114.41 
182.65 
369.47 
204. 60 
278.09 
107.18 
320.11 
328.52 
819.80 
65.50 

183.01 
584.20 
86.29 

393.25 
271.59 
139.52 
424.91 

Nom.-In addition to the  foregoing, the following vessels, which were engaged in the cod and whale Bsheries, were also 
employed durinq a portion of tho yonr in  connection with the salmon-canning indnstry: The ateamor Jeanie (882.95 tons), 
the barkentino Jane A .  Paalkenburg (295.10 tons), and the schooners Uzar (137.18 tons) and Dashiirg rave (141.46 tone). 

As will be seen by the foregoing list, the Alaskan salmon fleet is very hetero- 
geneous in its character, and, since inany of the vessels :we chartered simply for the 
occasion, there is liable to be a very material change in the fleet from year to year. 
With few exceptions the only vessels which may be considered typical fishing craft, 
and representative of the salmon fishery, are the steam schoouers. 

19. Vessels of Puget Hound, altd of the  flucramento, Colzcnzbia, and other rivers.--In 
discussing the vessels employed in the xdmon fisheries of the Pacific, mention should 
be made of the steamer Thistle, that plies between Ellensburg, Oregon, and San Pmn-  
cisco, since her business is connected wh% the prosecution of the salmon-canning indus- 
try on Rogue River. This vessel, built a t  Benicis, California, in 1887, is of moderate 
dimensions, being only 32.88 tons; length, 70.5 feet; breadth, 18 feet; depth, 9.6 feet; 
nominal horse-power, 20 j indicated-horse power, 80. Her special peculiarity is that she 
has a screw propeller a t  both the bow ?nd stern, atttached to the same shatft, which 
rLlns the entire length of the vessel. The object of this is to  prevent the "racing" of tho 
Screw in.the heavy swells of the Pacific, and particularly when die is crossing the bar 
at the entrance to  Rogue River. It is evident that by such an arrangement the screw 
at one end will always be immersed and have a good hold on the water. This vessel is 
used in carrying the products of the cannery at  Nllensburg, on the Rogue River, to 
Sari Francisco, and bringing thence supplies and equipment for the fishery and tho 
town that has grows up in connection with the canning of salmon on the river. 

A considerable number of steamers are used in the salmon industry on the Colum- 
bia River and other rivers where t l e  fishery is prosecuted, as well as on Puget Sound; 
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as a rule they are steam tugs of the pattern ordinarily employed in towing merchant 
vessels, a business in which many of them engage during the portion of the year when 
the salmon fishery is not active. A number of small sailing vessels are employed on 
the Sacramento River in transporting fishery products during tlie salmon season. They 
are not, in any sense, typical fishing vessels, tho.ug1i finding incidental employment in 
the fisheries for short periods. 

20. #team jishiiy schooners.*-The peculiarities of climate, winds, and topography 
on the west coast, and particularly in Alaska, as well as special requirements of certain 
fisheries, render the employment of small steam fishing vessels necessary, and in some 
Cases imperative. The prevalence of dense fogs in Alaskan waters throughout the 
fishing season and the vacillating character of the winds reiidcr navigatioii by sailing 
vessels among the numerous islands and ledges always uncertain and frequently hae- 
ardous. This, together with tlie fact that it is often necessary for s:ihion canneries to 
draw their supplies of fish from localities more or less remote, makes necessary tlie use 
of small auxiliary steam schooners for bringing tho catch to the points where the can- 
neries are located. The elimination of any uncertainty in making passages with tlie 
Perishable cargoes of freshly caught fish is the all-important, matter, for they must 
reach their destination in good condition or be thrown awey. Tlle vessels performing 
this work must be able to initke their way througli the intricate cliannels quite regard- 
less of fogs, headwinds, or calms. 

Small auxiliary steam schooners have come into use and special favor for this 
Work. These vessels range from 16 to nearly 100 tons, net register (see plate XI). 
They vary somewhat in form aiid slightly in details, but iievertlieless are sufficiently 
alike to be classed as one type. The typical steam fishing schooner of the Pacific: coast 
has about the same relative dimensions of hull as the clipper fishing schooner of New 
England (of the period between 1870 and 18SQ which it sornewliat resembles in form. 
Vessels of this class are, as a rule, very stoutly built and are fitted to  stand rougli 
Weather. They have tlie reputation of being seaworthy, but owing to  their small size 
and cramped quarters are rather uncomfortable a t  sea in a gale. They are provided 
Mth sufficient power to  go about G knots an hour under steam alone. 

The following are the most noticeable features of one of those schooners, which is 
She is a carvel-built, keel 

* craft, provided with screw propeller and auxiliary steam power. Her bow is not very 
sharp and is somewhat flaring above water; the stem has a moderate rake, is slightly 
recurveQ, with a small head j there is a medium rise to  the floor; a rather long clean 
run, broad, elliptical stern; heavy quarters, aiicl not very mucli overhang. She has 

ordinary amount of sheer and considerable freeboard in ballast trim. The deck 
houses extend from near tlie taffrail to within 10 or 12 feet of the foremast, with a mr -  

3 of medium size and is a fair representative of the type. 

era to  close the 
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deck, some 18 inches to’2 feet above the main deck, with a corresponding height to the 
quarter rail. The bulwarks on the main deck are about 2& feet high. 

The rig is that of a two-masted schooner, with short bowsprit; masts, including 
short-pole topmasts, nearly as long RS on a sailing vessel of the same size. The main- 
mast stands somewhat further aft than it would be placed on a sailing schooner, and the 
foremast is farther forward. The mainssil is not so wide in proportion, particularly on 
the boom, as it would be on a, sailing vessel. The foresail is also narrow, since the 
smokestack stands about 10 feet forward of the mainmast. The following are the 
principal dimensions, etc.: 

77 
20 
8 

65.73 
37.69 
40 
80 

This vessel cost $14,000. 
The steam schooner, George H. Chance, of Yaquina, Oregon, which‘was employed 

in 1888-89 in the market fishery, chiefly for halibut, is similar in type to those employed 
in the salmon fishery, though somewhat larger. Her dimensions are as follows: 

She carried, in 1889, a crew of 7 men. 

Length between uprights - - - - - -. . - - -. - - -. - -. . . - -. . - -. - - -. -. . ._ - --.feet ~. 
Beam. - - - - -. . . . - - - -. -_ . .do.  ._ 
Depth of hold ~ ~ - - - - - - - - - - - - - - -. - - -. - - -. - - . . - - - - - -. - - - - - .do.. - 
Gross tonnage - - - - - -. - . - - - ~. - - -. - -. . . ~ - - -. -. . - - - -. - - -. . -. - - -. - - - -. --- .tons. .  106.40 
Net tonnage.. . - - - - - - ~ - - - - -. ~. - - - -. - - -. . . . - -. - - ._ - - -. __. - __. . . - - -. - -__ .do . .  . 71.17 
Nominal horse-power (estimated) ~. -. . - - -. . - - -. . - -. . - - -. . - -. . -. . . - - - -. . - - -. 75 

81+ 
%% 
83 

-. - - - - _ _  . . -. -. -. . - _ _ _ _  _. - _ _ _  . -. - - - - - - -. -. - 
. . -. - - 

21. The salmon gill-net boat.-The boat used in the river and coast gill-net salmon 
fishery of the Pacific is a distinct type, and differs from any other small craft employed 
in the fisheries of the United States. It is found in the greatest numbers on the 
Columbia River, as might naturally be supposed, but it is distributed along the whole 
coast line of the United States from the lower counties of California to Alaska. 
This type is also used to some extent in the shore market fisheries, which are not par- 
ticularly related to the salmon fishery. The first boat of this kind ever used on the 
Columbia River was built by J. J. Griffin, of San E’rancisco, in 1869, for George and 
Robert Hume. This boat was still in use in 1880, and may yet be doing good service. 
At first the ordinary length was 22 or 23 feet, and usually they were entirdy open. 
Later, boats of 25 and 26 feet in length were built, but they were found to be rather 
unwieldy for two men to manage, and at  present. the majority do not exceed 24 feet in 
length, but as a rule there is now a washboard on each side and a short section of deck 
at each end. According to Mr. Wileox, the boats now range from 23 to 28 feet long, 
6 or 8 feet wide, and from 24 to 30 inches deep, and cost when rigged for use from $300 

The first boat of this type used on the Sacramento was built by Mr. Griffin for a 
fisherman nicknamed “Greek Joe,” its kee1 being laid on May 2,1868. Before that time 
Whitehall boats and skiffs were employed in the salmon fishery, but were not so well 
adapted to it as the type ulider consideration. A well-built salmon boat will last, with 
occasional repairs, from 14 to 15 years. 

. to $400. On the Sacramento River the length varies from 16 to 25 feet. 



Bull. U. S. F. C. 1890. Fishing Vessels o f  the Paclfic Coast. (To face page 39.) PLATE XII. 



FISHING VESSELS AND BOATS OF THE PACIFIC COAST. 39 

About 1872 an undecked salmon boat could be built in San Francisco for 8220, but 
in 1880 the washboard had been added, with the small deck spaces at the ends, and the 
price had increased to $240 per boat. Many of these boats are built at San Francisco, 
but a large number are also constructed on tlie Columbia River, in some cases the o m -  
ers of canneries having boats made at  their own establishments. With few exceptions 
the boats are owned by the caniiers and rented to  the fishermen. Each boat is provided 
with a single gill net (that costs about $350 at present) and has a crew of two men. 

Ordinarily a salmon boat has a single sprit%l, the mast stepping in the forward 
thwart and being adjustable so that it can be removed at will. Occasioiia'lly a jib is 
carried. On the Sacramento and San Joaquin Rivers a single leg-of-mutton-sail rig is 
in hvor. Spritsails are also used. In strong winds the latter is reefed by taking out 
the sprit and fastening the pcak to the mast. Often when the men are engaged in 
drift fishing they are compelled to remain away from home for more than a day. Under 
Such circumstances it is common for them, after the nets are hauled, to anchor their boats 
dear the shore or bars of the rivers, out of the may of passing steamers. They then 
rig up a temporary teiit of the sail, usiug the mast for a ridgepole t o  spread the canvas 
Over, the after end of the mast restiug upon the rudder, which is put up for a support. 
The inen thus lie down for sleep, bud this is as frequently done in the daytime as at 
night, since it often happens that the men are out all night drifting with their nets. 
Each boat is provided with a small oil stove and an assortment of canned food, which 
is warmed up, and the meals are thus prepared on board. This applies more particu- 
larly to  the Columbia River. 

The following is a description of a typical Columbia River salmon boat (see plate 
XII): It is an open, carvel-built, centerboard craft, sharp forward and aft, the ends 
being shaped nearly alike, moderately concave at and below the water line, and with 
rather full couvex lines above water. It has a long, low floor, round bilge, and flares 
slightly at the top. It has a very shallow keel, and has little or no rake to  the stem 
and stern post, both of which are straight, with the exception of the rounded fore foot. 
It is decked for 2 or 3 feet a t  each end, and lias washboards evtendiiig along both sides. 
A coaming 2 or 3 inches high runs around on tlie inner edge of the washboards and the 
Qcked spaces of the bow and stern, making the open part of the boat of an oval form. 
It has four thwarts, and there are t,hree rowlocks (each with a single thole-pin) on each 
side. A single mast, upoii which is set a spritsail," is stepped well forward. Oars 
are carried and used when there is no wind. The dimensions of this boat, which is a 
trifle larger than the average, are as follows: 

Length over all.. ~ 
- . - - - . - - _ _  - - - - - .  ~ - - _ _  - - - . feet .  - 

Beam .................................................................. do ... 
- - . . - - _ _  ~. -. -. - - - - . - - - - - 258 

Dcpth .................................................................. do ... 2 
Height amidthips, gunwale to bottom of kcel.. - .  - - - - - . -. - - - ~. - - ~ - - - --..do. _ -  26 
Height i L t  ends ......................................................... .do.. . 3 
Length of mast -. 16s 
Length of oara.. .................................................... - - - .do.  .. 12 
Cost, ready for usc ........................................................... $400 
Numbcr of men in crow ....................................................... 2 

- -. . - - - - - - - -. . - ~. - - - -. ~. ~ -. - ~ - ~ - - _ _  - .  - _ _  -. _ _ - - - . d o .  _ _  

* Alexander says that the retail prico in San Francisco for the cotton drilling used for sails on 
boats is 11 cents per yard, and the coat of a sail complete is about $10, half of which is the value 

Ofthe material-cloth, bolt rope, sheet, grommets, etc.-an equal amount being generally paid for the 
labor of construction. It is estimated that fully half of the drilling sold st Ban Francisco for boat 
sailBis used on the salmon bo& of the Columbie end Sacramento Rivers. 
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22. Salmon seine boats and scows.-The typical seine boat of the Columbia River 
mid Puget Sound (which is employed for operating drag seines 011 the Columbia and 
pnrse seines in the deep, swift waters of Puget Sound) is a craft of the sharpy pattern. 
It is an open, flat-bottomed boat, with moderate sheer, sharp bow, wide, square stern, 
and a good deal of camber to the bottom, particularly in the after section, where it 
curves up sharply. Boats of this type are roughly and heavily built, the main object 
being, apparently, to get a cra€t that will stand a good deal of rough usage, that will 
float on a light draft, that will easily support the seine on the stern, and which is 
otherwise well adapted to the fishery. 

Writing of the Puget Sound fisheries, Captain Tanner says : 
The boats used in  the salmon fishery are about 25 feet long and 7 feet wide, the greatest width 

being a t  the stern, which is square. These 
boats have three thwarts adapted for two men rowing a t  each. About 8 feet of the after part of the 
boat is decked over and upon this deck the scinc is stowed. The method of stowing and throwing the 
Reiue differs somewhat from that  followed in  the inackerel fishery. The salmon seine being thrown 
over the stern of the boat, i t  has to  l)e stowcd fore and aft instead of athwartship. The corks are 
placed on the port side, the twine on the starboard side. The twine is thrown in a heal), not arranged 
neatly i n  “flakes” and L‘bits7’ as upon a mackerel boat, because the man that  throws i t  is not prtrticu- 
Iar to  have it clear the stern so as riot to  retard the speed of the boat in going around a school. The 
result is that  the oarsmen have :tn extra amount of work to perform.* 

On Puget Sound large, clumsy, square-ended scows ar0 used with the seine boats 
for operating the purse seines, and these, as well as the boats, are often, if not gen- 
erally, towed to the fishing grounds by steam tugs. 

The scow, upon which most of the work is done, and which is considered indispensable in setting 
the seine, is 20 feet long by 8 wide, and at each end of it is an iron winch. These winches are used 
for the pursing up, the seine being pursed from the scow. There is a wooden purse davit which is 
stepped into the side of the scow and to  which are attached two 3-inch wooden blocks, the purse line 
leading from thein to the winches a t  either end. Eleven to  fourteen men are required t o  set the seine, 
Hix a t  the oars, two a t  the seine, and two on the SCOW. Of those a t  the seine, one throws the corks, 
the other the twine. 

The bottom is flat, but turns up slightly at the stern. 

Captain Tanner remarks: 

The cost of a salmon seine boat and scow is from $1,200 to  $1,300. 

Occasionally the gill-net salmon boats are used for shooting seines. But this is 
iriost common in the small rivers where comparatively short nets are operated. As a 
rule these boats can not be profit:%bb employed for seining on the Columbia River, since 
their draft is too great for working satisfactorily on the sliallow bars of this river, 
where the seines are commonly landed, and also because, being sharp aft, they can 
not so.wel1 support a sdine as the broad-sterned, shallow sharpy. 

VI.-THE MARKET FLEET. 

23. General statement.-The market fishing fleet of the Pacific coast is composed 
almost wholly of craft of lsss than 5 tons, many of which are smell open boats, only 
suitable for fishing near the shore, within easy reach of a Iiarbor or land. There is a 
very considerable variety of‘ boats e~nploye(l in supplyiiig the markets of the coast, but 
generally the fleets are composed largely of two types: the felucca, used most exten- 

‘sively a t  San Francisco and along the California coast, and the salmon boat, which is 
found in greater or less numbers all the way from san Diego to Puget Sound. Besides 

“Explorations of the fishing grounds of Alaska, Washington Territory, and Oregon during 1888 
_______ 

by the  U. S. Fish Commission steamer Albatross, pp. 55-56. 
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FIG. 1. Sheer plan. 
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SAN FRANCISCO FISHING FELUCCA. 

FIG. 2. Half-breadth plan. FIG. 3. Half-deck plan. 
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these there are catboats, sloops, sharpies, and dugouts, the latter being used by the 
Makali Indians about Cape Flattery and in the waters of Puget Sound. 

The steam-tug U. 8. Qrartt, of San Francisco, engages in fishing for market with 
a paranzella, and often toms the fishing feluccas to port during calm weather. She is 
17.84 tons net register. The San Francisco Call of April 4, 1887, says of this vessel: 

She was built at the Portrero for the firm &Pout two years ago, and is 65 feet long, 17 feet beam, 
and 7 feet deep. She resembles a tugboat a good deal 
in build, for her deck is fitted with (I pilot house and engine cabin, and she bas the general shape of a 
tug, but there the similarities end. She was built especially for the fishing business, and below the 
deck forward are a series of bunkers to contain the fish that are caught. Abaft the bunkers is the 
pilot house, and adjoining this is the engine a i d  boiler room. The engine is D compound one. * ’ * 
Abaft the engine room and below the deck is a small cabin for the use of the fishermen. 

24. The$shing felucca.-Among the boats employed in the market fishery of the 
Pacific Coast States tlie lateen-rigged felucca takes precedence, and is especially in 
favor a t  San Francisco, where it is the type chiefly used, while it is found in many other 
places along the coast of California. 

The felucca of the Pacific coast is distinctively European in type; it differs from 
any other fishing boat used in the United States and resembles the small craft of Italy. 
The facts that the boats of this class are mostly built by an Italian at San Francisco 
and that they are manned almost wholly by natives of Southern Europe (Italians, 
Portuguese, and Greeks), make it easy to  understand how this form of fishing craft hae 
peculiarities that characterize the boats of the Mediterran<an. There are slight varia- 
tions in boats of this type, as may be found in all other kinds of fishing craft, but these 
are of ininor importance, and with few exceptions the feluccas resemble each other so 
closely that none but an expert could tell one boat from another except by the differ- 
ence in size. Hall * claims that the model is the nearest approach to a Norwegian 
pilot boat of anything built in Arnerica for practical use.” There is, nevertheless, com- 
paratively little resemblance between a Norwegian pilot boat and the market felucca 
Of California. The very hollow floor, great depth, curved and strongly raking stem and 
Stern post, which are noticeable characteristics of the Norwegian vessel, are not seen 
in the California felucca, 

The size of the feluccas ranges from about 20 to 36 feet in length, though the greater 
number that fish outside of the Golden Gate are upwards of 28 feet long. These boats 
have the reputation of being excellent sailers and of having a large amount of sail- 
carrying power. It is said that the fishermen who go on them ta>ke great risks in the 
matter of carrying a heavy press of sail in strong winds. A writer in the San Fran- 
cisco Bulletin, in 1875, discussing the fishermen and fishing boats of that port, says: 
“The men are very reckless, and their lateen sails are often seen beating against the 
nind when our pleasure yachts are glad to find a harbor.” It has been claimed that 
Wjth 800 to 1,500 pounds of stone ballast in the hold these feluccas will rise lightly 
Over any wave, “and are fast and seaworthy.” It is a matter of record that only one 
has been lost from tlie San Francisco fleet. This immunity from disaster may, how- 
ever, be chiefly due to good seamanship. 

A marked peculiarity, and one which characterizes nearly all of the Mediterranean 

*Henry Hall, author of the “Report on the Ship-Building Industry of the United States,” pub- 

She is the only vessel of her kind in existence. 

lished in volume VIII, Report oftlie Tenth Ceiisus of the United States. 
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boats, is the strong “crowning” or upward curve of the deck in the center, the middle 
line of the deck being, in some cases, nearly as high as the rails at the side. 

Generally, these boats have a long, large hatch, extending about half the length of 
the deck, fore and aft, and covered by four or five large sliding hatch covers placed 
athwartships. The object of this is to have free access to  the hold for the storage of 
fish and apparatus, while it is important to  have the hatch coverings to keep water 
from going into the hold, and also to protect the catch from the sun’s rays, since 
no ice is used, or other specially effective means to prevent deterioration of the fish 
before they are marketed. As a rule the fish taken are thrown into the hold, but if 
any are left on deck exposed to the air they are covered by wet sacking to protect them 
from injury by the sun. These boats are tight-bottomed craft, and have no well or 
live-box for keeping the catch alive. 

Although these feluccas depend chiefly upon sails for progression, they are all pro- 
vided with oars, and these are used in calm weather. The fishermen claim that 
the prevalence of calms and the necessity for making their passages at such times by 
the use of oars is the reason why they do not use larger boats. It seems not to have 
occurred to them to build wells in their boats wherein their catch could be kept alive, 
or to employ small steamers, and, though their attention has been called to this matter 
by the U. 8. Fish Oommission, i t  is possible that their conservatism may prevent them 
for some time from adopting any innovations of this kind, Boats of this type have 
frames of Eastern oak and ?re planked with Oregon cedar. The bottoms are usually 
covered with metallic paint, but they are never sheathed with copper. They last in 
good condition for 12 or 15 years, and some of them much longer. 

While serving fairly well the purposes of a fishing boat, they are not well adapted 
for cruises of any considerable length, and have anything but comfortable quarters for 
the crew of 3 to 6 men, who are frequently compelled to pass several nights awayfrom 
home, lying in the hold among a confusion of apparatus and other material, which is 
thrown below under the forward deck. 

The rig is that of a single-masted felucca, with a large lateen sail and jib, the latter 
set upon a bowsprit run out through a hole in the bulwark, usually on the starboard 
side of the stem. When the yard is upwards of 30 feet in length it is commonly made 
of two pieces, the abutting ends being joined together or spliced with a rope lashing 
wound tightly around them. 

The following is a description of one of these boats that is employed in the market 
fishery from San Francisco, and the lines and plans of which appear on plates XIII 
and XIV: It is a camel-built, keel craft, with broad beam, moderate depth, and rather 
strong sheer. It is sharp at  both ends, slightly concave at  and below the water line, and 
strongly convex at  the rail, the bow and stern being very similar in shape and having 
considerable flare above water. There is a moderate rise to the floor, a, round bilge, 
and a slight flare above water on the midship section. It has a rather deep keel, and 
a straight, nearly vertical, sternpost, with rudder hung outside. The stem is straight 
and almost pbrpendicular above water, and curved below, with a knob or cap on its 
top, a characteristic feature of fishing boats of the Mediterranean. It is flush-decked, 
with a large hatchway amidship, nearly half as long as the boat, and more than half 
as wide. There Ss a small cockpit aft for the steersman to sit in; this is generally cov- 
ered with a hatch when not in use. A bulwark, or waist, 6 or 8 inches high, with a 
rail at ita top, extends around the boat from stem to ratern, in the ordinary mauner. 
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There are two rovlocks on a side, each fitted with two thole-pins, and one on each side 
n.ear the stern, each having a single pin. A stout wooden “hawse piece” crosses the 
bow from side to side and fastens to the rail about 39 feet abaft the fore side bf the 
stein. There are three cleats on each side of the deck near the waist, for belaying 
Sheets, tacks, etc., one just abaft the hawse piece, another a little forward of amid- 
ships, and one abreast of the cockpit. The deck has a strong upward curve, and the 
“crown” of the hahhes is made to correspond with it. The mast is stepped nea,rly 
amidships, and has a strong rake forward. It is supported by shrouds, or tackles, 
011 each side. Upon it is hoisted a lorig slender yard, to which is bent a large triangu- 
lar lateen sail. The halyard passes over a sheave in the masthead, and is bent to 
the yard about two-fifths of its length from its forward end, a little forward of the 
Point where it will balance. As ordinarily set, when sailing by the wind or reaching, 
the forward end of the yard comes down near tlie stem head, where it is held by a 
tack-rope, while the foot of the sail is nearly parallel with the deck j but when run- 
ning before the wind it is coinmon to let the forward end go up, so that the yard is 
nearly horizontal, the sail being held below simply by tlie sheet. A jib is carried; it 
is set flying from a long bowsprit that runs through the bulwarks on the starboard 
side of the stem, extending outboard about 15 feet, and supported by a bobstay and a 
shroud on each side. Tho following are tho dimensions of the boat referred to: 

Feet. Inches. 
Length over all, from outside of stern to  outside of stern post. .............. 32 
Beam, extreme ............................................................ 10 5 
Depth, top of Ired t o  deck, amidships ..................................... 5 0 
Length of hatch. ......................................................... 14 
Width of hatch ........................................................... 5 9 

Height of stem above rail. ................................................ 

Depth of keel from rabbet..  ............................................... 
Fore side of stem t o  fore side of mast a t  cleclc .............................. 14 
Length of mast above rai l .  ................................................ 24 

Length of bowsprit outside of stein. ....................................... 14 
Length of tiller ........................................................... 4 0 
Width of rudder, extreme ................................................. 2 0 

0 

9 

Cockpit .squuru.. 2 3 
9 

Width of stem and stern posts . 6  
10 
0 
0 
6 
2 

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

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

Lengthof yard _ _ _ _  _ _ _ _  _ _ _ _  ___ .  _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  . _ _ _  __._ _ _ _ _  ._._ ._ _ _ _ _  __._ 42 

The dimensions of the sails are as follows: 
Mainsail : 

Luff .................................................................. 41 0 
Foot .................................................................. 31 G 
Leach ................................................................. 36 9 

Luff .................................................................. 25 6 
Foot .................................................................. 18 0 
Leach ................................................................. 16 0 

J ib  : 

A boat like that described above will carry from 4 to G men in a crew, and will 
’ cost from $1,000 to $1,200 when ready for sea, including sails, rigging, etc. The ordi- 

dimensions of these boats, according to Wilcox, are : Length, 23 to 24 feet; beam, 
$0 9 feet; depth of hold, 24 to 28 inches; cost, before rigging, from $240 to 4B3bO. 
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The sails and equiprnmt cost about as much as the hull, so that when a common-sized 
felucca is ready for sea she will be worth from $480 to $700.” 

The following are the dimensions of a boat of this class: 
Length ... -. _ _  _. _ - _ -  _ _  - _ _  - _ _  _ -  _ _ _ _  - - - -  - __.  - .  . . ~ ~ __.  _ _ _  - .  -. - . ~ ~ - -. ~ - - . f e e t . .  
Beam _ _ _ _ _ _ _ _  _._ _ _ _ _ _ _ _ _ _ _  ~ _____. _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ..__._ ~--.._.-._--.. do ... 
Depth _ _ _ _ _ _  . _____  _ _ _ _  _____.  _. _ _ _ _  ._._ _ _ _ _  _ _ _ _  . _ _ _ _ _  _ _ _ _ _ _  . . __- .  _._. .... do.. - 
Draft above top of kecl with 14 tons cargo. -. -. -. . ~ ~ ~ . - - - . - - - . - - -..inches.. 14 
Weight with ballast and outfit ... - ___. _ _ _  - _ _  __. . ___. __. ~. _ _  _._. .... pounds.. 2,500 

24 
74 
24 

The market fishermen make and repair their boat’s sails and do all the painting, 
rigging, or other work necessary to  keep their craft in running order. 

25. Sun Francisco cat-boats.-Many of the boats used in the crab fishery of San 
Francisco Bay are cat-rigged and resemble in general appearance the cat-boats of the 
Atlantic coast. They are sharp, round-bottomed, square-sterned, keel boats and carry 
a single boom-and-gaff sail or spritsail. The size varies from 15 t o  18 feet in length 
and 5 to G feet beam, and they cost, when rigged, from $150 t o  $350. The average 
cost of fishing gear for crabbing amounts to $33. 

VI1.-OYSTER VESSELS AND BOATS. 

26. Oyster sloops.-At Shoalwater Bay, Washington, a type of small centerboard 
sloop is in use in the oyster fishery of that locality. This is employed chiefly in towing 
the sharpy skiff‘s, bateaux, or scows to the oyster grounds, where tlie latter are taken 
upon the oyster beds and left until the tide ebbs so that tlie fishermen can go about 
and piok up oysters, with which the skiffs are loaded. When the tide rises, so that 
the boats float off the beds, they are taken in tow by tlie sloops and carried to  the 
place where the oysters are to be landed or put in floating pens or cars to  be kept until 
they are needed for market. These boats vary in size. 

One of them may be described as follows: It is a oarvel-built centerboard boat, 
with sharp bow, rounded bilge, moderate rise to floor, easy after section, overhanging 
counter, and round stern. The stem is nearly straight and verticd above water, and 
curved below. The boat is flush-decked, with the exception of a large oval cockpit, 
beginning a short distance forward of amidships and extending near to  the rudder 
head. It is surrounded by a coaming or washboard. She steers with a tiller. The 
mast stands pretty well forward for a sloop, and she carries a boom-and-gaff mainsail 
and jib, but has no topmast or light sails. The accompanying sketch, fig. 1, plate xv, 
shows the boat running up Shoalwater Bay. 

27. Oyster bateaw.-The llbateaux” used in the oyster fishery at Bay Center, 
Shoalwater Bay, are wide, flat-bottomed, flatiron-shaped boats. Some of them have 
a centerboard and c:irry a siugle lug-sail. Ordinarily these sail t o  and from the 

‘oyster grounds, but in light winds they are often towed. 
The length varies from 24 to 30 feet, beam from 11 to 12 feet. _- 
*Alexander puts the cost, including equipment, much higher; he places tlie average value of a 

boat that follows salmon, hcrring, smelt, trawl and hand line fishing at $375, without fishing gear. 
“Each boat,” he says, ‘58 fitted with 10 salmon gill nets, 3 smelt nets, 5 trammel nets, one ‘drag scino’ 
(or paranzella), 8 hand lines, and an averagc of 35 baskets of trawl lincs. The total value of fishing 
gear per boat is, approximately, $961, and the combined value of boat and apparatus $1,336.’’ 
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FIG. 1.  OYSTER SLOOP, SHOALWATER BAY. 

FIG. 2. FISHING JUNK. 
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28. O p t e r  scows.--hi the oyster fisheries of San Francisco Bay flat-bottomed, 
square-eiide(l sc(iIvs of varying sizes are employed for tonging and for other purposes. 
r i  llicse sco~vs are iiiipaintecl, roiiglily built structures, being wide mid shallo~v. Those 
~ s c d  for tongiug have a flush deck with a low railiiig. They arc about 1s to 30 feet 
I"11g aiid 7 or 8 feet wide. A 1;irge o1)en SCOW, some 16 to  1s feet mide and iibont 35 
ki t  in It:llgtli, is nseil for storage purposes, to receive nintcrinl, boxes, and t8he oysters 
;Lftcr t1ie.y linve been culled, etc. Tliis is j)ermanently moored i i e ~  the statioii on tlie 
h y .  Alongside of it is a square-ciiileil float or scow upon which the oysters arc culled 
Ivlien they This has about the saine cliinensions as 
0 1 1 ~  of the tonging scows. 

brought in by the fishermen. 

VI I r.-D 0 R I E S AND SHARP I E S . 

39. QencraI stmte?nent.-Tlio fisherinen who have been trained on the Atlsntio 
coast have natiirdIy carried with them to  the West :I preference for certain types of 
fishing boa,ts which long experience has shown t o  be specially me11 adapted to  certain 
Wnk Thus the dory, wliicli is so extensively employed in tho deep-sea fishery of the 
Atlantic, lies been introcluced on tlie Pacific, and its use lies increesecl continuously. 

In inany cases dories built in the E;wt heve been bronglit across tlie Continent by 
rail, but generally it 11:~s been fonnd inost profitable t o  build tfliem on tlie mest co:ist. But 
li'hile the bnilding of dories inigIit appear to  be e simple iii:ktter, the attempt to imitate 
tilt? -4tl;Lntic type ~ I R S  nsn:dly been a p:artiil>l failure at t,he best. Though the vest 
C'oZtst dory is genernlly copied after its Eastern prototype it nsu:illy 1:iclrs the grace and 
W t n e s s  of the latter, ant1 often lias special cliaracteristics of its own. Some- of t,~m 
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who are professional boat-builders often fail to imitate the dory successfully, he thinks 
the Indian builders of St. Paul have no reason to feel ashamed of their workmanship. 
The dories vary in size from about 13 feet in length on the bottom (the size used for 
hand-line cod fishing) to 15 or 16 feet. 

In some localities, particularly on the southern coast of California, the typicsl 
sharpy or bateau is sometimes used for fishing. Those seen were similar to the smell 
flat-bottomed craft in common use on the Chesapeake and Delaware Bays. 

1X.-CHINESE FISHING CRAFT. 

The vessels and boats used by the Chinese in the Pacific coast fisheries are dis- 
tinctive in form and rig, and embrace a number of types having special peculiarities. 
The junks are the only craft large enough to be registered. These are not, however, 
documented like ordinary fishing vessels, but are considered alien vessels sailing under 
a permit from the custom-house. There is quite a fleet of j unks  from San Diego a i d  
and also one sailing from San Francisco. 

30. Cl&nese ;fishing junlcs.-The junks uscd by the Chinese fishermen that sail from 
California, and of which examples may be found a t  San Diego and San Francisco, 
are generally above 5 tons, the largest of them being about 15 tons. These junks 
are built in California and resemble in many particulars Craft that are used on the 
coast of China. One of the largest that sails from San Diego, aiid which is shown in 
fig. 2, plate xv, has the following characteristics : 

It is a carvel-built keel craft, with strong sheer, raking Btem, sharp flaring bow, 
and rounding bilge. It is practically sharp aft, like an old-style “pinkie,” but has :t 
sort ofbverhanging counter, forming a kind of square stern, which is merely an exten- 
sion of the bulwarks posteriorly. It has a very wide rudder, which, as is customary 
on Chinese junks, is 80 arranged that it can be lifted up when the vessel is in harbor 
or lowered below the keel when it is sailing. The object of lowering the rudder is that 
it may prevent the vessel from making too much leeway when sailing by the wind. 
The rudders of the California junks, however, are perforated with nuinerous holes, 
like those on vessels built in China. There is a large hatch on the after part of the 
deck and another amidships. A rude sort of windlass, which is used for hoisting the 
anclior and perhaps other apparatus, is located just forward of the mainmast. ’ This 
junk is lorcha-rigged and carries two masts and two sails. The foremast is stepped 
close to the stem, its heel resting upon the apron a few feet under deck. It rakes 
slightly forward. The mainmast is much longer than the foremast. It stands a, short 
distance forward of amidships and has no rake. It is supported by two shrouds 
on a side, one of these being set up well forward and the other several feet abaft 
of the mast. Lorcha sails, made of cotton duck, are carried. In the illustration 
these are shown furled. The foresail ttmks down to a bumpkin that extends forward 
beyond the stem. Each junk is usually provided with one or more flat-bottomed skiffs, 
like those used in the shrimp fishery at  Monterey, which are described in another 
paragraph. 

The junks are roughly and cheaply ‘built; nevertheless, they have the reputation 
of being pretty good sailers and seem to be safe. They fish chiefly along the coast of 
southern California, and also on the Mexican coast, and do not return to American 
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Ports unless it is absolutely necessary for them to do so in order to market their catch, 
since i t  is requisite that they should enter a8nd clear at  the custom-house whenever 
they arrive at San Francisco or San Diego. 

The following are the principal dimensions of the one above described : 
Length. - - -. . . . . - -. . . . . -. -. ~. . -. - - - - - - -. . . -. - . . . - -. . . . . - - - - -__.feet.  - 
Beam .________. _________._._.. .._._ ~ __._ ___.____ _ _ _ _  _____... ______.__-.. do... 
Depth of hold. _ _ _  -. _._. .. ___.  _ _ _ _  .. __.. ..__ - _.. . ._. -. ~ .___.. __._ __.- _ ._ .do .  _. 
Tonnage, net. - -. . -. -. . . . - - -. . . . . . -. - - -. . . . - -. . . -. . - - -. . -. - -. - - -. --. .tons.. 

. . 64 
12 
4 

14.30 

31. Chinese$shing canoe.-Among the various kinds of boats used by the Chi- 
nese fishermen on the coast of California is a type that is practically a long, narrow, 
flat-bottomed canoe, sliarp a t  both ends, with the bottom pretty wide in the middle and 
the sides flaring moderately (see plate XVI.) This is used extensively on San Fran- 
cisco Bay, and is in favor among the Chinese shrimp fishermen, though it is also utilized 
in other fisheries. It is entirely open, with two thwarts and two large platforms, one 
of the latter being in each end of the boat, a short distance from the bow and stern, 
respectively. About one-sixth of the boat’s length from each end, and directly opposite 
the platforms mentioned, are bumpkins, which project from ea,ch side a distance of 
several inohes. The bottom is tolerably straight in the middle, but has a good deal of 
Camber at  the ends. The boat has a moderate amount of sheer at  the top. 

The mast, on which is set a 
lateen sail, is stepped about one-third the boat’s length from the bow; the sheet of tho 
Sail trims to the after bumpkins, and the tack is fastened to the bow. When running 
before the wind the tack is loosened so that the yard lays at nearly riglit angles to the 
mast, the sheet of the sail being taken down amidships. Boats of this  class vary from 

to 20 feet in length, are managed by two or three Chinamen, and are employed in 
the general coast fisheries of California, though most commonly found in San Fran- 
Cisco Bay. They are constructed in a rough manner, and their cost is comparatively 
trifling. They are convenient, however, for landing on beaches, or for working in 
shallow water. They sail well, running free, and are light and buoyant in a sea way. 
?he following are the dimensions of one of them :* 

This type of boat is propelled by both sail and oars. 

Feut. Inohen. 
Length,over all -._. .-- .--_. - - - - - -  20 0 
Beam ................................................... - - - -  .-__.-- - - - - - -  3 11 
Width of bottom amidships.. . . . _.. - .._ ._. ... .._. .____. __.. .... .__ __. _.__ 4 
Depth, amidships _ _ _ _ _ _ _ _ _ _ _ _  ____..________ ..__ _ _ _ _  ____..______......____ 1 7f 
Mast, totallength .____.___..______.....__._____._._._____.--.-.----.- --.- 16 0 
Yard, length _.____ _ _ _ _ _ _  ._._.. .__._. _... _._. ...___ .___.. -.-. .... -... -..-. 104 

2 

20 

32. Chinese fishing sk(tf?s.-Tho Chinese fishermen on the coast of California, and 
Particularly at  Monterey, use a skiff-like boat that appears to combine many of the 
features of the American fishing dory and the bateaii or sharpy skiff, both types of 
which are employed to, a greater or less extent on the Pacific coast. The Chinese boat, 

has certain distinctive features that are not found elsewhere among the small 
craft employed in the American fisheries. It is a flat-bottomed, sharp-bowed craft, with 
‘wing sides and strong sheer. The forward section has a marked resemblance to the 

- 
*The dimensions, as well as the typionl description, are based upon a model obtained by the U. S. 
Commission, and now in the fishery collection in the National Museum at Woahington, D. C. 
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The width of the stern is intermediate between the dory and sharpy skiff, being much 
wider than the former and narrower than the latter, The construction of the stern is 
purely oriental in style, and not only resembles boats of China but is almost exactly 
like the Japanese isobune. The planks on each aide project several inches abaft thc 
cross-planking of the stern, and over the latter there is sometimes a piece of board laid 
flat, extending sthwartships, its ends passing through the planks on each side just 
beneath the gunwales. 

Ordinarily boats of this type, which are in great favor among the Chinese fisher- 
men, are entirely open, with a short platform at the bow a few inches below the gunwale; 
a similar platform at the stern, and three narrow thwarts. The mast steps about 8 feet 
horn the stem. The accompanying illustration (plate XMI) shows a fleet of these skiffs 
that are used by the squid fishermen, lying on the shore near the Chinese fishing camp 
a t  Monterey. 

The following are the dimen- 
sions of one of them of the average size: 

These boats are built of redwood by the Chinese. 

Feet. Inches. 
Length, over all. _ _ _ _  ___. ___. ... . . . - _-. . . . . .. .... . ._ .. . .. _._. ._. __. __. - - _ _  - 20 11 
Beam, extreme .____. ._._..__...---- -.- -.-_._._..__...____...__..__._ ..._.. 5 10 
Depth _ _ _ _  _ _ _  _ _ _ _ _  _ _  _..____._..- _ - _  -...---_.._._...___..__.___.._..___._..---.-.. 2 4 
Width of stern _ _ _ _ _ _  ~ _ _ _ _ _  __.. _... _.. . --.. ___. __._ ___.  _ _ _ _  __.. __.. __._ ___. 6 3 

A writer gives the following description, in the American Field, of a type of Chinese 
fishing boat used on the Pacific coast, 8 sample of which he saw a t  a Chinese camp 
near Point Madison, on Puget Sound: 

There was but one boat hauled up on the outer beach, and she was evidently hardly seaworthy. 
Her appearance was that of a typical Chinese fishing boat; her bottom was flat, sides slightly rounded, 
broad, square stern high out of water, low, narrow, square bow, aud strong sheer. She was open, 
with a broad washboard all around, and Q little deck in the bows and a t  the stern, and was divided 
into four compartments by water-tight bulkheads. There was no mast, and only six thole pins with 
double notches to  hold the grommets that  are shipped over the handle of the long sweeps just  above 
the broad blades that are nailed to them. Tho s)veeps are handled after the fashion of tho Venetian 
gondoliers by the oarsmen who stand on the opposite side of the boat. She was 15 feet long and 4 or 6 
feet broad a t  the stern, the widest part. 
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3. -0BSERVATl ONS UP0 N FISH ES AN D FISH-CU LTU R E. 

Materials of the kind included in this article have heretofore appeared in the 
report of the Division of Fish-Culture and have been publishcd ns a part of the Commis- 
sioner’s Report. They are derived aluioHt entirely from the reports of the superin- 
tendents of the stations and officers in charge of vessels of the Commission, and the 
language of the authors is preserved as nearly as possible. From’ the nature of the 
P a I q  arranged as it is by species in their zo61ogic;tl order, it wonld be difficult to  
iudicate the authority for each item, but a list of tlie persons from whom information 
has been obttined is given below, together with the names of tlie stations or vessels 
furnishing the scene of their observat’ions. The notes have beeii arranged for publi- 
cation by the editor of the Commission, Dr. Tarleton H. Bean. 

LIST O F  PElESONS PROM WHOM NOTES HAVE BEEN OBTAINED. 

A. C. Adams, schooner Grampus and Glou- 
oester, Mass. 

c. B. S. Adams, nf. D., steamer Fish Hawk. 
C. G. Atkins, Craigs Brook and Schoodic 

stations, Mo. 
1%. H. Buck, Green Lake, Mu. 
Frank N. Clark, Alpona and Northville, Mioh. 
Richard Dana, Woods Holl, Mass. 
Henry Douglass, Sandusky, Ohio. 
Vinal N. Edwards, Woods Holl, Mass. 
John Gav. Gloucestor, N. J. 
Rudolpk ‘HOBSBI, carp Ponds, Washington, 

D. C. 

W. 3’; Hubbard, Clackamas, Oregon. 
Fred Mether, Cold Spring Harbor, N. Y. 
John Maxwell, Woods Holl, Mass. 
W. F. Page, Neosho, Mo. 
Robert Platt, lieutonant U. S. Navy, steamer 

W. de C. Ravenel, Battery station and Havre 

H. M. Smith, M. D., Washington, D. C. 
Liviugston Stono, Claokamas, Oregon. 
Goo. B. Williams, jr., Baird, CaI. 
S. G .  Worth, Central station, D. C., and Fort 

Fish Hutvk. 

de Graco, Md. 

Washington, Md.. 

8amsh (Printis pectinatus). 
A sawfish, measuring 15 feet 4 inches aud weighing about GOO pounds, was 

taken at  Sari Carlos Bay, Pla., by the steamer Pish HCCZU~C, on March 22, 1889. The 
‘kin was preppared in a very skillful manner by the surgeon of the vessel, Dr. 0. B. 8. 
&dams, and was presented to the U. S. National Museum. A female was also sur- 
‘OQded by the seine, but escaped before the haul was landed. It was supposed that 

Pair had approached the shore for breeding purposes. The bottom upon which 
Were found was covered with fine white sa8nCt, intermingled sparsely with small 

chiefly scallops. 
I?. c. B. 1890-4 49 
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Carp (Cyprinus oarpio). 
Spawning was in progress a t '  the Carp Ponds from May 10 t o  15, 1889. Mr. 

Hessel found the roots and even the entire surface of certain water plants covered 
with eggs. Some injury was caused by cold nights, and the superintendent restocked 
the ponds artificially with about 2,000,000 eggs on or about May 10. During May 
the carp grew to a length of 1 to 18 inches. 

Ooldfiah (Carassius auratus). 

ington had reached a length of about 1 inch. 

Tench ( E n c a  tinea).  

At the end of May, 1889, the Chinese and Japanese goldfish in the ponds at Wash- 

According to observations of Mr. Hessel, adults and young of this 'fish remain 
close to the bottom of the pond, both day and night. 

Golden Ide (Idus melanolus). 
Spawning began at the Carp Ponds, April 16, 1889, on a low temperature. Six 

days of warm weather followed and the eggs hatched on the fifth or sixth day. Early 
in May Mr. Hessel noticed among the young a school of the rare white variety, which 
did not mingle with the common yellow or red ones, but kept aloof, even when feeding. 

Shad (Clupea sapidissima). 
In  the season of 1889, at  Havre de Grace, Mr. Ravenel found that the fry hatched 

at  Battery station seemed stronger and in better general condition than those at  the 
auxiliary station at  Havre de Grace. This he attributes to the better lighting of the 
Battery hatching house. 

The variable and low temperature of the water in the oarly part of the season, 
(500 on May 4 and not reaching 700 until after May 8) made the first fry weak and unfit 
for long shipments, the period of incdbation being so greatly protracted, 

From the 15th to the 27th of May 1,713 gravid females furnished 57,809,000 eggs, 
an average of about 33,750 each. 

On May 16,1,675,000 eggs were placed on car No. 3 to be hatched en route to 
Albany, N. Y., for the Hudson River. 

The first fish mere hatched April 25, with the surface water at a temperature of GOO. 

In 1890 the collection of eggs at Battery station, Md., began April 21 and ended 
May 20. From May 7 to May 20 the work was retarded by heavy rains, followed by 
muddy water. The temperature of thc wihter varied from 520 to 700. The number of 
eggs taken during the season was 32,405,000. The largest take in one day was 3,419,000, 
on April 24. The eggs were of excellent quality and the fry mere remarkably vigorous. 
Thenumber of females handled was 985, which yielded an average of ncarly 33,000. The 
catch of shad at the head of the bay and in the Susquehanna and Northeast Rivers 
was very small, probably on account of the May freshet, which shortened the seasons. 

On the Delaware eggs were collected from May 12 t o  May 28 and fry were dis- 
tributed from May 20 to June 4,1890. 

During the egg-collecting season in the Potomso at Fort Washington, Md., the 
lowest mean temperature of the water was 52O, the highest 780. The greatest number 
of shad eggs taken any one day was on May 6, when 8,368,000 were secured, the mean 
temperature of the water being 690, April 24, 6,124,000; temperature, 630, May 7, 
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6,311,000; temperature, 610. With the temperature at '780 the largest yield was 

April 29,1589, Mr. W. A. Wilcox stated that the shad catch of the Sacramento 
WaS 56,471 pounds ; Juile 22,1889, he announced the occurrence of shad in the Columbia, 
River; May 8,1889, he again mentions shad in the Columbia River. 

W. E. Woodcock, January 25,1889, reported three shad caught in the Stikino 
River, Alaska, by salmon fishermen during the past season. 

April 20, 1889, Prof. Charles H. Gilbert reported that there was no foundation for 
the statement of the capture of shad in the Colorado River. 

In 1890 the collection of eggs for the Fish Hawk began April 30 (when 40,000 
obtained) and closed May 23. Nearly 34,000,000 eggs were collected during the 

season, from which were obtained 20,596,000 fry. Xggs 'Were taken from 691 females, 
the average being about 49,000 to  a female. The greater portion of the eggs were 
taken in the first half of May. The temperature of the surface water at 8 a. m. varied 
&Om 570 on May 1 to 640 on May 15. 

At Fort Washington station, in 1890, the usual shad-hatching operations were 
conducted jii April and May. Although shad were abundant in the wide waters and 
the lower river, they failed to  reach the headwaters in sufficient numbers to furnish 
the usuai quantities of eggs, and those that were obtained were secured in small lots. 
The seine belonging to the station took only 4,606 shad, while tho annual average of 
four seasons preceding was 8,800, The abnormal conditions were expected as a con- 
sequence of the nnusudly open winter. The production of eggs was no easlier, but 
SOveral schools of fingerling shad were surrounded by the Fish Comlnission seine and 
by the seine at  Moxlcy's Point, an occurrence not previously observed by Superin- 
tendent Worth since the station was established. 'Associated with the shad were 
~chools of fingerling herring. The smallest of the shad were only 5 inches long, a 
Size not usually seen in rivers in the spring. Another unusual occurrence was tlie 
daily catching of young sturgeon. The whole number of shad eggs collected was 
35,202,000. The collecting began April 16 and closed May 17. The greatest number 
taken in one day was 3,564,000, on May 5,1890. 

H. M. Smith, of the Fisheries Division of the Fish Commission, observed a peculiar 
habit of the shad in the town of Steuben, Maine. The fish arrive in June and are 

in brusli weirs set for herring as late as October. At times they go into Dyers 
The fishermen do not 

think that the shad are stranded, bnt are inclined to believe that the habit is due to a 
af3like to return to salt water. It is observed that tlie fish make holes in the soft 
mud and ssnd, in which they reinain until the water again covers the flats. From 

with the fishermen it mould appcar that during some seasons large 
numbers of shad are seen at the heed of the bay and tire easily taken with the hand. 
%he annual number reported to have been thus caught in 1888,1589, and 1890 WAS 

beheen 150 and 200, although many more could no doubt be secured were the fisher- 
men so disposed. This habit of the shad lies not been reported elsewhere in Maine 
and appears to be unique. 

'aUfornia Salmon ( Oncorhynchus chouicha) . 

only 148,000. 

at higli tide and reiiiaiii 011 the flats when the tide recedes. 

%is salmon came into the McGloud River, at Raird station, Cal., in two runs in 
Is'% tho first beginuing August 14 and ending Septeuber 24, the second begiuning 
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October 29 and closing December 15. Owing probably to the high temperature of the 
water, which averaged 55.80 during the first run, the eggs hatched in 3G days. During 
the second run the temperature of the water averaged 46.80, and the eggs were 64 
days in hatching. 

The seine hauls in August averaged from 18 to 20 fish, which were mostly small 
males. This is an unusually early Rpawiiing 
date. Owing to the high temperature the eye-spots appeared in the eggs on the 
fifteenth day and hatching began on the thirty-sixth day. The shortest incubation 
period heretofore was 40 days. 

The observations of persons living on the McCloud led to the expectation of a 
large run of salmon at  Eaird station late in October, and it was determined to continue 
the talking of eggs during this late run. The salmon arrived late in October and con- 
tinued to come during November. A large portion of the females caught October 28 
were not ready for spawning 

In the first run 375 females yielded 1,439,100 eggs, avdraging nearly 4,000 each. 
In the second run 830 females furnished 3,SG3,000 eggs, an average of nearly 4,700 each. 

In 1889, salmon first appeared in McCloud River on August 14, when a ripe female 
was caught in the trap at Baird station. This was unusually early, and no more were 
taken until August 27, when very few salmon were in the river. The late run of salmon 
commenced October 7, and many ascended the river while the racks were removed by a 
storm. On October 16, when fishing was resumed, 40 salmon, fresh from the sea and 
none of them ripe, were caught in one haul. On November 18 the run of fish ceased. 

Of the salmon taken from the first run 1,129 were males and 352 fcmales, of which 
253 were gravid. In  the second run 94 males and 170 femaIes were taken; of the 
females 112 were ripe. The average yield of eggs from each female of the first run wa)s 
4,385; of the second run, 5,075; the average from 371 females was 4,600. 

At the rack on the Clackamas in July, 1888, thousands of salmon which were 
prevented from ascending to their spawning grounds remained all summer until the 
spawning season arrived, the great mass of them always within 30 rods of tho rack, 
which was continually attacked by relays of fish for the purpose of breaking it down. 

From 969 females a t  the Clackamas station were taken about 4,600,000 eggs, an 
average of nearly 4,750 each. 

On August 24, 1888, a number of large males were caught, indicating a run of 
salmon. This run made its appearance, but was small. 

It was expected a t  Clackamas that the salmon which arrived a t  the rack in March 
and April would spawn about the middlc of July, as they would have done a t  the 
sources of the river naturally; but ripe eggs mere not obtained until iiettr the end of 
August, and Mr. Stone has reached the conclusion that “their eggs will not ripen until 
about the time for the regular spewning season to begin a t  that portion of the river 
where they happen to be a t  the time.” 

Mr. Stone also concluded “that the salmon can not deposit their spawn until the 
temperature of the water where they are has reached the degree of cold natural to the 
river a t  the time of the regular spawning season at that point; or, in other words, if 
the water is not cold enough the salmon can not deposit their spawn. It also appeared 
that if the salmon are kept too long in mater riot cold enough for them to spawn in 
they will die; and if in some exceptional incltances loose and apparently ripe eggs are 
found in them the eggs are worthless,” In consequence of this beIief it wa,s decided 

On August 18 a ripe female was taken. 
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not to put in the rack at  the Clackamas in future until the first run has ascended to 
their natural spawnmg grounds. 

Early in September, 1888, owing to some peculiarity of the water supply of the 
Olackamas hatchery, serious injury to the eggs and young fish was observed. Investi- 
gation showed that at the time the early eggs were plaued in the hatchery Clear Creek 
was very lorn, little rain having fallen and the impurities and minute vegetable and 
animal growth, which had accumulated i6 the creek during the summer from natural 
causes and from the deposits of mills up stream, remained in it. It was believed also 
that the great variation between the temperature of the Clear Creek water during the 
twenty-four hours; a difference of 100 having been noted, was another important factor 

Mr. Stone believed further that many of the eggs taken early in the season were 
spoiled inside of the fish before they mere taken. He thinks that a large percentage 
of the breeding salmon that were spawned before and perhaps during the first week 
in September contained these worthless eggs. 

The egg-collecting season on the Clackamas River, Oregon, extended from August 
28 to November G in 1889. The largest number of eggs taken in one day was 208,000, 
on September 27; the least number was 4,000, on August 29; the daily average of eggs 
collected was 62,514. Tho females handled nuinbered 957; the average nnmber of 
eggs to  each was 4,507. Mr. Hubbard states that more males are taken always than 
females. He estimated that the fry produced in the hatchery equaled about 85 per 
cent of the number of eggs introduced into the building. 

Jlode of ca2ture.-Four traps were built in Clacka8mas River for catching salmon, 
one on tho rack and three below i t  on the shallow riffles. These traps were placed nt 
the lower end of a riffle where the water is very swift and the bed of the river has 8 
sood deal of fall. They are built of poles or slats in such a way that the water runs 
into the mouth of the trap with a great deal of force and passe8 out through the bottom, 
leaving the fish that come into them on the floor. Wings extend from the mouth 
Of the trap up the river, diverging until at the upper end they are as far apart 
and take in as much of the river as possible. The fish are driven into these traps by 

a net across the river some distance above the trap and drawing it down 
stream, driving the fish before it into the trap. The ripe fish are then taken out and put 
W O  pens when ready for spawning, the unripe ones being returned to the river. 

Atlantio salmon ( ~ a ~ r n o  sa~ar). 

In 1888 a plant of 20,000 fry, from Cold Spring Earbor, N. Y., was made in the 
FsSequogue River, Long Island, and this was repea\ted in 1889. The growth of salmon 
In this stream is remarkable; a yearling, caught by Mr. L. D. Huntington, May 15, 
1889, was 7Q inches long and 1s inches in greatest depth. I n  1889 the station received 

the hatchery at  Orland, Ma ,  700,000 eggs; of these 26,000 were sent to  the Fulton 
O h a h  hatchery, New York, and 17,500 to the hatchery of the Bisby Club, in Herkimer 
Oollnty, N. Y. These waters empty into Lake Ontario at Sacketts Harbor. The 
remaining eggs furnished 20,000 fry for the Nissequogue, as above stated, and 618,185 
for tributaries of the Hudson. 

On September 19,1888, Mr. Atkins found, a t  Craigs Brook, a parr G& inches long 

The rearing; operations ; I t  Oraigs Brook, Me., during the summer of 1889 mere 

the imperfect development and death of eggs and embryos. 

gave milt. 
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remarkably successful. Of the yearling Atlantic salmon 89 per cent were saved, and 
the eggs of this species yielded 83 per cent of fish at  the time of distribution. Mr. 
Atkins believes that the losses of fish were less in the second year than during tlieir 
first year. Tho winter losses were small. The rearing troughs, holding about 2,000 
fry, are 8 inches deep, 128 inches wide, and about 10 feet long. 

PisA disease.-At Craigs Brook station, in May, 1890, while the fish were in the 
yolk stage, they were attacked by a disease previously unknown at Craigs Brook, 
which during May and June destroyed nearly one-third of the entire stock. It first 
appeared among the Atlantic salmon, but it was most fatal to  landlocked salmon, 
albling, and Swiss lake trout. Some lots of fish were not attacked and somewere 
exterminated by it. 

Schoodic@lmou (Salmo salal; landlocked). 
At the Schoodic station from 457 females the average number of eggs taken was 

2,100 each. Three small females yielded 2,300 eggs, an average of 767 each. 
Of the 495 males examined, the average weight was 34 pounds, the heaviest 58, the 

lightest 14. The average length of males was 19% inches, the longest being 24 and 
the shortest 154 inches. 471 females were weighed and measured, the average weight 
being 32 pounds, the heaviest 62, the lightest slightly more than 2 pounds. The 
average length was 196 inches, the greatest 24 inches, the shortest 16&. 

During the egg-taking season (October 24 t o  November 24,1888) the temperature 
of the river water ranged from 49.50 to 340. The mean temperature for October was 
52.50 and for November 42.30. The mean temperature of the river water in December 
was 35.30 and in January 34.50. This comparatively high temperature hastened the 
development of the eggs, bringing them to the shipping stage unusually early, the 
shipments beginning January 29, 1889, and continuing until February 5. 

At Schoodic station, Maine, the fishing was begun October 25, 1889, and con- 
tinued until November 24, during which time 871 salmon were handled, including 313 
males, 557 females, and 1 of unknown sex. The average yield of 517 females was 
2,350 eggs each. The proportion of males was much larger than last year, and the 
yield of eggs greater. The total weight of eggs was 471 pounds 5 ounceR, amounting, 
after deducting losses, to 1,017,000. The largest fish of the season was a male, 
measuring 26 inches and weighing 6 pounds. The heaviest female weighed 5g pounds 
and measured 238 inches; and the longest female measured 24 inches and weighed 5 
pounds 6 ounces, On liberating the fish at  the end of the season almost every female 
yielded a few eggs. From them 33 pounds, or about 75,000 eggs, were obtained, which 
hatched as readily as any of the others. 

In the operations of Green Lake station i t  waa found that the first salmon in 1889 
appeared on the night of October 14. Spawning operations began November 4 and 
continued until November 15. The number of male salmon handled was 50, and of 
females 75. The females yielded an average of iiearly 4,000 eggs. Mr. Atkins found 
that the males averaged 22.3 inches in length and about 5 pounds in weight; the 
females 25.5 inches in length and 7.8 pounds in weight. Of the females, 69 retained all 
or nearly all of their eggs. The longest and heaviest male measured 31 inches and 
weighed 131$ pounds. The heaviest female was 30 inches long and weighed llleg 
pounds. The water was very cold during the minter and the development of the eggs 
slow. 
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In t,he rearing operations in 1859 at  Craigs Brook, Me., Mr. Atkins succeeded in 
saving 97 per cent of the fi,sh reserved and the eggs yielded 68 per cent of fish. The 
losses in winter were small. 

Von Behr Trout (Salmo fario).  
At Cold Spring Harbor, N. Y., 2g-year-old fish gave an average of 303 eggs each; 

38-year-old trout yielded 942 each. After the second year the growth of the brown 
trout is rapid. 

At  Northville, Mich., this species endures the climate well, and grows faster than 
the brook trout. Mr. Clark places from 10,000 to 12,000 eggs first upon gravel in a 
space 12 by 15 inches for about 40 days, or until the eye-spots begin to appear, when 
they are transferred to trays for hatching. 

The average number of eggs furnished by 314 females was 520 each. The season 
began October 21,1889, and closed January 2,1890. 

Loch Leven Trout (Salmo levmensis). 
In the season of 1889-90 the loss in hatching Loch Leven trout at Northville, 

Mich., was only about 4 per cent. In attempting to rear fry hatched there from 13,000 
eggs obtained from Germany, in March, 1890, the young, after the absorption of the 
Yolk sac, commenced dying from some unknown cause, and 75 per cent were lost. 

R a b o w  Trout (Salmo irideus). 
Mr. Clark reports that' Northville, Mich., appears to  be an unfavorable locality for 

rainbow trout. Upward of 19,000 yearlings were distributed between September 17, 
1889, and March 10, 1890. The average yield of 123 females in the season .of 1890 was 
about 968 eggs. The spawning season began January 4 and closed April 16,1890. 

Brook Trout (Salvoliiius fontinalis). 
The spawning season of 1889 began at Northville, Mich., October 14,1889, and 

Closed January 6, 1890. 
By the use of gravel boxes the loss in hatching was only 2 per cent. A large 

Proportion of the eggs were obtained from fish 18 months old. 
On Jannary 16, 1890, there were received at Neosho, from Northville, 25,000 eggs 

iU excellent condition. When the embryo sac was tmo-thirds absorbed, a white spot 
WPeared in the sac and almost exterminated the fry. 

whitefish (Covegonus c~upeiforinis) .  

There was an early run of whitefish to the spawuing grounds in Lake Erie in 1888, 
but nearly all of the many eggs talcen were lost. On Detroit River tho penned fish 
did not do well. The warm weather was supposed to be the cause of the want of 
811Ccess with the eggs; the same thing happened at Sandwich, Ontario. The river 
'vator registered 500. 

At Alpena, Mich., eggs were collected from December 2,1889, and the season closed 
at Thompson, December 14, with what is called the late run. On account of the warm 
'"eather the eggs at  Alpena commenced hatching 15 to 20 days earlier than in former 
8eamns j the first fish appeared April 5, and the last May 5, 1890. 

The average yield of 357 females was about 800 eggs each. 
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The Vendace (Coregoizus albula). 

Pond, Me., by Mr. Atkins. 

Yellow Perch (Perca jlavescens). 
In April, 1889, the eggs of the yellow perch were successfully hatched by Mr. Worth 

at  Central station. Adults from the Potomac River spawned naturally in the aquaria, 
and their eggs were placed in the universal hatching jars and developed almost with- 
out loss. The eggs were an oblong mass of ffeecy texture, several inches long and 
heavier than water. The fry were very small; they were retained at  the station in 
a small pond, and kept under observation. 

On February 7,1800, Mr. S. G. Worth obtained 243 adult yellow perch from the 
Potomac River. These were kept in running water at  Central station until they 
deposited and fertilized their eggs naturally. The eggs were hatched successfully, 
with very small loss, and 704,000 fry were liberated in the Potomac River, and 50,000 
in a private pond. 

Pike Perch (Stizoetedion vitrcurn). 

On April 12,1888,51,000 fish of this species, one month old, were planted in Heart 

The eggs of the pike perch, writes Mr. Douglass, of the Sandusky station, are about 
one-half as large as whitefish eggs. They are strongly adhesive, and great loss i R  
sustained in separating them. The young begin to devour each other when only ten 
days old, and must therefore be liberated as soon as hatched. 

Sea Bass (Scrranue atrarius). 
From June 5 to  10 about 1,150,000 eggs were collected at  Woods Holl, Mass. ; of 

these, 1,025,000 were hatched and the fry planted between June l b  and 13,18d9. 
The collection of eggs for the Woods Holl.station began May 23,1890, and closed 

June 20. The number taken was upward of 4,250,000, of which 90 per cent were 
hatched in Chester jars and McDonald boxes. The ehortest hatching period was 70 
hours, with an average temperature of 64O; the longest period was 127 hours, when the 
temperature averaged 5 0 .  

Black Bass (Hicropterm salrnoidea). 

The fish were liberated near the station. 

At Neosho, Mo., the black bass were expected to  spawn in the ponds in the spring 
of 1890, but although they were tame and thrifty they deposited no eggs. In one pond 
they were attacked in the mouth by leeches and have not flourished. 

Sheepshead (Archosargus probatocephalus). 
On March 19, 1889, Lieut. Robert Platt, U. S. N., found sheepshead spawning a t  

Boca Grand Pass, Pla., and collected 3,400,000 eggs. He then went t o  Sen Carlos Bay, 
about 30 miles distant, and found the fish abundant there and in spawning condition. 
He obtained in all 23,400,000 eggs, from which 14,000,000 healthy fry were developed, 
and 2,600,000 eggs were retained in the jars to  be transported North. Lieut. Platt 
describes the eggs as follows : 

The egg of the sheepshead is a floating one and transparent; very small, 50,000 to the fluid 
ounce. We placed in the hatching jars about 300,000; they came out in forty hours, and can be liber- 
ated when seventy-two or eighty hours old. The fry are very small, but active end strong, and will 
stand considerable rough usage. We found that i t  was labor in vain to seine for spawning fish during 
the morning or ebb tide. The proper time is jllst before sundown, just, as the flood tide begins to 
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make. At that time we would collect a11 the spawu we ooiild h:inclle. Tho lnorriillg heuls of tho. 
seine ineluded nothing but male fish. The slioepshead wheu in 6pawn flwim in sch0018, but not 
near the surface. They ieeiu t o  lilro to swim close along the saudg beamoh in about G or 7 foot of meter. 
At times our soino would have 80 great e qimntity of theso fish in it  that we could not get i t  to the 
shore, but wonltl haye to raise tho lomi line froin the bottom auil liberate a great many so that we 
Could examine tlioso remaining in the act. 

The apparatus used in hatching these eggs was the Cliester jar in the tidal box. 

Scup (Steuotonaua c ~ v y a o p ) .  

May 22,1880, 50,000 scup eggs were collected; 30,000 of these were hatched and 
the fry planted in Woods Holl Harbor May 29. 

On June 14 and 16,1890, about 444,000 eggs of this species were obtained for the 
woods Holl station. These were placed in a Chester jar and a McDonald box. The 
first lot hatched in 72 hours a t  an average temperature of G l g O ,  the second lot in 95 
hours when the temperature averaged 6290. 

Spotted weakfish (Cynoscion maculatum). 

On April 1, 1889, Lieutenant Platt collected 1,480,000 eggs of this species a t  San 
Carlos Bay, Florida. He found the fish in great quantities, aiid the spawning season 
just beginning. He states that the egg floats, and is oqual in size t o  that of the 
sheepshead. Only about 380,000 fiy were developed. The period of hatching is 40 
hours. 

squeteague (cynoeaioic regala). 

On June 6, 1890, there were obtained at Woods Holl, Mass., 237,700 eggs, of 
which 95 per cent were hatched in the Chester jar. The time of incubation was 
65 hours, end the temperature GOO. 

Pompam ( ~ r a c ~ y n o t u s  sp. ). 

Pounds. In  the stomach he found crushed scallop shells. 
At  San Carlos Bay, Florida, Lieutenant Platt seined a pompano weighing 184 

Mackerel (h'combev scombrus). 

Vinal N. Edwards, on May 21 and 24, 1889, collected 215,000 mackerel eggs, froin 
which 150,000 fry were hatched and planted in Vineyard Sound, May 29. On June 3 
6oo,000 eggs were taken from fish which had been dead a fern minutes; none of these 

Eggs of the niaclcerel were collected for Woods Holl station on June 2, 6, 10, aud 
l17 1890. The total number obtained \vas nearly 3,000,000, and the percentage hatched 

The shortest liatching period was 72 hours, at an average 
of Glo, and the loigest period was 103 hours, when the average temper- 

survived. 

good eggs was 59. 

atwe was 590. 

fpautOg (Tautoga onitis). 
Eggs of this species were taken at Woods Holl May 21, June 10,21, and 24,1890. 

'he totitl number collected was 808,605, of which 90 per cont were hatched. The 
ahortest hatching period was 66 hours, on an average temperature of 640 to 6490; 

The Chester jars and 
the McDonald box were used. 

the longest period 144 hours, with a temperature of 560. 
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Cod ( Gadue morrhua) . 
A t  Gloucester, Mass., November, December, and January are the best months for 

collecting cod eggs. 161 female cod furnished on an average 279,000 eggs. 
At  Woods Holl, Mass., according to the report of the superintendent, the period 

of incubation in the McDonald tidal box averaged 18 days; in the Chester box, 20 days. 
Mr. Richard Dana counts 18 cod eggs to  1 iuch, from which basis he obtoins: 

In 1 quart . - - _ _  - .  - - - -. ~ - -. ~ - - - . - ~ - - - ~ - - - - - .  - - -. . -. - - - - - - - ~ ~ - ~. . - - - - ~ - - -336,798 
In 1pint ______._ _ _ _ _ _ _  . ___ __.-_- ._- -_ ______________.___________________. 168,399 
In l g i l l  ... _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ .  ___.___ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ __.____._ 42,099 
In 1 ounce __.__. _ _ _ _ _ _  . ____  ~ ..__-_ ._--  _____. _ _ _ _  _ _ _ _ _ _  _ _ _ _  . _____  _ _ _ _  .__. 10,254 
In 1 cubic inch. - - - - - . - - -. - . - - - - - . - ~ - - . . - - -. . - - - - - -. . - - - - -. - - - - - - ~. - - ~ - - 5,832 

In 1889 the first cod for breeding purposes were received at Woods EolI on October 
27; by November 19, 3,403 had been received, sufficient for the season's work. The 
fish were placed in live cars except 700, which were confined in a basin wherein t'he 
tide ebbs and flows. In this basin the mortality was great, probably owing to the 
high temperature, 550, and the want of shelter from the sun. The eyes of many of 
the fish protruded from their sockets, and the fish became blind in six or seven days 
after their receipt. Board floats were then placed in the basin, after which the 
condition of the fish improved. When the tempera'ture of the water fell to  460 the 
mortality decreased. 

The first ripe eggs were taken November 18, and from this time until February 
18,1890, the number of gravid females handled was 91, which furnished about 8,500,000 
eggs. From these upward of 5,750,000 fry were produced, which were liberated in 
the harbor from three to six days after hatching. The percentage of eggs hatched was 
68. On February 11,1890, were received from the Gloucester station 2,374,200 eggs. 
About 23 per cent of those received alive were hatched, the injury in shipment having 
been very great. On April 14,1890, another shipment of 621,600 eggs was received 
from Gloucester, and of the number received alive 66 per cent were hatched. The 
hatching apparatus consisted of 40 Chester tidal boxes with a capacity of 6 hatching 
jars, each holding from 150,000 to 200,000 eggs, besides 47 McDonald tidal boxes each 
having a capacity of 500,000 eggs. 

The temperature of the water in the hatchery ranged from 470 to 330 with no 
sudden changes and with unusual immunity from slime and sediment. The small 
supply of eggs alone prevented a large output of fry. The experiment of keeping cod 
in aquaria after the sac was absorbed proved again unsuccessful. The cod fry were 
generally liberated on strong ebb tide in Buzzards Bay or Vineyard Sound, so that 
they might quickly be carried into deep water. The average yield of the female cod 
at  this station was nearly 94,000 eggs. In fertilizing these eggs the milt of 102 males 
was used. The shortest hatching period was 107 hours, from egg8 obtained November 
18,1889, which were hatched November 23. The longest period was 696 hours, from 
eggs teaken January 27,1890, and hatched February 14. The average temperature 
during the hatching of the first lot  was 47O. The maximum temperature during the 
incubation of the second lot was 38O, the minimum 340, and the average 360. 

While the Grampus was obtaining cod eggs in October, 1889, it was found that 
few ripe fish were taken with hand lines a8 compared with those caught with the nets 
and trawls. 
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Capt. Fred. W. Wilson, under dateof Bebuary 12,1889, stated that he has fished 
most of the time in winter off Gloucester, Mass., for fifteen years past. In the winter of 
1887-88 and 1888-89 he saw an unusual number of small cod on hard bottom every- 
where in the vicinity. They ranged from'5 t~ 10 inches in length, and toward the end 
of January he saw some that weighed about 8 pound. Oaptain Wilson says the 
cod are credited to the hatchery on Ten-Pound Island, and if one-half of the number 
taker1 on his vessel reach maturity the success of the work will be established. Oapt. 
Isaac Joyce about the same time made a similar report; he believed that the young 
were more plentiful in the winter of 1888-89 than ever before; the smallest ones taken 
by him were about 8 inches loug. Capt. Henry b. Jacobs, on February 11,1889, wrote 
that more small cod were seen in the fall and winter of that year, from the range of 
Thatcher's Island to the range of Half-Way Rock, tha;n during any other season in 
his experience. A large number of fish 9 inches long were among those taken. On 
three occasions 1,000 pounds of such cod were caught at one haul. He attributes the 
iucrease of cod to the work of the hatchery at Gloucester, Mass. 

The difficulties experienced in keeping the cod eggs afloat at Gloucester, Mass., 
have already been mentioned, and also the fact that eggs which sink do not always 
fail to hatch. The difficulty with these eggs led Mr. W. H. Lynch, machinist, to the 
use of aquaria jars with water coming in from below and the top covered by cloth to 
retain the eggs. He suggested, also, placing a perforated #-inch composition pipe 
along the bottom of the hatching trays and connected by rubber tube with the supply 
pipe, producing an upward current which would float the eggs. 

The egg collecting began October 23, 1889, and continued until May 6, 1890. 
January and February were the best months. The largest yield in one day was nearly 
3,500,000 on Feb~uary 1. The number from 242 females mas about 47,500,000, an 
average of nearly 200,000 to each female. 

Hatching eggs in roily water.-In hatching eggs of the cod, haddock, and pol- 
lock at Gloucester, Mass., great mortality was caused by roiiy mator, the sediment 
adhering to the eggs and causing them to sink. This difioulty was partly overcome 
by the use of the automatic jet;. for the bulk of the eggs it served the purpose 
admirably, but greater difficulty was experienced in keeping cod eggs iu  circulation; 
many of them (apparently fertilized) sank to the bottom, and most of them failed to 
,develop. By increasing the circulation after storms, many eggs that had sunk were 
c l ~ n e d  and again became buoyant and hatched, yielding al fair percentage of fry, and 
in,some cases eggs that remained on the bottom were developed and tho young fry 
appeared vigorous. 

k (Melanogrammu8 aglefinue). " 
e reoeipts of haddock eggs at Gloucester, Mass., during the latter half of the 
were very large, but the percentage hatched was very small, the  neth hods now 

e for developing these eggs not proving satisfactory. The first eggs were taken 
ary 13,1890, and the last May 7,1890. The fry were' liberated in the outer 
r from April 12 to May 8. The eggs were obtained from 240 females, the average 

d for each being 126,000. 
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Pollock (Pollachius vircns). 

ber, and a part of December. 
The spawning season for pollock at Gloucester, Mass., includes October, Novem- 

The first eggs were taken October 30, 1888, and the last December 17,1888. 
The period of incubation varied from seven to twelve days. 
During November 50 females furnished 20,256,300 eggs, an average of 405,125 

each. From December 3 to 17, 39 females furnished 11,623,500 eggs, an average of 
nearly 300,000 each. 

On October 30, when the first eggs were taken, the temperature of the water a t  
noon was 480, a8nd its density 25. The temperature of' the air a t  noon on the same 
date was 480. During November the temperature of the water at noon ranged fiom 
410 to 490; the lowest temperature being observed from the 23d to the 26th, both 
inclusive. 

The density of the water during this month was from 25 to 26. 
The air temperature a t  noon during November varied from 240 to 590, the lowest 

temperature having been reached on November 23. From December 3 to 17 the water 
temperature at noon ranged from 380 to 450, and its density from 25 to 260. 

The eggs of the pollock are small and tender-much more so than those of thecod. 
They are adhesive after,three days' time, and require very pure clear water, and no 
motion whatever. The eggs ineasure 22 to the lineal inch, and a quart contains 614,172. 
Some eggs were tried by liquid measure and numbered 19,216 to the ounce. 

Pollock when hatched are transparent, and almost of the same color as the sac; 
they will burst froin the shell in seven or eight days; they are weak and lifeless for a 
time, then they begin to dart from place to place like the cod, and stop quite sud- 
denly as if entirely exhauxted. The eye is not very distinct, and the fish appears 
blind unless ciosely observed. The spawning season is short compared with that of 
the cod. 

The eggs of this species were circulated at  Gloucester, Mass., without difficulty 
by means of the automatic jet. The first eggs were received October 18,1889, and 
collections continued until December 20. The largest number obtained in one day was 
upward of 5,000,000, on November 7 ; about 40,000,000 were taken in all. The number 
of females furnishing these eggs was 181, and the average yield of each was nearly 
222,000. Nearly 16,000,000 fry were developed, all of which were liberated at Glouces- 
ter; the first on October 27, obtained from eggs collected October 18, and the la& on 
December 29, from eggs obtained December 20,1889. 

Flatfish (~se~dopleuronectes arnoricanus). 

At Woods Holl, from February 3 to April 24, 1890, the number of females han- 
dled was 87, which yielded 5,848,000 eggs. Over 4,000,000 fry were produced, which 
were liberated from 2 to 5 days after hatching. The average number of eggs to the 
female was 67,220. The period of incubation is about 20 days. The adults were canght 
in a fyke net. In severe cold spells the fish leave the harbor and go into the deep 
water of Vineyard Sound and Buzzards Bay, but return when the temperature rises 
so tha t  the anchor frost disappears. 



OBSERVATIONS UPON FISHES AND FISH-CULTURE. 61 

Sole (Solea solea). 
On October 6, 1888, the Commissioner deposited in Vineyard Sound, near Quick's 

Hole, 28 soles which had been received from time to time at  Wood's Holl from Eng- 
land. 
Lobster (Homarus americanue). 

On June 16, 1888, car No. 3 left Woods Holl with 610 lobsters for the Pacific 
coast; 282 died en route. The survivors were'planted at  Monterey, July 1, 2, 3, 4, 5 
and 6. Out of 196,000 eggs taken with the adults, 92,000 were lost in transit. 

The experiment of acclimating lobsters on the Pacific coast was renewed in 1889. 
a n  account of the shipment will be found in the Bulletin of the U. S. Fish Commis- 
sion for 1888, pp. 453-472. 

The attempt to rear young lobsters in large numbers at the Woods Holl station 
was again unsuccessful. 

On March 28,1890, there were 745 lobsters, measuring from 7 to 10 inches in 
length, shipped from Woods Holl in wooden crates, packed in seaweed, for the Gulf 
of' Mexico, near Galveston, Tex. Of these 385 were females, 37 of which had their 
eggs fertilized, :tnd 360 were males. On April 7 the eggs, numbering 250,000, were 
planted near Galveston. The fresh water of the bay proved fatal to the adults. 

For the hatching operations a t  Woods Holl lobsters were obtained from the local 
fishermen. After the eggs were stripped off the females were marked and returned 
to the grounds from pghich they were caught, the object being to ascertain how often 
they deposited their eggs under natural conditions. Collecting began April 16, and 
by June 30, 1890, there were received 723 egg lobsters, varying in length from 9 to 14 
inches. From these were obtained 8,317,GOO eggs, which produced about 4,500,000 of 
fry. These were liberated in Vineyard Sound and Buzzards Bay, in the vicinity of 
Woods Holl, from two to four days after hatching. The percentage hatched was 54. 
The apparat'us used were the McDonald improved hatching box, the Chester jar, aud 
the McDonald universal hatching jar. The first two were operated by tidal motion, 
the lattcr by a continual current through the jar. The longest incubation period of 
eggs received here was 42 days and 3 hours. These eggs were taken April 22, 
1890, when the water temperature was 450, and the lobsters were well developed 
in the eggs a t  the time of collection. They did not hatch until the water reached a 
temperature of 690. A lobster with eggs, said to be about to hatch, and in which 
the embryo was well developed, was brought in when the temperature was 360, but no 
increase in development was noticed until May 18, after a period of 99 days, when 
the water reached 540. A few fry were retrained in the jar in which they were 
h x . h d ,  and in six weeks after hatching were transferred to an aquarium. 

Cornmoil Pacific crab (Caacsr magieter). 
In  July, 1888, Prof. Leslie A. Lee and Mr. J. F. Ellis, collected live crabs (Uaneer 

magister) at San Francisco, Cal., for transportation to the Atlantic coast on car No. 3 
of the Commission. The entire shipment was lost by the wrecking of the car. 
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4.-NOTES ON A COLLECTION OF FISHES FROM 
RIVER, MARYLAND. 

THE LOWER POTOMAC 

BY HUGH M. SMITH, M. I?. 

[Plat05 XVIII-XX.] 

No systematic collecting has been done in the region drained by the Lower Potomac 
and its numerous tributary streams, and auy contribution to a knowledge of the fish 
life of that section .will probably be acceptable, as tending to aid in the elucidation of 
the problems of geographical distribution and variation. The only researches tlius far 
made embracing the fish fauna of the region covered by this paper were undertaken 
by the Maryland Academy of Sciences, the results of whose investigations wore 
embodied in an annotated list prepared by Messrs. Uhler and Lugger, published in the 
report of the commissioners of fisheries of Maryland for 18'76, which was followed by 
supplements in tho reports for 1877 aud 1878. This list, enumerating 202 species, is 
the only one thus far compiled that essays to include all the fishes occurring in the 
wat8ers of the State, and, while now subject to considerable revision in the matters of 
nomenclature and distribution of fishes, must serve as a comparison and guide for 
future inquiry. 

The Lower Potomac River has A great wealth of fish, upon whose abundance and 
movements a large number of people are dependent. Not only is there a plentiful 
supply of desirable food-fishes which are more or less permanently found in the region, 
such as the yellow perch and striped bass, but there are very important annual migra- 
tions of anadromous species, as the shad and alewives; while the proximity to the 
Ohesapeake Bay (whose commercial fisheries are of greater value than those of any 
other body of water of like size in the world) also contributes a generous supply of 
typically salt-water fish. The topographical conditions are favorable to the employ 
mmt of seines, gill nets, pound nets, fyke nets, and other similar devices in almost 
unlimited numbers. This fact, together with the abundance of oysters and crabs, in 
addition to fish, makes this one of the most important fishing-grounds in the country. 

In the summer of 1890 I made two short visits to St. George Island, Maryland 
(situated in the Potomac River, about 15 miles from its mouth), and at  the suggestion 
of Dr. T. H. Bean, ichthyologist of the U. 8. Pish Commission, obtained a small collec- 
tion of fishes. Owing to the limited time available for collecting and lack of facilities 
for preserving the larger fishes, attention was chiefly directed to the smaller forms 
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inhabiting the shallow inshore waters, and many species that could othcrwise have 
been taken do not, therefore, appear in the list. During the first visit, which extended 
from June 30 to July G, the only m a u s  of capture was a small dip net with an impro- 
vised handle-an instrument of necessarily limited usefulness in such work. On the 
occasion of the second visit, which occupied one day, August 11, :t 25-foot 13aird seine 
was employed with satisfactory results. 

The smaller species included in the list were wcured in B series of brackish ponds 
on St. George Island, or in St. George River, an arm of the I’otomac which separates 
the island from the mainland. Complete series of most of these were preserved. The 
larger fishes which :we enumerated were taken with a line or in pound nets in tlie 
Potomac River adjacent to the island. Two specimens obtained in this locality in 
August, 1887, which were not observed in 1890, are also included. The i~aines by 
which the fish are known among the local fishermen are given in quotation marks. 

Although the collection was made in  a hurried and unsystematic manner, and 
represents only a very small proportion of the fishes occurring in the region, the visit 
was not wholly lacking in scientific results, which emphasize the desirability of under- 
taking further investigations of the ichtliyology of this river. Most of the species 
obtained possess no unusual interest. In  a few cases, however, it has been possible 
to fully describe and figure for tlie first time the appearance of young individuals of 
certain common fishes j and, ih another well-known species, an apparently hitherto 
unrecognized sexual distinction is recorded. The most interesting and important 
feature of the collection was the finding of a sinall fish (Zygonectes Zucice) first described 
nearly forty years ago by the late Prof. 13aird, and up to this time known only by his 
description, the type specimens apparently having been lost. 

Ten figures, representing seven species, accompany tl& article, viz : Zygon&es 
lucim, male ; Fundulus majalis, young j Pu9adzclzcs diaphanus, male and female j Fun- 
dulus heteroclitus, male; Cyprinodoib variegatus, male and young; Gambusia patruelis, 
fema,le; Meniclia beryllina; and Paralichthys dentatus. Some of these I~ave never 
before been figured. 

1. Brevoortia tyrannus (Lstrobo). 
Large bodies of menhaden often ascend the Potoniac River for a distance of 30 

miles, and the vessel fishermen from Pair1)ort not infrequently make good hituls off 
St. George Island. Scllool~ of young fisb swimming in serpentine shape can be seen 
breaking the surface of the inshore waters throughout the sunimer. All of a large 
number of young fish (about 2 or 3 inclies long) examined were affccted with a mouth 
parasite (Cyrnothoa pray  ustator). Occasionally, during periods of excessively dry 
weather, scattered schools of menliadcn asceud the river as far :is Mount Vernon, 
where the species is called ‘‘ biigfish” by the fishermen. 
2.Cyprinodon variegatus Lac. “Sheepahead miimoto”; Variegated minnow; Short miitwow. (PI. XVIII.) 

Although inhabiting the same waters as Fundulus, tbe Variegated minnow does 
not appear to associate with the members of that genus. In small ditches coni~nu~~i-  
cating with the St. George River st high tide the movements and habits of the fish 
were studied with ease and profit. They were extremely shy and could not be taken 
with a dip net, however skillfully manipulated. In the pond of brackish water elsc3- 
where referred to they occurred in great abundance, i ~ l d  numerous specics of both 

“ IZlltuife”; “ Oldwife”; LLAleiuife”; Moilrudeit. 



sexes ancl Lwge schools of the young iir(: often left, by the 
receding tide, in shallow tiepressions in the sand. 

Several youug specimens, about sc\~eii-tenths of aii iacli in leiigth, :tgree in haviug 
thch body silvery white, with nbout caiglit irregular crossbers :~iid with irregnlarly 
~*ounded blotches of similar color ;dong tlie back, some of these communicating with 
the? trausverse markings; a narrow blackish bar atJ base of caudal; a rounded black 
spot 011 posterior part of dorsal; dorsal fin slightly behind (not in ;idvance of) ventrals; 
;I quadrate hleok spot about half width of eye immediately below that organ. 

111 the adult speoimeus collected aiitl in tlie wale figured the origin of the dorsal f i i i  

is well in front of tlie vuntrals a i d  iiot behind, i i s  given by .Jordaii aiitl Gilbert.” 
The variegated minnow is known as the l L  sheepsheid minnow ” among fisheriiieii 

of tlie island, a name arising from t-he resemblance between this fish and the sheepshead, 
and also, ill some instances, from the belief‘ that it is the young of that species. 

11:ighty-nine specimens. 
3. Fundulus majalis (W:ilbeuru). ‘ I  BtdZ-min,tozu”; 1Mayjsh. (Pl. SIX.) 

The least abundant of the killifishes. 111 company with the two following species 
it enters the guts and ditches on St. George Island at high tide, mid the specimens 
collected mere takeu in these situations, Eight adult speciiiieris were obtained, four 
being of cach sex. The males vnried froiii 4.60 to 5.12 inches in length, and the feuales 
from 4.00 to 5.75 inclieN, the average length being 4.69 inches for males and 4.97 inches 
for females. 

They mucl~ 
resemble 3’. mqjalis in general shape, but difler somewhat from the published descrip- 
tions iv color, markings, fins, etc., as will appear f?om the followiiig description: 

Uolor in life, silvery white, becoming pale green on the bnck. Body with 7 to 9 
dark transverse bars (black in life) one-half the midtli of eyr i n  some specimens, nar- 
rower in others, beginning at  the median line of‘ the back, but iiot quite reaching the 
middle line below, the last bar inuch darker than the others aud frequently taking the 
form of an irregular spot a t  the base of the r;tudal fin. Fins white, unniarked. 12ody 
elongated. Hefid long, depressed, terminating acutely; inoiitli terminal, slightly 
oblique. Eye somewlint less thaii snout and contained l+ times in intcrorl)ital space. 
Anal fin higher than itud posterior to dorsal and equal to half length of hond. Ven- 
trals short, not reaching anal. Tail rounded. Head, 3; eye, 4; depth, 44. I)orsal, 13 
or 14 (15 in one spuciinerr); anal, 11. Scales in lateral line, 33 to 37; in transverse line, 
13. bength, 8 to 1-j+ inches. Abundant in low, sandy places where shallow pools are 
left by the receding tide. 

4. Fundulus diaphanus (LO Suour). Slwiny w h n o t u .  (PI. XIH.) 
The most abundant of the Lillifislies, occurring with It’. keteroo 

:bud brackish ponds. 
Examination of R large series oi’ specimens collected i l l  this region leads to  the 

Wiiclusion that, there are prominent sexual differenoes which do not appear to have 
been previously noted. Concerning the crossbars which form such a noticeable fear 
ture in this species, the current descriptions give 15 t o  25 narrow, blackish bars 011 a 
silvery background. This description, so far as the fish collected by the writer in the 

sizes: \vere seined. 

Nine specimens of apparently young fish are referred to this species. 

- ___ -. . __ . - __ - -- - _ _  - - -  
“Synopsis of tho &shes of‘ North Ainericta, 

3’. C. H. 1890-6 
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Potomac River are concerned, memh to apply o d y  to the females, while the iiiales 
have a similar number of brilliaut silvery crossbars on an olivaceous background. 
This conclusion is borne out by the examination of 71 adult, males and 54 egg-bearing 
females. 

The following clescription of the sexes, based on Potomac specimens, is offiered : 
Male.-Form elongated, slender. Eead depressed, of moderate length. Domal 

fin low, beginning considerably in advance of anal and nearer base of caudal than 
snout. Anal short, deeper than dorsal. Ventrals about equal to portion of head 
posterior to  eye, not reaching vent. Body uniformly olivaceous, darkest above, with 
about 20 silvery vertical bars, rather narrower than the interspaces, which are the 
color of the body. Dorsal usually plain, occasionally faintly niottled with black and 
white spots. Other fins plain. Mouth nearly horizontal, width of eye, on level with 
pupil, lower jaw projecting, angle ofjsw half-way between eye and end of lower .jaw. 
A dark purplish spot on opercle opposite eye. 

gemale.-Similar to male in form and size. The body marked by 15 t o  20 dark 
trwsv‘erse bars, much narrower and shorter than the silvery bars in the male, the 
interspaces lighter than in the male. Back sometimes spotted. Oviduct sheathing 
the anterior part of anal. Ventrals not reaching vent. 

Eye large, 34 in head, la in interorbitsll space, and 1Q in snout j hetld, 38 ; depth, 45. 
Dorsal, 13; anal, 11. 

Prof. Jordan, in his “Report of Explorations in the Alleghany Region of Virginia, 
North Carolina, and Tennessee,”” etc., records the capture at  Luray, Virginia, in the 
Shenandoah River, of a specimen of EIzI?~dulm dinplwaus ‘ 6  with about 15 silvery cross- 
bands, most of them narrower than the dark interspaces; back and fins unspotted.’, 
That form of 2. diaphawus formerly called fiaewwa is saidf to occasionally have silvery 
crossbars instead of black ones. These are the only references to silvery transverse 
bars met with in the descriptions of this species. 

All immature specimens are distinctly marked by dark vertical bars, on a pale 
olivaceous background. Wheu the fish reaches the length of about 2 inches, the 
difl’erential sexual characters, as before defined, begin to  be manifested. A series of 
102 young specimens was preserved, the smallest being seven-eighth& of an inch long. 

5. Fundulus heteroclitus (L.). 
Next to  P. diaplumus this is the most abundant killifish in the region. 120 speci- 

mens were preserved, of which 81 were adult and 39 were immature individuals. 
This species is subject to considerable variation in color, depending on sex and 

age. The complete series of specimens obtained has permitted a satisfactory diagnosis 
of even the smallest examples. 

Among 36 adult males, the largest specimen is 44 inches long. As the male 
approaches maturity the distinct dorsal ocelliis, which is more or less constant in the 
young, usually disappears, and it is rarely seen in adults, although in a few specimens 
the vestiges remain in the form of a dark spot on the already dark or mottled fin; the 
ocellus is rarely found in examples over 24 inches long. In some adults the white 
spots on the body, instead of being disposed in narrow vertical stripes and irregularly 
scattered over the sides, as usually described, are found on the anterior part of each 

Scales, about 45-15. Length, 3& or 4 iuches. 

Con~n~oit  killifish; M u d  dabbler. (Pl. XIX.) 

._ _____I -- - ._ 

*Bulletin U. S. Fish Commirision, \’in, 1888, p. 103. t Mauual of the Vertebrates. 
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scale and form well-defined longitudiiial arid diagonal stripes, as in the specimen 
figured. 

The female is ubually described as having no transverse markings, but sometimes 
a “few faint, vertical shades.” Of the 45 adults preserved, 48 are marked with about 
15 distinct aark crossbars narrower thau the interspaces. The largest female obtained 
was inches in length. 

Large specimens have liead 39; eye 4 iu head, 1 in snout, 8 iu interorbital space; 
depth 3%. 

Immature males differ greatly from the adults. The following description, based 
011 u full series, applies to young males: 

Body above light olive, below yellow, the sides marked by about 34 alterwate dark 
and silvery transverse stripes, the former iisually being considerably wider. As the 
size of the fish increases the back becomes darker and blends with the dark bars, 
leaving only the silvery bars, which become less distinct. In the smaller examples the 
silvery bars are about as wide as the dark ones. Dorsal dark, with a prominent white 
spot involving the last 3 or 4 rays, margined with black above and anteriorly. Anal 
inuch deeper than dorsal. Head, 34 to 33; eye, 34 iu head, 16 in interorbital space, 8 
t o  & in snout; depidi, 3%. Dorsal, 11; anal, 10 to 18. Scales, 37-13. Length, 12 inches. 

All immature females have the colors of the adult feiualee, but are somewhat 
paler, the blackish bttrs being more distiuct. Head, 3%; uyu, 3$ in head, Q in snout; 
depth, 3%. 

In  13 spechieus froiii 2 to l;iair inches long, the difkential sexual characters, as 
before defined, are distinctly present, the stripes being somewhat more prominent than 
in the half-grown fish. The dorsal markings in the males, however, are absent in such 
small examples. Head, 39; eye, 34; depth, 4. Dorsal, 11 or 12 (14 in one specimen); 
anal, 10 or 11. Specimens of 3. IbeterocZitzLs of this size bear a strong superficial resem- 
blance to Zygonectes Zucia, but are found to dSer widely on close examination. 
6. Zygonectes lucia (Baird). 

Under ths name Hydrargyrcc Zuciw, Prof. Baird, in the Smithsonian Beport for 
1854, described a sinal1 minnow from Great Egg Harbor, New Jersey. The types are 
unfortunately not extant, so far as howi i ,  and siuce that time the fish has not been 
met with, although Dr. T. H. Bean, in 1S87, made diligent search in the region in 
which Prof. Baird collected his specimens. 

Two specimens, evidently males, taken on St. George Island, appear to agree 
remarkably well with the description of this fish, and no other disposition seems 
possible than t o  refer them to this lost species, a view which is sha’red by Dr. Bean. 
Prof. Baird’s descriptioii is as follows : 

Head constituting less than one- 
fourth of total length. Insertion of m a l  slightly in advance of origin of dorsal, and rather niorc 
developed than the latter. Ventral8 vcrg small; their extremity reaching the anus. Tail largo. 
D. Y; A. 9; C. 6, I. 8,7, I. 5 ;  V. 6; I?. 15. Dark olive green above, lower part of sides and beneath rich 
ocher yellow. Sides with 10 or 12 broad, well-defined, vertically disposed dark bars, nearly as large 
a8 their interspaces, which are of a faint t int  of greenish white. All the fins but the  dorsal arc of a 
uniform yellowish, lighter than the abdomen. Dorsal, yellow on the terminal half, the  bma1 portion8 
olivaceous, with a large black spot posteriorly, and imrncdiately anterior to it a white one. The dark 
spot is bordered above and behind by the ycllow part mentioned. In ono specimen the postcrior half 
of the base of the dorsal fin is dull white, with LL large subcircular spot of black iu tho  eater. Length 
about 1 inoh. Female similar, the dorsal unspotted, the yellow lese intense, 

(Pl. XVIII.) 

General form clongated, though of rather short ;qpearance. 



. The two specimens obteined in the I'otomac ltiver have the following oharacter- 
is tics : 

- -. - . - - -. _. 

I Drsigniition. 1 ) 2 . ,  I 
~ 

! 
Len th (inches) ........................................... 
Heai in length without caudal.. ........................ ._: ti 1 $ 1 
Donth i n  :eneth withoiit caiLlldiI1.. ........................ .! 4b 4% i 
Eyb in head r.. ............................................ 
E i e  in snout.. ............................................ 

Analray s'... ............................................... 
Eye in interorbital spue ................................. , 

Scales in lateral .wries.. ................................. 
Scales in transverse series.. ............................... 

Dona1 r ~ y s  ............................................... 

The dorsal fin lias its origiii posterior to  tlwt of the an;d and is lower than the 
latter; when flexed, its extremity is opposite the tip of the aiial. The ventrxl fiiis ;ire 
small, about equal to  head back of eye and half t<he length of' the pectorals, their 
extremity reaching the mius. 

The vertical bars are 10 to 12 iii number, a id  are shai*l)ly defined, their width being 
equal to the interspaces and slightly increasiiig tow;ircL the t;d. Tliey begin and end 
abruptly, not reaching the inediaii liiie above or below by itbout half the width of the 
eye. 

The opercles, cheeks, aud chin w e  thickly uovered with clmk spots, largest on the 
cheeks and opercles, :md least numerous on the cheeks. 

Field notes giving the color of the fish wheii alive agree with Prof. Baird's 
description. The upper parts were of a dark-green color, which faded iuto a reddish 
yellow on the sides and abdomen; the inferior fins were pale yellowish; the vertical 
bars were rich black, with ;I bluish reflection. The dorsal showed a pale tip anti 
anteriorly a dark base; behind there was a jet-black rounded spot about two-thirds 
the width of the eye and involving rather more than half the width of the fin, marghed 
anteriorly and inferiorly by a pure white spot. 

The species appears to belong in the genus Zyyormtes, as detined by Prof. Jor&n, 
which difi'er.s from $'unduhs in the smaller size of  the fishes, the fewer dorsal rays, and 
the origin of the dorsal behind the front o f  the anal. 

The two specimens secured were taken in company with a large number of fish of 
a similar size and appearance with which they were at first thought to be identical. 
These have the distinct dark crossbars, but lack the dorsal ocellus aiid the yellowisli 
color on the under parts. The absence of these features alone would suggest that they 
arc females of Zygorbectes lucirn, but when taken in connection with 10 t o  12 rays iu the 
dorsal fin and the position of the latter anterior to the anal, must necessarily place the 
fish in the genus Pundulus. 
7. Lucania parva (Baird & Girard). Rainwatw$ek. 

Not given by Uhler and Lugger in the list of the fishes of Maryland. It occurs 
in about twice the abundance of Ga?nbuSk patruelis, with which it is ;~lmost invariably 
taken. Most abundant in brackish muddy ponds and tide ditches. 

Males with body olive green, the scales marked by black crescentic bands coveriug 
about the middle third of the exposed portion. An obscure, narrow, lateral stripe. 
Under parts and lower fins yellowish. A large elongated black spot at the base of 
dorsal anteriorly, involving about three rayH and extending upwards from back to 
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middle of fin; posterior to tlie black spot is :L yellow area (white in alcoliolic speci- 
inens) without sl)ots ; tlie remaining part of the fin is irregularly spotted with b l t i~ l~ ,  
more especially the base and extremity, leaving, in many specimens, an elongated 
space only spariiigly marked with fiiie spots. Edges of aim1 and ventral fins jet black 
;uid of caucl1~1 :mil pectoral fins dusky. Femibles si.milar, larger, with fins unmarlred. 
Dorsal, 10 to 13; atid, 10 or 11; hend, 39; eye, 3; depth, 38; scales, 26 (25 to X ) - S  
(or 7). Leiigth of in:ttnrc specimens, 1+ to l$ ‘inches. 146 specimeiis. 
8. Gambusia patruelie (Iiaird & Girltrdj. Ybp neinnow. (l’lltto SH.) 

Very abimilant in shallow niiiddy ditches i111il in tlie brackish ponds elsewliere 
allnded to, dlailys iimooiated with L N C ~ I ~ ~ C (  and occasionally with the-li’ut~dtcli and Mmi-  
diu+. AI1 of the larger females takeii were dist(:iidcd with eggs, which are relatively 
large biit few ia number. Specimens collected duly 1 contained from 18 to 30 ova, each 
one-sixteenth of an inc.11 in diameter, which mere not in :HI aclwnoed stage of incuba- 
tion. Exainples obtained August 1 1 , liowever, were found to contain well-developed 
embryos, which would donbtless have I ) c w  extruded within ib  few days. Jordan * says 
the yoiing are born iu spiing, whicli suggests thilt possibly two broods are raised in a 
siilgle season. Tlir stoIu;L(:li coiitcwts of‘ one tish inoidentally esumilied cwiisisted 
chiefly of fil:~ineiitous aut1 unicc4lul;tr i i l g ; ~ ,  diatoms, i~niorplions vegetable niatter, ant1 
ti*agrueiits of a mosquito. 

Of the G‘J specimeiis obtaiiietl, cis \ \we fblJIil1(?S, a uirouiilstsnoe illustrirtiiig the 
we&known relativv scarcity oi’ ii~k~les. 111 the series collwtetl the t’eniales h : ~ e  iL  f (w 
 ina all scattered dark spots o i l  tlie body i i l i id  an obsciire ihrk h i e  along the side; dorsal 
KIIO\\’S about 2 or 3 transverse rows 01’ black spots, anal c.clg.ed with black, tail irregu- 
liirly spottctl, t311e spots tentling to fori~i 2 to 4 narrow tlrlmsverse b u s ;  usually a dark 
hl)ot, 1)urpIe i i i  life, on sitlv :ibove wilt; no “obliqua tlurk band below orbit” (Jorcktii 

Gilbert), altliougll in a suitdl 1)roportioii of tlic speoiinens tliere is a faint, diisky 
spot ; snout with a very pronounced up\v:irtl iiioliuation. Wale witliout> piirple spot oii 

side, ana1 plain, snout kss spatuliLt(2. I)orsal, 7 to !I; i ~ , ~ i d ,  ‘3 or 10; head, 38; eye, 3; 
depth, 32; scales, 28 (27 to 2’3)-5 (or 8). hiigtl i  of iidult li~iiiiil~s, I &  to 1Q inclirs; of 
Inale, 1 inch. 

9. Anguilla anguilla (L.). “ fleZ.” 

A single specimen, 4 inclreri long, was seined iii a br;~clris11 ponrl inlia,bitcd by 

10. T y h u r u s  marinus (Ulocli & Schnoider). “ (~a~:fiak.’’  
Examples uiicler S inclies in length arc 11ot infrequently seen iii small coinpanios 

t W ~ ~ u l  tho wharves and shores. The fish iiiove rapidly over tlie surface, feeding 011 

EJlWdll minnows arid also on fregmeilts of crabs aiid fish thrown hito the water by hie  
fishermen. This species ranges over the entire river to tlie limit of tide \v&r, speci- 
urns being occasionally taken abow TVnfSiiiilgto1I. 
ll. Menidia notata (Mitohill). Silveiaidsx. 

The speci- 
Inells taken varied in length from seveii-c4ghtlis of a11 inch to 3& inches, tlie average 

The dorsal formula varied conaitleriibly, IV-I,8, TV-T,O, 
V-I,S, V-1,9, v-1~10 all occurring, but v-I,~ and TT-I,~ being t ~ i e  most prevalent. 

* M:inunl of‘thr T’wtelmitm. 

killifishes, silversides, etc. 

Very nuinorous, but, less so than 171. beqylliuct, \fiitli which it associates. 

being about 1 5  inches. 

-I___ -. . __ - . _  
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No. of 
upeci- 
mon. 

The anal rays were found to number from I,22 to 1,27. In the following table is given 
ti, record of the examination of a series of this species taken at  random from anioiig the 
largest specimens obtained : 

Lengtl 

Dorsal. 

Anal. Head. 
_ _ _ _  ..__ 

I 

v-I, 9 
V-.I, 10 
v-I, 9 
IV-I, 9 
v-I, 8 
IV-I 8 
V-I' 8 
V-1; 8 
IV-I, 8 
v-I, 9 

Depth 

__ 

- 

Anal. 

1 

I, 25 
I 25 

I, 23 
I. 23 
I, 22 
I,= I, 25 
I, 23 

I: 22 

I, 27 

Jncheu 
zg 

-- 

Hcud. 

4+ :$. 
4 
48 
4a 

12. Menidia beryllina (Cope). Silversidex. (Plato xs.) 
This species, originally described by Cope from the 

- 
ScnL.s. 

- _ -  

45 
45 
43 
45 
43 
43 
45 
40 
44 
40 

Potomac River, occurs 
abundantly in large schools iii this portion of the Potomac. The writer has also 
taken specimens at Washington, D. C .  

The examples examined appear to difi'er in some minor details from the piiblished 
descriptions of' the species, as will be seen from the appended comparative table, which 
represents fish taken at, random from a large series. The dorm1 formula would seem 
to be V-I,lO rather than V-1,11, the latter being found only once in a large number 
of specimens and being less frequent than V-I,9. The a,nal rays vary from 1 , l B  to 
1,18, the latter representing the maximnm and not the a,verage, as usually given, 
which woiild seem to be I,l6 or 1,17. 

l)orual. 

v-I 10 
V-I: 10 
v-1,lO v-I, 10 
v-r, io 
v-I, 10 
v-I, 11 
v-I, n 
V-I, 10 
v-I, 10 
v-I, 10 
v-I, 10 
v-I, 9 

Eye. 

;+ 
3 
3 
3 
3 
3 
3 
3- 
3 
3- 
3 

Scales. 

___ 

40 
40 
38 
39 
40 
39 .. 
38 
40 
39 
40 
40 
40 
40 

Specimens numbered 5,7,8,9,11,  and 13 in the table resemble ilfenidiin peninsula. 
in the number of anal rays, but differ from that specieR in having from 9 to 11 rays in 
the second.dorsa1, instead of 8. 

but this 
designation will not strictly apply to the specimens from the lower Potomac. In all 
those examined the stripe involves different rows in diffierent portions of the fish, Antr- 
riorly it is found on the lower half of the fourth row and the upper half of the fifth row; 
toward the middle, opposite tbe dorsal fins, it involves the central portion of the fourth 
row and the tips of the scales in the third and fifth rows; toward the tail the line 
appears to  rise and covers the lower half of the third row and the lipper half of the 
fourth row. 

The silvery stripe in this species is said to be on two half rows of 
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13. Scomberomorus maculatus (Mitohill). *‘ S‘p(0iii/i iitnclcerel.” 

This fine food-fish is iiot mioo~iiiiion in the iuouth of the I’otornac and for a short 
distance upstream. Considcrablo iiiunbers :we talieii some seasous in pound nets :&ut2 
other devices. The fish are usually small, averaging ouly 13 pounds irr weight, but 
some years there appears t o  be a run of iiiucli larger individuals. 111 August, 1S88, 
the writer saw a specimeii weighiug 79 poimds t8al;eii in this locelity in ;L pound net j 
this seeins to be thc maximuni weight attaitined by the, species. 
14. Pomatomue saltatrix (L). ‘ l  ‘I’ni lo~”;  Blut$sh. 

The bluefish which ascend the l’otomac? are siinilar in size to those frequenting the 
Chesapeake; that is, they usually weigh from I t o  3 pounds. Some years, as in 188X, 
there is a run of fish weighing G or S pounds, biit individuals so large are rarely taken. 
Here, as elsewhere, the fish is erratic in its appearmce and abundance. 

15. Stromateus alepidotus (L.). 
Uhler and Lugger remark regarding this speoiod: ‘‘ Occurs in Sinnepuxent Bay 

and in the southern part of Chesapeake Bay.” A number of years’ observations wm- 
rant the statement that the harvest fish is not uncommon in the waters adjacent to St. 
CAeorge Island, where individuals are seen every year, usua’lly in the months of August 
and September, whence the name. The specimen which gives the species a place in 
this list was taken in August, 1887, in the St. George River; it was 2 inches in length. 
An interesting and well-recognized habit of the species is that of swimming beneath 
the body and among the tentacles of jelly-fishes; all the harvest fish observed in this 
region have been in this position. This is doubtless for protection. 

‘ I  H a ~ c r r f  $ d i . ”  

16. Lepomis gibbosue (T,.). l‘Si~n.finh ”; “ Tobacco-box”; ‘ l l ’ ~ t n ~ ~ k i i t - s e ~ ’ t ’ ’ ;  Robinpercli (Norfolk, Vir- 
ginia). 

Occurs abundantly in e small pond of brackish water on 8t. George Island in- 
habited by Bambusia, Lucania, Nemidia, Fiindtclus, G‘yprinodon, etc. The fish is eaten 
at times by the native inhabitants of the island, although this would seem to be only a 
caprice, with the wealth of more desirable fish close at hand. 

Concerning the hitherto mooted question as to  whether the male or female fish 
guards the nest, the weight of recent testimony appears to  favor the former and con- 
firms a single observation made at St. George Island. One day in July a crab was 
seen to invade the nest of a pair of sunfishes. The female retired to an adjacent 
growth of water plants, while the male made savage darts at the intruding cratb or 
approached it cautiously from the rem, apparently inviting a chase. This c:ontinued 
for some minutes, when the crab appeared to tire and beat a retreat, whereupon the 
male sought his mate and both returned to the aest. The sex of the fish mas after- 
Wards verified by disse~t~ioii. 

Eighteen adults and 40 youiig specimens were preserved. 
17. Roccue lineatus (Bloch), ( I  Zlock ”; Ro(:k$di; Sfi-bed hican. 

Not common during summer, but quite abundant in spring and fall. 
found on hard sandy or gravelly bottom overgrown wi tli TJlva intestinnalis. 
the Apecimens taken are usually under 3 pounds. 
l8- rchosargus probatocephalue (Wa1b:tum). 

sPecies is to be attributed. 

~ 

Frequently 
In summer 

d c  B l ~ e e p ~ l ~ d . ”  
To the shy habits and restricted feeding grounds the apparent scarcity of this 

An oyster bed in deep wator i@ the place where the flsh 
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can most frequently be foi~iitl, ~ u c l  certain itreas ol’ this kind in tho Iower Potomac, 
Iinciwn as “ sheepshead ro(:ks,” have become fillrio11s for miles arountl. The fisheriiieii 
offen sink a number of long poles i i i  favorite locations, and OLI these the barnacles so011 
grow and become attractive food for the sheepshead, which can often be taken in con- 
siderable quantities iirouiicl the linrdles. 111 line fishing, bliie and fiddler crabs and 
maninoses are the best baits. 

Mr. P.L.Uhler, in the list of the fishes of MargI;lnd, rc?ferts to this fish as weighing 
from 10 to 25 pounds; but spc~ciinons even iLS large a’: t l l c b  iliininiuin weight inentiorled 
must now be vary rare in the Chesapeake and ;LI*H irewi~ s e ~ n  in the lower Potomac, 
where the fish usually range from 4 to 7 pounds. 

On St. George Island, sheepshead intended for the table are often kept alive for 
several wcleks h i  pens made for the purpose. 
19. Liostomus xanthurus Lac. “Spot ”; ‘( Croous. ” 

Perhaps the most important fi>od-fish in this region dnring the summer, although 
too small to be of great commcwial value; enormous quantities are i:onsiiined locally 
iit hotels and in privibte families, and i t  tleservedly ranks as the best, pan-fish. It is ofteii 
called “crocus?? by the local fishermen, :L d(~sigitation also slrared by the croaker, of 
which name i t  is a corriiption. 
20. Micropogonundulatus (L.).  LLC)*oci(a”; “ Nrand)lar”, Cror~krr. 

Although not uncommon, the croaker is much less abundant than its iiear relative, 
the spot, with wliicli i t  associates. T l i e  ltwgrst iiidividmls wppar to O(Y:III. tow:~~.cls 
tlie end of surnmhr. 
21. Menticirrus nebulosus (Mitohill ). Whiting, liiry$sli : I k w h .  

This fish must be of very i‘are occuriwice 111 the Potomao River. Ulller ltiicl 
Lugger refer to it :ts being occasioii;tlIy inet wit11 111 the lower part; of’ Chesapeake Bay. 
A small specimen T V ~ S  talien with a h i e  111 the St. George Riwr in August, 1587. 

22. Cynoscion maculatum (Mitcliill).  
Iu June the fish are mostly 

small, weighing only one-half a pouud, but iii Aixgast there is : in aclveiit of 1;irgo fish 
ranging from 1 to 3 poiinds, wblch reitiaii~ in  tltr ~vyioir nntil OcWm-. 
23. Batrachus tau (I,.). 

“ ’ l ’ ~ o ? i t ” :  8’:l’otted tcicuk$s/i. 

occurs throughout the summer ~ L I  varying i ~ b t ~ ~ ~ i l a n ( : ( ~ .  

“ PbUd;fid! ” 

Exceedingly nunierou~, cispeciallJ- 011 oyster beds in shiLllo\\. water. Takes t h e  
hook freely and itt times is vc?ry troublesome to itnglers. Not esteeiiied for food, on 
accoiint of its extreme. i-ghness, hit IS  s o i t i e t i t ~ ~ e ~  (.:iten by nrgroes itrid is said to be 
we11 flavored. 
24. par&chthys dentatus (L.) .  “ f l /oUndc) .” *  R u n , n ~ e i . p o r c ~ d e ) . ;  I’ltriro. (]’late xX.) 

The common flounder of the lower Potoinac duriug the 8iiniiiier months j i t  takes 
$lie hook readily, and when of 1iLrge size is OW of t l i c h  iiiost .r.nlned food-fish of‘ the river. 

Uhler :tiid Luggei~ did not find this fish in Chesapeake Bey or its tributaries, but 
say that it has been occasionally taken 011 the coast of Worcester County. 

The specimen figiiwd wiis a8hoixt fi inches loiig. The siiperior surface was of a 
Iiuiformly brownish-olive coloi., wit11 tell distinct ooelli coiisisting of a dark-brownisll 
cc?ntcr with a pale border. The basal part of the caudal was obscurely spotted, and ti1 

single d ~ k  spot appearcid 011 th(3 ~ r i l t l d l ( ~  of R ~ P \ V  of th(+ dorsd i111d anal rap i .  



Bull. U. S. F. C. 1890.-(To face page 72.) Fishes from the Lower Potcmac River, PLATE XVlll. 

CYPRINODON VARIEGATUS. I'aal'z'egated B I i w w w .  Male. Twice natural size. 

CYPRINODON VARIEGATUS. Variegated lwiinnow. Young. Six times natural size 

ZYGONECTES LUCIE. Male. Four t.iines natural size. 



Bull. U. S. F, C. 1893.-(to face page 72.) Fishes from the Lower Potornac River. PLATE XIX. 

FUNDULUS MAJALIS. Ma~f i sh .  Young. Four times iiatural size. 

FUNDULUS DIAPHANUS. Spying MiMilzitoiu. Male. One and one-fifth times natural size. 



Bull. U. S. F. C. 1890.--(To face page 72,)  F~shes from the Lower Potomac River. PLATE XX. 

MEN~DIA BERYLLINA. Silversides. O m  and one-fourth times natural size. 

PARALICHTHYS DENTATUS. Sunanlev TZounder. Immature. Two-thirds IiatuId Side. 



5.-REI’ORT ON T H E  FISHERIES OF ‘THE NEW ENGLAND STATES. 

BY J. W. COLLINS AND HUGH M. SMITH. 

I.-GENERAL REMARKS AND STATISTICS. 

The fisheries of the New Ihglarid States are so wc~ll defined as to their character, 
methods, etc., and fortii such an important part of the industrial life of that, section, 
that it; is deemed proper to present a special paper defiling with tlieir various pliascs, 
in order to exhibit their extent and condition in greater detail thau would be ])recti 
cable if the entire coast of tlie United States were uiider consideration. 

The information herein given is similar in general scope, character, and :mange- 
~ilent to that contained in the “Statistica,l lieview of the Coilst Fisheries of the 
United States,” recently published by the lJ. 8. Fish Connnission, but is much inore 
detailed than ever before presented in tlie matter of ininor civil divisions. It is 
thotight that this feature of the paper will be received with favor, s h e  it enables 
the reader t o  obtain the fullest statistical iuforin:ttion coiiceruing tlie extent of tlie 
fifilieries in &zcli coast county in New Eiiglaiid. The niutc~i:il upon which tlie report 
is based was obtained by a personal canvass by agents of the U. 8. Fish Conniiissioii 
of the 3,4GO miles of ooarst, line covered by the statistics. The report relates to the 
ealenil:~ year 18x9 niid includes the entire commercial fislieries of the New Hiigland 
eoast. IJiider e;wh State will be found a definite xtateiiiwt of the cxtent to  wliiclt 
the various rivers were investigated; in general, howcvcr, it may be strid that :tll 
Streams were canvassed to the limits of economic fishing, and tho report niay therefore 
be regarded as :I complete exposition of the fisheries and fishery industries of this 
Soc tion. 

The tables have been conipiled a n d  armnged with the 1 ~ u u p o w  of exhibiting the 
(litferent phases of the fisheries iuider the following heads : 

1. Civil divisions: A clear conception can be obtained of t h c b  wlntioii of’ the fish- 
eries, not only to e:ich State but to each oouilty dong its coast. 

2. The vessel and shore fisheries: Thwo ani c4ibitcd in siic*li il I I I R I ~ I ~ C ? ~  as to 
show definitely tliu extent :tud value of each. . 

3. The value of fislieries by apparatus: These tables show tlitx relntirc c?il’eotive- 
ness of‘ each forni of apparatus :LR :bp,plied to  t’he fisheries. 

4. The importance of the fisheries by species : Under this lieid i\l‘e considercvl sncli 
fi%ries i1s those prosecwtctl for tltc. cwl, tlic ~ i i a ~ k ~ ~ ~ l ,  the \1’11iiIe, cat(*. 

. 

73 
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ti. An exhibit of the fisheries by fishing-grounds : These apply more particularly 
to  the food-fish fisheries. The value to the New England fishermen of all t’he leading 
fishing-grounds is thoroughly demonstrated by showing the amount of products 
landed. No feature of this report is of greater importance than that embraced under 
this heading, since its consideration will show graphically and at a glance the rele- 
tive importance of these fishing-grounds and will serve as a ba8is for tho considera- 
tion of international questions bearing upon the fisheries. It will be seen that the 
fishinggrounds which are of greatest consequence to our fishermen are those in the 
open ocean or near our own coast. The grounds in the Gulf of St. Lawrence or in 
other waters immediately adjacent to Canadiaii territory are of comparatively ininor 
importance. 

6. Special phases of the fisheries, such as the average earnings per ton, per fish- 
erman, per hundred dollars invested capital, etc. : This feature, inasmuch as it exhibits 
a t  a glance many of the salient points connected with the fisheries and furnishes a 
basis for comparing the importance of the various branches of the industry in eaf& 
county, will doubtless prove of interest. 

7. The importance of the bait fishery and the relative effectiveness of certain 
forms of apparatus in procuring bait. 

8. The extent of the important shore industries: These iiiclnde the branches de- 
pendent on the fisheries proper, as sardine and lobstw canning, hc~ring smoking, etc. 

A brief explanation of certain features of the tables will contribute to a clearer 
conception of their scope. In  the first place,in order to  show clearly in one total 
the yield of different branches of the fisheries, i t  has been found necessary to reduce 
to the common unit of a pound certain products that are not usually handled on such 
a basis in the trade. In reading the tables, therefore, the following key, which covers 
all cases, should be borne in mind: 

Oysters : The weight given i8 for the edible part (meats and liquor) ; 7 pounds to 
a bushel. 

Round clams or quahogs (Venus mereeltarin): Same as oysters; 8 pounds to a 
bushel. 

Long clams or soft clams ( N y u  wenaria) : Same as oysters; 10 pounds to  a bushel. 
Scallops (Pecten irradians and 1’. naagellnnicus) : Weight of (( eye” or muscle (tho 

Oil (whale, seal, and fish) : 74 pounds to a gallon. 

The boats carried on vessels are not shown separately; their value is included 
with the outfit of the vessels. 

The classification of the fish is into fresh, salted, and smoked. Fish specified as 
salted are those, which leave the vessels or the hands of the fishermen in the various 
states of preservation by means of salt. The smoked fish shown in the regular tables 
are only those which are so prepared by the fishermen j the smoking done at canneries 
and in smokehouses not used by fishermen has been considered to  be a manufacturing 
enterprise and has been included under the head of sliore industries. Canned fish 
are shown only as the products of manufaoture and not of fishery. Tbe quantities 
represent in all case8 the weights as sold by the fishermen and, coiisequently, are 
considerably less than the weights which the products have when taken from the water. 
Thus, the fiRh classified in the tables as salted mould, wlien m i n d ,  weigh approxi- 

edible portion) is given; 3& pounds to a bushel. 

Idle vessels, boats, apparatus, and shore property are omitted from the stati s t’ 1cs. 
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mately twice as much as the amount given, and smoked fish lose about two-thirds the 
Weight in the process of curing. 

The values of products are in all cases based on the prices paid the fishermen, or 
the original cost. 

The series of special tables for each State, which show in detail (by fisheries and 
fishing-gronnds) the importa,nae of the vessel fisheries, needs some little explanation. 
By the amangerneiit giving the extent of the fislieries by fishing-grounds each vessel 
is credited to  all tlie fisheries in wliidi it was engaged during any portion of the year, 
together Ivith its tonnage, value, aud c:rew; it is therefore duplicated to that extent, 
but iio duplication of the catclr occurs. Tho following definitions of the more im- 
portant fisheries recognized will aid i i i  giving ik clear underst;l;liding of the tables: 

Shorcaf181my: Vessels engagiug in this branch are mostly small craft, about ti to 
60 tons, frequenting waters adjacent to  the New England shore and catching so-called 
ground fish, which are sold either fresh or mlted. 

Market ,fishery: Vessels credited to this fishe1.y are of medium or large size and 
take fish on the banks lying to the westward (Georges, Browns, etc.) or off the New 
England coast. The catch consists mostly of cod, ha,ddock, pollock, hake, and halibut, 
and is landed in a fresh condition. 

HuJibuf $n.hery: Vessels incitieiitally tl~kiiig small quantities oi’ halibut in the 
bank, marl&, and shore fisheries liave riot been classed under the halibut fishery, 
which designation has been reserved for vessels rnaking special trips for that species 
and landing tlieir fares in a fresh condition or itetched and salted. The other species 
taken while fishing for halibut are properly credited to this fishery. 

Muelwe1 ,fishery: All vessels taking the ~oinmon mackerel, with seiiies, hookH,.or 
gill nets, are sho-wn under this head. Alewives, menhaden, herring, shad, swordfish, 
and other species taken, in purse seines 01’ by any otIiei* means, while catching mack- 
erel me included in this fishery. 

The other fisheries are self-explanatory. 
In  order that no inisunderstanding may mise from the use of common or popular 

names in this paper, it is considered advisable to present in this place the scientific 
identifications opposih the common iimies. 

Common iinium. Sciuntifio IUMI~OR. Conuuoi~ I i i u i i i w  

Albacore (tunny or 
Iior80 nlackercl). 

Alewife . . . - . . . . . . . Clupen pseudohareugux 
and C. oestivalis. 

Pornatomus seltatrix. 

Sebrtstes marinua. 
Stromatous triacaiithus. 
Awtrrhichas lupus. 
Gadus morrhua. 
Ctenolabrns adspersus. 

Sardn sarda. 

Broemius brosme. 
A ~ g ~ i l l a  rostrata. 
Parrtlichthgs dentatus, 1’. 
oblougus, Pleuroncctca 
maoulatus, Psendoploiiro- 
i iecte~ imerictiiiiis, chiefly. 

Frostfish (or tom- 

Grouper. -. . . . - - . . -. 
Iladdoclr.. . - -. . . - ~. 
Hake - - - . - . - . - ~ ~ - - 
Halibut. . -. . ~ . ~ -. -. 
Herring ~ ~ - ~ . . - - ~. . . 
Hickory sh:ii(i. . ~ . - -. 
Kingfish . --.. .. ~ _.. 
Ml’clcorol.. ~. . . . ~. . . 
Menhaden ~. . . . -. . - . 
Red suapper.. . ~ - -. . 
salmol~ ~. ~. . . . . . . . . 
Scup (or porgy) . . . . 
Sea bass 
Shad.. -. . -. . . - - . ~ ~. 
Smelt ___. __._.. _._. 

cod). 

Pqlloclc __.- .--- _ . . I  

. ~ ~. . . ~ - * - . 

Soiontiflu nniuuH. 

Miorogadns tomcodus. 

Epinephelus morio. 
Melanogrammiis muglofinss. 
l’hycis chuss end P. tonilis. 
1.Iippoglossus hippoglosnns. 
Clupca hurcngus. 
Clupoa mediocris. 
Mcrritioirrus nebulosus. 
Sooinber soombrims. 
Brovoortia tyrannns. 
Pollnchius virens. 
TJut;jnnua blackfordi. 
Salulo salar. 
Stenotornus chrysops. 
Aerrauus atrarius. . 
Chipert sapidissimn. 
Osuiurus mordrtx. 
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Ycomberornorus maculatus. 
Cynoscion regale :md C’. 

maoulatum. 
Rorciis lineatus. 

Aoipenser osyrhgnchiis. 
Xiphias gladius. 
Tautoga onitis. 
Mrrliic~ins hiline:lrih. 

MelacleinrnyH palustris. 

Common names. 
Spanish inackercl . . 
Squetcagiio (or wa 

Striped bass (or 

Sturgeon.. . ~ __.  __.  ~ 

Swordfish . ~ ~ - ~. - -. - 
Tautog. -. - ~. - . - - - _ _  
Whiting (or silver 

Terrapin . . -. - -. ~ - ~. 

trout). 

rockfish). 

hake). 

The following 
fisheries in 1889. 

Crabs . . - - -. . . . . - - . ~ 

Lobstcr . . - -. ~. ~ - - _. 
Shrimp . ~ - ~ -. . - - -. . 
Clam (mft or long). . 
Clam (hard, roni~d, 

Oyster . . . ~ ~ - ~ - -. . . . 
Scallop . . . - ~. . . . . . . 

Squill -. ~. . -. ~ . ~. - -. 

or quahog). 

SoiontiBa 11.1111(*8. 

Callineotes hastatus and 
C:tncer irrorattL, chiefly. 

Honiarus arnericaiii~~. 
Cxnnyon vulgaris. 
My:& arenaria. 
Vr,1111s morcenaxi:t. 

0stre:L virginirn. 
J’rctcw irradiiins i i i i ( l  P. 111.11- 

gellaniciis. 
l d i g o  pe:ilvi. 

tabular statements give ;i snmma,ry, by States, of the New Ihgland 

The first table shows that 36,536 persons were eniployed in tlie iiidustry, of wlroin 
15,122 were eiigaged in tlic vessel fisheries, 12,295 in tlie shore or boat fisheries, and 
9,119 in various capacities 011 shore. In the iiumber of vessel fishermen Massachusetts 
is much in the lead of all the other States, having 10,851 persons in this class. Maine 
takes first rank in the shore fisheries md shore industries, giving employment to 6,205 
and 5,244 persons, respectively. 

The vessels, boats, apparatus, short. property, and cash capitnl cmployed in the 
New England fisheries are next given. The table shows 1,542 vesscAls, with a tonarige 
of 79,738.49, valued, with their outfit, a t  $(i,382,00(i. ;Massachusetts is credited with 
more than half of all tlie fishing vesstlls of New England, vie, 836, followed by Maiue 
with 408, Coiineoticat with 214, lthode Islmd with 69, and New Ha,mpshire with 15. 
Of the 11,561 boats, valued at  $657,010, used in the shore fislieries, Maine has 5,990, 
worth $237,460, and Massachusetts han 3,494, valued at $254,033. The apparatuts 
employed in the actual taking of.fish and other products was valued at  $1,683,525, 
of which $692,638 represented trawl ;tiid hand lines, $442,!460 weirs, poiind nets, and 
trap nets, $190,276 pots, $183,220 seines, $104,309 gill nets, and $68,122 minor forms, 
including bag nets, $Ire nets, harpoons, spears, dreclges, tongs, rakes, eto. Of the total 
investment hi apparatus of capture, Massachusetts lias $1,009,621, Maine $423,564, 
Rho& Island $119,417, Connecticnt $106,G82, and New Hampshire $22,291. The cap- 
ital invested in shore property of various Irjiids, ;is wharves, bui dings, flake yards, etc., 
amounted to $5,850,979, of which more than half is to be credited to  Massachusetts. 
The amount of ready money required to properly conduct the fisheries, and known as 
cash capital or working capital, was $5,523,284, Massachusetts employing $4,284,200. 
The total investment in vessels, boats, apparatus, shore property, and cash capital 
amounted to $20,094,794, of which Massacliwetts had $13,248,229, Maine $2,889,893, 
Connecticut $2,826,834, lthode Island $1,020,178, and New Hampshire $112,6GO. 

The third table shows the quantity aiitl v:ilue of raoh species of fish arid other 
marine products taken in each State. It is seen that, considering the New England 
States together, the cod is by far tho most important species, being valued at $2,539,757, 
after which come oysters :it $1,399,784, lobsters a t  $833,736, wlialo ~~roclncts a t  $828,463, 
haddock at $738,732, mackerel a t  8731,424, halibut a t  $726,756, and menhaden at 
$428,228. Regarding the quantities of products, menhaden rank first, with 173,632,210 
pouncis, followed by seaweed, with 149,553,900 pounds; cod, with 97,145,645 poundr;; 
Iladdock, with 43,473,627 pounds j herring, with 36,316,259 pounds, and Iohsters, with 
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StlIt,OH. 

30,44!),60:3 ljounds. The? largest; c;itoh WLS 111adv hy the Mussiichusetts fishermen, who 
took 299,317,66!) pounds, valued at $5,S58,274. Maine ranks second, with 129,559,864 
pounds, $9,111,20(i, followed by Rliocle Island, with 127,365,475 pounds, $935,144 j 
Connecticut, with 92,672,464 pounds, $1,557,500, and New Hanipshire, with 4,354,568 
pounds, $88,511. The combined (.:itch of all the New England States was 653,170,040 
pounds, worbh $10,550,641. 

Vessols. 
... .. .- - . I 

Fishing. I Transporting. 
. ~______ ..-~ I - .-- - 

l.--[rable sl~oriri~ig t11c iiunibw of pernoiin aiiiployed it1 the jishei.iee 0.l' the Net11 I31:glartd States in  1889. 

, No. I Net tiinnngo. 1 \rnluo. Value of outfit. 

Maine ............ I :I49 11,470.44 ~ $523,690 $201,487 

Mnssaohnsetts.. .. 814 S i ,  084. 18 3,042, 745 1,533,398 
HhOdO INlaDd.. .. .' (i2 I ,  402. OR 194,325 20,385 
Conneetiout ....... 200 5,052. 00 812,155 134,052 

I.. . .  ___ 

New Hampshiro .. i 10 588.05 ' 32,000 11,09D 

Total.. ..... , '  1,440 1 70, 503.32 ~-Gi-EE __- 

' V ~ S H O ~  fish 
inmoii. stntos. 

.. ._ 

Maino 2,680 
NOW Hampshire.. 141 
Mnssaohiisotts.. 10,851 
lthodo laland.. d88 

............... 
r .  lobad ................. 15,122 

I 

No. t o ~ i e .  \rnlue. /-- 
. ---I. ._ 

59 I, 000. 23 $75,4i5 $13,100 

22 1,275.12 55, 000 7,425 
7 81.74 2,025 400 

14 I 217.08 13,395 2,050 

....... .,. ................................... 

~- -1 8,235.17 ! 147,095 22,975 
I I I - - -_ _ - . 

Apparntus of oapturu. 

Gill nets. Ponnil nots, trap 
nuts, and weirs. Seines, 

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

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

~ _ _ _ _  -~ .. ..... ........ _______- -- ... . n --.I. ... . I I 

90 .......... 

Total ........ - 

Tutu1 
nrestment 

- 

$3,889,893 
112. w 

13,245,229 
1,020,178 
2, 826,834 

20, OM, 794 
-- 
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~ b a c o r e , f r e s h  
Alewives, fresh ........ 
Alewives, salted.. ...... 
Alewives, smoked ...... 
Bluefish fresh. 
Bluefish: salted.. 
Bonit,o,freeh 
]<onito, salted 
Bream free3 ........... 
Butter)-fish, fresh ....... 
Catfish fresh.. ......... 
Cod fr&h .............. 
Cod: salted ............. 
Cunners or perch, fresh 
Cusk fresh ............. 
Cusk: salted ............ 
Eels fresh..--. ._ ._ .. ~. . 
Flatfish and flounders, 

fresh .................. 
Frostfishor tomcod,fresh 
Grou 01: fresh 
H&d$e$, fresh ......... 
H&ddoek, salted.. ...... 
]&ko fresh ............. 
HakG salted ............ 
Hali&t fresh .......... 
Halibut: salted ......... 
Homing, fresh .......... 
Herring salted .__ __.__. 
Herring( smoked ....... 
Hick0 'simd, fresh 
Kin fix froyh 
Mo&ercf, fresh.. ....... 
Mackerel, salted.. ...... 
Menhaden, fresh. ....... 
Menhaden, salted. 

Red snapper, fresh ...... 
Salmon, fresh.. ......... 
Scup fresh.. 
See &ss, fresh.. 

Smelt, fresh ............ 
Spanish maokerel, freah. s u&a ue, fresh.. 

Sturgeon fresh. 
Swordfisi, fresh.. ...... 
Swordfish, sdted.. 
'Tautog fresh.. 
Whit&, fresh 
Miscellmeous 5ah, freah 
Miscellaneousfish,s&l~d 
Refuse flsh ............. 
,hrimp 
Lobsters.. .............. 
3rebs 
perrapin 
j4uid 3 stere 

Juahogs ............... 
5+allops ................ 
)ystershells 
81 m .................. 
Ealibut 5x1s 
gounds ................. rOs cs. ............... 

Amber '8 

pollock, fresh .......... 
pollock, salted ......... 

Shad fresh.. ........... 
Shad' salted 

S&ped Easa, fresh.. 

&ms (soft) fresh ...... 
?lama (soft): salted ..... 

sed &a other skins.. 

i i i  $L ................. 
3il: whale 

Whalek& 
Total.. .............. 

3.-Table ehozuing by speciea the yield of the $sheriea oJ* tlic Nci i i  ICngland A'tatee ilk 1889. 

............................................. 74,700 
2,388,225 $13,153 140,400 $3,080 2,032,691 
612,180 8,659 ................ 1,251,950 
357,714 8,596 ............................................. 396,967 

............................................... 194,066 
.............................................. 1,400 

26,000 270 
27 000 445 ................ 762,438 
6'000 120 

122,805 1,178,655 23,222 21,105,713 
11,482,238 314,391 195,000 5,325 55,236,288 

104,100 2,623 4,000 200 428,095 
367,600 4,641 38,500 350 431,778 
153,529 1,555 399,405 
103,145 8,735 12,000 1,200 424,708 

548,550 3, 

1,520,126 LO 

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

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

.......................... 
6,052: 472 

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

829,475 15, 

4,76P, 709 82, 

2, 916, 138 27: 

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

5,208,471 61, 
49U, 363 35, 

600 
17,969,281 70, 
5,209,925 63, 
3,185,925 99, .................... 

......................... 
417,441 36,0 
562,100 51,904 

10,184.760 28,284 ............................ 
2,338, 516 22,575 
958,722 9,804 .. 

.. 285,000 7,100 
162,740 34,118 .. 

............................................... i 2,501,165 ............................ 500 40 814,084 
887, 800 18,687 1 3 110,724 88 1 .......................................... 123,800 

1,055,385 74,977 i 48,000 3,666' IO, 700 I - - -  ................... ., ................ 23,461 ......................... ,. ............... 21(1,571 ........................ I.. .............. 24,878 
............................................ 2,800 

634,435 26,817 25,100 1,159 247,824 ......................... 3,600 180 7,200 
............................................. 046,365 

114,449 .................... 10 000 300 6,567 
........................... ..I.. .. .,. .......... 

448,400 1,755 1: ............................ 
....................................... 

....................................... !. .................................. .I. 

25,001,351 574,165 1 

.................................... .;. ....... -1::::::: 258,867 
2,242,092 73,941 1 3,000 1 150 2,243,310 

....................................... 567,800 

6,181,600 126,820 ................. 274 920 
800 100 ......... 1 ....... 1353304 1 

295,290 18.647 ................ 117,232 

12,900,000 (i. 315 ................ 117,998,900 

103,123 2,579 ................ 48,038 
161,564 3,231 ................ 251 383 

................................. ................ 37 

................................................. 98,268 

129,559,8G4 2,111,206 4,354,588 88,511 2b9,217,069 

I ......... 

.......................................................... 
................................................. ................................................ 62,000 

012~020 20,806 0,370 260 2 itw'aog 1 .................................. , ................ 0: 171: 618 1 
I - - - -- -- i 

4466 
65:538 
123,947 
15,764 
12 549 
26:774 

66,034 

2754 

5026 
77'708 
1118:624 

120,115 

358,274 

1:aia 

7,700 

$291 ...................................... 
22:2821 412.000/ 8.240 I ................... 29 173 499.450 ' $7,618 53,272 1 $670 I 

..................................... 
1,424,213 271,939 10,401,027 1,055,807 
833,750 32,475 263,000 24,900 

237 200 25 600 17?,896 21,114 
22:950 2:660 2,700 230 

................... 18,660,000 4,903 

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

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

................... 176,701 12,074 

..................................... 
127,305,475 936,144 02,672,464 1,557,506 

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

.......................... 7,800,000 6,600 

.................................... 8,610 

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

..................................... 
I_--__-- 

........ 134,800 2,380 I ................... 
X3.786 1 406,875 I 26,998 516,956 1 27,383 1 ........ 1,800 90 I ................... 

................... I .................. I ......... 
507 866 301,940 1 ?, 028 1,529,863 j 50,018 
,505:032 63,476 2,070 ................... 
18.788 16 000 I 640 5.000 ~ 200 

I '  

24,295 

20,906 529,750 1 .12,425 1 (iJ3,980 13,006 
113 ........... ........, 123,500 4.875 

592,178 103 I20 2,332 I 205,5D0 1 5,599 

55,690 ................. 900 1 15 
12,242 .......... ./: :. ..... '. .................. 
611,054 ................... ~ 2(il,890 i 2U,2L)3 
48,932 ................... ' ..... , ......... 
24,510 ' i  ! .................. .1: : 1.. ... .I.. ....... 

269 ........... .............................. 
9,5w 10:640I 212 j ................... 

... .... ....... 66,222 .................. .I. : .I.. 
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J.-Taable 8Imwiuq by npecies the yield of fku.fisJierier, of the Neru Englaird Staim ia 1883-4 'outiuuetl . 

SUMMART . 
Speoiea . 

Albacore . fresh ................... 
Alewives, fresh ................... 
Alewives salted .................. 

i Alewives: smoked ................ 

Pounds . 
74, 700 

8,114, 0.M 
2, 270 130 

492: 514 

. 
Value . !i  

Bream, fresh ........... 
Butter-fish fresh .................. 1,098, 888 

Cod, fresh ......................... 30,108, 643 
Catfish, fresh ..................... 6, 000 

Cod salted ......................... 00, 077.002 

/ /  .. __ 

120 
712. 939 

1.820. 818 
22. 451 
9. 923 
8. 408 

71. 038 
62. 211 
8. 224 

209 
707. 540 
31. 180 
85. 313 
75. 558 

074 034 
48:908 

142. 670 

99.039 
88. 213 

10. 970 
88.107 

1 
i 

90 11 

Swordfish, salted ................. 
Tautog, fresh ..................... 
Whiting, fresh .................... 
Miscellaneous fish, fresh .......... 
Mi8oellaneons fish, salted ......... 
RefuHe Ash ....................... 
Shrimp ........................... 
Lobsters ......................... 
Crnbs ............................. 
Terrapin .......................... 
Squid ............................ 
0 stern .......................... 
Clams (soft), salted ............... 
bcsllops .......................... 
0 storshells ...................... digs ............................. 
Seal and oLlior skins .......................... 
Halibut, fins ...................... 
Sounds ........................... 
longuos .......................... 
Oil, fish ........................... 
Oil, whale ......................... 
Ambergris ........................ 
Whalebone ....................... 

S'ot,nl ........................ 

CLms (soft), fresh ................ 
quahogs .......................... 

,, 

10, 800 
1,072, 030 

120, 089 
389, 077 
54, 200 

2,579, 000 
2, 866 

30,449, 003 
12, 700 
3, 057 

567, 800 
12,084, 107 
5,085, 752 
0,450, 520 

644, 200 
438, 181 

7 800 000 
149: 683: 900 

G!!, 0U0 
147? 056 
412, 947 

2,778, 099 
0,348, 219 

37 
98, 208 

653,170, 040 

219 
044 

250. 550 
474. 874 
425. 284 

2. 944 
54. 911 
35. 201 
29. 957 
34. 400 

4. 460 

255. 41.1 
140. 684 
59. 303 
48. 201 
0 500 

77. 252 

1. yu. 284 

!. 010 !. 754 z. 895 
8. 257 

98. 924 
602. 598 .. 760 
320. 115 

1 

Value . 1 
$174. 744 

87. 299 
40. 381 

3. 406 
84. 912 
2. 473 

38. 071 
13.390 

192 
64.728 

514 
43. 417 

I.  573 
3. 238 

4. ai8 1 
839 730 

1: 425 8G0!  

10.550. 041 ~ 

I 

Tlle question of the iit~tionality of the pursoi~x constitutiuy the crews of American 
fishing vessel8 is one of marked consequence. in view of the dependence to  be placed 
on the fishery marine of New England in the cvoiit. of war . The following table gives 
an accurete idea of the extent to  which t'he citizens of foreigii countries were repre- 
sented in the vessel fisheries of tlie New Englaiid States in 1889 . The figures show 
that Americans constitute 78.30 per cent of tho fishermen. while British provincials 
Compose 9.52 per cent and all other nationalities 12.18 per cent . 
d.--ll%rblo aliotui~rg Ilia )~ri~i~aber UW! irnlionalilg of ycl'soa8 mtployod i l l  fhe V e x x e l  $ishork?e 01' tho New &1b!/latu7 

State8 iT1  18S9 . 
. - ......... ...- . 

StUteH . 
. _._. ___ ~ 

.............. 1 8, 002 1 
................ !JlU 

.................. 1 11, 841 1-x 4401 l . / ~ ~ i  
E'ishiwq 'Vessels.-Nothing connected with .tho developmelit of the New England 

fisheries is more worthy of notice than the irnprovernents recently made in the form and 
rig of sea-going fishing vessels . The change has been most noticeable, perhaps. in 
Massachusetts . A few years ego  the New England fleet was composed of wide, sharp. 
ahallom schooners. reiniwkthle for having very broad storns and flat counters . AS a 
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rule they were heavily rigged, m d  w c ~ e  extremely unsafe in the severe gales to whicli 
they were frequently exposed. Many foundered a t  sea, going down with all their 
crews, and the loss of life and property was often appalliug. The very general belief 
that this type of vessel was the best for speed led t o  its general adoption, speed being 
a n  important factor in rleilrly all of tlic: ocean fisheries. 

As early, however, as 1882 the IT. S. Fish Coitimission ciilled attention to the 
faults of this forni and rig of fishing \xssels, aiid ih uhaiige \vis vigoroiisly urged 
through the publication of lettcm iii the newsp:~~~ers printed i n  fishiiig towns. 
Later, in 1886, the Fish Commission w1ioonc.r U m w p / i s  was built oil iiew lines. Slic. 
was a marked i~inovation on the prevailing ideas conc.eming the building of fishing 
vessels, being deeper, anti also luss broad aiid flat in her i5fter sectiou. It is t o  the 
credit of those interested t o  say that they sooii RiL\V the at2vaiit:Lge of h:t,ving mfcr 
and swifter vessels, arid since thv d:i tc, last nic.ntioucd tlie nlost radicd c*lianges liavc 
occurred in foim arid rig. The \'cry best tidelit h s  been bronglit to  tlie work of' de- 
signing fishing craft, and it is saiia to assume tluit) at 1)rqsent no otl ic~ wuntry ha,s ;L 
fleet of sailing fishing vessels so swift, or so beautiful as those recently turned out froiii 
the shipyards of New Iq;nglimd, wliile their seawortluiiess lias been c+o~~respondingly im- 
proved. Already the old type is rapidly being superseded by the new, and the cliange 
will probably be quite complete i i i  ;I Sew yea8rs in those braiiclies of fishery wvhei*e 
speed and seaworthiness are specially important EiLCtorS. AS ii resnlt, not only will 
there be a iiinrlreil reduction in loss oflife and Itroperty by vessels fouiidcriiig at #ea, 
but the fisheries will be v:wtly benefite(l by liaving vessels so much swifter than those 
formerly entployed. 

Mention may appropriately be wide  of tlic iiitroiluction of tlie cutter rig on small 
craft. Until recently tlie schoonor rig lias been prilctically universal north of C:ip 
Cod, but within the past tlircc! or four years u few vessels of about 15 or 18 tons liave 
been rigged as oittters or sloops with what is comnioiily called a double-head rig. 
Tliese craft have been built, on fine lines, aiid have in sonw cases been so swift thaty;lt:hts 
Ilsve beeii copied after them. 

The number and tonnage of the vessels of clifierent rigs eiriployed i i i  the fisheries 
of each New England State iL1.e sliown in  the liest table, the vossels fishing aiid those 
trensporting being giveii S(51)arii tely. The special facts disclosed by the table are: 
(1) the great ~)rq)oiitlcr:~nce of the schooiter i i i  the New 15rigliincl 8t:it~c.s :is a whole, 
iond especially iu Maine, %hssachusetts, and New H~nil)sIiii*c~; (2) the t!inploymeiit of 
ships, barks, anti brigs oiily in the fislieries of Massachusetts; ( 3 )  tlie relatively large 
number of steam vessels in Coiinecticut iLnd Rhode lsla~id, n i i d  (4) tlw restrictioii of 
the cat rig to M:cssnchnsetts ant1 Rhode Island. Tlic? lm~portioii of eiicli rig is :LH fol- 
lows: Schooners, 78.31 per cent ; ~1001)s; 11.09 pcr cent; stcwrters, 5.71 per cent; barks, 
2.46 per cent; cats, I .!K per wut; ships, 0.33 per cent, ;bud brigs, 0.26 per (wit. The 
square-rigged vessels are d l  cnildoyed in the whale fishery, t lw stcamcrs vhiefly iu the 
menhaden and oyster industries; sloops harc always been i i i  more geueral favor in 
Connecticut thaii elsewhere; the oat-rigged vessels arc sniall, geuer:illy oiily a little 
more than 6 tons c?ach, and ~ I i i ~ t ,  are c:ornnioidy cdletl boibts. The ahiost ulliver~a~l 
adoption of the scliooner. rig for fishing ~)urposes is well kuown m d  emphasizes its 
fitness for American waters. 
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5.-Tuble shouling by States and rigs tlic number and tonnage of vessels employed i n  the jiisherieo of the 

New England States i n  1889. 

89.(i3 

11,476.44 

489.42 
9.00 

588.05 

974.19 
1,753.87 
9,538.77 
465.60 

44,715.90 
402.82 
133.03 

57.984.18 

~- ~- 

-- 

Stabs. 

~ - -  --- .................... 59 1 1'660.23 .................... .................... 
.................... 
.................... .................... .................... .................... 

18 1,242.09 
3 26.84 
1 6.19 

22 , 1.275.12 

Maine .............. 

Total ............ 
Steamers.. ............ 
Slii s ............ 
Bar%S::::: ............ 
Brigs ................. 
Schooners.. ........... 
'Sloops ................ 
Cats .................. 

Tot3  ............ 
Steamers.... .......... 
Solloonera ............. 
Sloops ................ 
Cats ............. .... 

Total ............ 

Now Hampshire .... 

-- 
15 - - 
4 
5 
38 
4 

702 
40 
21 

814 

16 
26 
17 
3 

62 

- 
- - 

- 
- -- 

Rhode Island ....... 

Total ............ 
Steamers.. ............ 
Sl i iy  :..-.. ........... 
Bar s ................ 
Sobooners.. ........... 
Sloops ................ 
Cats .................. 

Grand total _ _ _ _  _ _  

Brigs ................. 

..___ 

Connecticut ......... 

- 
200 

83 
5 
38 
4 

1,132 
154 
24 

I, 440 

- -- 

- 

New England States. 

States. 

Maine ...................... 
Now Hampshire.. 
Mmsaehusotts.. ............ 
Connecticut.. .............. 

Tot&. ................ 

.......... 
Rhode Island.. ............. 

I 1 Fiahing veaeela. 1 Transporting vessels. 

Oyster and Crustwean 

flshcries. flslieries. 

General other and rep. Menhaden Mammalian Total. 
flsheries. mellusrm tilian fishery. flsherios. 

$1,298,728 $219,508 $574,165 $18,805 ............ $2,111, 200 
___- ____ 

70,846 150 6,415 2,100 ............ 88,511 

258,780 1,108,551 84,679 86,812 20.684 1,557,506 

6,573,289 1,907, Ell 837,301 395,167 837,073 lo, 550,641 

4,039,495 247 038 149,352 0,000 $816,389 5,858,274 
208,440 332: 664 22,690 281,450 ............ 935,144 

-- 

Rigs. 1,. 
~ ~~ 

Steamers ............. 1 
Schooners.. ............ 330 
Sloops ................ 12 

,. lotal ............ i- 340 
I== 

Steamers. ............. 1 
Schooners ............. 13 
Sloops ................ 1 

Steamers. ............. 61 
Sohooners ............. 55 
Sloops ................ 1 84 

Tonnage. I No. 1 Tonnage. I --- 

~ _ _ _ - _ _  I--- ____ 
751.15 .................... 
474.30 1 ; 1 2;L:; 1 
158.72 
17.88 53 86 

7 82.74 

118.71 
98.31 

217.08 

46.73 
1,753.87 .................... 
0,538.77 .................... 

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

_______ ___.___ 

A further classification of the products of the fisheries is given in the following 
tabulastion. The various fisheries for food-fish are seen to have yielded $6,570,610, the 
fisheries for oysters, clams, and other mollusks, $1,907,811 j the fisheries for lobsters, 
Crabs, and other crustaceans, $837,301 ; tho fishery for menhaden, $396,167; and the 
fisheries for whales and seals, $837,073. 
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A most important and interesting presentation is made in Table 7 ,  which exhibits 
by States the quantities and values of fishery products taken by the principal forms 
of apparatus. Weirs, pound nets, and trap nets take the largest quantities of fish in 
Maine, but yield the most remunerative returns in Massachusetts, a circumstance due 
to the difference in the charaater of the fish in the two States. The catch in seines is 
greatest in Rhode Island, after which come Connecticut and Maine, but the value of 
seine-caught fish is much the greatest in Massachusetts. Gill nets take the most fish 
in Maine, but give the largest money returns in Massachusetts. In Connecticut both 
the catch and the value of products taken in fyke nets :we greater than in any other 
State. Pots give larger results in Maine than in all the other States combined. 
Massachusetts easily leads in the products of the hand-line and trawl-line fisheries, 
showing an excess of nearly $2,500,000 OT-CP the aggregate results in all other New 
England States. The use of miscellaneous apparatus, such as guns, harpoons, dredges, 
tongs, rakes, dip nets, etc., yields the best results in Massachusetts, though Connecti- 
cut is only slightly behind. The catch of whales with harpoons is not considered, 
this being the reason for the apparent high rank of Connecticut. 

Considering the total output for each form of apparatus, it is found that, although 
the most primitive means of capture, lines took 27.70 per cent of the products and 
43.52 per cent of the value; while seines, which yielded nearly as Iarge a percentage 
of products, vix, 26.73 per cent, took only 8.85 per cent of the value of products. This 
disparity in value is due to  the fact that the most valuable food species are taken on 
lines, whereas the fish caught in seines are chiefly menhaden, which are sold at  rel- 
atively low prices for manufacture into oil and fertilizer. 

The development of the pound-net, weir, and trap fishery has been quite remark- 
able in certain sections of New England since the abrogation of the fishery clauses of 
the Washington treaty. This has been, in a measure, due to the demand for bait 
caught on our own shores, and has led to the profitable prosecution of the pound-net 
fishery on the coasts of Maine, Massachusetts, and Rhode Island, in particular. Barn- 
stable Bay and the region east of Portland, Maine, have become noted bait resorts 
during a large part of each year when herring, squid, and other bait species approach 
the coast. As will be seen by the tables exhibiting this branch of fishery, the increase 
in the number of these forms of apparatus has been very marked since 1880. 

A remarkable outcome of the pound-net fishery is the profitable utilization of cer- 
tain products for food lmrposes that heretofore have been accounted worthless or of 
little value. Among these may be mentioned the squid, the home-mackerel or tunny, 
and the whiting or (‘ Old England hake.” It is only recently that the first two species 
have been considered of any value for food in our markets. The squid is now quite 
highly prized, and at  times the  demand is greater than the supply in the markets of 
the large cities. 

The horse mackerel constitutes a cheap, wholesome, and palatable food, and its c a p  
ture and utilization for this purpose are additionally important in view of the fact that 
i t  is one of the most predaceous species in American waters; and, being of large size 
and generally numerous, it is exceedingly destructive to  those species upon which it 
preys, such as the mackerel, herring, menhaden, etc. 

Although the whiting, as it comes from the water, is one of the best-flavored and 
most nutritious of our food-fishes, the difficulty of keeping it fresh and in good con- 
dition when iced bas militated against its utilization to a large extent for market 
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Purposes. Often great quantities are taken in pound nets and floating traps; but 
generally these fish have to be t m e d  out of the nots, only to reejnter perhaps on the 
next tide. Some effort has been made to market at leaot a portion of the catch, a'nd 
it is to be hoped that a method will be discovered for utilizing quantit!ies of this spe- 
cies. In view of its abundance and cheapness it seems pertinent to suggest the pos- 
sibility of its profitable utilization by canning or smoking. I ts  delicate flavor should 
make it an excellent article of food when canned, or, if lightly salted and prepared 
like kippered herring and finnan haddies, a demand might be created which would 
Consume great quantities of what is now essentially a waste product. 

Another noteworthy result of the abolition of the fishery clauses of the Washing. 
ton treaty and the attempt of American fishermen to secure supplies of bait on the 
New England coast, is the catch of herring at night on the coast of Maine by means 
Of the purse seine; for a number of years i t  has been a commou occurrence to catch 
mackerel a t  night in this manner, and on some occasions herring have been thus taken 
by mistaking them for macl~erel. Tho recent demand for bait led, t o  the attempt 
being made at and near Boothbay to carry on somewhat of a systematic purse-seine 
fishery for herring at night. The results have been gratifying, on the whole, and there 
is fair promise of tho continuanco of tho enterprise. 

Mention may bo made here of the fact that at certain seasons, especially in 
spring and summer, the herring occurring offshore in the Gulf of Maine are in prime 
condition for pickling. If these are taken and properly prepared, they will readily 
Sell  at a high price. 

Y.-Xabte s~mwing the quantities, values, and percentages Of fisaey produote taken in  eaoh kind of apparatus 
in  the New England States in 1889. 

Apparatus. 

-_ 
wOir8. DOUnd 

Maine. Nom Hampshiro. Massachusetts. Rhode Island. Connootiout. 
_____- 

nets an'd trap sTl&. ._ ____.. 
Gill nota. _ _  _. . 
Bykeneta ..... 
Pots .......... 
T r a w l  a n a  
hand lines.. . 

~dhoollanoous. 

........ 21,921,538 *12,411, GO3 
9,808,708 
111,000 

25,088,420 

87,055,071 
23,308,428 

758 198 3 462 775 GO 015 I35 387 320 3 533 965 
285:194 1 ' 50:070 1 2:949 11&:232:8a5 11:285:354 

$231,320 
*132.800 
120,802 
1,380 

581,416 

9,683,879 
113,102,525 

292,820 
114,250 
570,750 

1 352 088 
2: 188: 503 

138,788 $3,303 14,633,315 $328,386 
503,800 5,289 7,009,120 405,935 
61,900 940 6,163 153 139,278 

.................. 44: 055 1,400 
137,175 0,416 3,057,251 169,956 

I I I 
$171,771 
297,115 
18,924 
3 045 

27: 405 

7,556,065 $43,288 
41,426,034 92,717 

116,880 6,714 
455 250 8,759 

1,8uk: 740 108,432 I 76 778 I 3 049 824 I 153,693 
341: 100 37: 032: 471 1,144,003 

Tohl ... .129,559, A04 2,111,208 4,354,568 88,511 299,217, 009 5,858,274 127,305,475 935,144 92,072,404 1,557,506 -- I /-I// I--I I--I---/-- 
Total. Poreontago. 

Apparatus. 
Pounds. 1 Value. - 

weirs, pound nets, and trap nota.. ....................................... 53,934,185 $778,074 8.26 7.37 
8.85 

2 d 6 0 8  i ':2":!! 1 2.72 
Seinee ................................................................... 174,603,772 931 040 1 g g m e t s  ................................................................. 1 15,243,521 i ............................................................... =Ylre nets. 725,155 14;584 I .ll .14 I ??"' ..................................................................... 1 31; 283.342 I 887. n'Ld 4.7n I R. d l  . ., .-- .... _. -- 
A b W l  and hand linea .................................................... 180; 907; 078 4,501,149 27.70 43.52 1 kiscellaneoua.. .......................................................... /. 196,472,387 I 3,058, 000 1 80.08 28.99 -- I Total ............................................................... 653,170,040 10,550,841 1 100.00 1 100.00 
\ . I  I 

* hOlUdinp  bag neb. 
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The following table, showing the actual and relative importance of the vessel and 
shore fisheries, presents some interesting facts. In Maine the vessel fishery employed 
29 per cent of the fishermen, 63 per cent of the investment in fishing property, and 
yielded 33 per cent of the value of products. In New Hampshire this branch of  
fishery furnished occupation for 42 per cent of the fishermen, 86 per cent of the fishery 
investments, and produced 63 per cent of the catch. Seventy-four per cent of the 
fishermen of Massachusetts were employed on vessels; 90 per cent of the value of 
fishing property was invested in vessels, which landed 82 per cent of the fishery prod- 
ucts. lthode Island had 30 per cent of her fishermen and 59 per cent of her fishing 
investments in the vessel fishery, which yielded 43 per cent of the products. The 
returns for Connecticut show that this branch of fishery employed 45 per cent of the 
fishermen, 80 per cent of the invested capital, and prodiiced 71 per cent of the value of 
the catch. Massachusetts had the greatest percentage of fishermen in vessel fisheries, 
and Maine the greatest percentage in shore fisheries; Massachusetts had the largest 
proportion of capital in vessels, and Rhode Island the largest ratio in shore fishery, 
boats, and apparatus; Massachusetts vessel fisheries and Maine shore fisheries took 
the greatest percentage of products. The men and vessels employed in transporting 
fishing products are not included in the discussion or table. 

8.-Table showing by States the actual and relative importance of the vessel and shore fisheries of New England 
i n  1889. 

states. 

Maine . . . . -. . . . - 
New Hampshire 
Maesaohusetts.. 
Rhode Island.. . 
Connecticot . . . ~ 

Total _._._. 

I l'roducta. I Investment. I Fishermen. 

N;. I ~ercejtage. 1 VT. I P e r c e n r .  1 Talne. 1 ____ Perceytage. 1 
Vessel. Shore. Vessel. Shore.' Vessel. Shore. Vessel. Shore. Vessel. Shore. Vessel. Shore. I ---- ______---___-_- 

2,515 6,205 20 71 ' $871,115 $515,095 63 37 ' $600,967 $1,420,239 33 67 

10,700 zt 1 3,748 :::I 3: 1 !i 1,2;2% 1 52:;; 1 1 1,7v3,185 56,018 /I._,O80 32,493 I I% I 1 
286,435 160,445 398,310 538,834 

1,030 1,252 45 55 681,476 170,608 80 20 1,107,087 450,419 71  
I_-------___.___-_- 

14,822 (12,205 ( 55 ( 45 b, 121,307 11,429,164 I 8a I 17 17,030,507 13,520,074 I 87 / 33 I 

Table 9, which is next presented, shows by fisheries the extent and relative value 
of the vessel fisheries in each of the New England States. With aview to exhibit the 
full comparative importance of the various fisheries, each vessel is credited to all the 
fisheries in which it was engaged during any portion of the year, together with its 
tonnage, value, and crew. It is therefore duplicated to that extent. The value of 
the catch in each fishery, however, is not duplicated, and taken in the aggregate will 
give the total value of the vessel fisheries of each State, with the exception of sounds, 
tongues, and fish oil. 
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g.-Table showing the relative importawcc of each of the vessel$sheries qf the New England States in 1889. 

Fisheries. 
-- 

Bank cod ................. 

Hndibut.. .................. 

Mackerel ................. 

Market ................... 

Shore.. .................... 

Whale and sea1 ............ 

Earring ................... 

Menhaden ................. 

Sw ordflsh ................. 

Ilollnscnn ................. 

Lobster ................... 

Meinn ................ 4,257.12 $214,900 

Total ............ 27,959.81 1,475,920 

Mn8saohusetts ........ 1 t.1 23,702.09 1 1.201,020 - - - ~  
-____-__ 

Maino ................ 334.09 2;, 500 
NBW Enmpahire.. .... 68.93 2,800 
Mnssachusotts.. ..... .I 54 1 4,400. 84 1 280,834 

,. lotnl  ............ 
Mains ................ 80 7.006.01 311,490 
New Hampshire.. .... 243.90 14.000 
Massachusetts ........I 2;ft 1 13,318.82 1 700,780 
Rhocle Island.. ....... 291.03 22.325 
Connection6 ...... ..._I 0 I 100.40 1 11,050 -- 

I -  lo ta l  ............ 1 419 I 21,110.82 / 1,000, 848 

............... 
Now Hampshire.. .... 08. 93 2,800 
MaH8achllsettH ........ 
Connoctiont ......... ./ 27 1 1,022,44 I 02,  000 

1-1 
Total ............ I 247 1 15,742.17 1 957,475 -.-______ -- 

Maine ................ 217 4 755.82 185,090 
Now 1Inmi)shiro. .... .I 11 ! ' 337. 00 1 10.400 
Miismcliu~ctts.. ...... 
Rliod~ Island. ........ 
Connecticut .......... 

Total ............ __ 
Maasachuseth ........ 08 14,303.55 
Connecticut .......... 4 402.38 15,000 

Total ............ I 72 1 14,705.88 1 078,400 -_ ___ --.____ 
Msino ................ 1,008.01 09,000 
MassachusCttR.. ..... .I 1 742.07 1 35,550 

........... 141 1 2,650. 08 104,550 ---____ __-________ Tntnl. 

Maine ................ 20 641.52 23,110 
NBW Hampshire.. .... 1 89. 03 0,000 
Mnssachnsetts ........ 1 20.97 0,000 
1Ui0de Island .____. . _. 10 890.05 137,000 
Connccticut .......... 0 451.80 01,500 

Total ............ 44 2.099.97 233.010 
-~ 

Mnino ................ 25 700.51 34,050 

Mnssachnsetts.. ..... .I i 440.53 28,050 

Connecticut .......... 180.80 13,150 

New Hnmpshiro.. .... 30.93 1, 000 

Rhoda Islrmd.. ....... 232.43 24,525 

______-- ___ -- 
................ 2,875 

Mnseachusetts. ....... %:: 1 4,075 I ;: 1 Mnino 

Rhode Islnnd. ........ 180.17 20,350 
Connecticut .......... 113 1 2,320.89 319,150 

Total .__.. ~ __._._ 149 2,679.39 353,350 

Maine ................ 29 370.64 14,825 
New Haml)sbiro.. .... 1 19.41 1,300 
Massachusctts.. ...... 10 151.76 9,000 
Rhode Island. ........ 1 5.45 500 

_-__ ___ ____ --- 

2ounecticut ......... .I 22 201.18 18,915 

Total ........... . i~n/ 808.43 I 44,540 

Value of %l:.f I catch. ____ I- 

15,902 
0, 132 

4,129 

27 3,894 -~ 
3,749 1 500,290 

3,340 I. 1,292,105 ___-- __ -. -- 
1,225 228,380 

QG I 39,013 
999 177.188 
84 l0;907 
111 I 26,360 

2, 515 482,514 

1,918 810, 389 
09 20.084 

-____ 

1,987 I 837,073 __ ____ -_ .__- 
455 1 39,5117 
174 15,000 

-1 
029 1 54, 507 

219 281;460 
125 1 80,812 

530 396,107 

167 20,817 
9 1,339 

189 9,030 
64 7,417 
39 8,101 

- _ _ _ _  --_____ 

207 I , 48,572 
._ 

Two tables are next introduced which give for the vessel and shore fisheries, re- 
spectively, certain averages and percentages which are instructive. They show the 
great difi'erences between the various States in certain elements of these industries. 
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In the size of vessels, it is seen that the average is 32.88 tons inMaine, 39.20 tone in 
New Hampshire, 71.23 tons in Massachusetts, 22.61 tons in Rhode Island, and 25.34 tons 
in Connecticut. The general average is 53.18 tons. The average value of vessels is 
least in Maine, viz, $1,500, and greatest in Massachusetts, viz, $3,738, the average for 
New England being $2,993. The average value per net ton is also least in Maine and 
greatest in Rhode Island, the latter Statehaving a considerable fleet of expensive steam 
vessels. Massachusetts vessels have aless value per ton than those of Connecticut and 
New Hampshire, Connecticut having a number of steamers which bring up the average 
and New Hampshire possessing a small fleet of relatively valuable vessels. The general 
average value per ton is $57. In the items of apparatus and outfit, Massachusetts also 
takes the lead, with an average of $2,739, followed by New Hampshire, Maine, Con- 
necticut, and Rhode Island, the last State being credited with $679, while the average 
for all the States is $1,958. The average number of men carried on vessels is 13 in 
Massachusetts, 9 in New Hampshire, 7 in Maine, 6 in Rhode Island, and 5 in Con- 
necticut, the general average being 10. Connecticut and Rhode Island easily take the 
first positions in the average value of catch for each man constituting the crews, owing 
to the use of steam in the oyster and menhaclen fisheries; Massachusetts ranks third, 
followed by New Hampshire and Maine. Rhode Island takes precedence in the matter 
of average gross stock per vessel, with $6,424, after which are Massachusetts with 
$5,867, Connecticut with $5,691, New Hampshire with $3,734, and Maine with $1,979, 
the average for all States being $4,888. For each net ton the vessels of Rho& Island 
and Connecticut take products to the value of $284 and $221, respectively, while the 
average for all the other States is less than $100. For each $100 invested in the 
vessel fishery, Rhode Island and Connecticut vessels stock $168 and $163, respectively, 
taking similar precedence over the remaining States. 

Consideration of the figures showing the percentages of value of products for each 
form of apparatus employed in the vessel fisheries discloses some important facts 
illustrative of the diEerent interests involved in the fisheries of the several States. 
The seine is more important than any other apparatus in Rhode Island, in which State 
71 per cent of the stock of the vessels is obtained by this means, while in each of the 
other States the seine is to be credited with only 10 per cent or less of the value of 
products. In New Hampshire, Maine, and Massachusetts hand lines and trawl lines 
yield the largest returns, the figures for these States being 86 per cent, 73 per cent, 
and 72 per cent, respectively. In Connecticut only 12 per cent of the value of prod- 
ucts is obtained with lines, and in Rhode Island only 7 per cent. Gill nets and pots 
are of greater comparative value in the vessel fisheries of Maine than elsewhere, 
although their general importance is slight. Miscellaneous forms of apparatus, as fyke 
nets, dredges, rakes, harpoons, Gns, etc., are much more valuable in Connecticut than 
elsewhere, as much as 78 per cent of the value of the vessel catch in that State being 
taken in this way. Concerning New England as a whole, it is seen that 59 per cent of 
the yield of the vessel fisheries is taken with lines, 12 per cent with seines, 1 per cent 
each with gill nets and pots, and 27 per cent with miscellaneous devices. 

In the shore fisheries the average value of fishery products taken by each man is 
greatest in Rhode Island and least in New Hampshire, the general average being 
$286, a sum considerably less than in the vessel fisheries. For each $100 invested in 
boats, $536 worth of products are obtained, Rhode Island, New Hampshire, and Maine 
haviug more than the general average, and MassachuFcetts and Connecticut less, The 
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72.83 
80.27 
71.07 
7.29 

12.01 

58.80 

average value of catch for each $100 devoted to apparatus is greatest in Connecticut 
and least in Massachusetts, the average for the region being $456. 

In the shore fisheries of Maine, pots yield 40 per cent of the gross income and are 
by far the most important form of apparatus; in New Hampshire they are credited 
with 18 per cent of the value of fishery products, in Massachusetts 15 per cent, in 
Connecticut 16 per cent, and in Rliode Island 5 per cent, the average for New England 
being 24 per cent. Pouud nets, trap nets, and weirs are relatively more important 
in lthode Island than in any other State, 32 per cent of the value of shore fisheries 
resulting from their use; Massachusetts closely follows with 30 per cent, while Maine, 
New Hampshire, and Connecticut have l G ,  10, and 10 per cent, rospcctively, the total 
for the region being less than for pots, or 22 per cent. The comparative value of lines 
is by far the greatest in New Hainpsliire, via, 66 per cent, after which come Maino 
with 18 per cent, Massachusetts with 10 per cent, lthode Island with 9 per cent, and 
Connecticut with 5 per cent. The dif3'erence between the shore and vessel fisheries in 
this respect is very noticeable. Gill nets, of littls relative importance in any State, 
are most valuable in Massachusetts. Seines and bag nets are chiefly valuable in Maine 
and are generally less important thaii gill nets. The miscellaneons apparatus already 
specified yields 67 per cent of the income of fishernien in Connecticut, 48 per cent in 
Rliode Island, and 34 per cent in Massachusetts, the gcneral :tverage of 33 per cent 
being much greater than for any other single form of apparatus separately referred to. 

10.-Table showing certain aarra!lcu and pereentageu .for the twseelu elltplo.Iled in Ilie $shevies of the 
Neiv England States i n  1S89. 

9.81 7.88 2.01 0.87 
9.23 .50 1.15 2.85 
8.15 .90 .08 19.20 

70.60 .02 15 21.88 
7.95 . .____ 2135 77.09 

11.83 1.39 .70 27.22 
-_---- 

Statos. 

I 

' Avornw 1 rduo gf 
cntch pcr 

1 man. 
I 

Mnino ........... 
New Hnmpshirc . 
Massachusetts.. . 
Rliodc Islnnd.. .. 
Connecticut ..... 

Total ....... 

Average 
value of 

catch ex 
cach &O, 
inrosted 
in boats. 

32.88 $1,500 $40 8995 7 
39 20 2 133 54 I 831 9 

22.01 3,118 188 
i i 2 3  a:.ras 53 $739 13  

25.34 1 2,582 !io2 1 % 1 

Maino ...................... _ _ _ I  $220 
New Hampshire ............... 107 
Mnssncbusetts ................. 288 
Bbode lsland .................. 509 
Connootiout ................... 359 

53.18 2 993 57 1 958 10 
I 1  I I ?  I 

8598 
774 
425 
856 
457 

$275 $1,979 $00 
397 3,734 95 % 
444 I 5,807 1 82 1 91 

,050 0.424 284 108 
,114 5,591 221 103 

_______- 
Porcentnge of vnlue of cntoh in 

oacli form of nppnratus. 

I I  I l l  I 

ll.-Tablc sloiuing certain averagea and percentages f o r  the shorc$slieries of the Ncto &gland States 
in  1889. 

Stntes. 

Total ...................... 280 I 630 
I 

07.41 
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Table 12 gives by States the relative value of fifteen important edible fishery 
products. Maine surpasses the other States in the value of hake, herring, smelt, 
swordfish, clams, and lobsters, and Massashusetts lends in the value of alewives, blue- 
fish, cod, haddock, halibut, mackerel, and pollock. Rhode Island ranks first in the 
item of inenhaden mid Connecticut in oysters. 

Alewives ................... 1 29.31 1 2.97 
Bluefish ............................................ 
Cod ......................... 17.21 1.12 
Haddock ................... 13.89 3.55 
Hake 55.43 2.33 

.85 
4'98 1 .OG 

Halibut 
Herring 72.48 
Mackerel 12.03 . GO 
Menhaden .................. 6.61 .54 
Pollock .................... 35. U3 .08 
Smelt ...................... 88.30 4.24 
Swordfish .................. 48.54 2.42 
Clsms ...................... 50.70 .04 
oysters ............................................. 
Lobsters .................... 68.80 .I7 

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

~- 

49.59 17.48 
38.28 30.09 31.03 
79.26 .44 
81.4G .34 . $6 

27.4G ........................ 
42.23 
91.37 

79.92 0.79 
3. 04 65.72 23.49 
81 54 2. 04 .41 
1.29 4.94 1.23 
20.61 13. 43 15.00 
34.77 8.20 6.29 
4.70 19.52 75. 78 

'17.81 2. 59 9.97 

1::: 1 
............ 
............ 

2% . GG I 
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Tishcrmcn. Shorosmon. 

State. T 8 r I y i  1880. 1889. 
--_ --- 

Maine ____._................ 8,110 8,885 2,901 5,244 
Now Hampshire. ~. . . . . _. . . . 370 335 38 30 
Massachusetts ........_..... 17 105 1 14,509 I 2,952 2,630 
Rhodo lslrtnd . . . . . . . -. . - ~ ~. . 708 473 
Connecticut ._.....____. . . . . 2: 585 1 2,314 1 640 733 

Total.. _..__ ~ _ .___..__. 29,838 i 27,417 1 7,205 9.119 

I( GO2 1 1,284 

The most interesting comparison is that which relates to the results of the fisheries. 
It is found that the general food-fish fisheries have experienced a serious decline in the 
three most northern States of the section, and that in the two southern Ststes there 
has been a satisfactory improvement, the net decrease being $1,843,517; this decrease 
may be accounted for by the scarcity of mackerel. A return of this species in its 
former abundance would place additional products on the market having a value much 
greater than the difference noted. The fisheries for clams, oysters, scallops, and other 
mollusks have advanced in every State except New Ham~~sliirc, and exhibit a total 
net excess over 1880 of $944,753. The value of lobsters arid other crustaceans was 
$312,346 greater in 1889 than in 1880, the principal part of this sum representing the 
lobster fishery of Maine. The menhaden fishery in New England has increased $30,202 
since 1880, notwithstanding the fact that much of the capital fornmrly devoted to  the 
industry in Massachusetts and Connecticut has been diverted into other channels. 
In 1Zhode Island, which is tho most important center of the menhaden fishery, the 
increase in the value of fish caught has been $109,715. As is well known, the whale 
and seal fisheries are much less extensively prosecuted than in 1880, and the large 
decrease of $1,39G,lG3 is not surprising. Considering the aggregate results of the 
fisheries, the table shows that the net iiecrease in the value of products was $1,952,380, 
or 15.G2 per cent. (Yonneeticut has undergone the largest increase, amounting to 
66.89 per cent, and New Hampshire shows the largest decrease, 48.13 per cent. 

19.-comparative table showing the number of persons enqdoyed in thejisheries of the New England States in 
1880 and 188% 

Total. Increase apS"o"0. 
1880. 1889. creasc 1889. m CreR80 docrease Or 

in 1889. 

11,071 14,129 +3,058 4-27.02 
414 305 - 49 -111.83 

20,117 17,238 -2 ,879 -14.31 
2,310 1,757 - 553 -23.94 
3,131 3,047 - 84 - 2.08 

37,043 30,536 - 607 - 1.37 

or de: 

__ 

--'-------- 

No. 

5,990 
73 

3,494 
061 

1,853 

11,6O1 

14.-~onaparative table showing the nicnbber and value of veasele, boala, etc., employed in  the jifia~l~t'ii!8 of the 

Valuo. 
_I___ 

$237,489 
4,170 

254,033 
02,748 
!M, B95 1 

657,010 1 --- 

New England Slates irc 1880 and 1889. 

I----- I Veasols. 

Maine .._.. ._. .__.I  574 
New Hampshire.. 23 
&%whuautts.. . . 1,007 
Rhode Island . . . . . 92 
Conuecticut ._._. ., 291 

10,529.60 $598.892 
1,019.05 51,600 

81,080.40 3,171,189 
2,502.77 181,850 
9,215.95 514,050 

I Total . . . ._ ~. .IT9871 110,347.92 I 4, fi!7,481 - I I I 

408 13,130.67 $599,105 

8;; 1 688.05 1 32, (100 
59,259.30 3.098,345 

09 1,484.78 1!10. 950 
214 5,2011. 08 625,650 

1 , W  1 79,738.49 1 4,462,010 

Boats. I 
- 
NO. 

1880. 

5,920 
211 

0,749 
734 

1,173 

14,787 

vduo .  

$245,624 
7,7UO 

351,730 
01,245 
73,586 

739,070 
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14.-Comparative table showirg the nnmber and value of ves8els, boats, etc., employed in  the jisl~eries of the 
New England States in 2880 and 2889-Continued. 

Maine ............ 
New Hampshire.. 
Massachusetts.. .. 
Rhode Island ..... 

Value of apparatus and 1 outnts. 

$934,593 
60,385 

3,528,925 
138.733 

States. I ___ I 1880. 

$1,562,235 
8'J. 800 

'I ,  282,600 
204,850 
457,850 

$1,415,108 
43.100 

7,342,407 
614,283 

1,959,305 Connecticut ...... 375,535 

Total ....... I-- 5,038,171 

Massar,husotte.. .. 
Connecticut ...... 

Total ........ 

1889. 

5,547: 910 4,639,495 133,784 247,038 158,229 149,352 *$30,500 6,000 $2,089,337 $816,389 

174,843 25% 780 424, ti25 1,108,551 27,145 84,679 *162,730 86,812 143,899 20,684 

E, 416,806 6, 573,289 9C3,059 ~1,907,811 I 624,955 1 837,301 364,905 396,167 2,233,236 837,073 
-_____.-------- 

$638,151 
33, 390 

2,550,444 
146.202 
243,384 

I 

3,611,571 

____ 

Cash capital and shore 
property. 

1880. I 1889. 

States. 

Maine ............................................................. 
New Hampshire.. ................................................. 
Massachusetts.. ................................................... 
Rhode Island.. .................................................... 
Connecticut ....................................................... 

Total ......................................................... 

Total. 

1880. 1889. 

$2,742,571 $2,111,206 
170,634 88,511 

7,959,760 5,858,274 
696,814 936,144 
933,242 1,557,506 

12,503,021 1 10,550, I341 

9,507,335 1 11,374,203 

- 2,101,486 + 238,380 + 624,264 

- 1,952,380 

Total capital inveated. I Percent- I Increase or am of in- 

- 26.40 + 34.20 + 66.89 
- 16.62 

decrease or'ease or 
1880. I 1889. in 1889. decrease 1 1 in 1889. 

I I I-- ___- 

19,902,957 I 20,094,794 I +  l91,83? I + .96 

15.-Comparative table ehowing the values of IhejEal~eries of the New England States i n  1880 and 1889. 

*Estimated. 

The menhaden fishery is remarkable for the opposition which it has met with in 
recent years, and which has never been equaled in the case of any other ocean fishery 
of the United States. The effective methods for the capture of fish which have been 
employed in catching menhaden have led many otherwise well-informed persons, and 
many of the boat fishermen along the coast, whose operations are carried on upon a 
very limited scale, t o  believe t h a t  these methods are harmful and destructive, and 
calculated not only to materially decrease the abundance of menhaden, but also to 
seriously interfere with the food-fish fisheries. For this reason, a very decided and 
active prejudice has developed and legislation has been sought both in State legisla- 
tures and Congress to restrict the operations of menhaden fishermen with the alleged 
object of benefiting other fisheries. The lack of space renders it impracticable to 
enter into a discussion here of this matter with sufficient detail to elucidate all sides 
of the subject; but it seems very remarkable that an industry of such importance 
should not only be deprived of the encouragement generally accorded to other fish- 
eries, but that its continuance is jeopardized through opposition. 
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The extensive industry dependent on the menhaden fishery is shown in Table 16. 
In  Maine the figures represent the importance of the business in the second year 

of the reappearance of menhaden in the coast waters of that State, after an absence 
of about ten years, and indicate zb revival of the extensive industry which formerly 
existed there. Already the State is only slightly behind Connecticut in 'the amount 
of capital invested and the quantity of fish utilized, and the continued annual occur- 
rence of large bodies of menhaden in this region will doubtless contribute to the rapid 
development of the business, if only reasonable restrictions are placed on the fishery. 

Rhode Island has much more important menhaden interests than both Maine and 
Connecticut combined. The returns for this State show $452,925 invested capital, 
177,133,333 menhaden utilized, 1,782,145 gallons of oil manufactured, and 7.397 tons of 
scrap made, the two latter articles having a value of$427,757, or more than two-thirds 
the amount accruing from the industry in New England. 

16.-TabEe showing the extent of the menhaden industry of the New Etigland States in 1889. 

No. Not ton- Value. nnge. _- ____ _~ 
4 218.22 $32.000 

11 758.45 133,000 
0 451.80 01, 600 

States. Vallceo 
out5t. 

$8,800 
27,000 
10,000 

- 
Maine . . . . . . ._. . . . .._. _. 
Hhode Island. __. . . . __. . 
Connecticut. . . . . . . . . . . . 

Total. _ _ _  -. -. . . . . . . 

No. 

13 
7 
4 

Steam vossels employed. 

Notton- value, Valueo No I nnge. oot,€it. -___ - 
398.10 $15,950 $13,065 17 
140.93 5,526 3,600 18 
41.49 1,835 320 10 

Faotories in opera- Total 
capital 

tion. 

21 1 1,428.47 I 226,500 I 45,800 

Number of 

employed. 
persons Ti:",$.n oil manufacturcd. S~r*l) )re TOM pares. . vrilueoj 

- __ _-__ manu- 

sail vessels employed. I 

States. 

Maine.. ~. . . . . . 
Rhodc Island.. 
Connecticut ._. 

Total _.... 

Total ~ e s s c l s  employed. 

factur. 
duetry. tory- er- No. Gallons. Vnlue. Tons. Value. ${::: 

I- 
3 $22 20s $20 000 $112 015 104 195 20,057,583 $31,200 282,465 $G2,400 2,305 24,735 '$87,144 
4 208: UO0 76: 000 452: 9% 9% 215 177, I 33,333 265,700 1,782,145 320,748 7,305 105, 014 427,767 
4 83,200 25,500 182,355 82 133 37,360,700 52,927 233 228 53,110 2,803 45,950 1 99,006 

- invested 

No. Value. 
in thoin- Pne- Fish 

nion. men. cepitd. --_--- __ ----___ ~ 

_ . - - ~  ---_____----- 
11 313,400 121,600 747,205 544 643 240,551,010 349,896 2,297,838 430,202 

24 580 52 23 110 10 985 45 l * l ' I *  I 

016.32 1 $47,950 1$21.805 
905.38 138,325 30, 000 
403.29 03,336 10,320 

2,014.99 I 249,010 62,785 I 

Prozm-he~rhg trade.-In the (6 Statistical R8eview of tlie Coast Fisheries of the 
united States," covering the years 1887 and 1888, brief allusion was made to the frozen- 
herring trade, an industry which is now almost exclusively under the control of New 
England fishery capitalists. The importance qf this trade to  the fishing interests of the 
British Provinces and the United States is very great. The former are benefited by 
having the opportunity of selling products a t  remunerative prices, which otherwise 
Could not find a satisfactory market in the winter season, while the vessels and men 
that are engaged in other branches of the American fisheries during the summer find 
Profitable employment in winter in obtaining and marketing cargoes of frozen herring. 
These products are used for food and bait. The herring is a cheap and nutritious 
food. It is especially valuable when it can be obtained by the consumer in a perfectly 
fresh state, as is the case when it is marketed in a frozen condition. The value of 
herring for bait purposes is so well known as to obviate the necessity of more than a 
mere mention of it. It may not be so well understood, however, that adequate supplies 
of fresh herring could not be so easily and so cheaply obtained in any other manner. 

Allusion should be made to the uncertainties which render this trade one of the 
most hazardous, from a financial standpoint, in which men ordinarily engage. The two 
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important factors, generally speaking, are fish and weather. Herring may he exceed- 
ingly abundant and cheap at  the fishing stations, but if the weather is mild it is impos- 
sible to freeze a cargo if the natural temperature a t  the station is depended upon. 
On the other hand, the conditions of freezing may be all that could be desired, but 
the fish do not appear, and days, weeks, and months are passed in waiting. It has 
not been uncommon for vessels to be compelled t o  return without cargoes. There are 
uncertainties, too, even when fish have been obtained in good condition. An over- 
stocked market brings the price down to a point where loss can not be avoided, and 
disadvantage to the fisherman may often result from a continuance of warm weather 
immediately after the sale of a cargo has begun, since the sale generally continues for 
several days or weeks, and mild weather causes the frozen herring to ‘‘ slack up” and 
become unfit for market. 

It is a matter for congratulation that recently success has been met with in freezing 
herring on board of vessels by artificial methods. As long ago as 1878, when Prof. Baird 
established his headquarters a t  Gloucester, Massachusetts, he suggested the impor- 
tance of applying artificial methoda t o  the freezing of herring for bait. Recently the 
system has been adopted with marked success. This eliminates many uncertainties 
attending the business and the method will doubtless be largely applied in the near 
future. 

The supply is obtained, as will be seen in the tables, from Newfoundland and 
New Brunswick. During some seasons a few cargoes are received from Nova Scotia, 
but it is now very exceptional for vessels to visit the latter province for frozen herring. 
Formerly vessels from Massachusetts engaged in the trade with Newfoundland and 
New Brunswick, nearly an equal number visiting each province. Recently, however, 
there has been a marked change in this respect. The New Brunswick herring trade in 
winter is, with few exceptions, carried on by vessels belonging in Maine, while vessels 
from Massachusetts engage almost exclusively in voyages to Newfoundland. This is 
due in Some measure to the fact that the Maine vessels employed in this trade are of 
comparatively small tonnage, and not so well fitted as those from Massachusetts to 
make long ocean voyages in midwinter. The proximity of the Maine.ports to the 
fishing-grounds in New Brunswick also has its influence. 

Both for market and bait purposes the Newfoundland herring are preferred by 
Americans and bring the highest price. This accounts chiefly for the fact that the 
largest and finest fishing schooners sailing from Massachusetts engage in the New- 
foundland herring trade. 

In 1889,26 vessels, with a tonnage of 1,140.70, were engaged in the New Bruns- 
wick frozen-herring trade, and brought to the markets of the United States 6,289,000 
herring, valued a t  $39,622. Forty-six vessels, of 4,267.98 aggregate tonnage, found 
employment in the frozen-herring trade with Newfoundland and brought to our mar- 
kets 16,235,000 herring, valued at  $239,675. 

In addition to the herring brought to the United States on American vessels, a 
considerable quantity was imported on vessels Railing under the British flag. Table 
18 shows that 2,593,000 pounds, valued at 833,939, were thus sold in our markets 
during 1889. This is, however, in addition to large quantities of frozen herring im- 
ported from the provinces on steamers. Many herring are shipped in this way from 
New Brunswick on the regular line of steamers plying between St. John m d  New 
England ports. 
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1Y.-Table showing the extent of the frozen-lerring trade of the New England States in 1889. 

Trndo with Now Bnmswiolc: 
Calais, No  ___. . . . _ _ _  _ _ _  __. ..._.. . . .__. .. ....._. . . ._ __. 
Eastport,Mo ......................................... ........... ~ ................. 

............ - ................ 
Doer Isle, Me..  . . . . . . . . . __. . . . . . . . . . . . . . .. . . . . . . ._ . . . . 
Hclfast,Mo ........................................... 
North Havon,Mo.. . .. . . . _. . . . . . . . . . . . . . . . . -. . __. . . . . . 
Portland, Mu . . . . . . . ._. . . . . . . . . . . . . . . . . . .. . . . . . . ._ . . . . 

Total for Maim ports __. . . . . . . . . . . . . .. . . . .___. . . . . . 
Gloucoster, Mass . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . 
Bostou,Mass .____._______..................____..__._ 
Dunnis,Mass ......................................... 
Provincetown,Mass ................................. 

Total for Massaohusotts ports.. . . . . . . . . . . . __. . . . . . . 
Grand total..  . . . ~. . . ~. . . . ~. . . . . . . . . . . . . . . . . . . . . . ~. . . 

Trade with Nowfoundland : 
Portland,No .......................................... 
Gloncoslor,Mass ..................................... 
Boston,Mnss ._._._....___._._.___._._....__._________ 
Dennis Mass . . . . . . . . . . . . . __. . . . . . ._. . . . _. . . . __.:. . . .. 
Provin&town, Mass . ._. . . . . . _. . . ._ . . _. . . . . . . ._. . . . . . 

Total for Massachusetts ports.. . . . . . . -. . .__. . . . ~. ._ 

Ports.* 

1 
8 

2 
1 
1 
1 
1 

17 

8 
1 __.__. ___._.  
0 

20 

' 2  

- 
___ __ 

- 
~ __ 
_- - 

2 

37 
t3 
1 
3 

44 

- - 

-. 

-.-_ 
454.97 

1,140.70 

194. 00 ~- ____.- 

__. -. 
Grand total ........................................ 

14,713 

37,113 

13,000 

3,458. 08 
233.38 
99.99 

281.87 

Vossols. 

210,540 
13,800 
7,000 

11,500 

Not ton- 
nage. 

Total trade: 
&,I&, Me ... .. . .... .. . . . .. ... .. . . . .. . . . . . . . .. . .. . . . . . 
Eastport,Me ......................................... 
Luboc Me ............................................. 
Ellswdrlh, Me . . . . . . . ._ ~. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . 
Door Islo, Me.. . ._. _.. . . _. . . . . . . . . . . .. . . . . . . . . . . . .. ~. . 
Belfast,Mo ........................................... 
Nol-tli Haven, Me.. . . . . . . . . . . . .. . . . . ... . . . . . . . . . . . . . .. 
Portland, Mo . .. .. ..... ....... .. .. . ... .. .. .. .. .. .. . .. . 

Total for Maim ports ... . . . . . . . . . . . .. ._. . . . . . . . . . . . . 
Gloucester,Mass ...................................... 
Bostou,Mass ......................................... 
Dennis Mass.. . .. . .. . . . . . . . . . . . . ... ... . . . . . . . ._. . .. . . 
Prov inkown,  M ~ B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Tot,al for Massnohusotts ports.. . . . . . . . . . . . . . . . . . . . . 
Grant1 total.. . . -. . . . ~. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 

24.55 
287.48 
42.40 

148.00 
50.51 
42.73 
30.10 
53.80 

1 
8 
2 
2 
1 
1 
1 
3 

19 

45 
4 
1 
3 

53 

- 
- - 

- 
___ - 

72 

085.73 

400.07 
54.30 

-- -- 

24.66 
287. 40 
42.40 

148.00 
50.51 
42.73 
30.10 

248.46 

880.39 

3,858.76 
287.08 
99.99 

281.87 

4,528.29 

6,408.68 

-- 
___- 
I_--- 

-- 
____- ~- 

Value. 

800 
11, 800 
1,050 
3,100 
1,250 
1,000 
1,000 

14,800 

35,400 

230.459 
14, GOO 
7,000 

11,500 

203,559 

208,959 

$800 
11,800 
1,050 
3,100 
1,260 
1,000 
1,000 
I ,  800 

22,400 

13,913 
800 

-- 

. . . . . . . . . . -. . . . . . . 

Whero from. 

Newfoundland.-. . . . .. . . .. . . 
NovaScotia ..._............. 
New Brunswiok . .. . . . . . . . -. 

Total .. -. _.._... . _. . .. 

Glouoostor. ---I- Total. 

- 
Boston. 

value. Pounds. I value. 

180,000 1,134 860,000 
108,000 ---___- 

1,713,000 23,189 880,000 I 

4,073.32 248,846 

4.207.98 201,840 
___ -- 

Herring oarriod. 
___- 

No. 

140,000 
2,829,000 

2~5,000 
525.000 
100: 000 
230; 000 
100,000 
530 000 

--_. 

4, 39,001) ___ 
1, ?24,000 

126,000 
, . . . . . . . . . ........_. -- 
2,150,000 

8,289,000 

770,000 

-__ -- 

13,275,000 
1.030,OOO 

400,000 
700,000 

.6,405,000 

10. 235,000 

140.000 
2,329; 000 

295,000 
525,000 

230.000 
100,000 

190; 000 
1,100,000 

4,909,000 

L5,199, 000 
1,250,000 

400,000 
700,000 

.7.615,000 

!2,524,000 
-- -- 

Value. 

$882 
14,073 
1,859 
3,308 

030 
1,449 
1,197 
2,079 

26,077 

I ,  424 

-- ___ 
12,121 

. . . . . . . . 

.....___ 
13,646 

39,022 

7,700 

191,125 
15,450 
0,000 

11,400 

231,976 

239,075 

882 
14,073 
1,859 
3,308 
630 

1,449 
1,197 
9,779 

-- 

_- 

-- 

33,777 __ -- 
211,240 
10, 874 
0,000 

11,400 

245,520 

278,297 
_- 

* Tho namos given aro thoso of the hailing ports from whioh thevossols soil. 

1 Inoluding one ~08801 bolonging at Philadelphia, Pa., which landed one fwo a t  Boston. 

Tho produots we ohiofly 
markotod a t  Glouooster, Boston, and Xow Pork. 

18.-Table showing the quantity and value of frozen lkerring landed in the New Rngland States by 
Canadian vessels im 1889. 
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How engaged . N O  . 
. -~ 

On 5shing vessels ................................ 
On transporting vossols .......................... 105 
In shore 5sheries ................................. 6, 205 
On shore, in faotories, fisbhouses, e t a  ............ 6, 244 

2, 515 

To ......................................... 14, 129 

BULLETIN OF THE UNITED STATES FISH COMMISSION . 
11.-THE FISHERIES OF MAINE . 

GENERAL REiEARKS AND STATISTICS . 
Next to Massachusetks, the fisheries of Maine are of more importance than those 

of any ather New England State, and. omitting Massachusetts. are about equal. in 
point of value. to those of all the other New England States combined . In certain 
branches this State takes first rank. noticeably in the shore fisheries for cod. herring. 
lobsters. and clams. and in the shore industries related to or dependent on the fish- 
eries. such as sardine and lobster canning and herring smoking . 

The figures represent all the coast and river fisheries of Maine of commercial im- 
portance . The minor streams were canvassed in their entirety; the St . Croix was 
investigated to  Calais. the Penobscot to  Bangor. the Sheepscot to Wiscasset. and the 
Kennebec to Woolwioh . 

In the three general tables which follow. the condensed statistics for this State 

. 

are given. 

Vessels 5shing (tonnage 11,476.44) .............. 
VBsselR transporting (tonnage 1,600.23). ........ 
Uoats ........................................... 
apparatus of capture-vessel fisheries: 

Outfit ............................................... 
outfit ............................................... 

Boats transporting only ........................ 
Seinca ...................................... 
Gill nets .................................... 
Trawl lines and hand linea ........................ 
Po bs .................... s ................... 
Har oons ................................... 

Weirs ...................................... 
Trap nets ................................... 
Pound nets ................................. 
Gillnets .................................... 
B a. nets .................................... 

enets .................................. 
Eelpots .................................... 
Lobster pots ................................ 
Seines ...................................... 
Spears ...................................... 
Dredges .................................... 
Miscellaneous neb .......................... 
ClaJnmjng apparatus .................................. 

Shore p r o l ~ ~ Q  ............................................ 
Cash capital ......... , ..................................... 

Dre$ges and rakes .................................... 
Apparatus of capture-shore fisheries: 

2f A n d  lines and trawl lines ............................ 

Total ............................................... 

19.-Table of persona employed . 

349 

50 

5, 908 
82 

56 
1, 540 

6, 715 
96 

273 
341 
33 

3, 561 
280 
134 

111 
121, 140 

76 
158 
123 
107 

-- 

$0.. Table of apparatus and oapital . 
Value . 

$523. 690 
201.487 
75. 475 
13. 100 
215. 534 
21. 935 

27. 800 
15. 400 
95. 201 

6. 906 
722 
50 

52. 022 
33. 000 
14. 895 
32. 973 
11. 670 

450 
14. 700 

144 
108. 668 
5. 325 
165 

1. 603 
337 

1. 584 
743. 808 
671. 300 

2.889. 893 
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Alowires. fresh ............... 
Alewives. salted .............. 
Aluwives. smoked 
Bream. fresh .......................... 
Hutter.fisb. fresh ......................... 
Catfish. fresh ........................... 
Cod.fresh ..................... 
Cod. sdtcd .................... 
Cunners. froxh ................ 
Cusk. fresh ................... 
Cusk. salted .................. 
Eel8. fiwsh .................... 
Flounders. fresh ......................... 

Haddock. salted .............. 
Hake. fresh ................... 

FrOHtibh or tomcod. fresh 
Eaddock. fresh ............... 

Hake . salted .................. 
Halibut. frosh ................. 
Halibut salted ................ 

Herring . smoked ......................... 
Mac.kera1. frcah ............... 

Hemin$. fresh ................ 
Hernng. salted ............... 

Mackerel. saltod ............... 
Menhden. frush .............. 
Pollock. fresh ................. 
Pollock. salted ................ 
Red snapper. fresh ............ 
Shad. froah .................... 
Smelt. fresh ................... 
Swordflslr. fresh .............. 
Waste fish. fresh ......................... 
Lobsters ...................... 
Scallops ...................... 
Clamp (soft). fresh ............ 
Clams (aoft). salted 

Salmon. fresh ............................ 

uahoga .................................. 
Blgm ..................................... 
Co tongues .................. 
Cod and hake sounds .......... 
Oil ............................ 

$l.-Table of produ.cte. 

28.000 
14. 000 

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

3. 090. 570 
9.961. 556 

00. 000 
80. 500 
129. 970 
7. 250 

................ 
2.381. 950 
737. 534 
090. 152 

3. i91. 924 
339. 453 

000 
018. 900 

2.497. 200 

502. 100 
8.498. 800 
1.380. 513 
576. 178 
285. 000 

18. 000 
10. 000 
034. 485 

549.240 
32. 014 
35. 020 ....................... 

181. 251 

151. 426 
GO. 198 
339. 838 

1 Vessel fisheries . 
/Pounds. Spocioe . 

Total .................... 38.358. 830 I 

Value . 
$195 
101 

.......... 

.......... 
72, 300 
276, 688 

I00 
1. 315 
01 0 

1, 2u0 

.......... 
41, 782 
8, 531 
0. 023 
40. 008 
24. 801 

30 
4. 080 
34. 827 .......... 
14, 472 
51, 904 
18. 805 
12.900 
5. 804 
7. 100 .......... 
075 
900 

20. 817 

17. 432 
1. 050 
1. 582 

........... 

........... ........... 
3. 028 
1. 505 
12. 570 .. 

090, 907 

Shore fisheries . 
Pounds . 
2.380. 225 
598. 180 
357.114 

...... 
0, 000 

2.301. 902 
1.520.082 
' 44;100 
281.100 
23.550 ...... 
95, 805 

829, 475 
348. 550 

2.380. 759 
782.692 

2. zia; 385 
1.410. 547 
150. 910 .......... 

17; 350, 831 
2.112. 725 
3.185. 925 
230. 190 

1,685.900 

383. 540 

.......... 
958. on3 

.......... 
152. '740 
P(i9. 800 

1.0~5. 385 
.......... 

448. 400 
14.452. 111 

262. 085 
2.207. 072 
0.181. GOO 

800 
12.900. 000 

IO. 188 
42. 025 
272. 182 

11.201. 084 

$12. 958 
8. 498 
8. 590 
270 
445 
120 

50. 505 
38. 853 
1. 423 
3 .  881 
240 

8. 125 
15. 815 
3. 236 
40. 589 
11. 138 
21. 212 
21. 248 
11. 064 .......... 
71.579 
28. 840 
99. 030 
21. 002 .......... 
9. 479 
9. 009 
4. 000 

34. 118 
18. 012 
74. Oil 

.......... 

I. 755 
550. I35 
10. 097 
72.359 
120. 820 

100 
0.315 
203 

I .  074 
8. 320 _- 

I. 420. 239 

Total . 
Pounds . 
2.388. 225 
012.180 
357. i14 
20. 000 
2i3 000 
0. 000 

0.052. 472 
11.482. 238 

?04. 100 
.IO?'. 000 
153. 52!1 
103. 145 
820. 475 
348. 550 

4.708. 709 
1.520. 120 
2 916 138 
5: 208: 471 
499. 303 

000 
17.969. 231 
6.209. 925 
3.185. 925 
417. 441 
502. 100 

10.184. 700 
2.338. 510 
958.722 
285. 000 
152. 140 
887. 800 

1.055. 385 
034. 4.15 
448. 400 

25.001. 351 
* 295. 299 

1 2.242,002 
10. 181. 000 

Q 800 
12.900. 000 

101. 564 
103. 123 

11 012. 020 
129.559. 804 2.111. 200 

95 

Value . 
$13. 153 
8. 059 
8. 690 
270 
445 
120 

122. 805 
314. 391 
2. 023 
4. 041 
1. 555 
8. 735 
15. 815 
3. 230 
82.371 
20. 209 
27. 255 
01. 910 
35.955 
' 3 0  

70. 259 
03. 013 
99. 630 
36. 074 
51. 904 
28. 284 
22. 575 
9. 804 
7. 100 
84. 118 
18. 087 
74. 911 
20. 817 
1. 155 

574. 166 
18. 047 
73.941 
120 . 620 

'100 
0. 115 
3. 231 
2. 579 
20. 890 

*&. 308 bush& . t 224. 200 bushels . : 30. 908 barrels . Q 100 bushols . 11 81. 003 gallons . 

TRE VESSEL FISHERIES . 
The vessel fisheries of Maine, while of considerable importance, are much less 

extensive than the shore fisheries. SO fm as the results of the industry are concerned . 
Their specially prominent feature is the largo number of vessels of small size fishing 
on shore grouuds . The herring and lobster fisheries are more importaut than in any 
other State . The mackerel fleet is relatively large . The vessels fishing for cod on the 
great offshore banks are comparatively few in number, but include some of the finest 
schooners in the New England fleet . 

In the following tables the vessel fisheries are exhibited from four points of view, 
viz, by counties, by customs districts, by apparatus, and by fisheries . 

Three tables give the details by coun'ties . Vessels are employed in all the coast 
Counties. eight in number . 

The first table shows that of 2, cis0 persons in this breach, 2, 515 wcro ou fishing 
vessels and 1G5 on fishery transports . Cumberland County leads all others in the 
number of vessel fishormen, 55'7 persons, or 32 per cent, being credited to  it . This is 
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Number and nationalit of men on tlshing 
vesse9,. 

~ 

Britiqh Counties. 
Americans. ~irovin- otf&,. Total. 

eials. 

Washington ................ 130 5 .......... 135 
Hancoek. ................... 631 55 13 099 
Waldo.. .................... 2 .................... 2 
Knox ....................... 355 1 368 

..................... 2 401 
S*gadahoc .................. 18 18 

................ 6 834 ...................... 58 .................... 58 

.................. 242 21 2,515 

Lincoln 298 

Cumberland 700 
Pork. 

Total 2,252 

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

---- I 

followed by Hancook, Lincoln, and Knox counties, with from about 400 to 700 men 
each; Washington, with over 200; and Pork, Sagadahoc, and Waldo, with less than 100 
each, the last-named county having only 4 vessel fishermen. 

It is interesting to observe that 267 aliens are found among the Maine vessel tisher- 
men. The British provincial 
element greatly predominates, numbering 246, or 92 per cent of all aliens. Lincoln 
has more foreigii vessel fisliermen than any other county, after which are Cumberland 
and Hancock counties. The other counties have only a very small proportion of un- 
naturalized fishermen. 

Table 23 shows that 349 fishing vessels and 59 tramporters were employed in the 
waters of Maine in 1889, worth, with their outfits and apparatus, $959,090. Hancock 
County has the greatest number of vessels, although Cumberland County leads in 
tonnage and value. Of the vessels used in transporting fishery products, nearly half 
were owned in Washington County. 

Purse seines to the number of 56 are used in five counties, Cumberland being 
credited with 31. Gill nets are found in every county, the total number fished being 
1,640, of which Enox and Lincoln counties each have 360. Lines are the most valu- 
able form of apparatus in the vessel fisheries, and are used in all the counties except 
Waldo. Lobster pots are naturally the most numerous apparatus and are employed 
to the number of 6,715 in all the counties but Waldo and Sagadahoc, the greatest 
number being in Washington County. Harpoons, dredges, and rakes complete the 
list; these are only sparingly used. 

The products of the vessel fisheries, as shown in the third table of the series, 
amounted to 38,358,830 pounds, for which the fishermen received $690,967. Cumber- 
land County leads all others in tlie quantity and value of products, being credited 
with nearly one-third the yield and more than one-third of the value of the catch in 
the entire State. Lincoln County ranks second in quantity of products, but is sur- 
passed by Hancock in the value of output. Each of five counties shows products 
amounting to from over 1,000,000 pounds to upwards of 12,000,000. Cod, the most 
important species, is taken in largest quantity in Cumberland County, but the value 
of the cod caught by Haricock Couri ty vessels is greater than in Cumberland County, 
owing to the condition in which the product is sold. 

This is equivalent to 10 per cent of the whole number. 

29.-Table showing by  counties tlie number and nationalit?y of nten employed in the V08863l$8he?.iO8 

of Maine in  1889. 

Number and nationality of mol 
on transporting vossels. 

BntiRh 
Americans. provin- Total. 

cials. 

82 4 86 
31 .......... 31 
2 .......... 2 
20 .......... 20 
3 .......... 3 

-- __ - 

.......... 

161 , 
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38.-Tnblc showing by coiintiex the number and acrlue of vessels and upparatus employed in the vcesel 

jixheries of Maine in 1889, 

$6,406 27 861.79 
88,:&3! I 1; 1 339.89 

9.98 
24,642 8 1 200.12 
27,481 J2.04 

51,128 1 1; 1 21U.41 
1,000 ............................ 
2,241 ............................ 

$44,350 
12,975 

450 
5,500 
2,600 

9.700 

Lincoln .......................... 
Sagadahoc ....................... 
Cumberland ..................... 
Pork ............................ 

5G 
4 
84 
13 

Alewives, fresh.. 
Alowives, adted 
Cod, fresh.. ......... 
Cod, salted.. ........ 
Cusk salted 
li addock ilcsh ..... 
Eaddook,' salted.. ... 
Hakc fresh ......... 
Hake: salted. ....... 
Halibut fresh . . _. ._ 
Nalibut: salted.. 
Earring fresh 
Eerrini salted ..... 
I\lacker& fresh.. 
ubukorel salted.. .. 
Mcnhadeh fresh.. 
Pollock, fresh.. 
Pollock salted.. .... 
Swordflbh, freeh 
Lobsters. ........... 
Clams, soft ......... 
eonpas . .  .......... 
sound8 ............. 

Total ......... 

Scallops ..................... 

oil .................. 
- __ 

............ ............. 
22,000 
256,730 ................. 
18,500 
19,250 
19,550 
152,340 
16,515 ............. ............... 
250,000 ............ 
14,400 ........... .............. 
56,9gS ............. 
169, 440 

2,500 
3,890 
2,478 

1,012,458 

7,877 

... 

$476 a, 447 ....... 

................. 
71,540 

4,490, : J O ~  
14,140 

Coonties. Transporting. I Fishing. 

1 No. Value. 

$1 3, 900' 
135,875 

300 
65,425 
8;,7ti0 
2,700 

211,030 
8,700 

Valuo of Nct. 
outfit. I NO. I tonnage. 1 Valuo 01 

outfit. Not tonnage. 

465.59 
3,521.39 

8.20 
1,010.62 
1,650.56 

75.04 
3,963.73 
185.31 I 

_ _  
$6, W 0  
5,225 
100 

1,550 
75 

2,520 

13,100 

........ 

........ 

___ 
11,476.44 1 623,690 1 201,481 1 59 ~ 3,660.23 1 75,475 ' ___. __ 

Apparatus of oapturc. I 
- __  - - - 

-_____._ 

.... ........................ Wesliiugton $2,529 2,310 $2,850 $77 755 
Hancooli. .............. .... 16,014 1,000 1,000 ................. $48 262:705 
Waldo ....... .................................................... 1,030 
Knox .................... ... .......... 
Lincoln ................. .... ............ 189,180 
Sagadahoc ............... .... 5,274 
Cumberland ............. .... 
York .................... ........ .... .... 

Total .............. .... 

Lincoln. 

K z ; ~ . i ; o z l  
................. 

- -. -____ - 
Valuo. Pounds. Value. Pounds. 

~ 

.................................. i l l  ViLlUO. Pounds. 

$195 
161 

4,671 
38,235 

2!15 
ti, 807 
633 

1,070 
4, 062 
1,118 

645 
7,430 
1,844 
12,826 
13,306 
1,480 
1,177 

1,732 

........ 

........ 

........ 
770 
495 
141 

I, 680 

28,000 
14,000 
315, 600 

1,634, 300 
30,120 
413,500 
47,040 
118,000 
850,790 
15,700 

....... ....... 
$", 625 
17,734 

788 
4,131 
3,608 
2,944 
12, 458 

25 

629 
12,795 
5,204 
6,965 
2,865 

60 
582 

2,590 
4,825 

228 
479 

1,844 

83,478 

....... 

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

-- 

.................................. 
$1, a20 ................ 143,093 
142,829 ................ 753, 660 

150 l i l  ................ 77.600 

.......... 
72,600 
567,200 
22,825 

6,497,200 
183,200 
115,420 

43,000 

134,100 

.......... 

.......... 
14,720 
24,762 
5,663 

10,089,197 

45,557 

....... I .......... 
663 1 158,335 

100,699 
. . - - 

3'. C!. 13. 1890-7 



_ _ _ _  -I-- -~ - ___ _ _  - _ -  - 
Sac[adnlioi:. Cnmbcrlnnil. 1 York. 1 Totnl for tlio Slatc. 

Alewives, fresh ............... ' 
Mewivcs. salted.. ............. I 1.. 
cod, fresh.. 50, VU 

Cunners, fresh.. .............. ./. 
Cusk fresh .................. ../........... 
Cusk: salted ....................................... 
Eels, fresh. ................... . I_ .  

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

Hanldook, fresh ................ 23,673 
Haddock. salted ............... 13,830 
Bake, fresh ................... 8,587 
Hakesalhd ................... 30,356 
Halibut, fresh ................. 4,198 

Herring, fresh ................. 28,000 
Herring, salted ................ 60,000 
Mackerel, fresh ............... 4,005 

Halibut, salted.. ............................................... 

Mackerel. ealted ............... 1.. 
Menhaden, fresh .............. ' 
Pollock, frcsh ................ . I  : : : : : : : 
Red d p p e r ,  fresh ............ I.. 
Shad,frosb .................... i .................... 
Swordfish, fresh ............... t:::::::::. 

Pollock salted.. ............. ..I 12,257 

Smelt fresh ................... 
! Lobsters ......................................... 

Specios. 

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

$845 2,952,706 

.................. .I GO, 000 .......... 5,000 

.................. 7,250 

850 2, GOO, 560 

j 8,110 

355 1,387,201 
I'd5 1W2,828 
80 141,250 

325 494,471 
250 257,790 

230 124,000 
825 136,000 
380 86,700 

.................. 279,800 .......... 890,2W 
.......... 1,189,313 

120 170,376 
.................. 285,000 

18,000 
........... 10,000 
.......... 543,600 

20,400 

,- I- - _- ' I'ollllds. I vallle. Pouudn. 
/--- 1 -  I-- 

19,870 

1.020 
2,155 
6 , l D  

25. I82 
2.325 

11,36G 
1,700 
7,100 

675 
900 

22,998 
95" 

900 GO ............................ 
49,500 382 
7,000 115 
9,700 893 
3, 200 240 
9,000 30 

30,600 1 1,220 1 
................... 
.................... 
.................... 
.................... 
.................... 

110,000 4,310 

Total .................... 
I 

-I 

......... I .......... I .......... I 

..... _ . _ I  .......... ' .......... I 
3,708 1 

45 I 81.600 1 715 I 

$59,870 134,800 $2,594 
65,735 1 176,000 1 
1,200 I .......... ~ .......... j 

.......... 

180 908 
4,599 I 9,598 355 

28,000 
14,000 

3,690,570 
9,901,550 

GO, 000 
86,500 

129, 070 
7,250 

2,381,950 
7'37,534 
699,152 

3,701,924 
339,453 

GO0 
618,900 

2,497, 200 

8,498,860 
1,380,513 

575,176 
285,000 
18, 000 
10,000 

634,435 
549,240 
32,614 
35,020 

161,426 
60,198 

389, 838 

181,251 
562, loo 

270,912 ~ 910,416 1 19,332 1 38,358,830 

Valuu. 

$193 
161 

7'2,300 
275,538 

1,200 
760 

1,315 
010 

41, I82 
8,531 
0,023 

40,668 

36 
4.880 

34,827 
14,472 
51,904 
18,805 
12,906 
5,804 
7,100 

675 
DO0 

26,817 
17,432 
1,050 
1,582 
3,028 
1,505 

I!!* 670 

24,801 

G90,967 - 
In the two following tables certain averages and pementages are shown which 

exhibit the diEemn t interests possessed by difl'erent counties. 
From the first table it is seen that the largest vessels are found in Cumberland 

County and the smallest in Waldo County. The average value is also greatest in 
Cumberland County and least in Waldo Connty. The average value per net tou 
r;tiiges from $30 to  $53, being greatest in Cumberland County and least in Washing- 
ton County. In Cumberland County the avemge number of meii carried ou vessels is 
nearly 10, while in Waldo County it is only 2. York County talres precedence in the 
items of average value of Catch per man, per ton, and per eibch $100 iuvested, while 
in Cumberland Gounty the average stock per vessel is lnucli in excess of any other 
county. 

The relative value of the various fishery products in the vessel fisheries of each 
county is next shown. The greatest proportion of fresh cod is taken in Oumberland 
County, and of salt cod in Hancock County, although Sagadahoc and York counties 
are also credited with a considerable percentage of fresh cod, and in all the counties 
but Waldo the proportional value of salt cod is greater than that of any other species. 
York County leads in the relative value of fresh haddock; Knox in salt haddock, end 
fresh and salt hake; Sagadahoc in fresh herring and mackerel; Waldo in salt her- 
ring; Lincoln in salt mackerel and menhaden; Cumberland in fresh pollock, halibut, 
and swordfish; and York in onsk and lobster. 



_ _ _ ~  - 
Washington .... 16. 05 
Himcock ...... 1 37.08 
\VaIlclo .......... 8.20 
Knox ........... ' 24.13 
Lincolii ........ .I BY. 47 
Sagadnhoc.. ..... 18.78 
Cumborland.. .. .I 47.07 
York ............ 

-- 

~ 

Alewives, fresh 
Alewives, siilted 
Uod fresh ................ 
coil: Halted.. ............. 

% 
37 
40 
52 
31; 
83 
46 

.. --.. 

__I.- --- . . . .  

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

2.18 
21). 03 75.27 .......... 21.24 

Vld1 l(1 
per 

~ ~ ~ 1 .  

. .  - 

$479 
1,430 

300 
976 

I, 531 
075 

2,512 
609 

Cnnnors fi*usli ....................... 
Cusk frdsh .............. ~ ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ ~ ~  
Cusk: salted ........... ...... .IN 
~ o 1 8 ,  fresli ............... 
Haddock,frodi .......... . 2 2  

! * . - -  
1.50 

$444 
1,175 

180 
682 
908 
u44 

1,370 
661 

% 

................................ 
.............................. .. ;.. ..... .95 

.......... 4.95 
..................................... 

No. of, 
tien to 
uessol. 

Hornin$ frosti .......... .I.. .......... 
Mackerel, froeli ...................... 
Mackorol, salted ......... 0. 02 
Monhudeu, freflli ..................... 
Pollock, froah ............................................. 
Pollock mltod. ........... 3.06 

Shad, fresh.. ................ 
Smelt frosli.. ............... 
Lobsters ................. 20.20 
Soallope ............................. 

Iiorrini salted .......... I 17.97 

Rod sntippor, freBli 

Swordtlsh, fresh.. ........... 

5 
7 

' 2  
5 
7 
5 

10 
4 

.OLI .......... .75 
3.73 100.00 I 15.33 

2.77 .......... 8.34 
.O1 .......... 0.24 

.12 .......... 3.43 

. 82  .......... .70 

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

........................... 3.11 
. 64 .......... 5.78 

1.03 ................... 

j .07 

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

i'nluo 0 
c*atrll 

)or niiin 

- 
$101 
271 
255 
227 
251 
251 
326 
xi3 

Clams ................... 
.72 

.28 .32 
Oil ....................... 1.34 1.05 

Total ............... 100.00 100.00 
- ...... 

$750 
1,997 

510 
1,246 
I,  798 
1,1m 
3, 225 
1,487 

......................... .......... .27 .......... .67 
.......... 2.21 

100.00 100.00 
-- 
.. 

$61 
70 

106 
75 
74 
86 
83 
l a  

16,-Tablc shozuing 71.y countias tks pa*oet&laya of valuc of eack apcoien or pvoducl taken i t t  the vessel .fish- 
eriea of Maine itt 1889. 

.. , ....... , - .- 
. I ! )  ............. 
. I 0  ............. 

3% I E::; I 
......... ............ . 29 ............ 
......... ............ 

6. 82 7.86 . 63 2.99 

4.03 ' 7.15 
1.11 I 5.63 

........ 

........ 
22. 10 
24.20 
.44 
.02 . 03 . 23 

9. 59 
.85 
.51 

1.88 
7.33 

......... I. 
.54 

7.38 1 

I. 17 

.... 
18.28 
8.41 I ........... 

........... 

........... 
2.66 I ........... ........... 

...... 
.38 
.80 

2.26 
9.20 . 80 
4.19 . (is 
2. VL 
.25 ......... I. 

..................... .:13 ..................... 8.49 
1. S'L 1 1  ............ .a5 .............................. 
.77 ............ .25 
.4u 1 .27 1 .29 
.14 .27 .07 

1.08 1 2.17 1 1.70 

lo0.00 1 100.00 I 100.00 

York. 

........ 

........ 
13.42 
19.18 

3.70 
........ 
........ 
........ 

18.10 
.57 

1.20 
3. 88 
.31 ........ 

I. D8 
.59 

4. 62 
1.24 1 
. I 6  ......... ......... ......... ......... ......... 
8.31 

22.20 ......... 

.12 
1.84 



100 

71 
11 
18 
13 
8 

17 

4 ........ 75 .................. 11 ........... L . . . . . .  18 
.................. 13 
.................. 8 .................. 17 ................................... 

Value. 

$495 

__ 

67,879 
15 

503 
725 
50 

6,661 
827 

1,627 
4,611 

28 
5,250 

424 
273 

1,950 

91,318 

....... 

....... 

....... - 
- 

I 

uu8&8a'&eou Hddi,Ck, fresll .......................................... 
Enddo&, salted ......................................... 
Hake,fresh .............................................. 
Hake, salted ............................................. 
Halibut,frc& ........................................... 
Halibut,salted 
Homing fresh 
Herring: anlted 
Mnckerel fresh 
Mackerel: sadkd.. ..................... 

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

...................................................... 
18,500 
18,450 
19 550 

16,250 

250,000 

133: 240 

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

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

14,400 1,441 .......... 

____ 

Value of 
catch.* 

~. 

Number and nationality of tlehcr- 
mcn . Valuo of 

butfit, gear 
provisions 
fuel, etc. 

$2,850 
9, 525 

59,250 
52,880 
21,555 
37,280 
35,905 
2,574 

116,161 
I 1,280 

7,610 
575 

347,425 
-- 

Valuo of 
vcssel. 

.-- 

Total. Ameri- 
mps. 

All 
others. 

British 
provin- 
cials. 

5 

44 
11 
3 
!I 

101 

60 

........ 

........ 

........ 

........ 

........ 
242 

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

36 
91 

359 
348 

-171 
268 

839 
11 
4R 
5 

2,515 

!21 

la 

- 
- - 

$3,060 
17,756 
93,284 
91,318 
20,741 
92,559 
61,384 
4,305 

269,256 
3,530 

15,849 
732 

673,864 
-- 

Vnhm of 
producte 
trans- 
ported. 

-- 
$68,080 

8,500 
18,600 
18,200 
5,350 

25,775 

56,939 

......... 

......... 

......... 

141.68 
306.81 

1,845.38 
1,698.13 

515.37 
1,511.08 
1,169.76 

75.04 
4,012.46 

24.35 
165.58 
15.82 

$3, 9(lll 
9,400 

77,225 
59,250 
21,225 
58,735 
65,525 
2,700 

216,080 
1,650 
7,500 

500 

523,600 

Taluo of 
vessel. 

$36,150 
8,200 
6,100 
6,875 
2,450 
6,000 

31 
91 

314 
.i25 
!I8 
361 
165 
18 

765 
11 
48 
5 

a, 252 
__ .- 

Passamaquoddy.. ... 
Nuchias ............ 
Freuchmans Bay .... 
Castine ............. 
Belfast.. ............ 
Waldoboro .......... 
Wiucasset.. ......... 
Bath ................ 
Portland ............ 
Sac0 ................ 
Kennubunk ......... 
Pork ................ 

4 
23 
41 
56 
14 
80 
29 
4 

84 
3 

;I 

1 
12 

1 
2 

5 

...... 

...... 

....... 

....... - 
21 

___ -. 

Nuxubcr and nationality of crew. I No.of 
vcwsels Net ton- 

porting. 
Customsdiatricts. , trans- 1 nage. 

I 

Vnluo of 
provisions 
fuel, eto. 

others. I 
W, 630 
1,100 
1,025 
1,200 

400 
1,326 

2,520 

........... 

.......... 

........... 

........... 

Passamaquoddy.. ... 23 
Machine.. ........... 
Frenchman8 Ilay .... 5 
Castine ............. 6 
Belfast. ............. 3 
Wsldohoro .......... 7 
Wisoasaet ................................. 
Bath ..................................... 
Portland ............ 1 11 1 216.41 

........ 
9,700 

........ sac0 
Kennehunk 
Y ork 

Total. .......... 
......... ........ 

75,475 13,100 201,444 

1 Passamaquoddy. 1 Macliias. Csstine. I 'ronohmans Bay 
Species. 

Cod,~eah  
Cod, salted.. ........................... 

- 

,_ - .. 

Pounds. Pouncls. Value. 

$725 
75,112 

135 
113 
770 
75 

0, 487 
1,754 

36 
247 

2,475 

219 
1,182 

045 

- 

...... 

...... 

...... 

...... - 
u3,284 

$475 
4,770 

845 
261 
186 

1,821 
987 

3,911 

...... 

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

38,840 
,461,622 

12,140 
7,822 

65,106 
8,400 

871,481 
31,415 

600 
30,500 

175,000 

98,400 
118,235 

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

27,000 ........ 

32,700 
043,764 

2,006 
33,050 
70,500 
6, 000 

643,746 
12,700 

187,300 
316,600 

350 
54,800 

43, 600 

32,614 

......... 

......... 
8, aoo 

......... 
489,224 

...... 

...... 
515 

4, a05 

946,621 



FIBHEBIES O F  THE NEW ENGLAND STATES . 
28.-Tablc skoioing by specicx a d  arcslomx districts tlm y ie ld  of tkc ~ . c x d  jisltarier o.f Mainc ~ I I  188.9-Cout’d. 

101 

Species . 
- ._ 

Alewives, fresh .......................................... 
Alewives, salted ....................... 

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

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

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

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

................. 
Rake frexll ............................ 
Hake: snltctl ........................... 
Halibut, frrsh ......................... 

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

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

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

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

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

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

................. 
Clams (soft) .................................. 

- ___ ....... ____- .... 
1 Belfast . I Waldoboro . ____ ......... 

Pounds . Value . Pounds . 
__- 

20, 000 .................. 14, 000 
29. 000 $490 174, 503 
237, 000 5, 720 72.1, 960 
19. 000 210 88, 720 

227, 850 3, 087 92, 954 
05, 000 1, 040 268, LL2O 

290, 000 3, 030 1,208, 630 
500 25 ......... ................................... 190, 600 

34, 000 510 1,349, I300 
1, GOO 120 88, 898 

50, 800 5, 825 1 10, 800 
18, 000 75 6,721, 200 ................................... 01, 900 

10, 1 
4, 8 

1. 550 15 484, 6% 

Pounds . Value . 
. . - . 
............... 
............... 
11, 500 *A35 

16, 500 130 

3.600 00 

6, 000 56 

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

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

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

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

.............. ............... ............... 
20, 000 170 

500 50 
............... 
............... 
............... 
............... ............... 
............... 
............... 
............... 
............... ............... .............. 

800 32 

58, 800 732 
-_-.- 

Total ............................. 
- -__ I 

Pounds . 
28, 000 
14 000 

3, 690: 570 
9, 961, 566 

60, 000 
86, 600 
129, 970 
7, 250 

2,381, 950 
787, 634 
699, 762 

..I, 791, 924 
339, 453 

600 
818, 900 

2,497, 200 
181, 251 
562, 100 

8,498, 800 
1,380, 513 
576, 176 
285, 000 
18, 000 
10, 000 
634, 435 
549, 240 
32, 614 

- 

35, 020 

37,807, 308 

_- . 
Vnlne . 
$115 
161 

3. 122 
17. 059 

873 
1. 171 
3. 146 
3. 974 
12. 620 

1. 174 
18. 350 
6. 028 
1. 706 
13. 886 

795 
1. 259 
1. 905 
5. 215 

_I 

...... 

...... 

Species . . 

92. 559 
__ __ 

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

Alewives fresh 
Alewives: salted 
Cod, fresh ............ 
Cod, salted ........... 
Cunners, fresh ........ 
Cusk fresh ........... 
Cusk: aiilted .......... 
Eels, fre8h ............ 
Haddock, fresh ....... 
Haddock, salted ...... 
Hake fresh ........... 
Eak; s n h d  .......... 
Halidut fresh ........ 
Halibut: Raltod 
Herring, fresh ........ 
Herring, salted ....... 
Mackerel fresh ....... 
Mackerel: 8alted ...... 
Menhaden, fresli ...... 
Pollock, fresh ......... 
Pollock, salted ........ 
Red snapper fresh ... 
Shad, fresh .I . .  ........ 
Smelt fresh .......... 
Swordfish, fresh ....... 
Lobsters .............. 
Scallops ........................ 
Clams (soft) ........... 

Total ............ 

Pounds . 
................. 
................ 

2 912 706 
2: GOO: 660 

GO, 000 
b, 000 
8, 110 
7, 250 

1,377, 201 
192, 828 
141, 250 
404, 471 
254, 700 ................. 
124, 000 
186, 000 
76, 700 

3% 800 
032, 200 

1,180, 313 
170, 378 
285 000 
18: 000 
10, 000 
643, 000 
20, 400 

17, 000 

11,900, 555 
-- 

................ 
16. 500 

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

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

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

Value . Pounds . Value . Pounds __.-- I I t  

310 

........ 1 .........I ....... 1 ........ 
........................ ii6,’6%.1 21, 700 1 $433 1 M t  

G6, 735 ................ 
1. zoo ........................ 

46 ................ 65, 000 
82 i ........................ I /  
610 

2. 300 

5. 104 
19. 600 

25. 760 

1. 375 

....... 
1. 020 
2. 155 
7. 023 

29. 142 
2. 595 
11. 368 
1. 700 
7. 100 
675 

........ 
180. 500 
10. 000 
21. 750 
57. 000 
3. 900 

. .  ........ I ................ 
2, 300 I 22 27.200 ....... ....... 7, 000 

8. 000 

........ 9? 000 
.. 

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

....................... ....................... ....................... I I  
900 ........................ 

22. 998 1 800 30 1 20. 800 
952 00.000 2. 000 60. 000 

Value 
... 
...... ...... 
$2, 7% 

58E 

3, 70E ...... 
...... ...... 
3. 329 
110 
188 
750 
270 

190 
115 
723 
2’25 
30 

...... 

...... 

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

...... 
1. 190 
1 71U ...... 
...... 
15. 849 
__ .. 

Wiseasset . I Bath . . 
Pounds . 

8, 000 

255, 000 
427, 000 

400, 500 

63, 000 
15. 700 

189. 000 

88. 300 
720. 000 
00. 300 
50. 000 

29. 000 
14. 720 

........ , 

........ , 
3, 000 
2, 000 

......... 

......... 

........ , 

.342. 520 

$80 

........ ..... 
........................ 
1. 222 ................. 
770 I ‘  ......... .I ....... 

31. 384 1 278. 887 1 4. 395 
=.=- ’ 

Value . 
$195 
161 

72.300 
!75. 638 
1. 200 
760 

1. 315 
610 

41. 782 
8. 531 
6. OD 
40. 668 
24. 891 

30 
4. 880 
34. 827 
14. 472 
61.904 
18. 805 
12. 906 
5. 804 
7. 100 
076 
900 

20. 817 
17. 432 
1. 950 
1. 582 

173. 864 

Table 29. based on the preceding. gives certain average figures for the vessels in 
the various districts . The points shomi are average tonnage. average value. averago 
P&he of apparatus and outfit. average number of crew. and average gross RtOck . 
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,?9.-'I'ahle sBowin{l b y  clt8tonts districts the average toirna!/e, value, crciu, and stock of vessels ancployed in  
tha$aheries oJ Maine i n  1889. 

I I I 
i ~ Average tonnnge. i 
~ CiiRtnrns clistriets. J.~.- . 

1 Fisliing. porting.i 
P~samaquodlly .. . I  35. 42 32. 50 i 

Tram- 

I .... -. ... 

Maeliias ........... 13.34 28.55 
Frenchinaus 1Ly . . 45.01 53.77 
Cantine.. .......... 30.23 11.84 
Belfast ............ 36.81 20. 62 
Waldoboro ........ 18,89 21.90 
Wiscaaset ........ 40. 34 ........ , 
Bath.. ............. 18. 76 ....... .I 
Portland.. ......... 47.77 19. 67 I 
Saco ............... 8.12  ....... ., 
Kenuebnnk.. ...... 18.40 ........ j 
Pork .............. 7.91 ...... ..I 

l Average rnlue of 

nitus. , Avernge vnlue. outfit and appn- 1 A v e $ g ~ r ~ ~ b c r  Average gross 
utock. 

$565 $2,960 
772 2,125 

2.275 ;,7!20 
1, 031 ,I, ('33 
1,483 1,783 

2,117 ........ 
3,205 5,176 
I ,  177 ........ 
1,761 ........ 

366 ........ 

1,157 3,082 

1, 086 ........ 

The relative importance of the diff'erent kinds of i%pparat~s employed in the vessel 
fisheries in the capture of fish is shown in Table 30. It appears that by means of hand 
lilies and trawl lines 24,126,298 pounds of fish, valued at $503,2(i7, were taken, these 
figures represeiiting about 06 per cent of the total catch and 77 per cent of the aggre- 
gate value. Salt cod is by far the most important item in the line fishery, the value 
of this species in this condition being more than that of all the other line fish com- 
bined. Seines rank next to  lines in both quantity and value of fish. Of the 0,030,900 
pounds taken by this means, 8,498,860 pounds were menhaden; but of the total value 
of' seine-caught fish, viz, $87,777, mackerel represented $48,207. After seines come 
gill nets with 3,391,551 pounds, worth $54,429, of which the herring amounted to 
3,116,100 pounds, valued a t  $39,507. Harpoons and pots complete the list of aplta- 
ratus in the vessel fisheries; the catch by these forms is restricted to  swordfish a i d  
eels, and is necessarily insignificant in comparison with the other kinds of apparatus, 
:I;lthough the 634,435 poiinds of' swordfish, valued :et $20,817, represon t an important 
fishery. 
t?O.--ll'ablc showing bg apparatihx a d  spcciex the y idd  of fiw voaael j a l w i e x  r!f h1aiiLe iii 1M3, e.rcliieivc of 

the mollicscnn and crr~crtaceart fisheries. 
, ______ 1 Apparatus and species. 1 I'oiiud8. 

~ 

Mackerel, frrah ......... :I:!, 500 
Mackerel, salted ......... 480, ti00 

Shad, fresh .............. 18,000 
......... 

.................. I_--_ _ _ _  
I 

Soines : 

j Menlinden, fresh 8,408,800 

j Total 9,030,960 

1 Gill nets : ~ .......... I ....... 1 AlewiVOH, fresh 
Alewives, aalteil f .  
Cunners or purdi, fresh.. ' Herring, fresh. ........... 
Herring. snlted ........... 

I Mackerel, salted ......... 
j Smelt, freHIIt.. ............ 
1 Mackerel, fresh .......... 

3,  

za, 000 
14,000 
tio,000 

(JlX, 000 
407,200 
lj12,451 
.{I, 000 
10, 000 

1 Total .................. 

Cod, fresh.. .............. :I, 690, 570 
Cod, saIi,d. .............. IJ,061,566 
(hsk,  fi'esli .............. 86,500 i Thus : 

( h H k .  AILltOd ............. l"9. 970 
Ilwldoek, fresli ......... ./ 2,381,050 
Hiddock, salted.. ........ 737,734 
Hake, frcsli .............. 699, 752 
Hake, salted ............ 3,791,924 
Halibut. fredi.. .......... 3311.453 
Ihlibut saltoil.. ........ .I tino 
Mnckerel, sdted ......... 50,500 
Macker&fi.esh .......... I 15,300 

I'ollnclc, froall.. .......... 1 1,380,513 
Pollock, salted ........... 575,176 
lted snitppor, freali.. ..... I 2B. 000 

I .  lotal .................. 24,126,296 - , 
(il.lLlld t0t:tl.. ......... ./ 37,190,494 

___ 
Valuv . 

$72, 300 
275,636 

760 
1,315 

41,782 
8, 531 
0, 023 

40, 668 
24,891 

30 
1,073 
4,240 

12,906 
5 ,  804 
7,100 -- 

603,267 ___ __ - 
652,0(H1 
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48 
4 
4 

70 
217 

18 
107 

2(1 
:I 
5 
2 

29 

25 

As already explained in discussing the general statistics which precede the chap- 
ter on the fisheries of Maine, in the presentation bx fisheries each vessel is credited in 
the following table to  all the fisheries in which it was engaged during any pqrtion of 
the year, together with its tonnage, value, and crew, the object being t o  show the 
actual extent of each fishery. By far the greatest number of vessels were enga'ged 
in shore fishing, which is credited with 217 sail, after which come the herring fishery 
with 107 vessels, the mackerel fishery with SO.vessels, the bank cod fishery with 48 
Vessels, the lobster fishery with 29 vessels, and the swordfish fishery with 25 vessels. 

4,257.12 
334.09 
327. 00 

2,340. 1!) 
4,755.82 
1,210.82 
1,908.01 

641.52 
41.45 
70.118 
20.12 

370.04 

700.51 

31.--l'able showing the nnmber of vessels engaged hi rad~psl iery  in dlaine ill 1889, togrtlrcr with their to?inage, 
value, aiid nitmbcv of crmo. 

... 33,500 $3,135 ................................... 

... 1:12,451 0,904 .......... , .......................... ...I 471,400 1 44,271 1 5,000 1 $450 I 4,200 

... 31,000 2,502 ..........I ......................... . _ _ I  18,300 1,375 .................................... 

... 50,500 I 4,240 1.. ........I.. ... .._I.. 

Fislicrrios. 

33,500 $3,136 

192,451 9,964 
31,000 2,502 1 15,:gon 1,373 

$441 1 480,000 45,102 I 
................ GO, 600 4,240 I 

Cod, on banks oast of 050 W. longitudo.. .I 
................................ I ......... 

Halibut. 
Maokerel Gulf of St. Lawroiice 
Mackorol.' Now IGiirrlniid unnd Cam sliorua 
Shurc ................................... 
Market, ................................. 
Sword 811 .............................. 
Menhndoii .............................. 
Alowifc ................................ 
Cls10 ................................... 
Suallop ................................. 
Lobstor.. ............................... 

Hurriiif: ................................ 

$214,900 
21,500 
20,500 

I 20,400 
185,090 
84, 000 
69,000 
34,050 
23,110 

1,525 
2,215 

050 
14, 825 
... 

Amori- 
0811s. 

581 
52 
87 

407 
1,176 

212 
464 
1 SG 
103 
14 
22 

101 
n 

Ilritish All 
ot~iors. 

I - -  - 
- 

1 
................ lD1 I 

25 
......... 

1 ... 
......... 1 :::: ... 
......... / ::::::: ......... 

................. 
1 / ....... 

773 
62 
07 

517 
1,225 

244 
455 
167 
163 

14 
22 
8 

102 

Table 32 the 111ackerel catch by fishing-grounds is given. It is interesting to 
observcl tllat of the folzr vessels fishing for maclcerel iu the Gulf of St. Lawrence the 
average catch was only 1,250 pounds, while of the seventy-six on the New England 
and Nova Scotia shores the average yield was 9,715 pounds; the average stocks for 
the same vessels were $112 and $867, respectively. 

S%?.-Tablc sliotving by fi8l~i1~g-grounds and apparatits the catch of tlic mackwel @et of M a i m  in 1889. 
---_____ 

Totul. St. Law- Nova Scotia 
shoro. renro. shoro. 

Spooios. __ __- 

Mwkorol cenght with soinus frosli. 
M:iclccrol ouught with seine:, salted 

Miiukerol caught with nots, salted.. 
Miickorol onuplit with linos, frosh . . 
Niiolcurol cuught with linctj, saltod . 

lotal .......................... 

Mnckertil caught wiLh note, f'rusli. .. 

r .  
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The shore fishery, as sliowli in Table 33, yields the largest quantities of fish and the 
greatest money returns. Of the 37,807,368 pounds, valued at $G73,8G4, taken in the 
vessel fjsheries of the State, 14,318,8!)9 pounds, valued at  $228,386, were obtained in 
the shore fishery, cod, hake, pollock, and liaddock being the principal species. The 
cod vessels frequenting banks east of 650 west longitude brought in 6,275,907 PoUldS, 
valued at $190,423. After these, in the order of their importance, are the market, 
mackerel, herring, swordfish, menhaden, halibut, lobster, and mollnscan fisheries. 

.V.-Table allowing b y  .fisherics and species the yield qf the vcsuel $crllcries of Maintrim 1869. 

$190,423 
__._ 

15,992 
. -i- 

38,701 
8'. 120 

_ _  - 
Fisheries and species. I POUndH. 

.... ~. . .  

Market: 
Cod, fresh.. .................. 
Cod, Halted ................... 

1 Haddock. fresh.. ............. i Halibut,freah ................ 
Red snapper, frexli.. ......... j Total ...................... 

Menhaden : 
Menhaden. fresh ............. 

I Banks emt of 050 W. longitude: 
coil, Halted .................. .I 0,275,907 

"% 1 1  Herring: 
1,315 Herring,fresh .............. 

Halibut, fresh.. .............. 
Halibut: 

618,900 1 4,680 

1,710, 016 
93,288 

1,289,000 
23,700 

285, 000 

I ~~ 

Hake, salted ................. 3,791; 924 
Haliliiit. fresh.. .............. 113,415 
Halibut, salted ............... 
I'ollock,fresli.. .............. 1,380,513 
Polloclc. salted ............... 575.170 

$13, 539 
1,995 

1,078 
22,282 

7, i o n  
Shore: 

Alewives, fresh .............. 
Alewivrs, salted ............. 
Cod, freH11.. .................. 
Cnunors, fresh ............... 
(hsk,  fresh .................. 
C11f+k,Halted ................. 
JCela, fredi ................... 
Haddock. fresh.. ............. 

COd, Hal tCd . .  ................. 

I .  lotal ..................... _I 743,351 

28,000 
14,000 

60,000 
86,5on 

129,970 
7,250 

1,092, 050 

$, 970,954 
*<, 593, 301 

Shad, fresh.. ................. 
Smelt, fresh .................. 

Total ...................... 

Mackerel fresh ............. 
Mackerel : 

Mackered salted ............. 

18, 00U 
10,000 

14,018,899 

181,251 
502,100 

__-_ .__ __ 

3,400,604 66, 594 -- __._____ ! 

Y ,  ""7 ;;: 1 
228,3R6 

14,472 
51,904 

__ -_ 

-- 

- - -_., __ __ 

yu"""~o, .l.,,,y.. ............. .,-,"I= &( """ clams, fresh ................. 35,030 I, 582 

Total ...................... 67,634 0,532 
---__. 

__- -- ___ 
Crustacean : 

Lobsters, fresh.. ............. 540,240 17,432 

Grand totnl.. .............. 37,807, :I08 673,804 
---_- .-__ 

00*370 i 
..... . . .  

0,023 
40,608 

36 
12,906 

7,221 

F. 9114 

i 

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

Swordfish : 
SWordfhh, fresh.. ............ 6:14,435 26,817 

-- Molluscan : I 
Unn l lnmo  f"',alr 1 29 R l A  1 OKn 

THE SHORE PISHEEIES. 

Under this head are included all those fisheries prosecuted from boats or from the 
shore without the aid or use of vessels, although, as in the case of the lobster fishery, 
vessels may be employed to take the catch of the shore fishermen to market, in which 
case they are recorded as transporters. 

The shore fisheries of Maine are of much greater consequence than those of any 
other New England State, and are more than double the importance of the vessel 
fisheries of the State, so far as the value of the products is concerned. 

In the tables the extent of the industry is shown by counties and by apparatus, 
and some of the more important fisheries are discussed at length. In the first three 
hbles the condensed figures for the shore fisheries are given for each county. The 
first tabular statement shows that of the total number of fishermen, vie, 6,205, Han- 
cock County had 1,730, the greatest number, followed by Cumberland County witli 
1,105 and Washington County with 1,076. The other counties ranged from 744 in Lin- 
coln to 43 in Yenobscot. 
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Of the total sum investod iii  tho shore fisheries, viz, $515,095, $237,469, or nearly 
llalf, represents boats, which am employed to the npmber of 5,990. In the number of 
boats Hencock County is first with 1,371, valued at  $62,962, closely followed by Cum- 
I)erland County with 1,232, worth $40,348, although in tlie item of value of boats 
Washington County ranks second, tlie 930 boats there nsed being nrortli $59,106. 
Penobsoot County has only 24 boats, valued a t  $248. 

Lobster pots itre the most numerous form.of apparatus of capture in the shore 
fisheries, and their aggregate value is far in excess of that of any other device. In 
1889 they were used to the number of 121,250, the value of which was 9B,1OS7S12. 
Washington and TTanoock counties had 65,861 pots, or cousiderably more than half'. 
Knox, Lincoln, and Cumberland couiitios ewh had between 10,000 :md 20,000 pots. 

The next most valuable forms of apparatus are tlie weirs, of which 273, valued at  
$52,022, were operated in 1889. They are chiefly used in t,he capture of herring for 
Slnoking and canning, and are most numerous in the region east of the Penobscot 
River, especially in Washington County, which has more than half of the total number 
set in the State. 

Trap nets rank next to weirs in value. They are chiefly used in the region west 
Of ancl including the Penobscot River, in the counties of Hancock, Waldo and Saga- 
dahoc. Tho value of the 
trap nets operated in 1889 was $33,000. 

Gill nets are important means of capture in all counties but Perlobscot and Waldo. 
Over 3,500 were fished in 1889, the value of which was $32,973. 

Pound nets are sparingly used in five counties, tlie greatest number being in Cum- 
berland County. The total number set was 33, valued a t  $14,895, pound nets thus 
being relatively the most expensive forin of apparatus in the shore fislieries of Miine. 

Nearly equal in point of value to pound nets asc? the limd lines and trawl lines, 
worth $14,700. These are extensively used in all counties but Penobscot and Waldo, 
Which have no ocean frontage and are therefore not interested in the line fisheries for 
ground fish which the position of the other counties makes important. 

The only other forms of apparatus deserving special mention are bag nets and 
Seines. The former are used to the number of 280, chiefly in the eastern counties; 
their total value is $11,570. Seines are most extensively einployed in Hancock and 
Cumberland counties, which have 70 of the 75 seines fished in the State, Lincoln 
Oouuty having only 5 and none of the other counties having any. 

Considering the aggregate investment by counties, it is seen that Hancock County 
takes the first position with $141,031, after which come Washington County with 
$113,987, Cumberland County with $G!3,626, and Knox County with $50,113. Saga- 
dahoc, York, and Lincoln counties have from $34,000 to $45,000 each ; Waldo County 
has only $16,382 and Penobscot Coillity only $l,(iFiS. 

The table of products shows 91,201,034 pounds of fish, mollusks, crustaceans, eto., 
taken in the shore fisheries of Maine in 1889; these were worth, at first hands, 
$1,420,239. Hancock County is considerably in advance of any other county in both 
the quantity and value of products, the figures being 27,017,744 pounds, valued a't 
$438,711, of' which 5,374,771 pounds, with a, value of $197,0S9, represent lobstors. Sec- 
ond ill rank is Washington County, with 21,148,162 pounds, worth $275,981; here the 
most important species is herring, of which 9,118,550 pounds, valued a t  $116,159, were 
taken, followed by lobsters, tlie catch of wliicli was 7,251,790 pounds, for which tho 

Salmon is the species for which they are principally set. 
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fishermen received $109,084. Cumberland County comes after Washington County, 
showing a catch. of 12,996,601 pounds, worth $230,770; in this county clams take 
precedence in quantity and value, 3,518,069 pounds being the o u t p t  in 1889, worth to 
the fishermen $84,296. In Knox County, with its quota of 10,411,260 pounds, valued 
at  $154,429, lobsters are by far the most important product, the yield of that species 
being 3,779,800 pounds, with a value of $105,108. The only remaining county with a11 

output worth over $100,000 is Lincoln, hi which 8,878,934 pounds of fishery products 
were secured, which yielded $132,256; in this county the lobster is also the niost int- 
portant single product, 1,693,250 pounds, valued at $52,138, being taken. The other 
counties, in the order of their rank, are York with products worth $84,161; Sagadalioc 
with $69,393; Waldo with $41,800 and Penobscot vith the small sum of $2,708. 

34.-Tuble showin!/ by countice the ntinbber o f p r s o n x  engaged ilr thc sko~c$islit&n of illnine in 188.9. 
__- _ _  ___ ___ . - 

Counties. I No. 1 I 
Washingtoil .................. 
Rancook ...................... 
Penobscot .................... 
Waldo.. ...................... 
Knox ......................... 
Lincolu ...................... 
Sngadahoo .................... 
Ouinburland .................. 
York ........................ 

lotitl .................... ,. 

1, 0i6 
1,730 

43 
207 
491 
744 
638 

273 

0,205 

1,105 

35.-Tuble nltotuing by counties ihe 

Designation. -- __ 

- ~ - - 
\Vuuhington. 

~ No. 1 Valne. 
~- 

Boats ....................... 
Weirs ...................... 
Pound nets.  
r 3  lrap nets.. ................. 
En” nets.. .................. 
Glfinett? .................... 
Fvkenets  ................................... 

030 $59,106 
173 29,947 

4 375 
08 2,670 

172 1,884 

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

si&mcs ....................................... 
Linea.. ............................. 
pots ........................ 21,714 19,288 

731 

.................... 8 i 8 

67 
318 

48 

14,147 
122 
82 

22 

........ 

....... 

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

........I.......... .................. I....... 

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

.......................... 11 ....... 
1: ~ 11 1,858 1,484 19,216 

7 ......................... 
.......................... 29 ....... 
.................................... 8 

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

_--_________- 

...................... 150 
Lines 3,643 
Pots ........................ 
seines 

1 ........ 1 1,658 

Spears ...................... 25 

Miacc?lla~eons nets. ......... 
Soallop dredges ............. 
Clamrnincr apparatun. 

........ 16,382 I .  ...... 

Total .................. i ...... ../ 44,592 
__ ... __ _ 

........ 
Total- ........................ 

9paratiLu cmploycd in  the nlioi*e jiiskcries of Maine in 1889. 

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

................ 103 
84 1 177 

113, 087 
-- 

Boats. .......... ._:. ........ 
U‘ciirs ...................... 
l’onndnets ................. 
Trap nets.. 
Ba.nets ..................................... 
rll n<>ts .................... 

Fvke nets ................. 
c 4  

$03,062 
11,130 
1,000 

10,505 
3,630 
3,236 

3,026 
2,070 

41,753 
127 

1,070 
404 
30 

141,031 

......... 

484 $22,382 
13 238 
1 . 300 

.................................. 
708 5,851 

75 31 

I 24 I $248 I 23: I $4,063 1 618 .................. 120 1 28 

361 

4 
89 
34 

234 
2 

....... 
2,586 

5 
....... 

........................................... I $ 1  1,;;; 1 4 1 “2:;: I : 
152 .................. 210 

$9,048 1,232 $40,348 758 $18,540 6,900 
................. 13 1,820 .................. 273 

4,200 20 6,495 5 2,900 33 
13,050 .................................... 341 
1,570 .................................... 280 
2,895 711 8,071 1,189 11,005 3,581 

50 101 425 .................. 134 ................. 2,150 .................. 75 
459 ........ 3,720 ........ 2,853 .. 

2,051 10.3:: 1 8,099 8,470 7,823 12 
.................................................... 158 

85 ................................... 123 
142 ........ 488 ........ I85 ....... ................ ........I.......... .................. 107 

$2Cl, 782 
8,787 

2211 
126 

I ,  8011 

......... 

......... 

......... 
1,623 

16, 588 
......... 
......... 

90 
50 

50,118 

.......I 34,150 I ...... ..I 89,820 1 ........ 1 43,578 
__ - _ __  

$237,489 
62,022 
14,895 
33,000 
11,570 
32,973 

550 
8,325 

14.700 
ion, 812 

la5 
1, 603 
1,6R4 

337 

615,005 
- 
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.. ..... -~ . ___ 1 Washington . I Hancock . 1 Penobscot . j Waldo . 1 %OX . 
Specie8 . ; _ _ _  

Pounda . 
Alewives fresh ...... 20, 500 
Alewives' saltod ..... 248, 600 
Alewives' smoked ... 17, 800 
Cod, freal; ............ 48, 770 
Cod, salted ........... 303. 210 
Cusk, fresh ..................... 
Cn8 k, snltcd ............. 
~ 0 1 s  fresh ........... 
plodnders fresh ............... 
&ostrRsI~ kmsh ...... 52, 750 
Haddock' fresh ...... 95, 048 
Haddock' salted ..... 102, 905 
Hake, fdsh .......... 35, 420 
Hake salted ......... 307. 650 
Halidut fresh ....... 59. 480 
Berring( fresh ....... 6,100. 625 
Herring: salted ...... 35, 000 
Eerrin smoked .... 2,976, 925 
Menha%&, fresh ............... 
Pollock fresh ........ 95, 003 
I'ollock: salted ....... 119, 091 
S a l w n ,  fresh ........ 2. 195 
Shad. fresh .......... 20. 000 
Smelt, fresh .......... 97, 650 
Waste fish fresh ..... 29. 400 

Clanis (soft), h s h  ... 00. 905 
Clanis (soft), salted . . 437, 060 

Alga, ................ 2.500, 00U 
Sounds .............. 0, 3rd 
Tongues ............. 2. n:in 
Oil ................... 35, 232 

Total .......... 21,148, 102 

. __.__ 

Lobsters. &esh ....... 7,251, 700 

SCallOpS, fl'OHh ................. 

- .... - 

___ 
ralue . Pounds . 

$185 36, 290 

__ 
4, 326 29. 240 

550 226. 321 
1. 033 256. 882 
7. 741 913. !I21 ....... 1. 000 ....... 17 . !I59 

05 70.325 ..... 606.275 
1. 951 150. 550 
1. 630 138. 511 

206 237. 466 
4. 614 726. 738 
4. 114 06. 080 
19. 333 6.451. 556 
3. 900 306. 326 

12. D26 190. G(10 ...... 4. 800 

2. 443 f!7. 898 

741 2. 000 
6. 071 1 201. 269 

In. 084 I 8.374. 771 
2 . 609 332. 078 
7. 356 2. 214. 040 
....... 177. 660 
1. "0 4$ 300. 000 

238 22. 022 

41 1 6. 002 
1. 598 76. 027 

38 1 .......... 

75. 981 27.017. 744 

Species . I.-. 
Pollnds . 

..... 

I-__ 
r . 1 otal ......... . I  8,875, u34 .. 

. . . .  ....... 

......... 

~ 

......... 
500 j .. .........I . 

....... 20.000 

....... 
4. 516 
........ l(i. 000 
1. 016 25. 000 

58 ............ 
764 
2:lo ............ 
914 .IO. 000 ~ 

2.000 

....... 20. 000 

1. 276 ............ 
5. 293 ............ 
4. 468 ...... .. ..... 

52u ............ 
12. 715 ............ 
2.045 200. 000 

.... ... ......... 
9, 000 

................................... !z 1 25. 300 I 786 1 2.800 
165. 000 2. 280 16. 000 

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

....... 140 I 8: 000 1 
02 000 1. "2; 1 5 0 0  45. 1. 000 

................................... .......I 10, 000 I ,  311 I 7, 800 
1. 000 1,011, 500 10, 020 228, 400 
.......................... 458, 400 

.......I ............................ 

....... 1..172. 500 7. 230 258.000 
502 . 800 I 6 . 340 . i . 000 

....... 74. 160 1 5.  '128 I 62. 030 

582 .......... 
....... 738, 583 
7, 170 I 248. 500 

....._.I 5. u8:l 
...... 

1. 225 
14. 451 
14. &!I0 

8. 410 
1. 846 

. 105 

...... 

!I. !J"Cl 

........... I ....... I 

i 

. ! 
I ............ ....... 

......... 
300 

1. 000 
32. 000 

@%I. 400 
.{OR. 280 
104. 500 

......... 

......... 

... . A 6  1 ........... i ........................... 1 ......... 
65 ~ 54. 250 I I ,  404 1 2!l, 678 

23 ' ................... 1 ............................ 
1, 560 1 2. .12B 1 

....... 

\'.1luo . I Pounds . 
. I-. 

84. 161 !01.201. 034 
. . -  

Value . 
$12. 958 

8. 498 
8.596 

270 
446 
120 

50. 505 
38.853 
1. 423 
3. 881 

240 
8. 125 

15. 815 
3.236 

40. 589 
11. 7.18 
21.232 
21. 248 
11. 064 
71. 570 
38. 840 
9!). (139 
21. 002 

$1. 479 
9. 609 
4. 000 

34. 118 
18. 012 
74. 077 
1. 755 

556. 733 
72. 350 

120. x20 
10. 007 

100 
6. 315 
1.074 

203 
8. Ra6 -- 

.420. 230 



108 13UL1,ETIN 0 1 4 '  THE UNITED H'I'AI'I3S FISH COMMISRION. 

The most important shore fisheries in Maine are those for lobsters, herring, clams, 
ground fish, smelt, salmon, and shad. Each of these requires a short notice. 

The lobster.-In considering the quantities of the different species making up the 
aggregate catch in the Rhore fislieries of Maine, the prominent place occupied by the 
lobster is clearly shown. The lobster fisliery is the mast important one in which 
the citizens of Maine are employed. More people are engaged in the capture of lob- 
sters than of any other single product, and the value of' the output in 1889 was more 
than one-fourth that of the entire yield of the fisheries of the State, being $874,165. 
As compared with 1880, the lobster catch has greatly increased, and the fishery its 
becoming more important each year, this being evidenced as much by the increasing 
attention bestowed on the subject of lobster protection and preservation by the State 
authorities as by the larger output. Statistics of the fisliery for the four years, 1880, 
1887,1888, and 1889, are here presented side by side for comparison. It is thought 
that the catch in the last-named year was the largest in the history of the State. 

1880. ............. 14,234,182 $344,693 1 1889.. ............ 1 26,001,351 1 574,165 1 1887 ............... 22,916,642 512,044 
1888.. ............. 21,694,731 515,880 

. . .  - ...... .... _ _ ~  

The comparatively small quantities of lobsters taken in the vessel fishery are 
included in the table in order to make the comparison more complete, there being no 
separate figures for the shore catch in 1880. 

The herring.-The herring is the most important species in the shore fisheries of the 
State, with the exception of the lobster; in the vessel fisheries the cod has greater 
value; but if the canning industry and trade in smoked fish are taken into considera- 
tion the herring easily assumes the first place among the products of the Maine fish- 
eries, and the species is by far the most abundant commercial fish in the waters of 
the State. In 1889, 23,248,981 pounds were sold fresh, salted, aud smoked, for which 
the fishermen received $200,064, these figures being in addition to the vessel catch 
already referred to. 

Since 1885 the herring fishery of Maine has undergone a noticeable increase, 
which has been chiefly due to the abrogation of the Wsshington treaty. The manu- 
factnring enterprises connected with the canning of lobsters, the canning and smoking 
of herring, etc., have steadily increased, and new life and new capital have been put 
into the industry to meet the demand for larger supplies of raw materials, among 
which herring rank first in quantity and importance. The increase in the number of 
weirs and other appliances of capture has been more marked each year, and the 
growth and extension westward of the fishery and the dependent shore industries has 
been one of the most noteworthy features of the fisheries of this State during the past 
decadc. 

An increase in the herring weir fisheries has in most localities been attended with 
a corresponding increase in the smoked-herring business, but in the region of' Mount 
Desert Island a most interesting and important exception to  this rule is to be observed, 
due to its favorable location as a baiting rendezvous for the bank cod fishermen of 
both Maim and Massachusetts. In this vicinity the increase in the number of herring 
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weirs has had no appreciable effect on the smoking of herring, the ~mokehouscs being 
more neglected than ever beforq. This condition is due to the circumstance that 
herring can bc sold fresh for bait at better prices than would result from smoking 
them. The demand for bait in this section is now so constant and so great that the 
weir fishermen have not been able to meet it, and an extensive herring fishery with 
gill nets has been inaugurated within the past three years to supplement the weir 
fishery. At tho Cranberry Isles and also in the vicinity of Southwest Harbor andBar 
Harbor large numbers of bank and shore vessels are baited each year, and the practice 
of taking bait in this vicinity is annually becoming more popular and of increasing 
importance to the deep-sea fisheries. Prior to the building of weirs there was little or 
no baiting done here, and vessels were obliged to resort to more distant places and 
often had to go to the provinces at great loss of time. 

The marked effect which the expiration of the. reciprocity treaty with Canada has 
had on the development of the fisheries and fishery industries of the entire eastern 
coast of Maine has been nowhere more noticeable than in tche increased facilities aEordcd 
American vessels to procure an abundant supply of bait in homo ports through the 
building of brush weirs. 

The soft clam.-This important species ranks third in value in the shore fisheries 
of Maine, bcing surpassed by the herring by only a few hundred dollars. In the table 
the yield of fresh clams is given at 2,207,072 pounds, vaIued at $72,359; these figures 
include the clams sold fresh for food, and also those which are subsequently canned. 
Much the larger part of the clam product is salted by the fishermen to be used as bait 
in the line fisheries. As shown by the table, 6,181,600 pounds of clam meats were 
thus prepared, for which the fishermen obtained ?$126,820. The value of salt clams as 
bait makes this fishery one of the most important in fhe State. The output in 1889 
represented 30,908 barrels of salt bait, with an average value of $4.10 per barrel. 

l'l~e cod, I~addock, hake, and other grousdyfish,-The catch of the species commonly 
designated " ground fish," including cod, cusk, haddock, hake, halibut, and pollock, 
will, if taken in the aggregate, have a value somewhat greater than the herring, 
although no three of these species together yield the fishermen so much as the last- 
named fish. Among the ground fish t&en in the shore fisheries the cod ranks first, 
with 3,882,684 pounds of fresh and salted fish, worth, at first hands, $89,36S. Had- 
dock come next in value, with $82,327, thoggh the quantity of fresh and salted haddock 
sold, vie, 3,169,361 pounds, ie less than the catch of hake, which amounted to 3,632,933 
pounds, but sold for only $42,480. The yield of pollock was 1,341,549 pounds, with a 
value of $13,669, followed by the halibut with 159,910 pounds, all of which was sold 
fresh for $11,064, and the cusk with 304,659 pounds, valued at $4,121. 

[ P I w  smelt.-One of the most important food species occurring in the coast rivers 
Of Maine is tho smelt, a fish whose value to the State is second only to that of the 
lobster, herring, clam, and cod. I t  is by fw the most important river ash in Maine, 
easily surpassing in economic value the aalmon, shad, alewife, and other species that 
enter fresh water. The quantity taken in 1889 was 1,045,386 pouuds, worth $74,077, 
or an average of over 7 cents per pound. The specially important rivers in which 
smelt are taken are the Bagaduco, Penobscot, and Kennebec. 
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The sahon.-This, the most highly esteemed of the food fishes of Maine, is chiefly 
abundant in the Penobscot River, in which more than seven-eighths of the yield is 
taken. Practically, the entire catch is obtained in weirs and trap nets. The preserva- 
tion of the salmon in the State is Iztrgely dependent on the artificial stoclriiig of the 
streams by the introduction of fry hatched at the Goveriiment stations on the Peiiob- 
scot. The catch varies considerably from year to year, and in 1889 was less than in 
the two preceding years, being 152,740 pounds, against 185,637 pounds in 1887 and 
305,140 pounds in 1x88. The yield in 1889 was worth $34,118, giving the fish ttn aver- 
age value of 29 cents :% pound. 

The shad.-The catch of shad in Maine waters is now greater tliaii in any other 
New England State, although in 1880 the output of the Coiinecticut fishery was more 
than double that of Maine. The fishery has undergone a considerable advance since 
1880 and is no doubt still capieble of great development. Almost the entire yield is 
taken west of the Penobscot River in trap nets and gill nets. Occasionally large 
schools of shad :ire seen in the open sea off the Maine coast, and mackerel vessels 
have at  times inade good catches in purse rseines, although this fishery is necessarily 
uncertain. The quantity of shad taken in this State in 1889 is showil iu the follomii~g 
table, to which the ye:m 1880, 1887, iilld 1888 are added for comparison. The pro- 
ductiveness of each form of apparatus is given for the three inore recent years. The 
fish credited to purse seines were of course caught by vussels end are added to inalrc 
the subject complete i ~ l d  to aiford a hsis for comparison with 1880, for which year no 
separate figures for the shore and vessel fisheries are available. 

__._ _______ ____ 
I ' 1888. 1887. 1880. I 

I 

1 ~ r u e h  weirs ...... 6, 360 1 $266 i 5,800 ~ ga7a 5.700 

Gill nets.. ........ ' 300,601) 7,108 278, 272 7,460 ,528, 020 

9 000 1 2511 1 15 000 500 10,000 
....... 563: 640 ~ 10,868 50'8: 184 14, G85 1 544,000 

...... I 16,000 1 678 I *32.000 1 1.600 I *8.000 

$270 .................. 
250 I .................. 
320 ......... .I: : : :: : : : I  

13,514 ........ .I.. ...... 
12,076 .......... 

1 ! 27,330 ~ 580,310 1$11,876 
- 

The following table gives, by counties imd species, the quaiitity and value of fish 
taken in each form of apparatus; the invertebrates, secondary products, etc., are also 
added to make the presentation complete for each county. It appears that while of 
the fish proper tlie ponnd nets, weirs, and trap nets take by far the larger quantity, 
the hand lines and trawl lines yield a greater revenne. The catch in pot8 surpasses i n  
value that of the lines, pound nets, weirs, etc., combined, althongh the qiiantity of As11 
so taken is insignificant. 1~x:hinination of tho table will give ;% comprehensive idea of 
the actual and relative importance of the different devices in each county. 
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37.-T'able showing by couictiee and qqrtmtcts  t710 yield qf tfke 8hove$she~*iee of Jfaiae iir 1S89. 

Herring, salted ........... 
Rerrin smoked .......... 
Menhafen, fresh. 
Salmon, fresh.. ........... 
Shad. fresh ................ 

Washington. 

Pounds. I value. 
Apparatus and apocies. 

35,000 
8,000 

................... 
152 

0, 000 

Flounders, fresh 
Smelt, fresli.. ............ 

Raid seines : 

300, a25 4 307 
3,000 ' 120 ....... .I.. 
4,800 13 ................... 1,XB:l I $RE7 

r .  l 0 t d  ............. ...I.. ....... ._I_. ..... 

............................... ZAG, 000 
..................... 12,500 ......................................... 

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

-. /=_==I-- 

532 
445 

8,252 

6,218 
22,oas 

............... 92,865 $480 .......... ....... 

............... 340 7 
18,465 504 ............... 

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

.......................................... i..... .. 

$?, 476 
3, 900 

160 

25 
300 

....... 

A lewivos, smoked 
Xeming fresh.. .......... 
FIurriii$ smoked.. ........ 
Pollock 'frtwli.. ............ 
Saln~on.'fresl~ ............. 
Slmd,frcsli ............... 
Smelt fresh .............. 
\Bast; fish, fresh.. ........ 

Total.. .............. 

.................. 
5,931,525 
2, 908, 1425 

73,500 
2, 043 

14,000 
:I:%, 790 
29,400 

Pound nota wcirs, and traps: 
Alewiv&, fresh .......... .I 7 000 ' 35 
Alewives. salted .......... 6:000 1 90 

Cod: salted.. .............. 
Cl l fk ,  fresh 
Cnsk sdtud 
1Iak;. fresh. .............. 
Hake, Ralted __._ ._ ._ _ _ _ _ _ _  
Ilnliliut, fresh ............ I 
fiaddoek, fresh ._. ___.  . __. 
IItulh4c s n l t d  .......... 
I'ollook fhsh ............. 
I'ollock: saltod.. .......... 
Smelt, fresh. 

r .  1 otal ............... 

303,210 7,741 

:IS, 420 206 
307,050 4,014 

59, 480 4,114 
05,9413 1, 030 

162,905 2,443 
21,543 225 

119,991 1,250 
................................ 

1,154,877 23,256 

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

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

-_- - 
_c__ 

....... 
17.858 
92,766 

147 
270 
44 1 
859 
38 

4,569 
2,354 

2, ion 
12,609 

0,417 
240 

................................................. .............. - 1  2,000 

............... 1 5,000 400 .................. 

33 1 290~000 5:049 ............................... 104,OUO 1,509 
............... 1 ................ 30,400 314 
............... 800 8 .................. 

8peurt3 : 
Flounders. fresh. ....... 

Cll31118 (HOft) fresh. ..... 
Clanla (soft)', srtltud.. ..... 
Scallops, &esh 
Algm ..................... 

Total ............... __ 
SecoudZlrV prOdllCtH : 

$ouniis ................... 
Pongnes .................. 2,030 41 
oil (fish and porpoise) .... 35,232 1,592 

Total ............... 46,585 1, 866 

Grand total.. ....... 21,148,102 276,981 

Hancock. 
- 

I -- 

36, 290 
20,540 

210,574 
0,149,349 

1n3,500 

$3,000 
3,300 

375 
........ ........ 
........ 

0, 075 

...........I........ ................................................. 
65,590 15,554 330 103 70.849 14,059 
2.000 ~ 107 1 ........ 1 ...... 1 80 1 ,,; 1 .....??:.I.... z/ 
2,273 2 0  ............... 1,100 

........... i ........ I ....... I .... -- . I  ........ I ........ j ........... j ........ I 

................................. ................ 384,250 1,537 
2,700 40 .................................................. 
0,750 180 ............................... 77,500 1,550 

............... 1,200 30 .................. 
J50,550 207 50,000 450 75,250 518 ................... 
84,357 0,616 12,730 1,018 78,086 G,?GI 1,000 100 ................... ................................. 140,000 LO2 

256, 882 
913,931 

1, GOO 
17,959 

237,400 
726,7:18 

(10, 080 
l38,511 
427, 89n 
23,600 

206,765 
150,887 

3, 108, 297 

5,446 ............................... 185,750 3,937 
GI 1 124,771 1 3,211 23,334 1.. ......I.. .... .I 2,000 1 

22 j ........ 1 ....... 1 ........ 1 ........I ........... I ....... 
1x2 I ........ I ....... I ........ 

2,255 .............. 
10.900 I ............... 8 

__-- __..-____- 
70,493 I..  ...... I .  ..... ./ 13,800 1 552 1 I ,  079, 829 I 17,837 

170, 426 ~ 4,109 ....... 

332 078 13 770 1 ........... 147,700 0,751 I ion,ooo 3,000 
2,214: 040 ~ 41' 191 I ...... ..I:::. ... 1 1, 000 1 80 1 2!20,000 I 7,280 

4.500.000 2.015 ........ 1.. ..................... 1.450.000 725 
............................... .... 177, GOO 11: 972 ....... .I.. .I.. .I 

22,u22i ........ 1 ....... i 3 1  2,431 
6,092 122 833 

70, 027 2,158 ............................... 23,108 
............................... 

104,741 1 2,831 1 ........ 1 ....... 1 121 1 3 1 26,431 I 715 I _ _ - _ _ ~ _ _ _  ___------ ~__.-___I_____ __-- 7 
17,017,744 428,711 08,413 2,708 058,400 41,800 10,411,200 164,429 

-z I I I I 
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3?'.--9'able sliowinfl b y  coimties ciwtl appavutctx the yield of the dI0rC j ieh  wies of Muine itt ISS9-Conthued . 

44. 593 

270 
120 

47. 365 
38. 853 

710 
3. SEI 

241 
1(10 

21. 262 
21. 248 
11. 064 
40. 680 
11. 738 
5. 710 
9 522 
4: no0 

as. 229 

'w1, 1 - 

~ ._..._I ............. .. . .. 
I Lincolu . I Sngndnhoc . 1 Cumberland . 1 Pork . 1 Total for Stntr . 

. . . . . . . . .  - ... A~ipnr:lti~s UUd HlJeGiCH . 
~~ ..... ~ ~- . - --__ -- ~ _ ..-. 

I Hnul seines: 
Floundem, fresh ... .! ................... .. ........................... , ........ 

.......... Smolt fresh ........ ' 9, 000 $700 

Total ......... , 9, 000 700 

Was& fish, fresli .. .I ............................ !______-_ 
.......... ___ -- , ___ 

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

Gill IW?H : ! Cod, fresh ..I 

Ilorring, fresh 1 RUG, 000 1, 910 
Herring, salted ..... 1 I, 607, 0UO 12, 715 
Hemng, smoked .. .I.. .......................... 
hlackerc.1 fresh .... .I .................. 
Salnion, fresh ...... .I ............................ 
Shad, fresh ........ .I .................. 

j._____-_ 

.......... 
4, 500 

186, 063 

Menhad:;, fresb ....................... 50, 000 

Total ........ .!l, 073, 000 14, 025 241, 103 

I'ound note, weirs, and 
trap nets: 

Alewives, fresh ..... 1 .................. 274, I00 
Alewives, salted ... .i ............................ 
Alewives, smoked .............................. 
Cod, fresl1 ...................................... 
Butter.fish, fresh .. .I ............................ 
CuUncrs fresh ..... .I ............................ 
Flounde;.s, frosh ........................... 

Herring, smoked ... .I ............................ 
Mackerel, fiosli .... .I .................. 
Menhaden, fresh ... .I ............................ 
Pollock, fresh ...... ! ...... 
Salmon, fresh ..... ..I ...... 
Shad, fhsh ................ 
Smolt, frwh ....... .j .................. 4, 000 200 35, 000 1, 800 ............. 80, 105 
Waste fish, fresh .. .I .................................... ! 

Herring, free11 ...... l.'-iO,000 135 ZOO,  000 

SI, 000 

180, 000 !)SO ......... . I  ..... 1:: 

Frostfish, frosh ..... '. ................. 2, 500 10 ........................... ...... 
Snielt, fros~i i I ,  BOO 90 

2011, 400 

, . lotul 

PloUIrderf4, frCHh ..... 25, 000 , 330 .................. ...... 107, 000 
Id'yko nuts :  

........ .................. ............................. 
,--_- ..--- 

Total ......... 25, 000 250 I 4, 000 . ______ __ __ 
Alewives, fresh ..... 700, 075 0, 592 .................. 1,173, 425 
Alewives, salted .... 320, 000 8, 680 .................. 505, 300 
Alewives, smoked .. 17, 025 500 .................. ..................... 119, 076 
Plouniler., fresh ........................................ ..................... 27, 650 

Was& Ash, fresh ... ..........I-. ..................... 

brig nets and dip nots: 

. t Frostfish, fresh ....................... 17, 500 70 ..................... .Idti, 050 
Smelt fresh .......................... 28, 000 1, 300 00 .................. 275, 983 

..................... 1 140, 000 --. --- ---- 
Total ............ 

T:LII$ and trawl lines: 
]<ream, frosh 26, 000 270 ..................... 20, 000 
Catflsh, fresh 6, 000 120 ......................... 0, 000 
Cod, fresh .......... 11, 988 630, 000 11, 373 2,233, 402 

(:unnors, fresh .. 
Cod, salted .......... 
Cusk, fresh ......... 
Ci&, Halted ........ 
1?1ouu(brH, fresh 10, 000 J60 .. 
H;rkr fresh ......... 542, 500 5, 253 068, 000 9, 209 

&uldock frosh ..... 63, 800 914 3%000 012 1,007, 600 17, 127 
H;uldoek:sdbd .... ( 85, 120 1, 270 ....................................... 

Hake: snlteil ........ 297: 920 4, 468 
Jxalibut, fresh ...... 7, 550 520 ................. 10, 000 1, 311 

Mackerel, fresh .... ., .................. 14, 500 I ,  4(1O 22, 500 1, !I90 
Pollock fresh ...... j 49, 700 497 160, 000 I ,  820 592, 300 0, 340 

Smelt, fresh ........ j 68, GOO 6, 470 220, 000 13, 000 41, 000 
......... Pollock: saltod ...... 56, 000 582 .............................. .a.irSo., 

,---- -- ~ - ~ -  
J.otal ............. 998, 070 37, 780 568, 500 19, 529 3,393, 600 53, 470 1,550, 800 

. . I 
r 7 

\'due . 

$9. 13: 
10. 881 

50: 

20. 521 

2, 95u 
14, 478 
28, 84C 

055 
2. 013 
8. 513 

912 
7. 108 

-. 

00.373 .__ 

4. 070 
542 

6. 816 
445 
190 
713 
75 

57. 103 
98. 984 a. 979 

960 
147 

83. 200 
10. 904 
3. 589 

988 

231. 326 

I .  !a 0 
10 
90 

-- 
.- __- 

1. 380 

8, 279 
7. 950 
2. 780 

801 
3. 220 

21. 289 
202 

-._ .__ 



Apparatus and spociea. 

Pots : 
Eels, fresh 
Lobsters, fresh ..... 

Total. ............ 

~ _ _ _ _ _ _ _ . ~ ~  .-____. __.___ 

................................................................................... 74,825 
1,693,250 $52,138 270,500 $8,410 1 2,143,600 $53,607 621,400 $19,845 24,452,111 

1,693,250 52,138 270,500 8,410 1 2,143,600 53,507 621, 400 19,845 24,526,936 
___-___--__-___-~ 
~ ~ - - -  - -._._ , 

VJue .  

$6.811 
556,733 

563,374 

1,484 
4,364 

5,848 

72,359 
126,820 
16,697 

100 
6,315 

-- 
____ 
_.- 

___ ___ 

222,291 

1,074 
203 

8,326 

9,603 

,420,239 
--. 

In the following table, based on the preceding, the wide difference in the various 
forms of apparatus is shown, and the disparity between the relative quantity and value 
of products taken in each is well exhibited. The percentage of the quantity and value 
of the catch in the various forms of apparatus is compared with the total yield. 
Sg.-Table showing the relative quantity and value of yield in  eaek pvincbal form of apparatus of capture 

mployed in  the ahorc$sha.ies of Maine in 1889. 

Percentage. 

Quantity. I Value. 
Apparatus. 

Spears : 
Eels, fresh .......... 9,570 764 2,000 140 1 8,000 480 
Flounders, fresh.. ......................................................... 

Total ............. 9,570 784 2,000 140 8,000. 480 
~_____-___.-_____-___ 

____ ___-_ __ 
Miscellaneous : 

92 580 3,388 59,460 1,846 1,040,009 29,869 
217: 400 4,725 509,000 9,620 2,478,060 54,427 ...... 78,650 4,420 6,375 305 ..... .......... .............................................. .............. 1,600,000 800 ..................................... --___---___-___ 

Total ............. 1,988, 630 13,333 574,835 11,771 3,518,009 84,290 
____-_-____-F_______-___ _- 

seconds products: 
sou38 ............. 9,028 226 ....................................................... 
Tongues ............ 1,184 23 ................................... ?. 
Oil .................. 49,902 1,560 2,325 65 54,250 1,494 

~ 

.......................... I ..... Haul seines. 
Weirs, pound nets, and trap nota. I Gill nets .............................. 

1,500 100 21,070 
40,000 265 216,425 

41,600 355 237,495 ______- ______ __ ____ 
368,280 11,126 2,207,072 
104,500 2,189 6,181, 600 

262, 685 
800 

3,050,000 1, .525 12,900,000 

............................ 
sou 100 

3,523,580 14,940 21,552,157 
____.__-.___--- 

42,925 .................. l0,lM 
29,678 820 272,182 - - - - ~ - _ _ _  

Fyke nuts ............................ 
~ i ~ g  nets and di nets. .  ............... 
Pots .................................. 
S ears..... .......................... 2. isoullanoous ........................ 

Hand lines and trawl lines.. .......... 

Total __.._ _.__ __.. 
Grmd total.. ..... 

.81 
24.12 
6.84 
.12 

2.91 
14.23 
26.99 

.26 
23.72 

60,114 1,809 2,325 65 54,250 1,494 29.678 820 325,245 _______ ~ ~__.______ 
8,875,934 132,286 2,820,526 69,393 12,996,601 230,770 6, 902,988 84,161 91,201,034 

.- 

1.46 
16.40 
4.71 
.09 

1 3.16 
18.07 
39.94 

.41 
15.76 --- 

Total ...................... ......I 100.00 1 100.60 

prom Table 30, showing certain averages and percentages, it is seen that in Pe- 
uobscot Uounty for each $100 invested in boats the fishermen take products to  the va;lue 
Of $1,354, this being considerably more than the average for any other county, although 
~ a ~ l d o  County shows $1,020. The average value of catch per each $100 invested in 
%)Paratus is greatest in Cumberland County, being $788; after which come Lincoln, 
Bancock, Enox, and Washington, with over $600 each. The average catch per man 

greatest in Knox County, which shows $315, against $308 in Pork County and $256 
In washington Oounty. In the same table the percentage of value of yield in the 
principal forms of appa,ratus is given by counties. In Washington County it will be 
'bWved that 41 per cent of the total value of the sbors fisheries is t&ken in pound 

E'. C. B, 1Q90-4 
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32.76 
............. 

4.32 
11.0ti 
6.92 
I 22 

13. 23 

nets, trap nets, and weirs, and 40 per cent in pots, while only 2 per cent is taken by 
means of gill nets. In Hancock, Knox, and Lincoln counties pots also take by far 
the largest percentage of the catch. In Penobscot County seines and bag nets yield 
54 per cent and gill nets 33 per cent, the relative importance of these forms of appa- 
ratus being much greater in this county than elsewhere in the State. Lines are the 
most important means of capture in York County, and such miscellaneous devices as 
rakes, hoes, dredges, etc., are most important in Cumberland County. 

39.-Table shozutng by corc?itiea certain a v e r u p  and percoiatages of the alioropshe~*ias of Nainc in  2889. 

............. !I. 23 
1.32 27.64 

...... 11.65 tin.oti 
.17 28.56 39.41 
.14 28.14 12.12 
.45 23.17 23.19 

....... 38. 04 2:J. 58 

Value oi 
catch poi 

Counties. each$I(K 

~~ .~~ 
Lincoln .......... 
Sagadahoo ....... 
Cumberland ..... 
York ............ 

investod 
in boats. 

591 
771 
573 
455 

I --- 

I 
Alewives, frosh.. ........ .07 
Alewives, salted. ........ 1.58 
Alowivos, amokcd ....... .20 
Bream, fresh ....................... 
Catfish, fresh ...................... 
Cod, salted .............. 2.82 

Cusk, freah. ........................ 
Cusk, salted.. ...................... 
Eels, fresh.. ............. .03 

Haddock, fresh. ......... . 59 
Haddock, aalted ......... . n9 
Hake, fresh ............. . nu 
Hake salted ............. I. on 
Halidut, fresh ........... 1.50 
Herring, fresh. .......... 7.05 
Herring, salted.. ........ 1.42 
Herring, smoked _ _ _ _ _ _  _ _  33.W 
Mackurel, fresh ................... 
Menhadmr, frelrh ................... 
Pollock, fresh ........... . I4  
Pollock, salted .......... .46 
Salmon, fresh.. .......... .11 
Shad, fresh. ............. .27 
Smelt fr6sh ............. 2.22 . ( I 1  
Lobsters, fresh.. ........ 39. no 
Clams (soft),fresh. ...... .05 
Clams (soft), aalted ...... 2. tin 
Scallops, fresh. ..................... 

uahogs, fresh.. ................... 
%gB. i a46 

Total ............... 1 100.00 

Butter-fish, fresh.. ......... 
Cod, fresh ............... .38 

Cunners, fresh ..................... 

Flounders. frcah. ................... 
Bbstfish or tomcod, fresh .71 

Waad fish, fresh.. ...... 

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

Washington.. ~. .I %ti7 
Hancock.. ....... 680 
Penohsoot ....... I I,:%% 

.12'.......... 1.151 1.00 

.ll .......... .WA .......... 
.......... 1.28 1.35 1.61 

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

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

................................................. 
.................... 1.28 2.56 

5.48 .......... .12 2.00 
................................................. 

Waldo. ......... . I  1,020 
Rnor ............ 742 

5.05 2.74 .75 
2.82 ., .................... 

.39 .......... 
.13 

.17 .......... 
9.36 1.99 5.23 
3.4ti .... : ................. . A4 

. 3 n  ...................... 

.n4 

46.28 
3.23 
9.m 
2.81 

.47 

Value of 
x t c h  poi 
3ach $101 
invested 
in appa- 

ratus. 

................... ................................ .ti3 .63 .......... 27.64 68.38 38.96 12.13 2d.34 
.......... 16.15 1.95 2.60 2.66 13.03 .......... 13.88 23.74 .07 4.74 3.02 ............................. 3.30 .44 .......... 
.................... .61 .47 

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

$503 
519 
193 
339 
527 
506 
276 
788 
337 

Value of 
catch )el 

e d 1  
1nau em- 
ployed. 

$256 
248 
63 

202 
315 
178 
129 - 209 
308 

Total. 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100. ti0 

Po11nd 
not3 tra 
ne;;, a n J  

weirs. 
. .____ 

40.76 
11.96 
3.80 

ti. 41 
37.85 

.10 
33-45 
5.78 I 6.01 

' Scinus 
and bag 

nets. 
.- 

4.38 
5.11 

54.21 
16. 9ti 
2.07 
8. ti7 

2.81 
1.98 

........ 

, Spuars. 

. .-___ 
I ........ I I:::: i:5:1 

........ , :;: I:: 1 ' 

Miscd. 
Ianoous. 

__ 
4. 74 

16.75 
......... 

16.23 
7.50 

11.45 
17.05 
17.17 
18.72 

The following table shows for each county the percentage of the value of each spe- 
cies to the value of the total yield in the country and illustrates the great differences 
which exist in the various counties in- the matter of the importance of fish and other 
product8 therein taken : 
dO.-Table xlbowing by counties the pmentage of tho vulne of each xpeciox to the total yield of the alioreJiie5- 

eries of .Maine in 3889. 

Washing- I species. I t,on. Aancock.1 '~~~ 1 Wddo. I linox. I Lincoln. (Sagadahoc. 1 

100.00 1 100.00 I 100.00 1 100.00 1 100.00 1 100.00 1 100.00 
_____ .. - 

Pork. 

......... 

......... 

......... ......... 
.17 

17.42 

. 06 

.26  

.12 

.40 

15.48 

2. 00 

.66 
2.14 
5.55 

7. 70 
2.50 
.10 

. 0" 
-06 

3.48 

23.81 
13.36 
2. 63 

.12 
1.83 

100.00 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

........ 
1 

/ 
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THE SHORE INDUSTRIES. 

Some of the shore fishery industries of Maine are the most inlportant of the kind 
in New England, and add greatly to the value of the fisheries proper, upon which they 
are dependent. The branches in which the State excels all others amre sardine canning, 
lobster canning, clam canning, and herring smoking; in addition to which the menha- 
den industry,  reparation of finnan haddies, etc., are of considerable importance. 

The canning indust~y.-This is the most importa~it shore business connected with 
the fisheries of Maine. The different branches of the industry illolude the canning of 
sardines, menhaden, pla'in herring, clams, and lobsters, q d  mackerel when that species 
is obtainable. Connected with the canning business is an extensive smo ked-herPing 
trade, which is confined to Washi~lgton and Hancock counties, and is incidental to 
sardine canning. The full extent of the entire industry can be readily judged from the 
appended tables, which show the various phases of the subject in great detail. 

41.-Table showing by cozlwtiex the prodz~cts of tlio can t~ ing  induetrg o j  Nailre in 1889. 
-p 

I 
--- 

Washington. 
Products. - - - 

. .  

I. .Raw products : 
Herring.. ..... 
Lobsters .......... .. 
Clams.. . . . .  . . . . . . . . . . . . .  
Menhaden.. ... .pounds.. 

Total ............................. 108,875 .......... 30,747 .......... 28,875 ........ 6,908 ...... 5 730 

11. Manufactured produots : 
Sardines, in oil : 

uartem ...... .onsee.. 
.. ........ 8 alvos ..do.. .. Three-quarters. .do.. 

Sardines, ~n mustard: 
....... 8 uartars oases.. 

.. hroe- uarters. .do.. 
sardines,% spices: 
cprtwa ...... .o%aaa. . .. hree-quarters. .do.. 
One pound ...... do. 
Two pound.. ... .do.. 
Odd sizes.. .... ..do.. .. 

Sardines, in tomato srtuce: 
... On0 pound.. .caaos.. 

Two pound.. ... .do.. 
"Brook trout" (herring) : 

Three-pound o v a la, 
ewes.. 

Plain herring: 

250,957 
9,881 
1,025 

3,'127 
130,096 

82 
3,600 

36 

Three-quarters .cases.. 
I 

.. . One ound.. ..do.. 
~ m o k J h e r r i n g :  ....... Itegulars boxos.. 161,480 40,031 32,000 4,999 

Bloaters.. ...... .do.. .. 13,241 10 861 
Piolcled herring.. .bbls.. . 610 2:464 1,600 

.... ................................ Menhaden : 
One pouncl 378,272 20,794 

Russian sardines .................................................. 
........ ... .................................................. Anohoviea t 

................ Lobstere : 
One poilnd ...... 
Two po~ind.. ... ................ 

071,204 
40,716 
4,100 

15,635 
455,386 

310 
13,534 

126 

Clsms : 
Ono pound ..... .dg.. 

.... Two pound. .do. .:. 
T w  pouutl ... .do. 

Clam jnice.. ...... .do. 

Total ............................. 
111. Secondary products : 

Oil ........... ..gdlond.. 
Herring pomace.. .tons.. 
Lobator pomnoo .. .do.. .. 

Totd ............................. 
Totd of manufd and 

seuondary productb 

------.--- 

9,683 

1,000 
27,973 

1,000 
2,000 

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

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

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

356 
23 

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

37,473 

5,000 
07,906 

5,000 
7,500 

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

....................................... .......................................... ................................ 
........ ........ .......... .......... 1, 640,617 :!11,507 94,098 18,804 

--------. 

1,300 

........ , 704 

1.100 

40,800 

: 

31,703 
1,668 

980 

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

........ 

5,200 
.................................................................... 
.................................................................... 

58 

6,0(KI 

3,109 

......... 

7,926 
18,344 
7,840 

20,110 

1,669,727 
-- 

.' ..... 
.... ./ f 1:. ................................................................... 

........ ...... I . .  

........ 

..........I.. ...... 

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

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

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

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

103,060 
18,500 
37,600 
75,000 --------------- 

3,073 
240 
537 ------- 

.......... --------------- 

.......... 

14 
10 

--.---,-- 

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

7,252 
1 139 
4: 399 
8,625 

618 
1,020 
4,200 

0,734 

218,291 

...... 1:. 
277 
36 

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

29,915 
9,492 

19,494 

510 
20 

(I69 

.......... 
----------------- 

.......... 

2,110 
889 

2,274 ................................ 

30 
13 

188 

........ 

........ 

1 
160 

7,065 

7,353 

101,451 

226,400 

8 
104 

1,047 ------ 
1,759 

20,363 

12,584 
................ ................ 

I-- 
................ 

---- 
........ 

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

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

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

19,200 

. . . .  
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$98,089 
72,092 
8,103 
2,939 

181,223 -- 

013,877 
56 716 
4: 100 

20,035 

5,310 

277 
2R 

126 

704 
58 

0,600 

1,608 
18,176 

553,242 

21,034 

BULLETIN O P  THE UNITED STATES FISH COMMISSION. 

I. Raw products: 
Herring .............. ..pounds.. 
Lobsters ................. .do.. .. 
Clams. ................ .bllsllcls. 
Menhaden.. .......... ..Dounds.. 

41.-Ta,ble showing the pvoducts of the canning industy of lllainein 1889-Continued. 
SUMMARY. 

31,594,338 
5,752,654 

30,211 
881,550 

Products. I No. 

____.I. 
One pound ............. .do.. .. 
Two pound.. ........... .do.. .. 
Throe pound ........... .do.. .. 

Clam juice ................ do.. .. 

406,165 
27,992 
57,094 
75,000 

Total 

Total ...................................... 
III. Secondary products : 

Oil  .................... .gallons.. 
Herring pourace.. ....... ..tons.. 
Lobster pomace ........... do.. .. 

Total ...................................... 

[I. Manufnctured products: 
,Sardines, in oil: 

uartera .............. .cases. . % alvea ................ . .do.. .. 
Three-quarters ......... .do. ... 

Sardines, in mustard : 

Sardines, in spices: 

uarters ............... .do.. .. 4 hree-quartern __. ~ -. .  do. - ~. 
unrters ............... .do. ... 4 hree-quarters . . ~. .  do.. -. 

One pound .............. do.. .. 
Two pound.. ........... .do.. .. 
Odd sizes.. ............. .do.. .. 
One pound ............ . .do.. .. 
Two pound.. .......... . .do..  .. 
Three-pound ovals ..... .do. ... 

One pound ............. .do.. .. 

Sardines, in tomato sauce : 

"Brook trout" (herring) : 

Plain herrinn: 
Three-quahrs ......... .do. ... 

34,316 
1,941 
2,366 -- 

261,940 
9,881 
1,025 

4,127 
158,069 

1,062 
5,609 

74 
10 
36 

256 
23 

1,100 

643 
0,385 

Washington. ............... 
Hancook .................... 
Knox ....................... 
Lincoln ..................... 
Cumberland ................ 

value. / I  ' Products. I No. 

31 $239,900 $442,000 3,144 $1, 609, 727 
0 58,000 79,500 601 218,241 
4 28,000 28,250 109 101,451 
3 9,150 9,300 94 20,363 
2 7,800 4,000 9 l!l, 299 

II. Manufactured products-cont'd. 
Smoked Imrring: 

Kemlars .............. boxes.. 293.480 
Blobt,ors ................ .h ... 13,241 

Pickled herring.. ..... ..barrels.. 1,016 
Monh:iden: -~ .- 

One pound ............. .cans.. 378,272 
Russian sardines ...... .barrels.. 2,086 
Anchovies .do. 1 120 ............... ... 
Lobsters : I 

Ono ponnd ............ ..cans.. 999,521 
Two pound.. .......... do.. .. 85,520 

Cl.lmri. I 

ondary products ........................ i r -  Total manufactured and sec- 

I 
4.$.--Summary by counties of the canning induetry of Maine in 1889. 

I 1 Canneries. I I Valueof I 
No. of manufac- 

Cash employ6s. Counties. I j N0.l Value 1 capital. I 1 p 2 ~ t s .  1 

_ _ _ _ _ _ ~ _ _ _ _ _ -  
.................. 1 49 1 343,450 1 663,050 1 4,017 I 2,029,081 1 

Value. 

$45,930 
10,361 
4,064 

26,794 

480 
8,344 

126,577 
16,036 

25.124 
2,628 
0, 673 
8,625 

984,125 

8,580 
16,628 
20,848 

- 

44,956 -- 
029,081 

The combined branches are seen to have given employment to 4,017 persons; the 
aggregate capital invested, exclusive of boats and vessels, was $90G,500; the raw 
productu handled were worth $181,223 to the fishermen; and the manufactured goods 
had ;I market value of $2,029,081. 

The canning of sardines takes first rank among the shore fishery industries. Of 
the fortynine factories enumerated in the table, thirty-seven were engaged to a greater 
or less extent in the preparation of sardines, the value of which was greatly in excess 
of that of all the other manufactured products combined. The importance of this 
industry to  the State is very great and warrants all the encouragemerit which can be 
extended. Since the lest investigation of this subject was made by the U. S .  Fish 
Oonimission * certain changes have taken place in the methods, etc., in the principal 
centers of the business, which may be properly recorded in this paper. 

One of the principal items of expense in sardine canning is solder, large quantities 
of which are required in making and sealing the cans. Single firms annually consume 

* The American Sardine Isduetry in 1886, by R. Edward Em11 and Hugh M. Smith. Bull. U. 
Fisk Commission, 1887, 
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l_l___ __-- 
'Tnsl'in@ 

ton. Classlfioatioi~ of employ6a. 
_-I_ --__ __I_ I 

.............. Propriotors, olerks, nnd foremen 76 
Boatmen. ....................................... 114 
Sealers and can-malcew.. ....................... 728 
Seamera ......................................... 131 
Cutters and finkera ninlo ....................... GOO 

407 
Paokers female ................................ 548 

T o  tal ...................................... 3,181 

$21,025 
Total annual wages.. ........................... 280,478 

Cutters and flakera: female ..................... 
General )laborom.. .............................. 468 

--_- 
Average weekly pay roll.. ...................... 

___-_ 

___ 
Hanoook. Total. 

- 
14 88 

133 
817 89 

10 150 
127 787 
27 494 
82 030 
82 550 

459 3,850 

$2,005 $28,030 
58, (100 345,478 

--.- --__- -- 
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8 .  lotnl ................................... 

€ieylnr siee ................................ 
Bloaters .................................................................... 

Cau tit  in Cnnadinn weirs- 

r .  iohi  .................................. 
Grand total.. ........................... 

44.-Table showing Ute ~zun&I~cr and vulirc of srqply boutm employtd in the uurdine industry of Fuslbington and 
Hajrcock cotinlieu, Maine, in 1889. 

__---___ 
385, 000 1,928, 000 00, 840 

-- 
385,000 I,OZ~,OCO p,a40 ____ -- 
939,521 5,090,425 159,830 

1 NO. ' VRlIle. 
~, I.-_ - 

Stoamors .................... $10,700 
Snilbonts.. .................. 1 tit I 16,330 ,. l o t d  .................. 1 65 I 27.030 

The laws of the State permit the canning of lobsters only during the months of May 
and June, and fix the mininiuni size of lobsters used for calming at  9 inches. Lobster- 
canning in the easternmost counties of the State is done at regular sardine canneries, 
most of the apparatus and accessories being jointly used in the preparation of these 
products. The table shows 20 canneries hi operation in 1889, employing 577 persons 
in various capacities. The employes 
shown in the following table are such as were employed in the lobster-canning busi- 
ness, although practically all of thoee in the first two counties were also engaged in 
canning sardines. The object of'the table is to  exhibit the extent of the lobster-canning 
trade without reference to  other associated industries. 

The canned goods were valued at $142,613. 

45.-Table showing the extent of tlic lobstcr-canning industry of Maine in 1689. 
__ 

No. of 

Coimties. I nenes 
in op. 

-. 

Wnshingtun ................ 
Ilancock.. .................. 
Enox ....................... 4 
Lincoln. .................... 9 

Tohl ................. 20 

No. of 
em- 

ploy6s. 

177 
157 
149 
04 

577 
-- 

2,451, a w  1 $30,988 yo, a48 1 ss 791 
1,073, a23 13,258 253,001 31: 700 
1,772,620 22,158 275,691 40,089 
455.408 i G.688 1 85.501 1 12.030 

1- 
6,752,654 72,092 1,085,041 1 142,613 -1-1 ___ I __- 

Smoked-herriag industry.-The smoking of herring in eastern Maine had almost 
become an extinct business a t  the time of the abrogation of the fishery clauses.of the 
Washington treaty. Since 1885 the industry has advanced year by year, and in 1889 
was probably more extensive than ever before known. The extent of the industry in 
1889 is well exhibited iu the following table, in which separate figures are shown for 
the smoked goods prepared fiom herring taken in American and Canadian weirs : 

&.--Table showing the extent of the smoked-herring industry of Muine in  1689. 
- - 

I Ilesignntion. 1 Boxes. 1 Pounds. ~ Vnlqe. I 
Caught in Maim woirs- 

1<egular aizo ................................ 534,280 2,671,400 $83,615 
Ulontctrs ................................... 1 19,641 1 491,026 15,389 I 
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The quantities of fish smoked by the fishermen themselves and at  the sardine 
Canneries are shown separately in the following statement. In the regular tables for 
tchis State only the herring taken in United States waters and smoked by our fishermen 
have heen returned as smoked, while the American-caught fish that were smoked 
at  the sardine ca,nneries appear as such in the statistics of that industry, but in the 
Products tables are included under fresh herring Sor the reason that the fish left the 
hands of the fishermen in a fresh condition. 
G.-Tablc sliotoiiig tkr p ~ a i i t i t i e ~  of smoked kcrriiig prepared by the j k l t c i a c i r  and eui,(~iiie-caiiiic,rs of fifaine 

ill 1ss9. 

. 

___ ~ 

Donipation 
_____ . - - - - - 

3 
$22,200 
$LP0,000 

101 
195 

4 
218.2" 

gy2, nun 
$8, 800 

Smoked by lislicniim- 
Itu~ul& s ize . .  ............................... 026,400 3,132,000 $08,031 I XlOatWH ..................................... 1 6,400 I 100,000 I 5,008 1 

Numbor of sailing ressols oniplogod.. 13 
Nut tonuago ...................... 398.10 
Vdilo. ............................ $15,960 
Value of outfit.. .................. $I:l,005 

Niiinbor of nvmliudon Iiaudlcul ........ *%I, 057,585 
Viiluir to tinlirriuen ............... $:i1,260 

282,465 
vlL~llo nhrso~,i ................... $02,400 

2,305 
Value a8 sold .................. $24,735 

Niuuber vf d l o n a  of oil iimde. ....... 
Siunilwr of tons of aorap producnd . . 

I Totnl .................................... 
Sniokod by sardine cnnncrs- 

IZogulnr sizo ................................ 21)3,480 1,?67,400 45,930 
Bloaters ..................................... i 13,241 1 331,UL5 1 10,301 I 

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

For purposes of comparison the quantities of herring smoked in 1880, 18Si, 1888, 
The annunl increase since 1885 is very marked. and 1889 are here given ill one table. 

4S.--Comparative table showing the qnantity of herring smoked i n  Maine in 1880, 1SS7, ISSS, and 1889. 

Blontcrs. Total. 
. - ___I_ ___ 

_ _ _  --- 
............. 
........... 

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

- - - ____ ___ 
1880 
1887..  
1888 
1889..  

-. 

 NOTE.-^^ 1880 t1ioiivorago woiglit of abos of rsgcIar.eisc horriug was 84 pounds an11 bloutors 33h ~ O U I U I H .  sinro thnt 
Year tllorc iip1mws to Iiavo boon a dorruaso iu tho sizo of bonos uscd, for in 1889 tho i~verago not lvoigllt of lis11 in tho 
''dinmy bosos WVRR 5 pounds aiid in tlio largor bosos 25 pounds. 

The nzenAnden indtcstry.--Tlie return of inenliaden to the Tvaters of Maine has 
caused the revival of an industry which formerly was of great value to the State. 
Already tho capital devoted to i t  amounts to $112,015, and it seems probable that the 
11051. future mill give e~dei ice  of a still more marked increase in the business. The 
details of theindustry as it existed in 1889 are shown in Table 49. 

_ -  
4D.-l'able eltowing the extent of the menltadr~t industry of Nuine. 

._ - 

DoHigontion. Dosignation. 
. ._ - 

Number of factorics in  operation.. ... 
Vdiio of fnotorire ................ 
Amount of o n ~ l i  mpital. .......... 

Number of nliorcsmcn ompluyod.. .... 
Nuinl~er of fishormen oniployed ...... 
Number of stoam vossols umployud.. . 

Not tonnago ............... :. ..... 
Valno.. ........................... 
Valuo of outfit.. .................. 
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On fishin vessels ................................................ 
On shore, in factories, fiah.houses, etc ............................ In  shore isheries ................................................. 

Total ........................................................ 
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141 
194 
30 

365 
- 

111.-THE FISHERIES OF NEW HAMPSHIRE . 
GENERAL REMARKS AND STATISTICS . 

Compared With other New England States, the fisheries of New Hampshire have 
never been important, and in recent years have shown a serious decline . The coast 
line of New Hampshire is occupied by a single county. Rockingham. to which trhe entire 
fishery interests of the State belong . 

Three tables covering the combined fisheries of the State are first presented . 
These give 365 persons engaged in the industry. with an invested capital of $112.660. 
taking 4.354. 568 pounds of products. valued at  $88.511 . 

50.-Table of pereons employed . 

I No* I How engaged . I 

Vessels. fishing (tonnage. 588.05). ...... 
Outfit .................................... 

Boats .................................. 
Apparatus of capture-vessel flsheries: 

Seines ............................. 
Trawl lines and hand lines .............. 
Gill nets ........................... 
Pots ............................... 
Harpoons .......................... 

15 

73 

7 

27 
200 
6 

5l.-Table of apparatue and capital . 

$32. 000 
11 099 

3, 700 
12, 251 

324 
300 
90 

4: 170 

I Designation . 1 iio . 1 Value . I( Designation . 

Apparatus of capture-shore fisheries: 
Weirs ............................. 12 $860 
Haul seines ........................ 3 100 

Trawl lines and hand lines ............... 920 
Pots ............................... 2, 040 2, 500 

Shore property .............................. 32, 100 
Cash capital ................................. 11, 000 

Total .................................. 112, 660 

Pi l lne t s  ........................... 107 1, 246 

-- 

I I I 

4. 000 
7. 000 
600 
88 

46. 000 
25. 100 
3. 600 
10. 000 
137. 175 
*3. 000 
t6. 370 -. 

I . .  I 

&?.-Table of produde . 
Species . I Pounds . I Value . ( 1  Species . 1 Pounds . 1 Value . I I 

Alewives. fresh .................. 
Cod fresh ........................ 
Cusk, fresh ...................... 
E d 8  fresh ....................... 
Haddock, Halted .................. 
Hake, fresh ...................... 
Hake, salted ...................... 
Halibut, fresh ................... 
Herring, fresh ................... 
Mackerel fresh .................. 
Mackerei salted ................. 
Menhaden, fresh ................. 

Cod: salted ....................... 

Had$ock, fresh .................. 

140. 400 
1.178. 655 
195. 000 
33. 500 
12. 000 

1.470. 055 
90. 000 
227. 295 
110. 000 
87. 600 
19. 800 
21. 860 
24. 600 
501. 000 

$3. 080 
23. 222 
6. 325 
350 

1. 200 
25. 071 
1. 112 
2. 353 
1. 400 
8. 332 
195 

2. 010 
2. 359 
2. 325 

Perch or cunners. fresh .......... 
Pollock. fresh .................... 
Sea bass. fresh ................... 
Shad fresh ...................... 
Swordfish, fresh ................. 
Swordfish, salted ................. 
Miscellaneous flsh, fresh ......... 
Lobsters, fresh ................... 
Clams (soft), fresh ............... 
Oil ............................... 

Total ....................... 

Smell, fresh ...................... 

- 
4'354'668 I 

$200 
70 
40 
3 

3. 600 
1. 169 
180 
300 

6. 415 
150 
260 

88, 511 
- 
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68.03 1 $2,800 1 6 
m.98 2,800 6 
186.01 11,700 43 
14.63 1,000 5 
42.42 1,960 12 
337. 06 16,400 88 
30.03 1,600 9 
89.63 6,000 16 
19.41 1,300 (1 
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4 2 12 
4 2 12 

1 48 4 ............ z . . . . .  5 .................. 12 
4 4 96 .................. 0 .................. 16 .................. 6 

THE VESSEL FISHERIES. 

It is in the vessel fishery that the principal decline has occurred, the number of 
craft being 33 in 1880 and only 15 in 1889. The shore fishery is the most important 
branch in which the vessels of the St’ate engage, 11 out of the entire number following 
this fishery to a grea,t,er or less extent. The fishery for ma,ckerel with seines, nets, 
and lines ranks next, employing 7 vessels. The market, halibut, swordfish, menhaden, 
and lobster fisheries have ? single vessel in each. The details of tonnage, value, and 
crew for each fishery are brought out in the following table. 

&?.-Table showing the number of ues8els engaged in each jixhery in New Hampshire i n  1889, together with 
their towage, value, and number of crew. 

Hnlihut.. ............................... 
Mackerel, caught with scines.. ......... 
Mackerd, onught with nets.. ............ 
Mackerel, onught. with lines ............ 
Shore ................................... 
Swordfish .............................. 
Menhaden.. ............................ 
Lobster.. ............................... 

Fisheries. 

1 
4 
1 
2 
11 
1 
1 
1 

No. of 

gaged. 

639,355 
196,000 
33,500 
826,025 
90,000 
227,295 
110,000 
7,000 

- I- 

$14,182 
5,325 
350 

14,821 
1,112 
2,353 
1,400 

70 

Market : 

Halibut: 

Cod, fresh ................. 

Halihut, freah ............. 

1 Numbor and nntionality of 
fishormen. 

--- --- 
103,DOO 1,800 

87,600 6,132 

____-- --- 
Monhnden : 

Crustncoan : 
Menhaden, fresh. .......... 
Lobsters ................... 

Grand total.. ........ 

I I I I I - __- 

464,000 2,100 

14,175 615 --- -- 
2,870,850 55,758 

From the next table it is seen that, taking the value of the products as a basis, 
the shore vessel fishery yields about three-fourths of the total catch, followed by the 
halibut, mackerel, menhaden, market, swordfish, and lobster. If quantities ouly are 
considered, the menhaden fishery ranks second and the market fishery third. 

S4.-Table showing by $sherieo and spedes the yield of  the vesselfishories of llezu Hampshire in 1889. 

1 Fisheries andspeeies. 1 Pounds. 1 Value. 11 Fisheriesandspeciee. I Pounds. 1 Value. 1 
Shord: 

Cod, fresh .................. 
Cod, salted. ................. 
Cusk fresh ................. 
Haddock, freah ............. 
Haddock, salted ............ 
Hake fresh ................. 
Hnkd salted ................ 
Pollohk, fresh .............. 

I Total.. .............. .I 2,128,175 t 

Mackerel : 
Mackerel, fresh ............ 10,700 $1,770 
Mnckerel, saltod.. ......... 24,600 2,350 -- 

Total ............... I 44,300 1 4,129 I 
- - . ~  

Swordfish : 
Swordfish. fresh ........... 25,100 
Swordfish, saltod .........I 3,600 j j 

I--/-I 
Total.. .............. 
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The following table shows the qumtity and v&lue of each species taken in the 
vessel fisheries of New Hampshire in 1889 : 

55.-Tuble showing b y  species tke yield of the vessel $sheries of Netu Iiampskirc in 1889. 

Species. 

Cod, fresh. 
Cod, salted. .................... 
Cwk. fresh .................... 
Haddock, fresh ................ 
Haddock. salted ................. 
Hake, fresh .................... 
Hake, salted ................... 
Halibut, fresh. ................. 
Mackerel. fresh.. .............. 

I 
..................... 

I'ounds. 
~ ~~ 

743,255 
195,000 
33,500 

826.025 
9U,OO0 

227,295 
110,000 
87,600 
10,700 

~a111e. i /  Species. 1 Pounds. I Value. 

$15.982 I 
5,325 ~ 

350 
14,821 
1,112 
2,353 
1,400 
0,132 
1,770 

Mackerel, salted ............... 24, 600 
Menhaden. fresh.. . .;-. ........ 464,000 
Pollock, fresh.. ................ 7, 000 
Swordfish, fresh ............... 25,100 
Swordfish, salted .............. 3,60C 
Lobsters, fresh.. ............... 14,176 
Oil ............................. 6,370 

Total.. ................... 2,877,220 

$2,359 
2,100 

70 
1,159 

180 
645 
260 

56,018 

Lines: 
Cod, freah. ................. 
Cod. salted ................. 
Cusk, fresh.. .............. 
Haddock,fresh _ _ _  ____. . ~ .. 
Haddock. salted .......... 
Hake, fresh ................ 
Hake, saltad. .............. 
Halibut, fresh ............. 
Mackere1,fresh ............ 
Pollock, fresh .............. 

From the foregoing tables the following average figures for the vessels of New 
Hampshire may be deduced : The average tonnage is 39.20, the average value per 
ton is $54, the average value of vessels is $2,133, the average value of apparatus and 
outfit is $1,851, the average number of crew is 9, the average value of catch pur 
man is $397, the average value of catch per vessel is $3,734, the average value of catch 
per net ton is $95, and the average value of catch for each $100 invested in the vessel 
fishery is $95. 

Cod is by far the most important species taken in the vessel fisheries, representing 
38 per cent. of the stock. Haddock yields 28 per cent, halibut 11 per cent, and hake 
and mackerel 7 per cent each. 

In the table showing the vessel catch of fish by apparatus the prominent position 
of hand lines and trawl lines as means of capt,ure mill be aft once apparent, more than 
three-fourths of tlie quantity and about seven-eighths of' the value accruing from this 
source. Seines are tlie next important apparatus, followed by harpoons and nets. 

743,255 
195,000 
33,500 

826,025 
90,000 

221,295 
110,000 
87, 600 
8,700 
7,000 

56.-l'ablu showing by  apparatus and species the yield of the vesset fLshwies of Netu Hampshire in 1889, 
exclzcsive of the lobster jinheries. 

Seines : 
Mackerel, freeh.. _. ._____  .. 
Mackerel, salted ........... 
Menhaden, fresh ........... 

.- ___- -- 

Apparatus and spccicn. Pounds. i 
..... , 

8,000 
24,600 

464,000 

, I  lotal ..................... 2,328,375 

Mnokerel, fresh. ........... 3,000 
Gill nets: 

Apparatus arid species. 1 Pounds. I Value. I 
____ ~ 

$15,082 
5,325 

350 
14,821 
I, 112 
2,553 
1,400 
0,132 

780 
70 

48,325 
-- 

$710 1 
2,359 
2,100 

Total ..................... 
Ha oons: 

?wordfish, fresh ............ 25,100 1,159 
Swordfish, salted .......... I 3.600 1 180 1 

r .  m a l . .  ........... .......I 28, Ton i 1,339 1 
-=c=-== 

Grand total.. ............ 2,856,675 55,113 
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Alewives, fresh.. .............. 
Cod fresh.. .................... 
Hdclock,fresh ................ 
Herring, fresh. ................ 
Mackerel. fresh.. .............. 
Menhadeu, freah.. ............. 
Perch or cutinera, fresh ........ 

Eel;, fresh ..................... 

THE SHORE FISHERIES. 

The shore fisheries of New Hampshire yield about one-half as much products a s  
the vessel fisheries and rather more than half' the value of the latter. The 194 shore 
fishermen have $4,170 invested in boats and $5,626 in apparatus, as shown in the second 
table for the State, and in 1859 took the following products: 

57.--Tablc showing By spceiex the yield of the bl~orcfixl~eries of iiew Eanzpalriro in 1889. 
- - _- _ _  _ _ _  

Species. Species. l'ounds. 
- 

140,400 
435.400 
12,000 
644,000 
19,800 
2, l(i0 

:17,000 
4,000 

.................... 
Seines: 

Gill nets : 

Alewives, fresh. ........... 

Herring, fresh 

Menhiden, fresh.. ......... 
............. 

Mackerel, fresh ._.___ .___. . 

Total ................... - 

$3,080 
7,240 
1,200 
10,250 

195 
240 
225 
200 

- ~ - -  -- -- Spears : 

.-- -- Misrellnneous: 

Sols, fresh. ............... 12,000 1,200 

Lobsters.. ................. 123,000 5,770 
1115 Clams (soft) 5, 000 19, 800 .............. 

......... 326,000 5.920 37,000 225 

58,960 680 Grand total.. ........... 1,477,348 32,493 

_- 7,200 120 -- 
150 --- 2,160 240 

-_- --- --- 

Sea bass, fresh.. ............... 
Shad, fresh.. ................... 
Smelt fresh .................... 
Lobsters, frcali ................. 
Clamu (wft), h u h  ............. 
Mivcdllaneous fish, flWHh. ...... 

600 
88 

46,001) 
10,000 
123, 000 
3,000 

$40 
3 

,100 
5,770 
150 

3, a011 

I .  lotal ................ .....I 1,477,348 i 32,491 1 
........ .. 

The foregoing table shows that the average value of the products taken by the 
shore fishermen of New Hem1)shire is $167 per man, $774 per each $100 invested in 
boats, and $560 per each $100 invested in apparatus. It is also seen that 32 per cent of 
the income of the shore fishermen is obtained from the sale of haddock, 92 per cent 
from cod, 17 per cent from lobsters, 11 per cent from smelt, 9 per cent from alewives, 
4 per cent from eels, and 1 per cent each from mackerel, menliadeu, herring, perch, 
and minor species. 

The importance of the various fishing devices employed in the shore fisheries of the 
&ate is exhibited in the following table, in which the quantity and vadue of each 
species taken in each form of apparatus are given. 

58.--ll'able d~owing b y  apparatus and q e o i e s  the yield of 1Le shore jishcrieu of Netu Hampslkire iic 1889. 

%xamination of the table shows that lines are to be credited with 65 per cent of 
the stock, weirs with 10 per cent, spears with '4 per cent, gill nets with 2 per cent, 
seines with 1 per cent, and pots and other minor apparatus with It) per cent. 
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Vessels fishing (tonnage, 57,984.18). ................... 
Vessels transporting (tunnage, 1,275.12) ............... 
Boats ................................................. 
Apparatus of capture-vessel fisheries : 

Outfit. .................................................... 
Outfit.. .................................................. 

Seines ............................................ 
Snap nets.. ....................................... 
Trawl lines and hand lines.. .............................. 
Gill nets.. ........................................ 

po t s  .............................................. 
Ha eons* ........................................ 
D r 3 g e s  and rakes. ............................... 

Apparatus of cap tu reshore  fisheries : 
Pound nebs, trap-nets, and weirs.. ................ 
Haul seines.. ..................................... 
Gill nets .......................................... 
‘T*ammelu,,ta ..................................... 
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814 $3,042,745 
1,533,398 

22 55,600 
7,425 

3,494 254,033 

235 120, 600 
1,049 11,459 

27 73 
561,746 

1,200 1,600 
108 810 
42 146 

224 222,583 
58 4,245 

3,128 32,753 
4 70 

IV.--I”E FISHERIES OF MASSACHUSETTS. 

H a  ooiis and spears ..................................... 
Dr&ea tongs, and rake8 ................................ 

Shore propehy. ............................................... 
Cnah capital .................................................. 

Total.. ................................................. 
I 

GENERAL REMaRKS AND STATISTICS. 

569 
9,409 

3,058,207 
4,284,200 

13,245,229 
-- 

The fisheries of Massacliusetts are more important than those of any other State. 
Especially prominent are the offshore bank fisheries for cod, halibut, haddock, and 
other ground fish; the mackerel fishery; and the whale fishery, which is prosecuted 
by fleets rendezvousing in, or refitting from, both Massachusetts and California ports. 
The shore and boat fisheries for alewives, herring, mackerel, scup, sea bass, lobsters, 
oysters, clams, and algae are also of considerable magnitude. 

Statistical presentations are given of the vessel fisheries, the shore fisheries, the 
wholesale fish trades of Boston and Gloucester, and the arrivals of fish a t  these ports 
classified by fishing-grounds. The entire commercial fisheries of the State are 
embraced by the tables and discussions. Three general tables covering the fisheries 
of the State are first given; these relate to  persons engaged; vessels, boats, appa- 
ratus and capital; and products and values. 

59.-Table of persons employed. 

How engaged. I No; I 
~ 

On 5shing vessels ........................................ 
On transporting vessels .................................. 
In  shore fiAherie8 ......................................... 
On shore,in faetories,fish.houses, eto ..................... 

lo, 760 

Total ............................................... , 1 17,238 I 
60.-Table of apparatue and capital. 

Designation. 1 -  I NO. 1 Value. 
I 

........................................ 100 .......................... 991 
Pota .............................................. 
Trawl lines and hand lines 3,770 

Fykenets 
Snap nets, dip nets, etc. 
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61.-Table of products . 

Albacore. frcsh .................... 
Alewives. fresh ................... 
Alewives. salted .................. 
Bluefish. fresh .................... 
Bonito. fresh ...................... 
Bonito salted ...................... 
Butterlfish, fresh ................. 
Cod fresh ........................ 
Cod: salted ....................... 
Cunners fresh .................... 
Cusk, f r h h  ....................... 
Cusk . saltod ...................... 

I Species . 

Hake. frdsh ....................... 
Hake salted ...................... 
Halidut, fresh .................... 
Halibut . salted ................... 

Pounds . 

4.875. 500 
855. 198 

8,913, 200 
974. 030 

Herring Bosh .................... 
Herring: wilted ................... 
Hiclcor shnd .................................. 
Kin fl& fresh ................................ 
Mclc%erei fresh ................... 
Mackerel: salted .................. 
Menhaden fresh .................. 
Menhaden' salted ................. 
Pollock fieah ..................... 
Pollock: snlted .................... 
Rod snapper,frosh ................ 
Salmon, fresh .................................. 
Scun . frenh ....................... 

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

............ 
0. 000 
74. 954 

273, 390 
1150, 800 

902, 151 
4,148, 100 
?, 030, 000 
lti7, 200 

3,937, 4.18 
1,1107, 421 
211, 150 

27.733 

0. 000 
10.413. 205 
54. 098. 109 

80. 000 
431. 778 
399.405 

Seeyass .fresh .................... 

SDnnish mackerel . fresh .......... 
Shad fr&h ....................... 
Shad: salted ...................... 

Eels. 'fresh ..................................... 
Flounders. fresh .................. 10, 854 
Frost5811 or tomcod, fresh ..................... 

T3. 007 
07. 200 

120, 800 
20. 000 

.................... 10. 838 
H.xl&cd. fresh ................... 33.832. 520 
Grou or fresh 

Haddock . nnlted .................. 007.380 I 

Smelt. frcsh ................................... 
Squetca ut, fresh .............................. 
Striped &a,;, fresh ............................. 
Sturgcnn fresh ................................ 
Swordfish, fresh .................. 
Swordfish salted ................. 
rautog dosh ..................... 
Whitink, fresh ................................ 
Miscellaneous fish, fresh .......... 
Miscellaneous fish, salted ......... 
Refuse 1Lsh . fresh .............................. 

232, 424 
7, 200 
33, 972 

2, 200 
Irl, 200 

Shrimb fresh .................................. 
Lobate& fresh ................... 
Ovsters, h s h  ................................. 
c h m s  (soft): salted ............................ 

uahogs, fresh ................................. 
oallops frcsh .................... 

Halibuttfins, salted ............... 
Sounds ........................... 
Ton ucs .......................... 
Oil, %ah ........................... 
011, wlrnle ........................ 
Whalebone ....................... 

Clams (soft) fresh ................ 

8 

Ambergris ........................ 

80. 225 

0, 800 

14. 875 
G!!. 000 
43, 033 
251, 383 

2,160, 309 
6.171, 518 

37 
08, 208 

Alga .......................................... 
Total ........................ 148.047, 073 

Value . 

......... 
$00 

5. 111 

.......... 
180 

475. 701 
1! 487.218 

1. 120 
4. 932 
0. 853 .......... 
217 

.......... 
209 

680. 723 
9. 593 
51. 445 
12. 242 
011. 040 
48. 932 
2. 334 

la. 434 .......... 
.......... 

90. 3G4 
371. 153 
8. 079 
2. 872 
30. 278 
23. 448 
0. 057 

.......... 
829 

1. 5U3 
2. 030 
3. 302 
1. 000 .......... 

.......... 

.......... .......... 
10. 207 

334 
2. 055 .......... 

44 
090 .......... .......... .......... 

3. 830 

604 
.......... 
.......... 
.......... 

2. 905 
2. 754 
1. 310 
6. 020 
77. 708 
488. 534 
7. 750 

320. 115 

4.778. 185 

a36 981 bushels . 
e33:495 bushels . b 224 331 bUshOls . 

f268:041 gallons . 

Shore fisheries .. 
Pounds . 

74. 700 
2. 032. 091 
1.245. 35ti 
322. 013 
104. 000 
I. 400 

750. 438 
1.0112. 508 
538. 170 
348.095 ............ 

............ 
424. 708 

4.87 3. 

775. 511 

022. 800 

200 

7.647. 088 
1.054. 100 

8. 040 
4. 241 

1. ?2. 877 
234. 007 
574. 330 
3. 000 

155. 000 
9. 380 

940. 910 

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

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

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

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

............. 
130 

2.473. 432 
791. 017 

43. 524 
2. 800 
3. 401 
10. 700 
210. 571 
24.878 
2. 800 
15. 400 

............. 
012. 393 
114. 449 
4. 307 ........... 

I, 024. 400 
507, 800 
2. 305 

3,273.5ti2 
258. 807 

2. 230. 51U 
274. 920 
135. 304 
102. 357 

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

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

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

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

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

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

............. 
117.003. 900 

151.100. 090 

Value . 
$291 

29. 173 
22. 210 
28.075 
8. 157 

88 
22. 928 
32. 105 
17.814 
17. GO8 

.......... 

.......... 
24. 295 
20. 749 

113 
.......... 

11. 450 

4. 245 

14 

G3, 888 
11. 100 

219 
353 

.......... 

.......... 

.......... 

90. 7iO 
3. 971 
Xa. 364 

72 
1. 023 
109 

.......... 
RR 

81. 8ii 
65. 202 
1. 920 
104 
R72 .... 

1. 098 

2. 009 
13 2 
813 

1;. 929 

.......... 
22. 310 
1. 399 
110 

.......... 
1. 003 
4. 400 
800 

144. 050 
65.538 

lxl; 283 
13. 704 
12. 549 
23. 800 

.......... 

.......... 

.......... 

.......... .......... 
00. 034 

1.080. 089 

Total . 
Pounds . - 

74. 700 
2 039 091 
1: 25i: 950 
390. 007 
194. 006 
1. 400 

702. 438 
21.105. 713 
55.2Y0. 288 

428. 005 
431. 778 
309. 405 
624. 708 
057. 773 
4. 873 
10. 808 

34.008. 037 
007. 380 

5.408. 300 
855. 198 

8.911. 400 
974. 030 

7.920. 478 
2.010. 900 

8. 040 
4. 241 

2.305. 028 ?. 382. 107 
2.203. 030 
170. 800 

3.002. 438 
I. 970. 601 
211. 150 

139 
2.501. 105 
814. 084 
110. 724 
123. 000 
23. 401 
10. 700 
210. 571 
24. 878 
2. 600 

247. 824 
7. 200 

040. 305 
114. 4411 
0. 607 
54. 200 

1.024. 400 
507. 800 

2. 305 
3.353. 787 
cc258. 807 

b2.243. 310 
0274. 9% 
d 135. 304 
0117. 232 

02. 000 
43.033 
261; 383 

f 2.100. a09 
g0.  171. 518 

17 

98. 26s 
117.903. 900 

209. 217. 009 

$201 
20. 173 
22. 282 
33. 780 
8. 157 

88 
23. 108 
507. 800 

1.505. 032 
18. 788 
4. 932 
0. 853 
24. 295 
20. 900 

113 
200 

592. 173 
9. 593 
55. 090 
12. 242 
011. 054 
48. 032 
66. 222 
24. 540 

219 
353 

190. 074 
394. 617 
12. 050 
2. 944 
31. 901 
23. 557 
0. 057 

00 
82. 053 
56. 795 
3. 902 
8.400 
2; 473 
1. 098 
10. 929 
2. 009 
182 

11. 050 
334 

24. 305 
1. 399 
164 
096 

1. 093 
4. 400 

800 
148. 492 
05. 538 
123. 047 
13 704 

26. 774 
2754 
1: 310 
5. 020 

77. 708 
488. 524 
7. 750 

320. 115 
60.034 

12: 549 

5.858. 274 

o 1 375 barrels . 
g siz. 809 gallons . d 10. 013 bushels . 
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THE VESSEL l+’ISHERIES. 

The vessels employed in the fisheries of Massachusetts are chiefly distinguished 
for their relatively high value and large size. Those engaged in the food fisheries are 
the best of their class in the country. The fishing fleet is much more numerous and 
important than in any other New England State; and, with the exception of Maryland, 
Massachusetts has a larger number of fishing vessels than ally other State. 

Statistics of the vessel fisheries are exhibited from the following points of view : 
By counties, by customs districts, by apparatus, by fishing-grounds, and by fisheries. 

There are seven counties in Massachusetts from which vessel fishing is now carried 
on; these are Essex, Suffolk, Plymouth, Barnstable, Xantucket, Dukes, and Bristol. 
The extent of the industry in each is clearly shown in the following tables. 

The first table indicates that of the 10,760 persons employed on the fishing fleet 
of Massachusetts, 5,729 are on vessels belonging in Xssex County, in which is situated 
the great fishing port of Gloucester, and 2,295 on vessels in Earnstable County, while 
only 13 vessel fishermen are credited to Plymouth County. Vessels engaged in trans- 
porting fishery products carried 91 men, of whom 42 were in Barnstable County and 
22 in Essex County. 

The first table also gives the number of Americans, British provincials, and other 
foreigners constituting the crews of the fishing vessels of Massachusetts. As already 
statcd, this is one of the most important questions connected with the fishery marine 
of New England; it is also one which has bee11 the subject of much misstatement and 
misapprehension. The table shows that of the 10,851 persons 011 the fishing vessels 
of Massachusetts in 1889, 8,002, or 73.7 per cent, were American citizens, 1,157, or 10.7 
per cent, were British provincials, and 1,692, or 15.6 per cent, were subjects of’ other 
countries. The general tendency among fisherinen of foreign birth, so far as inform;i- 
tion can be obtained, is to become naturalized, marry, ancl acquire homes at the various 
fishing ports; many of them own the whole or part of the vessels in which they sail. 

The second table of this series shows that $5,335,602 was invested in the vessel 
fisheries of MassachusettA iir 1889, of which sum $2,858,250, or more than half, is 
credited to %sex County, and $1,13G,250 t o  Bristol Co~nty.  The former county had 
442 fishing vessels, or considerably more than half of the fishing fleet of the State, 
followed by Barnstable County with 188, and Bristol County with 80. The vessels 
employed in transporting numbered 22, of which 10 were in Barnstable County. Trawl 
lines and hand lines are the most widely adopted and important apparatus employed 
in the vessel fisheries of the State; the quantity used in 1889 was valued at over 
$550,000. Seines to the number of 235, worth $120,600, were carried by mackerel ves- 
sels, chiefly in Essex, Barnstable, and Suffolk counties. Gill nets, the next importaut 
means of capture, are fished chiefly in Essex ancl Barnstable counties, in which 988 
of the total number operattd, viz, 1,049, were owned. The minor apparatus carried by 
the vessels of Massachusetts consists of snap nets, harpoons, pots, rakes, and dredges. 
The devices used in the whale fishery are of such a miscellaneous nature that it heb! 
riot been found practicable to  classify them or show them separately under the head 
of apparatus. Their value has been included with that of the outfit of the vessels in 
the tables. 
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---.____ 

Esmx ........................ 
Suffolk ...................... 
Plymouth .................... 
Bnrnst,ablo ................... 
Nantuokot.. ................. 

The vessel fisheries of Massachusetts are seen to have yielded 148,047,973 pounds 
in 1559, of which the value at  first liands was $4,778,155. The most important single 
Product was the cod, of which 74,111,314' pounds, worth 81,962,979, were obtained. 
NO other species was valued as high as $1,000,000, and the combined value of the 
various products of the whale fishery was only $816,389. The great relative and actual 
importance of the cod is thus clearly indicated. Tho next most prominent Hpecies are 
tlie halibut, 9,555,190 pounds, valued a t  $660,,573; the haddock, 34,529,906 pounds, 
worth $590,316; and the mackerel, 5,140,351 pounds, worth $461,547. 

No. Not tonnage. 1 Value. v:::;;' No. N", ton. 1 Value. lral'w outiit.. 0' 

442 28.:180.54 $1,653,800 $714,012 4 322.12 $14,800 $1,000 
00 3,078.20 201,820 08,673 2 113.03 4,500 600 
2 - 68.85 2,400 1,390 ......................................... 

16 10B. 65 I ,  000 til!) .......................................... 

nngo. 
~ ___ ..... .~ ~ ~-~ .... 

188 11.780.32 53i,250 241,387 10 479.40 21,500 2,075 

f%.-Table elbowing by  counties the nunkber mid nationality of men employed i i b  tkc  vessel Jshmies of ;Ilassw 
chusetta in 1889. 

Countioa. 

Counties. 

Appnrntulr of cnptnro. 
~ ~ ~ ~~ 

Trawl linea Dred e8 Totul in- Soinos. Gill nets. Snap netR. iw id  pots. n a r ~ o n s * *  and r a L .  vostmont. 
Iir~nnd linos. 

____ ~. . ......... -- 

1 Number and nationalit of mon on Number aud iiationality of in011 011 I 
fisliing vcsso6. 1 transporting vossela. 

Bnetol ......... 
Total ._._. - 

I ..................... 22 .......... 22 298 1 5,729 

................ 42 .................. 42 

...................... .................. 4 
13 .................. 13 

91 91 

Essox.. 6,138 
Sufiolk 573 
l'lymoutli 
Barnstablo.. 1,327 
Nnntuokot. 32 
1)llkOH 94 
Uristol.. 730 

Total .................. .................. 

I 
..................... 143 782 10 .......... ::::::::I 10 .................. .................................... 

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

1 600 3 1 150 ............... '997 260 250 44 3:1u 8 21 1,136,250 

140 5,396,602 
-------I ------ --- 
235 120,600 1,049 1 11 , 469 1 27 1 73 .._. 501,740 1,200 1,000 108 810 43 

- 

Vessels. I 
B i s h i u g . Traubportiug. 

_I____ - Counties. 
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Value . 1 Pounds . 
......... 1 

Value . 
$601 

180 
215, 959 4,077, 470 $loa, 978 

,224, 557 1,095, 370 39, 295 

2, 987 75, 450 750 
6, 853 

......... 80, 000 1, 120 

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

......... 16. 868 269 
322, 946 10,304, 070 157, 955 

20, 860 1,678, 523 16, 787 
12, 242 

554, 013 190, 956 18, 776 
48, D32 
I, 951 00. 750 377 
9. 915 245. 000 3. 369 

48. 976 2.52,976 27, 458 
250. 490 222. 000 21. 004 

2, 872 .................. 

9. 463 

I, 385 68, 000 344 

64.-Tuable showing by counties and apeoies the yield of the vessel jisheries of Massachusetts in 1889 . 

pounds . Value . Pounds . 

............................................ 24, 927 

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

....................................................... 
96, 500 $1. 875 5,594, 012 ...................... 0,3i0, 986 

...................... 93, 200 ....................................................... 

................................. 
94, 500 1, 580 0, 028, 281 ............................................ 13, 000 
1, 900 20 1,325, 000 

...................... 478, 256 ....................................................... ...................... I, 440 ...................... i2. 000 
41, 100 4, 110 98, 704 

...................... 1.015. 000 ...................... 1,200. 000 

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

7, 600 

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

I Essex . 1 .Suf€ol k. I Plymouth . I Barnstable . 

23. e78 94, X34 
17. 401 255 
3. 600 91, 156 
1, 610 a, 000 

i 600 
5:305 1 9, 100 

250 

096 
1. 635 13, 500 

014 
2. 754 

716 11, 189 
4. 278 7, 706 

52. 425 335. 019 

780 1 

Species . / Pounda. 

1, 
3 ...................... 451, 100 

2, 457 ................................. 
180 ...................... 19, 800 

344 ...................... 12, 700 

...................................................... 15, 000 

..................................................... 2. 200 ...................................................... 
666 ................................. ....................................................... ........................................................ 
a35 ...................... 8, 833 
154 ...................... 28, 986 

12, 060 ...................... 364, 854 

............................................ 94, 800 ...................................................... 

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

..................................................... 1, 200 

Alewives. salted ............... 
Bluefish. fresh ............................ 
Butter.fish, fresh .............. 
Cod fresh ..................... 
Cod: salted .................... 
Cusk fresh .................... 
Cusk: salted ................... 
Flounders fresh .......................... 
Had&ck, fresh ................ 
Haddock salted ............... 
Hake, fr&h .................... 
Hake salted ................... 
Ilalidut fresh ................. 
Halibut: salted ................ 
Herring, fresh ................. 
Herring, salted ................ 
Mackerel, fresh ................ 
Mackerel, salted ............... 
Xenhaden, fresh .............. 
Menhaden salted .............. 
Pollock, fiesh .................. 
Pollock, salted ................. 
Ked snapper, fresh ............ 
Shad fresh .................... 
Shad' salted ................... 
Spanish mackerel, fresh ....... 
Swordfish. fresh ............... 
Swordfish, salted .............. 
Tauto . fresh ............................. 
Miscellaneous fish, salted ...... 
Lobsters ....................... 
Clams (soft) ................... 
Halibut fins .................... 
So11nds ........................ 
longues ....................... 
Oil. fish ........................ 
Oil, whale ................................ 
Whalebone ............................... 

Cunners, fresh ............................ 

Grou ers.'fresh ........................... 

Misce8aneous flsli, fresh 

Total ..................... 
... 

6.  000 

6. 000 
9,507. 201 

46,443, 153 

263, 122 
399, 405 

17,401, 875 
084, 380 

1,870, 083 
855. 198 

8,244, 048 
974. 930 
211, 200 
699, 800 
584, 040 

2.786,200 
269, 000 
167, 200 

2,325. 004 
1,516, 000 

120. 000 
41, 400 
26. 000 
20. 000 

108, 958 
4, 800 

54. 20(! 
37, 500 
6. 400 

62. 000 
23, 911 

213, 929 
1.450, 287 

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

97,449, 890 

......... 48, 750 1 4, 225 

~- 
,857, 601 19,585. 648 I 413, 576 

. 
Value . 

...................... 504. 263 

234. 000 7, 585 24,290, 842 

........ 
$1. 521 

151.441 
217, 011 

1, 189 

152 

98. 174 
130 

13. 772 

38. 851 

6 
150 

8. 626 
84. 246 
6. 000 

5. 840 
6. 044 

240 
2. 522 

419 

1. 100 
44 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ 

........ ........ ........ ........ 
265 
579 

13. 134 
42. 655 

84 

504. 295 
-- 

Flounders, fresh 
Groupers, fresh 
Haddock, fresh 
Haddock.Ralted 
Eakc, fresh 
Hake Halted 
HaliGut, fresh 

. I I 
~ 

__ . __ 

..................................... 8, 254 65 ...................... 10, 854 ................................................................................. 16, 808 
3, 200 64 ...................... 33,832, 526 ................................................................................. 697, 380 

...................................................................................... 4,875, 506 
..................................................................................... 855, 198 ................................................................................... 8,913, 200 

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

Alewives, salted. .............. 
Bluefish. fresh ............ 
Cod. fresh ...................... 

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

Menhaden, sal tocl 
Pollock, fresh 
Pollock salted 
Redsnipper, fresh 
Sea bans, fresh 
Scup, fresh 
Shad, fresh 
3had.salilted 
Spanish mackerel, fresh 
Swordfish . fresh 

............................................................................ 107, 200 ........................................ ............I ................................ 2,937, 438 
................................................................................... 1,907, 421 .............................................. 1 ................................ 211, 156 
....................................... 23, 007 1, 503 ...................... 23, 007 

........................................... 16, 900 431 10, 833 . 398 I 27.733 ..................................................................................... 07, 200 ...................................................................................... 120, 800 ............................................................... 20.000 ..................................... 25, 466 1, 022 , 76, 20G 232, 424 

Value . 
$60 

5. 111 
180 

475. 761 
487. 218 

1. 1-20 
4. 932 
6. 853 

217 
209 

580. 723 
9. 593 

51. 445 
12. 242 

011. 040 
48. D32 

2. 334 
13. 434 
90. 304 

371. 153 
8. 070 
2. 872 

30. 278 
23. 448 
6. 057 
1. 503 

829 
2.036 

10. 207 

a. 302 
1. 600 - 
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fj4.-Tublc s11,oiuing 7 4  oountiea and npeeiod the y ie ld  of till: i~esEc~. / i~ / ier iea  of ~?fanauchitsetie i7k 1889-Cont'd. 

Swortltisli, snltoil .............. i 
h u t o  7 ,  frcdi ................. . I  : :. 
M.iHcekaueous fish, fresh.. ..................... 
Misoelliineons tiah, salted.. ... .I : 
Lobsters .................................................................... 
CIitms (soft) ............ .......I.. 
Scallope ....................... 7,000 
Halibut fins 
Sounds .................................................................... 

, I  
.................. 2,400 $84 ..................... 
....................................... 18,072 $055 

.+. .... .:.. .................................... 
................................................................ 

20,225 I ,  535 
.................... 400 50 ..................... 

$1,400 7,175 1,306 700 200 
I.'.'..'.. ............................................................... I. ........... 

7,200 
38. 972 
2,200 

54,200 
no, 225 

ti, 800 

02,000 
48,953 

251,383 

ti, in, 518 

98,208 

14,875 

2,160,309 

37 

ba,ono 
2,305 

703 
2,005 

58 
1,Olti 
0,122 ' 

Vnluu. 

$34 
0,055 

44 
690 

3,830 
664 

a, 005 
2,754 
1,310 
5,026 

77.706 an, 824 
7,750 

320,115 

13 $400 

7 583 
12 529 

12 302 
2 105 
8 184 

22 435 

Oertairi averages which throw considerable light 011 the vessel fisheries of the 
various counties are given in the following table. The greatest avera,ge tonnage is 
found in Bristol County, in which the wlialiiig vessels constitute a promineut part of 
the fishing fleet; hi N:iiitucket County, where the shore fishery with lines and nets is 
the principal branch, the vessels have tlie least average tonnage; the extremes, as 
represe~lted by tliese two coiinties, are 166.64 mid 6.85 tous, respectively. Tho average 
value per toil is, singularly enough, greatest in Nantucket County and least in Bristol 
county. Among the important fishing counties, tho average value per ton is greatest 
in &sex County. The average value of vessels is naturally greatest in Bristol Couuty, 
ill which t]le vessels are largest, after which conies TCssex County. The same state- 
lnent applies to the average value of apparatus and outfit and the average nuinber of 
crew. The average value of catch per man is highest in Plyinoutli County andlowest 
in Nantucket County. In  the 
average stock per vessel Bristol County tiikes coiisidera,ble l)recedenoc over any other, 
with $9,710; then come Essex with $G,465 and Suffolk with $6,266. For each ton 
employed Plymouth County in 1889 took products to the value of $136, Suftolk 
County $112, and Esses Couilty $101. For each $100 invested in the vessel fisheries 
the last-named county also took products worth $101, while Plymouth County is 
credited with $194 and Suffolk County with $117. 

66.-lhble sliowing by counties cwrtuiii aewaqc .#iguren .for tlic V C H M B ~ N  o?nplo!jcd iir the fahetY.ca 91' ilfanau- 

Aftel- Plymouth corn(? Suffolk, ESMBX, :~nd 13ristol. 

.... 

I 

...... I 
Emex. ......... .I 
Suffolk.. ........ 
Plymouth ....... 
Bnrnstablo ...... 
Nantuokot ...... 
Dukes ........... 
BriBtol. ......... 

ti4.21 
55.73 
27.03 
62.69 

32.11 
16ti. 64 

6. 85 

$g; 
43 
44 
04 
30 
47 
- .. 

85,742 

1.200 

1,245 

3,058 

2,778 
438 

7, 882 

_ _  __ 
Vnlne of 
catch 181 

vessA. 

$6,465 
0,200 ?, 703 

,130 
1,162 
0,710 

J, :03 

___ 

Vnluo of 
oiitofi pur 
each ton 

omployod. 
_ _ _  

$101 
112 
1% 
59 
4H 
36 
68 

. -  

Vnluo of 
ciitoli per 
oilcll $100 

invosted in 
tishing 
vossela. 

$101 
117 
194 

77 
87 I 
51 

._ - 

a0 

The comparative importance of each of the principal fishery products in the vazious 
Cowties is shown in the next, table. The figures reprosennt the porceiitage of tho value 
Of each species to the total yield in each courity. 

F. C. B. 1890-9 
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G'tL-Table showing by roanties the percentage of value of each species or product taken i n  the veeae~jish~r.ic6 
of Massacl~usctls in 288.9. 

.27 

.18 
.................................... 1 :: ........ i .......... 
............ .17 .................... I.. ....... 

..................... .02 ............ .28 1: ......... ................................................................ 

~ ~ t a i  .......................... 1 ion.00 

.07 1 

..................... 
38.19 1 20.83 

4.06 ! .26 

............ 4.54 

.09 

.82 ............ 
..................... 

6.64 1 54.19 
5.08 I ............ 
.08 ............ 
.40 ............ ..................... 
.GO 

.04 ............ 
..................... 

.08 ............ 
..................... 
..................... 

.16 

................................. 
.08 ............ 
.04 ............ 
2.92 ............ 
1.02 ............ 

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

Suffolk. ~ Plymouth. lU~rna tah le . (~au tuekc~ .  1 Dukcs. 1 Uristol. 

....................................................... ............ .28 .......... 
.O% ................................ 

14.14 

1.98 ................................ 
5.60 ................................ 

I 
............................................................... 

...... ...................................... ......................................................... 
.02 ................................ 
1.24 15.17 1.28 . 01 
12.14 Q. 48 4.87 1.00 
.E7 3.47 . 02 
.77 ................................ 
.E7 ................................ 

............................................ 6.52 .......... 

............................................. 1.87 . 05 
.04 ................................ 
.36 ................................ 

............................................. .36 .......... 
.16 ...................... . I2  
.01 ................................ 

.............................................. .20 ............................................. .22 .......... 
26.54 5.66 .03 

.04 ................................ 

.08 ................................ 
1.86 ...................... .02 
6.14 ............ 61.11 55.04 ....................................................... 1.00 
. .O1 ...................... 41.20 

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

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

................................................................. 
.06 ..... L ...... 4.43 ~ .40 

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

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

................................. ............I..................... 

..................... 30.33 .02 

............................................................... 
25.14 1 ' 24.72 1 21::; I 7.11 1.57 .23 
9.50 , ............ 31.34 11.37 I.. ...... ..! . 66 

Menhaden, salted .................. 
Pollock, fresh ...................... 
Pollock, salted.. .................... 
Red snapper, fresh. ................. 
Sea bass, fresh.. ............................. 
Scu fresh.. ................................. 
Shafl: fresh ........................ 
Shail!saltod.. ...................... 
Spanlsh mackerel, fresh.. . . . . . . . . . . .  
Swordfish, fre8h .................... 
Swordfish, salted .................. 
Tautog, fresh.. .............................. 
Miscellaneous fish. fresh. .................... 
Miscellaneous fish, mlted.. ......... 
Lobsters ............................ 
Clams (soft) ........................ 
Seallops ..................................... 
Halibut 6na ........................ 
Sounds ............................. 
Tongues ............................ 
Oil fish ............................. 
Ambergris.. ................................. 
Whalebone .................................. 
Oil: whale ................................... 

.10 

.81 

. 6 l  

.11 

.06 

.03 
06 
.19 
.Ol 

.02 . 06 

. 02  

.10 

.02 

.15 
1.83 

1ou.00 1 100.00 1 100.00 I 100.00 1 100.00 I 100.00 
-~ 

The customs districts of Massachusetts having fishing vessels are 10 in number 
and correspond to  some extent with the counties. Table 67 shows in great detail the 
quantities and values of products taken in each district. Table 68 gives a summary 
of the vessel fisheries classified by customs districts. A series of average figures is 
presented in Table 69. 
6Y.-TaBlC 8hOl i ing  by 8pCCie8 and CU8tom8 districts the yield Of the vPll8el jiahwies Of ~U88UOhUs&8 in 2889. 



%5,4OU ................. 
I, 007 ................. 
2,872 ................. 

251,701 11,200 

19,582 10,273 
17,271 13,000 

54,000 

110,60Il 
?, 724,000 

167, 200 
2,027,181 
1,509,066 

$1,101 

154 
130 

........... 

........... 

........... 
20,000 

105,558 
4. 800 

54,200 
1.500 

h c k o r o ~  from ....... 9,400 
M:loki!rol: Haltod ...... 33, GOO 
M e u l ~ n d o ~ ,  fresh ...................... 
Monhiitlen salted ................... 
Pollock, frbah ................. 
Pollock salted ........................ 
h d  snip or freHh 
SlInct, ii-e$. :. ... __:I :: :::: 1: 
Slrr~il nalted.. .......................... 
Spanish mnok'l, frwh 
Swordfish fresh ...................... 
Misoollanhus, salt,ed ................. 
LubsterR .............................. 
Swol'dfish' Hdtd  ..................... 

I 

$910 ~ 

: 
..I 

2,026 

........ 

: : : ::::: : 
................ 

........ 
2117,600 1..;;&2 
................ 
im, 000 :I, oon 
20,000 780 
41,400 j 1,610 

~ ........ .I_. ...... I.. .... _-I_.  .... . _I.. ..... . . _ I _ .  .. .:. .. .I.. ..... 

....................... 
94,334 1,660 

255 3 
91, 156 2 , ~ :  
6, 000 180 ..................... 

Oil, whale.. ......... ...... ...... I.. ......... .................. ..... 

.......... :... 

.......... I ................. 
1, 600 .................. 

250 I ................. 

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

................. 
096 1 .  . .~ . ~ .  
60 J6 000 

Mnrlilohoad. Ibston. 
I - - -  

Lbs. ' V ~ U U . ,  L ~ H .  Vduc. 
_ _  I _ _ _ _  

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

.......... 
1.575 

B20,040 ~ 252,976 $27,458 
17.400 ~ 4$!! I 222,000 1 21,?04 

158, 400 1 I, 578 08, 600 *I44 

......... 
3,400 

......... I. 

........ .I.. ...... 

..................... 
9,100 1 3.14 

13,500 606 

................................. 
................... 1::::: .... 

........ .........,......... 
11, 189 ' 335 
7,706 1 154 

I 

--. - -  

14,084 15,457,480 427,560 
. _ _ _ _ .  _ %  87 7.750 

..... -. I.__. 

Lbs. 

6.  600 
74,954 
0,000 

1,413,205 
I,  698,109 

80,000 
431,778 
:mn, 405 

10,854 
lG, RGX 

1. R32,526 
607,380 

I, R75,500 
855,198 

1,918,200 
974,090 
278, :IO0 
050,800 
992,151 

L 148 100 

107: 200 
! ,ON. 438 
1,907 421 

23,067 
27.733 
67,200 

120,800 

20 000 
232: 424 

7,300 
33,072 

2,200 

54,200 
80,225 
0,800 

14,875 
02, ooo 
43,933 
251,383 

t, 160,309 
i, 171,518 

37 
98,268 

I,' (1.29' 600 

211: 1.56 

$06 
5,111 

1 xn 
-175,701 

,4R7,218 
I ,  120 
4, 9x2 
(i, 853 

21 7 
269 

580, 7'3 
9, 5WJ 

51,445 
12,242 

011,040 
48,938 

2, 334 
13,434 
90,364 

371, 153 
8,659 
2,872 

80,278 
23,448 
8,057 
1, 503 

829 
2,036 
3,302 

1,600 
IO, 207 

334 
2,055 

44 

3,836 
004 

2,005 
2,754 
I, 310 
5,026 

77, TOR 
488,334 

7,750 
aao, 116 

,718,lSp, 

use 

-_. 
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Net 
tonnage. 

68.-Sun~niary by oisetonhs ilistricte of the aexae~$nheries of Naseaoliueetta in 1889. 

Vnlueof 
rcseels. 

Newburyport ........... 
Gloueester .............. 
Salem and Beverly ...... 
Marblehend ............. 
Boston .................. 
Plymouth ............... 
B$rnstablo .............. 
Nantucket .............. 
Edgartown.. ... : ........ 
New Bedford.. .......... 

Total ............. 

a 
403 

13 
23 
ti6 
2 

188 
Iti 
20 
80 

814 

Net 
tonnage. 

Vnliio of 
, vessels. 

Newburyport .................... 
Gloucesler .............. 
iMnrblehead ...................... 
Boston .................. 
Plymout ......................... 

Salom and Beverly 
4 

............... 
2 

322.12 

113.92 

479.40 

21.07 

.................................. 
$14,800 $1,000 

4,500 600 

21,500 2,075 

2,400 250 

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

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

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

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

10 

42 

4 
13 

I ............................................... 
......... . I . .  ...... 1 :::::: 1 ............................................... .................. 42 

.................. 2, 300 
............................................... 

................ , :  4 ~ 102,902 1 

Salem and Beverly ......... 
Marblohend.. ............... 
Boston.. .................... 
Plymouth .................. 
Barnstable ................. 
Nantucket.. ................ 
Edgartown ................. 

2, 677 
1,799 
3,058 
1,200 
2,778 

438 
1.245 
7,870 

........ 

2,250 
........ 

....... 
2,150 

........ 
1,200 
3,100 

Value of 
iuqfl?, pro. 
vlslons, 

:ear, fuel, 
etc. 
. __ 
$3. 100 

I NO. and nationality of fisliermen. 1 
No. of 

Customs distrieta. 1 fisliing. 
I 

Value of 1 
catcll. Ahmeri- Britiph 

cans. Provlu- eials. 
I-- . ~ -  .......... 

27 
5,354 

131 
217 
782 
13 

2,295 
32 

125 
1,784 

$7,850 
2, 688,149 

54, 65!3 
loti, 9P8 
413,570 

7,585 
604,295 

5,275 
23,048 

176,805 

1 

206 10 
573 titi 

....... 
228 
ti9 
1 

143 

471 

15 
765 

....... 

....... 

1. iii; 25s 
20.587 
40,705 

1.52,137 
1,525 

376.515 
13 ......... 

1,327 497 
a2 ......... 
94 

739 -- 
7,911 1 1,157 

' 920 
20,310 

489,775 -- 
1,692 I 10,760 1 4,778,185 1 

___- __ 
2,229,832 

- -____ 
No. and nationa1it.y of crew. 

No. of 
Customs districts. I 1z:t: ' porting. 

Vnlue of 
1ut6!, pro- 

fuel, ctc. 
VlHIOIIR, 

... ...... , .- 

i -  ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
.......... 22 $25,113 

......... I ........ _.i ........ I ........ I ............ I 

1,275.12 55,600 1 7,425 91 1 .......... /. ....... 1 91 1 103,405 1 Total.. ............ 22 
__ 

69.--Table shotoing by cicntonLx d i s t~ io t e  the average tonnage, valuc, crew, arid atock of iiessels enLpbp?d irt tho 
j i iS /kWiCS I$ Hasnachuselts ilL 1889. 

__ ... ............. 
I I 

Pishiug. Tmirs- 
- parting./ 
__- 
........ 

$250 
........ ........ 

300 

208 
........ 

Fish- 
ing. 

___ 
!f ........ $2,017 

4,205 
7,650 
0,200 
a, 793 
3,693 

330 
1,152 
9,710 

1 3 

Trmns- 
porting.* 
..-_ -. _- 
.......... 

$6, 27.5 
......... 
.......... 

5,150 

2,270 
.......... 

$1,038 
2.775 
1,584 
2,031 
2,305 

763 
2,003 

58 

29.73 
ti7.24 
47.74 10 ........ 

9 ........ 
'2 i 5 i  

........ 
/sr:iG./ ........ 

47.94 

53.67 
55.73 
27.03 
62.69 

1 ........ 
13 

22 

; I ...... ;.I 0.85 
32.14 

166. 64 
1 , O l G  
6,122 

__ ___ - ~ - - - - - _ _ _  ____. ___ 
* The valueof products transported. 

The efl'ectiveness and importance of the different ineaiis of capture employed in 
the vessel fisheries of iMassachusetts are indicated in the following tabulation. Al- 
though hand linea and trawl lines are the simlilest and most primitive forms of apps- 
ratus, their importance greatly surpasses all other kinds combined, taking, in 1889, 
130,963,508 pounds of fish, valued at 63,424,720, while the total yield by all devices 
was 139,158,625 pounds, worth $3,867,527. The catch in seines amounted to 6,132,816 
pounds, valued at $389,154; in  nets, 1,832,677 pounds, with a value of $43,112; with 
harpoons, 239,624 pounds, worth 810,541. The crustaceans arid mollusks secured in 
the vessel fisheries and the products of the wbJe  fishery are not included in the table, 
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70.--Tahie Rhoicing lq apparatus and epeciea the yield of the vessel jiaheriex of hfU88aClkU8ettS in 1889, exclii- 
siae of the molluscan, crustacean, and munbmalian fislicries. 

--p-__i_.-- 

Seines-continued. 
Mmhnden, salted .......... 

- . . .  ....... __ 
I1 I 

107,200 $1,870 
472,173 

,487,218 
4,932 
6,853 

05 
200 

580,723 
0,593 

51,445 
12,242 

011, 040 
48,932 

7,746 
04,844 
30,278 
23,448 
0,057 

829 
1,503 
2,056 

1 

~ 

Cask, fresh.. ............... 
Cnsk, salted ................ 
Bloiindcrs, fresh ............ 
Bronpcr, tkcah .............. 
Haddock froah ............. 
Hncldovk: salted ............ 

................... Total .' 
Gill nets : 

Alewives, salted. .......... 
Bluofish. fresh.. ............. 
Butter-fish, fresh ............ 
Coil, fi-esli ................... 
Ciinnortl, fresh *. ............ 
Herring, fi-euh .............. 
ITerring, snltod ............. 
Mackerel, fresh ............. 
Mackerel, salted ............ 

__  - 

SCnUnSs, fresh .............. 
Tautog, fresh ............... 

I >  1 otnl ..................... 

Blonnderfl, frcH1i ............ 

Menhaden, fresh.. .......... 

Scineu : 

M:mkwd fresh. .  .......... 
Mackerel: salted ............ 

23,067 
33,072 

1d0, 053,508 

7,000 
854 810 

3,207,200 

._____ 

1,9, GOO 

)thors. 

- ._ 

Totnl. 

-_. -. - - ____ 
Cod on bnnks east of 060 west longitude.. ..... 
cod: on bmks west of 060 weHt longitndo.. . . .  
Cod, Gnlf of St. Lawrenoe ...................... 
Halibut, on banks east of 050 west longitude ... 
Halibut on banks west of 050 nest longitude.. 
Hdiout '  Iceland.. .............................. 
Mackerel' Nova Scotia shore .................. 
Mackerel: Gulf of St. LI%WCIICC.. ............. 
Whale ......................................... 
Market.. ....................................... 
Shore ........................................... 
Herrin r . .  ...................................... 
Swordsh  ...................................... 
Menhaden. ..................................... 
Lobster ........................................ 
S~nllop and clam ............................... 

Maokerh New England Rhore ................. 

. _-- 

192 

2 
41 
7 
5 

256 
2 

30 

201 
180 
34 
30 
1 

10 
12 

112 

08 

....... 
9 

40 
2 

80 
6 

25 
776 
466 

6 
42 

20 
002 
124 
78 

2,330 
32 

014 
1,918 
8,887 

174 
990 

Value. Appnrntus and species. ~ I'OUU~H. ~ a l i i e .  11 Apparatus nii(1 species. 1 Pounds. 

I! 
23,827 

10,180,005 
54,698,100 

431.778 

$2,872 
2,030 
3, 302 
1,000 

44 
GOB 

380,154 

66 
3,235 

180 
3,588 
1, 120 
2,354 

13, 434 
4,979 

14,170 

-- 16: 8G8 
33, 8T2, 526 

007,380 
0,132,816 -- 

Hnke, fresh.. ............. 1 
............... 
.............. 

Hnke, snltod. 
Ifalibiit, fresh 
Ifalibiit, saltrtl ............. 
Mackeiol fresh.. 
Mackerel: salted 

Pollock, snllod.. ............ 
Rod snal) 181 fresh ......... 
Scnn. frost .  .'i .............. 

.......... 
........... .............. Pollock, fresh 

4,875,500 
855,198 

8, 913, 2tiO 
!)74.930 
87,375 

2,037,43H 
1, 907,421 

211,156 
27, 7:J3 

702,700 

0,600 
51,127 
6.000 

232; 600 
80,000 

373,380 
9X,  800 
47. 900 
178; 200 

43,112 

10,207 
334 

-_ -- Total ..................... 1,832,677 

H.nrpoons : 
Swordfish fresh ............ 232,424 
~wordfis~i: salted. ........... 7,200 

10,541 

,807,527 
__ __ Total..  ................... 239,624 

Grand totnl .............. , 138,158,625 

*Taken with snap nets. 

Table 7 1  shows the number of vessels engnged in each fishery, with their tonnage, 
Value, arid crew, from which it will be seen that more vessels are employed in the 
mackerel fishery than in :my other, altliough the whale fleet has the greatest tonnage, 
the cod vessels fisliiiig 011 the eastern banks the greatest value, and the market vessels 
the largest nurnber of fishermen. Only 2 vessels were engaged in the cod fishery in 
the Gulf of St. Lawrence and 5 in the Icelmd halibut fishery. 

?'J.-Tabtc skozoi?&g the ?cumber of veascle eiigaged it& cack$aIiery in Mussaclcusstts in 1889, together ioith th& 
tonnage, value, and nwnber of ~ ' e i o .  

____. 

Nnmbor nnd nationality of 
flshormen. 

No. of 

engaged. 
VOSHClS Net 

tonnage. Amer- 
icnns. 

16,420.28 
7. 100.30 

2,131 
1,275 

15 
550 
80 
5!! 

2,023 
20 

504 
819 

907 
150 
115 

0 
'2a 
25 

2 , m  

- 

428 
24 
I1 
34 
4 

24 
227 

25 
323 
147 

12 
18 

0 

...... 

50 

...... 

...... 
- 

$870,322 

2, ROO 
225,134 
42,000 
21,700 

501,538 
8,000 

191,242 
603,400 
827,176 
172,775 
35,560 
28,050 
0,000 
0,000 
4,075 

387,904 
122.06 

3,404. 80 
577.70 
424.28 

9,917.37 
196.00 .. 

3,204.55 
14,303.55 
13,440.18 
3,407.53 

742.07 
.GO. 53 

20.07 
151.75 
76.25 
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~I ~ 

Hake, saltucl ................ 
Halibut, fresh.. ............. 
Hnlihut, salted. ............. 
Pollock, salted.. ............ 
IInlibut fins, snltod ......... 

Table 72 shows a very close reseinblanco between the two most important fisheries, 
the bank cod arid the market; the :bggregate catch in esch is lwnctically the same, 
although the product of the former is somewhat morevaluable. The whale fishery 
ranks third in point of value, and leads by a considerable amount the halibut fishery, 
which in turn excels the mackerel. The sixth position is held by the shore fishery, 
which is far in advance of all other branches not mentioned above, none of which 
have products worth over $16,000. 

7.%'.-TaBle showing by  jishwies and species the yield qf the vessel$sheries o.f Masaaol~~~setts in 1889. 

1 K ;  945 
7,400,349 

784,931 
2,000 

41,400 

Total ..................... 
Swordfish : 

Swordfish,fresb ............ 
Swordflsh, d t w l .  ........... 214,158 1 9,40:2 

5,400 233 

Alewives, snltocl ............ 
Hemjug, fresh .............. 
Hcrriug, salted. ............. 
Mackerel, fresli. ............ 
Mackerel, salted ............ 
Menlindeii. fi'C:Hll. .......... 
Menhaden, saltcd ........... 
shad, freah.. ............... .' 
Stlad, Raltcd.. ............... 
Swordfish, fresh ............ 
Swordfish salted.. .......... 
Mincellau~ous fish, salted ... 

- 
Total ..................... 
Grand total.. ............. 

-- 
6,289,823 810,389 

145,502,348 4,604,075 
I-- -__ 

I 

I pounds' 

Fisheries and species. 
_ _  __ - 

__ 
value. Pislieries mid speciux. I 

I . I 
122,795 

52,775,905 
295,626 

G ,  857 
641,099 
820,979 
576, G26 
189,999 
1014 219 

I ,  358,890 
20,600 

Shorecontinued. 
Herrinm fresh .............. 
Meiih;&?p, fresh ............ 
Pollock, frrsli ............... 
Pollock, salted .............. 
Scup, fresh.. ................ 
8011 bass fresh .............. 
S w o r d h ,  fres~i ............ 
lauto frcsli ............... 
Miscekaneous 8811, freslr.. .. 
r >  

Bank cod: 
Cod, fresh.. .................. 
Cod, salted ................. 
Cusk, salted ................ 
Haddock, fresh ............. 
Haddock, salted ............ 
Hake, salted ................ 
H;ilibut. fresh .............. 

$2,451 
,43G, 505 

4,881 
13E 

8,94€ 
K, 691 

43, G4I 
10, 2uf 

89: 
15,48t 

9% 

1,440 
xn, ooo 

511,850 
601, jJ1 
27.733 
23, 0li7 
5.891 

33, 972 
2.200 

$6 I 
450 

6,004 1 
7,7H& 

8'29 
I ,  503 

273 
2. 055 Halibut, salted.. 

Pollock, salted.. 
Pollock, freHh.. 

. Enlibiit fins. salted 

....... 44 

Total..  ................. 8,688,356 177,lXX 

Cod. fresh.. ................ 1 51,486 I 1,230 
Cod. nalteil.. ............... 137. UIu 3.409 

--__ - 
_I __ 

Hnlibiib : ,532,7Gi 

409,527 
4,10E 
4.04: 

20c 
266 

552,902 
13C 

45.384 
131 

71,511 
23,382 

15C 
6,057 
1,60C 

297 

119,099 

-__ __ 

- 
_- --- 

Tntal ................... 80,713,595 

16,294,593 
lG9,690 
362,878 
10,000 
16,868 

32,226,899 
13,000 

4,268,939 
12,000 

835,912 
2,325, 309 

10,000 
211,15G 
20,000 
6.225 

Xarket : 
Cod, fresh.. ................. 
Cusk fresh ................. 
CIIHk: aalted ................ 
Grou )or, fresh. ............. 
Eaddock, salted. ............ 
Hake, fi-esh ................. 

Cod, salted.. ................ 

~ a d o o c k ,  fresli ............. 

Hake, Halted ................ 
Halibut, fresh.. ............. 
Pollock, freah.. .............. 
Pollock, saltccl .............. 
Red snapper. froah. ......... 
Spimish nrmkerel. .......... 
Swordflsh, fresh ............ 

1 n h l .  . :. ............... , I  

- -  
Cusk, fresh .......... .......I 12,000 187 

.............. Cusk, salted 3,915 
Haddock. fresh ............ .I 9,000 
Haddock, saltcd.. .......... _ '  2, 000 40 
Hake. fresh.. ............... I 10.000 1 100 

2v3 
490,053 

3H, 727 
30 

1, b28 
I .  1 otnl .................... 

Korring : 
Herrinm fresh ........... ...I 263,750 
Hemin;: fiidtecl ............. ~ 910, 000 
Menliailen, fresh ............ 1 20,000 

2.246 
12,713 

100 56,785,529 
_.____ 

6,600 
8,200 

46,800 
992.151 

.JAR, GO0 
167,200 
07,200 

120,800 
6,150 
1,800 

54,200 

4, !pa, 100 

68 
82 

720 
90,364 

371,159 
I ,  129 
2,872 ?, 0:je 
.I, YO2 

235 
100 
696 

Tntal .................... 219,558 9, 036 

Menhndcii, frr8li.. .......... l------l- 1,200,000 0.000 - 
-. - 

Mrnhaden: 

xolluscsn : 
Clams (soft) ................ 1 G,  800 ~ GO4 
S d l o p s  .................... 14,875 2,905 I-__- 

'rotai .................. 5,948,801 1 478,755 I =--:= 'Cotal ..................... l 21.675 ~ 3,569 
~. . ____ ___ 

Crustnoean : 
Lobstors .................... 80,226 3,830 ____ - 

%arc: 
Bloeflsh, Rcsh .............. 74,054 
Buttor-fish, fresh ........... 6, 000 
Cod. fresh.. ................. 2,044,331 

5,111 
180 

62.553 
Cod' salted.. ................ 43, 138 
n,ln'll,,?Pa. frAnll .............. I ';"2 E- I 1.120 

Whale : 
Whale oil.. ................. 1 6,171,518 
Whalebone ................. 98,268 
Amhermis.. ................ 1 .37 

488,524 
320.116 

7.750 

- .. --, ................. 
CnHk, fresh ................. 56; 900 . .  696 
Cusk, salted ................ 89,864 1,703 

,l'louli~~~%'U, frenh .......... ~ . l  I0 864 I 217 
1zaddOCk. freHll ............. 1, f J ~ ? : ~ ~ ~  n, 522 

A?% 

Hake, freali ................. 596 567 6,  Y b l  
Hake, salted ............... .I 194: 274 1 3,132 
Ealibut,fresIi. ............. 100,373 1 6,434 
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The catch of' mackerel, bank cod, and bank halibut is classified by fishiiig-grounds 
in the following table. The yield of ~nackerel by each kind ofa,pparatm is also specified. 
The figures are intercsting as showing the importance of some of the principal grounds 
resorted to  by Aineric~n fishing vessels. 

73.-Tu7)7c 8 l t u w i n g  b?1%8Ai~!1-91.02~?~ds tho catch of t h e  ntackcrel ( b y  U p p U r U t U 8 ) ,  the bank cod, the Grand ccttd 
TVCR~WII bank ~ T C R ~  Iialibut, and the Iceland halibut jleets of Xasaaohuaetts iii 1859. 

~---- 
............................................ 

I 
Total 1 4,129,461 I 305,662 8,2UO i 003 1,242,100 104,000 

Mmkercl, caught with mines, i I 
fresh ......................... ., ........... ....... ......... i.. ....... ....... .......... 
salted. .................... .....I.. 

Maokerel caught with ii(:ts, frosh 1.. 
Maokercl, caught with soines, 

Maokerel: caugllt w i t h 11 0 t 8, .......... ...................... ........ ..,............ .......... 
I 

~ - . 

THE SHORE FISHERIES. 

850,810 

3,207,300 
47,960 

178,200 
87,375 

702,700 
52, fl12,915 
7, 970,909 

923,454 

$77,040 

292,153 
4,979 

14,170 
7,745 

04,844 
I. 439, 971 

539, 673 
45.979 

66, 953,589 12,481,140 

The shore fisheries of Massachusetts yield a smaller percentage of' the value of 
its total fishery products than in any othcr New England State; nevertheless, the 
Statc is second only to  Mainc in thi8 respect, surpassing in importance the combined 
Value of the shore fislieriev of the three remaining coast Stabs. The special features 
Which give prominence in this branch are the pound net, lobster, and molluscan 
fisheries. 

Tlle extent to  which the citizens of each of' the eight coastal counties of Massa- 
chusetts engaged iu the shore and boat fisheries in 1889 is set forth in the following 
Wries of tables, the first of which relates to persons engaged, the second to the boats 
alld appa,ratus useq, and the third to the quantity and value of products taken. 

From the first table it is seen that Barnstable County occupies a very prominent 
Position in the shore fisheries, for, of the 3,748 shore fishermeii in the State, no less 
than 1,840 ;Ire credited to thiht county. Plymouth, the county with the least important 
vessel fisheries, ranks second in number of sl;ore fishermen, having 575, while Essex 
( h n t y ,  wit11 5,751 vessel fishermen, ranks third, with only 454 shore fishermen. 
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Barnstable County is equally prominent in the quantity and value of boats and 
apparatus used in the shore fisheries. The total iiivestment in the State was $567,220, 
of which $295,074 was the value of boats and apparatus owned in Barnstable County.# 
J'lymouth County had $90,528 invested, lhkes County $56,632, Essex County $51,391, 
and Bristol Oounty$44,799 ; each of the remaining counties had propertyworth less thau 
$15,000. The 3,494 boats used in the shore fisheries were worth $254,033 and mere, 
natnrally, the most prominent single item of expense. Of apparatus, pound nets and 
trap nets were the inost important,. The number set, in 1889 was 224, valued at 
$322,583, of which 97, worth $156,332, were owned in Barnstable Comity. Pots and 
gill nets are the only remaining fornis of apparatus having a high value and deserving 
special mention; of the former, 27,294 were used, worth $38,697, and of the Iatter,3,128, 
valued at  $32,753. 

The shore fisheries in 1889 yielded 151,169,696 pounds, for which the fishermen 
received $1,080;080. More than a third of this quantity, viz, 34,254,926 pounds, and 
inore than two-fifths of the va,lue, viz, $412,604, represeiited the fisheries of Barn- 
stable County. The next important courities were Essex, 7,342,524 pounds, $174,660 ; 
Ilukes, 26,194,734 pounds, $135,209; Plyinoutli, 14,665,573 pounds, $129,423; and 
Rristol, 38,387,976 pouiids, $109,584. 

The lobster is the most valuable single species taken in the shore fisheries of the 
State; 3,273,562 pounds were caught i l l  1889, tlie price of which was $144,656. The 
lobster fishery is the most extensive in Essex, Suffolk, and Plymouth counties, but 
i t  is somewhat iniportant in all the other counties except Norfolk. 

The soft clam (Jfya ctrmaria) is tlie next important species obtained by the shore 
fishermen of Massachusetts; ;2 small percentage of the  catch is salted for bait, but most 
of the dams are niarketed in a fresh condition. In 1889 the aggregate output of fresh 
and salt clains W ~ S  2,511,430 pounds, equivalent to about 240,151 bushels, for which 
the fishermen received $137,047. More than half the yieldwas taken in Essex County. 

The catch of fresh and salt mackerel aanounted to 1,546,944 pounds, valued a t  
$3123,074. By fa8r the largest part of' this was talren in Barristable County. Essex 
is the only other county having a shore mackerel fishery of' any extent. Mackerel is 
the most valuable fish in the shore fislieries of' Massachusetts, and is third in value 
among fishery products, being surpassed by the two invertebrates already mentioned. 

Scup is the next important species, 2,473,432 pounds being secured, returning the 
fishermen $81,824. 

Herring is the most abundant species taken in this fishery; 8,701,188 pounds of 
fresh and salt fish, valued at $74,994, were landed in 1889. It is extensively utilized 
for bait. Although the herring in otqltured in every coast county but Nantucket, the 
fishery may be said to  be confined to Barnstable, Esses, and Suffolk counties, 

Alge, sea weeds, or see mosses are the next most valuable produots of the Mas- 
sachusetts shore fisheries. No less than 117,993,900 pounds, or 58,997 tons, worth 
$66,034, were utilized, inostly in Plymouth, Barnstable, Dulres, and Bristol counties. 
The gathering and preparation of Trish moss js a11 industry oi' some oonsequence, and 
oiie which mill probably iiicrease. 

The principal catch is made in Dukes and Barnstable counties. 

- ___ - 

A notable inuov;itio~i of revent ?jc.ars is thc ciiiploy~rient in Bariistnblu County of ntrnrn poiinil- 
iict boats, stiirdy steeiii laiinclirn : i l ) o i i t  30 fert long, h i l t  rqwe~nly for the  purpose. 
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..... ~- 
COUntiCH. 

Essox .................................. 
Sutfolk ....................... .: ........ 

Bhmatnblo.. ............................ 
NaIltucket. ............................. 
l h k c s  .................................. 

Totnl ............................. 

. . . . . . . .  

l’lymout#ll .............................. 

The temporary planting of oysters at Boston for a short time during the warm 
Season has not been considered here, since it can not be regarded as a fishery, but it 
is shown in Table S5. 

h’umher. 

454 
100 
75 
575 

1,840 
81 

?5ti 007 

3,748 
. _... ... 

75.-Table showing l ~ j  counties the apparatus employed i t i  111e shore j 8 l i ~ i e a  of Illilniaclrusetts in 1SS9. -_ 
Ih~ibrontion. 

Boats.. ......................... 
Pound nets nud trnp riots . 
Soinon .................... 
Gill uctx 
Byko net.s 
Siitp not.s and dip nota. .  
lrnuimol riots.. ........... 
Trawl nncl htt~id liium. ..... 

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

V I  

, 1  I otn1 ...................... _ _ _ _ ~  ____.__...___ . . - ~ _ _ _ _ ~  -. .- - 
Bristol. Totnl. -_ 1)osi~~rnt~ioir. 

Boats.. .............................. 
Pound ncte and trap nota.. .......... 

_l___~._I._.__-_____- ~ . 

............. 
Seincu .............................. ... 3,128 32,753 ... 15 100 

... ............................ ........ 514 091 
4 70 

3.770 
_.. :I, 568 4,131 500 500 1,245 1,541 1,507 1,732 27,201 38, ti97 

224 315 509 

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

.......... .................................. ....... 
. 2,238 ...... 250 .................... W 2  ....... 9,409 

Total ......................... 205,074 ...... 9.327 ...... 66,632 ...... 44,709 ....... 667,220 

r i i . - ~ ~ b i ~  slLozuing by couii.tiee anil Hpocies t1r.e yield of the eIiore~she‘ies of Haseuc~iuaattx ill ISSS. 

_______-__--- --___ 
______ --.L .. .. -~ 

Species. 

U a c o r o  fro811 ........................... 
Alewived frush ............... 105,732 
‘l6wi”oM: salted .......................... 
BluOflsh, fresh.. ............... 100 
p i t o ,  fres1i ................... 78 

Wer.iish froall .............. 02,100 Pfl, frcsll 1.. .................. 745,200 
I salted ..................... 700 

e% fresh.. ................... 17,600 
Plollnders fresh.. ............. 11,264 
$addock ire&. ............... I 302,900 

frdsh.. .................. l 452, 800 
‘dibut frmh ............. ....I.. ......... 
‘errhi$, fresh ............... ..I 2,350,800 &2:fd p o d . .  ............. . I  36,200 

, rcsh.. ............... 
M&cro1, froah.. .............. l....i~i;ii~. 
@ ~ ~ h r e l ,  snltc(1. .............. 1 4, 2000 

$ne,, fresh.. ............... 74,050 

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



138 BULLETIN O F  THE UNITED STATES FISH COMMISSION . 

76.-Tuble ahowing by couiLtie8 and  species the yield of the shore $ S h w i C 8  of NUSSUCh?lSett8 in 1889-Cont’rl . 
....... Species . 

I’OUUdH . \‘XlUB . _______ ... 

Suffolk . . Korfolk . 
. . . . . . . . . . . . . . .  

1’oUlldkJ . I \‘due . , 1’oUIldH . V:llllO . 
__. .. ~- . . . . . .  ~ . ,  . .  . 

Species . 

Menhaden fresh ............... 389, 200 $3, 046 ........... .j .......... !. ..................... 

Pounds . 

Menhaden: s:rltod .............. 
Pollock, fi.0~11 .................. 
Scup, fresh ................................ 
Sua bass frexli ................. 
Spanish maekerol, fresh 
Smelt, fresh ................... 
Squetca uc, fresh .................... 
Sturgeon frcsh ............................ 
Tautog h s h  .............................. 

Salmon, fresh .................. 

Shad, fr&h .................... 

s t r i p 4  faas, fresh ......................... 

WIiitiLg fresh ................. 
Misoella&ous fish, frcsh ....... 
Refuse fish, frcsh .............. 
Squid, fresh .................... 
Lobsters fresh ................ 
Cl.ms (sAft), fresh ............. 

uahogs, fresh ............................. 
&allope, frcsh ............................. 
0 stem .................................... 
Aygze .......................... 

Total ..................... 
- 

3, LO0 72 ............ .......... 
1, 503 ......... ...I.. ........ ’. ..................... 

15 ........................... :: .....I ...................... 
37 ........................... 

................... :: .......... 

144, 000 

548 ....... ! ...................... 
4, 000 ..... ..!............ .......... 

....... , ...................... 

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

....... I ...................... 

............................. 
2, 500 ....... I ...................... 
3, 336 ....... .................. 
9, 000 03 .. ..........’.......... .................. 
2, 800 34 ............ i 

541 413 
I,  238: 600 

410, 000 

I, 342, 524 
. - 

T o t d  .......... ./54.251. 926 

Albacore. fresh ...... 
Alewivos. fresh ....... 
Alewives. salted ...... 
Bluefish. fresh ........ 
Bonito. fresh .......... 
Xonito. saltod ......... 
Bottor.fish. freah ..... 

88 
5.953 
9. 889 
13. I23 
1. 335 

13. 008 
3. 871 

20 
3. 300 

850 
...... 
41. 378 

1 .  268 
111 
44 

79. 122 
20. 183 

644 

120 
100 

...... 

13. 500 
1,147.580 
1.072. 600 

115. 199 
21. Y32 
1. 400 

1!34. 557 

$276 
17, 096 
18 952 
16:561 

R2’7 

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

.................. 28, 100 $370 484, :I00 $7, 381 

....................................................... 
20.954 $1, 616 17, 514 I, (i33 24, 043 2, 091 

.................. 163, 008 7, 180 2, 683 118 ..........I ................... .................... ....... 

.......... 1 ........ ~ 1.200 I 10 1 18;400 I 137 

.......... 1 ........ 285, 300 
10 000 3, 200 1 103i209 1 2, % 1 63, 000 

.......... ........................... 
. I I  / .......... i ........ ~ ...................................... 

. . . . . . . . . . . . . . . . . . . . .  
.................. I ........... I .......................... 

9, 143 203.597 5, 334 

1, 890 I.... ... 
158 I 119, 615 2, 397 

........... 

62 ....................................................... 
26. 359 2, 500 100 I .  182, 533 40, 788 433, 528 12, 600 
13, 830 1 11, 733 1 5, 210 1 410, ;;; 1 30, 7; 1 60, !;: 1 3, 030 

11 1, IO7 I ................ ..I 

Cunuera fresh ........ 
1501s. f r e h  ............ 
Ploundcrs. frcsh ...... 
Frostfibh fre& ....... 
Haddock: fresh ....... 

104 ....................................................... 
493 250 
340 ..................................... 2, 000 200 

2, 604 .................. 1 9R. 420 5, 731 40, 070 2, 453 

111 .................. 

310 ......................... 

.................. 1 232 00 I 1, 080 

no6 .................. 1 3, 880 450 I 14, 108 1, 388 

438 200, 000 1 
......................... 1. : : ... ;: 
2, .1D4 .......... ........I db, 

100 I ....... 15 ................. .I 
4, 432 .......... ........I....... 

15. 700 
235. 575 
216. 892 

666 
330. 000 

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

.................. ...........(........ ........... / ....... 
20, 000 I I, ;I; 45, 000 1 1. 500 33.4% 1, 842 
12, 480 236, 330 6.6:Il 469, 530 9, 683 

..................................... 4, 207 93 

............................................ 1::::::: ................................................ 
........... / :::: .................................. ’ ....... 
..........,........ 219, U(i3 1 2, 4lM 12, 000 1 180 

....................................................... 
4 600 460 1 600 170 85, 609 7, 408 1 18:357 j 3, 8’20 1 ...... ’... .. i ......... 1 27, 850 i 6, 405 

Menhrtdan. salted 
Pollock. fresh ......... 
Pollock. s.dted ........ 
Salmon. fresh ......... 
S c u p  fresh ............ 
Shad. fresh ............ 
Shad Halted ........... 
Span~sli rnack’l. fresh . 
Smelt. fresh ........... 
Squetoa ue. fraeh ..... 
Striped fass. fresh .... 
Stiirgc.on. fresh ....... 
Swordfish. fresh 
Tautog ire& ......... 
WhiLin‘g. frerih ........ 
XibcellaneouH. fresh . . 
Rafuse 5sh. fresh ..... 
S uid fresh ........... 
S%rimi,. fr r. ash ......... 
Lobsters fresh ........ 
Clams @Aft) fresh .... 
Clarrs (soft):saltf;d ... 
Quahogs fresh ........ 
Seallops. ‘fresh ........ 
0 stera ............... 
ATggnt ................. 

Sea $ass. fmsh ........ 

.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.075, 810 ~ 7, 144 23, 05” 450 1 11, 718 

............... 
11. 000 
9. 380 

124 
820. 070 

J9. 000 
2. 800 
1. 973 
3. 000 

75.091 
6. 171 
2. 200 ................. 

78. 325 
24. 000 

ino 
414. 000 
565. 000 

2. 365 
199. 297 
170. 310 
214. 920 
19. 216 
32.500 

203. 595 
39. 848. 786 

2 ~ 0 .  838 

2. 604 I4.007. 968 ~ 27.295 126.194. 734 135. 209 l38. 3x7. $)IO 1109. 584 

Plymouth . 
Pounds . 1 Value . 
. 

38. 606 1 $140 

.......... 

.......... 
34, 806 
41, I00 
3, 527 

116 
1. 100 
2. 390 

119 
000 

48. 813 
1. 005 

.......... 
30, 000 

1, p62, 628 
272. 000 

23, 650 
55. 272 

11.810. 114 

14.(i65. 513 

.......... 

24, 288 

........ 

........ 

........ 1. 977 
2. 185 

102 
64 

102 
141 
19 
21 

2. 159 
10 

........ 
30 

45. 694 
17. 299 
2. 752 
5. 169 

12. 062 
9.034 

........ 

.. 
129, 423 

Total for State . 
Pounds . 

74. 700 
2.032. 091 
1.245 .350 

322. 013 
194. 060 

1. 400 
756.438 

1. 692. 508 
538. 119 
348. 096 
424. 708 
946. 919 

4. 873 
775. 511 
622. 800 

200 
7.041. 088 
1.054. 100 

8. 640 
4. 241 

1.312. 871 
234. 007 
514. 336 

3. 000 
155. 000 

9. 880 
139 

2.478. 432 
791. 017 
43. 524 
2. 800 
3. 401 

IO. 700 
216. 571 
24. 878 
2. 800 

15. 400 
612. 393 
114. 449 

4. 307 
1.024,400 

507. 800 
2. 3UB 

3.273. 562 
2.236. 510 

274. 920 
135. 304 
102. 351 
258. 861 

17.993. 000 

.51.169. 690 _- 

___- 
Value . 

$291 
29. 1.13 
22. 216 
28. 615 
8. 151 

88 
22. 928 
32. 105 
11. 814 

24. 295 
20. 749 

113 
11. 450 
4. 245 

14 
63. 888 
11. 106 

219 
3rd 

99 71u 
23’ 364 

72 
1. 628 

109 
66 

81 824 
55’ 292 

104 
873 

1 0 9 8  

2. 660 
132 
843 

22. a10 
1. 399 

110 
1. 0n3 
4. 460 

n00 
144. 65Y 
129.283 
13. 704 
12 549 
23’ 800 
05’ 538 
06: 034 

11. 668 

8: 911 

1: 926 

10: 929 

. 
080, 089 
.- 
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Alewives, salted ....................... 
Bluotlsh. fresli .............. 
Bonito freah ................ 
Cod, fresh.. ................. 
Cunners fresh .............. 
Butter:iish, fresh ........... 

The efTectiveness of the different means of capture employed in the shore fisheries 
is exhibited in considerable detail in the folloming table. Regwding fish proper, it 
is seen that pound nets and trap nets take by far the largest quantities of products 
and yield the greatest money returns. In 1889, 14,G 13,315 pounds, worth $328,386, 
Were thus secured. Of the fish caught in this way, the macliercl is the most valuable, 
a l t l~o~gh  herring and scup are taken in greater abnndance. Hand lines and t r e ~ l  
lines rank second in the quantity and value of chtch; they took 4,433,812 pounds, for 
Mrliich $109,245 was received. Cod is the most important species as regards both quan- 
tity and value secured by this means. Gill nets werc used for the capture of 3,319,158 
Pounds, Tvorth $95,964. Herring are the most abuiiclaiit and maclrerel the most valuablc 
fish thus takeil. The uatttoli in pots, omitting the lobster, is unimportant, but including 
that crustaceail is greater ill vdue than that with lines and considerably larger than 
that with gill nets. 

W.-Table diowing b y  aounties a i d  apparatus thc yield of the shola.fiskerica 01 Mmaachiuretts in 1889. 

100 
78 

62,109 
40,500 

250 

10 
2 

1,498 
720 

7 

............ .......... !............I .......... 1 ........... I .......... I 

, 2, 000 40 
..................... . I . .  .................... 144 15 
...................... i ........................................... 
............................................ ti,825 179 
............ . . . . . . . . . . . . . . . . . . . . . . .  ............................... 
...................... ! ........................................... 

..................................................... 
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77.-Ta’able ahonuing by corrntica nncl npparatuti the yield of the xl~orejiaI~eriea of Maaaacbusetta iii 1889-cont’d. 

Trawl lines and hand lines : 

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

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

Cod, fresh.. 

................. 452,800 3,395 ...................... 
Halibut, fresh .......................................................... 
Mackcre1,fresh 100 ...................... ............. 1,750 
Mackerel, d t e d  ............ 
Pol!ook, fresh ............... 
Scu fresh .................. 
hat-8, fresh .............. 
Smelt, fresh. ................ 
r 7  l a u t q ,  fresh 

Total ..................... 
I’ots: ........................... 

Cunners, fresh .............. 
Lobsters, fresh.. ............ 

Total ..................... 

............... ............ --- 

................. 1 Eels,fresh 

Ha oous md spears : 

M.iscellnneous : 
Clams (soft), fresh.. ........ ..__ 272,000 17,20Q 

8 ysters 

%ala, fresh.. ................ 
i 

’ 
uahoge .......................................... ...................... .... 

Scallops .......................................... ...................... .......... 
S uid ....................... ! 2,600 34 ...................... _ I  410, oon 575 

ToM .................... 
........... 

---_____--. ........ ... ____ _ ~- ....... ~ .- ... 
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yy.-!l'able sliowing by cot~ntiee and apparatus the yield of thc skore fisheries of Ma88adklL8ett8 in 1889-Cont'd. 

$276 
5,035 

750 
3,110 

731 
88 

5 769 
1; 032 

325 
1,437 

10, 008 
1,268 

111 
44 

71,406 
LO, 774 

588 

120 
9 

62 
33,918 
6,290 
1,759 

__ __ - - .  ~ _- 
Barnstable. I Nantucket. Dikes. 1 Brietol. 

Apparatus and -- - 
species. Pounds. 

............................. .................. 28,100 ......................... 1.. 

................. 15,304 .................. 163,008 ............................ 

.................. 264,765 .................. 400 

.................. 7,000 
.................................... 

.................. 184, 906 

.................. 219,663 
................................... 

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

.................. 2,700 

.................. 484 .................. 19,841 

.................. 3,200 

.................. 1,200 
................................... ............................. 

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

.................. 861, G3G .................. 330 

.................. 1,146, 65R 

-- 
Total for State. 

$370 

1,416 

7,947 
16 

7, ino 

................. 
484,300 

14,031 

175,695 
175 

................. 
2,683 ................. 

Value. Pounds. Vnluo. Pounds. Vnlue. 

I 
Pound nets and trap 

Albacore, fresh . . 
Alewives, fresh . . 
Alcwivee. saltcd . 

nets : 
73.500 

387,680 
45,000 

74,700 
980,908 
47.000 

$291 
13,322 

700 
5,652 
8,031 

88 
19,722 
1,775 

7 
1, I46  

11,783 
93 

53,793 
1,998 

219 
353 

81,297 
11,062 

1,912 
72 

181 
9 

66 
60,488 
33,459 

1,805 
104 

806 
346 

9,923 
961 
132 

4,364 
1,328 

95 
913 

...... 
$1,3ni ...... 
1,095 

118 

4,329 
7 

391 
5,191 

DJ 

...... 

...... 

...... 

33,134 
25, nio 

1.400 

G2; 713 

1,400 
698,074 
102.550 

191,639 

18s' 
61: 475 Cod. fresh 1 ...... 

2.50 ........... 
5, 600 

84 530 
2 4 , 6 4  

520,748 
4,207 

6,336,788 
109,200 

....... 4,207 
2,404 .......... ........... 

4,524,665 
126,200 

Herring fresh.. . 
Herring' salted . . 
Hickory! s h ad , 

.......I .......... 
...... 

107 
638 

137 
...... 

5,940 
600 

991,785 
133,640 
117, D30 

8,640 

1,128,986 
136, 840 

4,241 

333. no5 

108 .......... 

.......... I Mackerel. salted. 
Menhadeh fresh. 
Menhaden: salted ................. ................. 

................. 
3; 600 

18,000 
330 

. 139 
2,035,057 

400,974 
39,778 
2,800 

........... 
11,000 

330 
124 

763,081 
80, 408 
38,900 
2,800 

Pollock, fresh.. -. 
Pollock, salted.. .I ...... 

...... ...... 
3,309 
U38 

Salmon froah.. . .I 
Sou desh ...... 
~ e a k a s s .  fresh.. . I  

................. 
13,818 123,758 
2G,526 I 12,893 

23 .......... 
...... .......I .......... 

246 

1, 916 
333 

1,969 
968 

445 

29,401 

...... 

....... 

...... 
- 
_ _  __ 

60 I 1,057 1,925 
3,000 

OD, 997 
1,567 
2,200 

42,835 
24,000 

3,255 
3,000 

201.026 

fresh .......... 
Smolt fresh ..... 
huet(esgue, fresh 
Striped bms,fresb 
Sturgeon ikesh . . 
~ a u t o g ,  Besli.. .. 
Whitin fresh.. . 
M 1s o ehaneoui 

346 I. ...... ...I.. ..... .I_. ......... 
2,227 .................. 98,420 
166 .................. 3,880 

................. 
5,731 32,000 

456 4,868 9: 860 
2; so0 

138,130 
108,585 

4,187 
811,511 

111 ............................. 
1,383 .................. '24,412 

310 ............................. 
......................... 851 

438 ............................ 
79,867 .................. 2,546,990 
---- 

-==>- i__ 

................................... 
8,049 ............................ 

58 12,460 $249 51,424 
119 ............................ 

......................... 15,000 

................................... .................................... 
15 I .......................... .................. / ::: ................ 

................. 
881 1 67,418 ....... 81,080 

40 .......... 
....... 307,511 --- 
14,481 1,590, 699 --I==== 

flsh fresh ...... 
Rofu& flsh, fresh./. "4%006 

Total ....... ...I 8,298,896 -- Seines : -- 
Alewives fresh.. ........... 
Alewived salted. 541, 600 
Flounder;, fresh. 3,410 
Earring fresh ... 39,000 
Maokorch salted. .......... 
Menhndeh fresh. ........... 
SOUP, fresh ................ 
Miscellaneous 

flsh fresh. ..... 180 
hfudeflsh, fresh. .......... 

328,386 

582 
9,859 
1,840 
104 
373 
980 

2,875 

15 
B3 

--- .-_- 
14,033,315 

76, 330 
622,400 

117. 294 

-- 
................. ................. 
1,533 .......... ................. ................. 

...... ....... 
....... 
....... 46,200 

4,200 
125,700 
15,000 

................. 
2,875 .......... ....... 

...... ...... 180 
9,000 

066, 304 
-- 

............... .......I ::: ....... 
I ,  lotal .......... I 684.190 ...... ___ - 

996 

1,005 
....... 

4,408 .......... 
217 10,012 

-- -- 16,781 

12,999 
126 

3,088 
138 
280 
120 

7,351 
9,098 

14,562 
11,972 

13,946 
11,000 

121 

67 
10.2 

I, 006 
1,708 
7,541 

71 
117 

05,964 

-__- 

1, 085 

- 

G 
-____ 

Bluehsh fresh.. . I-- 11,8,175 
dl1 nets. 

Bonita, fksh .... 2,062 
Butter-Ash, fresh 3,227 
Cod frwb ....... aoo 
CUGners fresh ............. 
E'lounde&, frosli ........... 
Herring, fresh ... 400, 900 
Herring, saltcd ............ 
&ckcrel fresh.. 85,810 
&ckcrel: salted. 00,700 
Menhaden, ft.0~11. 9,900 
SCU ,fresh ...... 21,200 
se&!nss, fresh ... 56,560 

Spanish mnckerel 
Shad, fresh ...... 100 

14i, 486 
2,427 

55,414 
0,300 
5,590 
0 000 

958: 100 
854 400 
150: 395 
85,727 

114,831 
925, 742 
153,340 

3,746 

.......... 
102 

1,251 

. ........ 
27, 902 ................. ................. 

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

....... 12,000 

....... 

...... 
180 

310 
918 

8,447 
2,392 

11 

10 

537 
I, 055 

71 
17 

....... 

....... 

....... 

7,285 

- 
23,284 

............................. 
'+;i!%'/ 'ti;: 1,200 1 5,750 
9,409 GO7 ........... 

................. 
615 I 2,760 

....... 13,597 
50 ............................. 

100 20,87f 1,272 1 2,500 
~ 

4, iG8 .................. 48,76( 

.......... i,;G.l 280,300 
48,020 

...... 1 119 

206 
1,700 

15,545 
15,018 

207,436 
5. 8 a i  

203,889 

fresh .......... 48 
Bmelt fresh ................. 
spuedmgue, fresh 5,094 
Striped bnss,fresh 4, 604 
Tautog, freali ............... 
Whiting, fresh .............. 
Refuse ash, fresh ........... 

...... 

...... 8,670 ...... 10,350 
219 200,068 

...... 5,8W ___.._ 3,880 
10, E48 623,574 
--- 

...... 

..... .......... 
Totnl ......... .) 768,740 3,319,158 
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'Y7.-%hle elwwing by counties and uppuruttba the yield of the Rhore jisherit.8 of .~ussackuactla in 1889-Cont'd. 

s e i s ,  fresh. ____ .  . 
I~loundera, fresh. 
Swordfish. fresli 

Barnstable. Nantucket. ~ Dukes. Bristol. Total for State. 
Apparatusand 1 . -~ __--I I _ - _ -  ~ 

Value. ~ Pounda. Value. 1 Pounds. 1 Value. 

40, MOO 
102,100 

.......... 

Fyke nets: I 
But,tcr-fish, fresh j 2,650 
Canners, fresh.. . 2,340 
Flounders, fresh . I _  ......... 
Scup, fresh ..... .:. ......... 

I-. ,. 1 otal ......... 4,990 
_._ -- 

Trammelnets: I 
Alewives, fresh.. ~. ......... 
Butter-fish, fresh I.. ........ 
Cunners, fresh.. .'. ......... 
Herring, salt.ed ..I.. ........ -- 

I .  l o t a l  . . . . . . . . . . I . .  ........ 
. -~ 

Snap netn, dip netn 
ato.: 

Alewives, frcsli.. 779,900 
Alewives, salted. 486,000 
Cunncm, frc!sh ............. 
Eels, fresh ................. 
Herring, fresh ............. ~. 

Total ........ 
Trawl lines nud hand 

l inna.  
Bluefish, fresh.. . 23,8!)0 
Cod, fresh ....... 507, !YJ5 
Cod. salted. _. ._. . i 371,270 
Cunners, fresh.. . 13,360 
I'lounders, fresh. 25,352 
FroHtfish, fresh.. 660 
Iladdoclr, fresh . . 330,000 
Hrikc, frcsii ...... 170,000 
Halibut, fresh.. ........... 
Mackerel. fresh.. 8.414 
Mackerel, salted ./. ......... 
Pollotk, ircsli ............. 
Pollock, salted.. . 9,050 
Scup, fresh .... ..I- 45,789 
Sea bass. fresh . .' 57.870 
Smelt, fresh .... .!. ......... 
Tautog, fresh.. .. 30,490 

Totnl ....... 1,684,086 -. ___- 
pots: 

Cunners, fresh. ............ 
Eels fresh ....... 180,175 
Lob&rs, fresh . _ I  199,297 

'i'otal.. ....... . I  379,472 

,I I-. 
I=== lotal ......... .' 151,900 

Misocllaneons : ' 
Clams (soft) fresh1 170 370 
Clanls(doft),~alt'cll 274:!)20 
Quahogs. ........ ! 19,210 
Owters. ......... I 20:$.5!J5 
$&iiops.. ....... :n, 500 
Slirinip.. ........ 2,365 
S uid ............ 5fi5.000 
Agm ........... .139, M48,780 

T o t ~ l .  ......... 41,110,762 

Grand total.. .. 54,254, !I26 

i ...... i .......... 1 . . .. -1 
I 

$82 I .................. j ........... 1 ................... i ........ ~ 2,650 

......................... 1 ................... ' 29,465 844 i 29,465 

.................. ............ , ........... 2.340 210 ! ....... 1 .................. 1::::::: ............ ~ 9,700 l.*.&ka'l 10,200 

....... 

500 

.......... 

2,845 I _ _ . _ _ _ _ _ /  ................... 1. ....... 1 10,400 j 6411 ~ 65,310 
1,945 1 ....... .,_ .......................... 205,000 4,100 ! ;I07,100 
....... _ _ _ _ _ _ . _ _ _ ~  ........................... I 15,400 643 1 15,400 

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

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

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

I I I ... . .  .~ ........... .. . .  .... -- 

$82 
210 
2114 
844 

1,400 -- -- 
93 
36 
cia 
10  

202 
-- 
__ -- 

L5, 1711 
11, 56 i  
12,862 
4,747 
2,550 

46, 802 _- 

10, 044 
30, 1!)2 
17,814 
3,340 

097 
211 

11,450 
4,245 

14 
3, X5l 

557 
I,  w2 

100 
3, 871 

10, 767 
6511 

10.405 

109,245 -___ - 
!I10 

14,554 
144,658 

160,120 

'I 848 6: 045 
843 

_c 

10,736 

123 283 
13' 764 
12( 549 
65' BJ8 

--- 
23: 809 

860 
4 400 

66: 034 - 
310,363 

080,088 
_- 
~- 
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Counties. 

The following table graphically exhibits the relative importance of the various 
lrieans of capture employed in the shore fisheries of Massachusetts. The table shows 
the wide differences which exist betnreen the percentages of quantity and value of 
products obtained in the different forms of apparatus. 
%.-Table skewing the relative quantity and value of yield in each principal form of apparatus of captiwe 

employed in the shore $81wrics of MassacAusetts in 1889. 

. 

_____ . _-- 
Pcracntago. 

Quantity. I Vnluc. 
~ _- - Appnrntns. 

valno of Of Value 
cutch pcr c"~" per of catch 
ench $100 $loo per each 
invcsted invcatcd 

2 

1 in boats. 

Seines ................................ .a 
Gill nota.. ............................ 2.19 
Pniinrl mots and trnn ncts.. ........... 1 0.G8 

1 ;?$? 

Fyke nets ...... ...'. .................. 1 
Snap nots and di nets .............. _ I  I. 47 
Hand nnd trow1 Ems. .  ............... 1 

.03  

2.93 
Pots.. ............................... .i 2.87 
Harpoons and spcar~ ................. .20 
Misoollnucous ........................ ! 80.43 

r 1  i o t d  ............................ ~ m . o o  ___ 

1.56 
8.89 

30.40 . 13 
4.34 

10.12 
14.83 

.99 

100.00 
- . .__ - . 

The various counties fare very diEerently in the item of receipts from the sale of 
fishery products. This fact is brought out in the following table. In Essex County, 
for instance, the fishermen take $1725G worth of products for each $100 invested in 
boats; ill SuEollr County they stock $1,117 on the same basis, while in Plymouth County 
Only $215 is the average. The variation in the item of investment in apparatus is 
quite as  marked. SuEolk Coiinty leads with products valued a t  $1,214 for each $100 
expended for apparatus j Barnstable County raiilrs last, with only $226. The average 
stoclr per man is greatest in Dukes and Suffolk counties (4628 and $524, respectively) 
and least in Norfolk Country ($101). 

The relative eEectiveness of each kind of apparatus i r i  each county is shown. 
Pound nets and trap nets yield a larger percentage of returns than any other devices 
in Barnstable, Dukes, and Bristol counties; pots lead in Suffolk County; aiid such 
miscellaneous forms as rakes, hoes, dredges, etc., a're the most important in Essex, 
Norfolk, Plymouth, and Nantucket counties. Seinos take an insignificant part in the 
fisheries of all the counties, but are most important in Dukes County, where they are 
credited with 3 per cent ofthe entire value of the shore products. Bill nets are most 
eeective in Bristol County, where they yield 21 per cent of the returns, but in no 
other county do they represent as much as 9 per cent of the income of the fishermen. 
14 Suffolk County snap nets, dip nets, and other minor nets took 18 per cent of the 
Value of the output. Idinel; in Nantucket, Plymouth, :mci Essex counties yielded, 
respectively, 36, 18, and 16 per cent of the returns. 
79.-Tabl~ showing by  counties cwtain amra!les and percentages oj' the 8hore jisheries of Maeclachusgtls ill 1889. 

- 
$400 

1,214 
.I78 
420 
azo 
435 
460 
689 -- 

- 
$385 
534 
101 
225 
224 
337 
528 
357 

__. - __ _.___ . - - - 
Pcroontnge o f  vnlnc o f  yield ill principal forms o f  qipsmtns. 

I Pound I I 

........... 

....... 
___I_ 

I.. 1 
.01 2.39 16.90 ...... 18.32 ...... 

.............. .so _____.  3.98 18.04 
.07 5.89 8.81 

.............. 86.85 .............. 1.74 
'.OL ........ 8.85 ____ - __ ._ 

10.10 ....... 40.02 
43.06 ........ 30.00 
.............. 95.01 
35.00 .28 35.91 
4.41 1 1.10 26.05 

11.85 ........ 43.32 
8.34 ........ 8.70 
10.G5 5.10 20.67 
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The relative value of each fishery product is shown in great detail in the next table, 
the specification being by counties. The figures represent the percentage of value of 
each product to the total value of the catch in each county. 
8o.--?'able shoioirq b!! coulitiss the pet~oentaqe of eu2uc of e a 4  species to the total yield of thc skorejifishericn of 

L&ssachusetts i n  1889. 
-__  _ _  - _ _ _ _ _  - _ - --- -- 

I Species. Essex. 1 Suffolk. i Norfolk. I Plymouth. 
. -- I- -1. ____. I 

............................ Albaqoro, fresh 
alewives, fresh .................. 
Aley,-ivos, salted 
Illuefiah, fresh ................... 
Bonito fresh.. ............................. 
Hutt&fish, froah ................ 
cod, fresh.. ...................... 
Cod, salted.. ..................... 
Cuunors, fresh ................... 
Eels, fresh ....................... 
Flounders, frcHh ................. 
Froatfish or tomcod, fresh.. ........... 
Hacldock, fresh .................. 
Hake, fresh.. .................... 
Hdibut, fresh ............................ 
'&itring. fresh 
Eerring, salted .................. 
Hickoiy shad, fresh.. .............. 
Kin ,fish fresh.. 
mLePrerei, fresh.. ................ . ............... Mackerel, salted.. 
Menhnden, fresh.. ............... 
Menhaden, sulted ................ 
p o ~ o c k  fresh.. .................. 
pollo&, salted ............................ 

............................ Bonito( salted.. 

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

........ I.. 

.58  :. ................... 
.............................................. 

.01  ................ j: : : : ................ 
........ I . .  

.21 ............................... 
.I. ......... i.. ........ .o1 ........................................... 

10.91 8 !I0 i . .  . oo 10.03 ............ 1.78 I16 . ........ 
1.84 . 7.64 .45 .14 ........I.. ........ , ...................... 
6.28 j.. ......... .59 1 a. 77 

,: ;: j.. ~ .......... , .......... j 

.8(i ................... ..I: : 1.. ..... 
_]. ......... ' .......... ............. 

................................................. .Q4 I 
......... .71 ' 

.11 ~ 

........ I.. 

. , .......... i .................. j ..... 4.80 . 21  
.l6 ............ .Ol 

. 03 ................................ 

.oa ............................... 
.......I ............................... 

. n i  ............................... 
6.39 .37  30.16 
3.35 19.09 22.51 

.43 ............ . 02  

.o2 ............................... 

.12 ............ .o4, 

.08 ...................... 

.19 ............. . 34  

. a3 1 ............ 4.24 

.. 

.86 

. 1 3  

11.50 
2.77 
.o1 

.23 

.18 
2.24 . 1.27 

Salmon, fresh .................... i.. ....... .I.. ............................... 
Soli ,fresh.. ........................................ . I .  ......... 
so,,f)ass, ireall ...................................... .I. ......... 

.Ud'............ I .......... I ......... 

1.53 
2. 15 

....... 1 ' .71 
............ 

. U T /  

.58 I 

.o1 ~ ............ .03 ......... 

.ll .37 .......... .48 
1.07 1 ............ .......... .......... 

................................ 
8.18 I 7.49 1 9.91 

2.16 , 1.47 .......... . 6 8  
3.34 I ............................... 
.4C ~ 1.69 1 .09 1 6.76 
2. 05 18.9D .......... 6.84 

12.96 I.. ......... ......... . .ii:i. 
:I. 82 --_ __- -__c 

'rota1 ............... 
. . 1 loo. on j io0 oo I loo. oo 1 loo. oo j ion. oo ~ ino. oo 1 loo. oo 1 loo. no 
II_- __-- - - -- - __ 

The following tables show three different phases of the bait fishery prosecuted 
from the Bhores of Massachusetts. In the first table the extent and value of this fish- 
eiy is shown by counties and apparatus; in the second table an exhibit is made by 
counties and species; and the third is a presentation by apparatw and species. 

A consideration of these tables demonstrates that Barnstable County is the most 
important from the standpoint of production of' bait, while Essex County comes next. 
In both of these counties, as well as in Uristol CNIR~Y, pound nets and trap nets aro 
the important factor8 in obtaining bait; indeed, the third table shows that of the 
8,592,464 pound8 of fish and squid obtained in the shore fisheries of Massachusetts and 
sold for bait, 6,980,684 pounds were the product of tYe pound-net fifihery; while gill 
nets, the next most productive foriu, took only 406,000 pounds. 
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It is noteworthy that marly one-half of the products obtained in the poulnd-itets 
of M:issacliusetts are sold for bait to vcssels engaged, Sor the most part, in the off’sliore- 
bauk fisheries. To be more precise, it may be stated that the eutire produot of the 
llound-net fishery of Mnsstichusetts ainonnted, in lSS9, t o  14,633,315 poullcls, of which, 
as has been sliown, G79S0,6S-i pounds were sold for bait. It is also noteworthy that the 
catch of the pound nets iii this region shows a very srnall percentage of wliat are 
coininoilly cleuominated ‘ 6  goine fish.,, So far as bait species are concerited. herring 
take precedence, 5,739,400 pounds having been sold. Squid is the nest important 
species, 667,SOO pounds having been tatken for bait in pound nets in lSS9; none were 
obtained by other forms of apparatus. 

For soinc years Barnstable Bay, partic.ularly 011 the Cape Cot1 side, has been a 
f m ~ o u s  bait resort for vessels eniployed 111 the ocean fisheries. The importance to the 
bank fislieries of this resource for bait supply for vessels sailing Srom Cape Cod ports, 
Boston, and tllo north shore of Massachusetts Bay, will be better iixiderstood when 
i t  is stated that enongh bait was obtained in 1889 in Barnstable Count,y to supply 20 
hrrels  each t o  inore tlian 1,500 sail of VOSSels. 
81.-ghble s1totciiLg bg courtics and uppva tus  the q u a ~ t i t i e x  qf $811 atid squid tukm iri  tlic shore .fishe~iea of 

Massacliicsotls i i ~  lM9 and sold f o r  bail. 

- __- 
9,170 

.................. 
. . ~ O l l l ~ d  iiets niid trnp note.. 

Soiiiua ...................... 
Gill n ~ t ~ .  ................... 
Dip note.. .................. 

.-. ..___ . 

$140 5,513,550 $42,704 150,000 $284 6,980,684 $52,588 ...................................................... 189,480 1,528 
30 000 375 .................. 400.000 3,824 

--- 
r t  ’ lotnl ................ ./2,172,832 1 10,087 

Species. 

$1ewivex. fresli ............. 
Memi“?, frurh . .:. .......... 

enlinr UII, frcsli ........... 
?lenlirrden, slivom .......... 
$Wfresi i  ................ 

‘scellnntvms fish, fresh.. .. 
lotnl ................. 

-- __ 

v ,  

--____------- 

- - - 

Poimds. V,due. 

100, 232 $020 
1, 200 13,U:iO 

.np, 000 2,911 
J, 000 72 
2,800 34 
1, (100 5 

2,172,832 10,118‘1 

___--- 

-- 

Poiiiid~. ’ Vnluo. Pounds. Vsliie. I’otmils. Value. I’oiinda. Vaho. I ..I I I l.-I.--I 

.......... ~ ....... 3,000 72 .................................... 

.......... 505,000 4,432 .................. 5G7,HOU 

.......... 1 ::::::::/ 10,000 I 5 1 147,200 1 I 168,200 I ”;% I 
175,070 1 2,377 IU,087,360 1 62,087 1 166,600 I 

@*-Tal,le sliowing by apparatus and species ilrc quaiitition of $81~  anti  spit^ taken ill. tlie sliorc jiis~erien o j  
3fasnacA t tsvt ls  in 1S80 altd sold j o r  bait. 

Species. . .-. -1 ~. ...... -- 

. I  

._-____ 
I 

~ o u r i c ~  nota rind i Gill riots. 1 Dip nots. Totnl. 

\ ___ I-- _--- - 
trap nets. 

Pouiid~. Viiliio. I’oiinds. Vnlue. Pountla. Vnluo. Pounds. Value. Poimds. Value, 

Total .................. 
-s, 

F. C. B. 1890-10 



146 BULLETIN O F  TI-IE UNITED STATES FISH COMMISSION. 

RESULTS OF ASTIFICIAL PROPAGATION. 

No subject connected with the fisheries of New England seems to be of greater 
consequence than the results which apparently have been secured through the hatclr- 
ing and planting of millions of cod fry by the U. 8. Fish Commission in the coastal 
waters of this region. When this work was first inaugurafed there was much skep- 
ticism among the fishermen, who believed that little could be accomplished by man 
in this direction. However, much to the surprise and advantage of those most inter- 
ested, young cod have made their appearance in great numbers on many parts of the 
coast, particularly off southern New England, where, for at least a quarter of a century, 
they have been either very rare or unknown; and i t  seems to be demonstrated that 
as a result of this work a new and important summer cod fishery has been established 
on Nantucket Shoals and 011 the iishing-grounds immediately south. 

* During the summer of 1890 the Fish Commission received information showing 
that up to the first of August large catches of cod of small or medium size had been 
made by the fleet of schooners fishing south or east of Wantucket. This fishery was 
begun by a few small vessels in 188!), one of which, the h’Zica, landed about 300,000 
pounds of small cod taken in the season of that year. Prom all the data available, 
at least 4,000,000 pounds of codfish appear to have.been taken 011 these grounds in the 
spring and summer of 1890, previous to the last of July. These fish are reported to 
be much in favor in the markets, since they are of even size and in good demand a t  
restaurants and hotels, where thcy are prepared for food under the name OS ‘‘ scrod.” 

Among other references to the appearance of young cod along tho coast, which are 
concededly those hatched by the Fish Commission, is the following: 

Mr. George A. Griffin, of Wakefield, Xhode Island, writing under the date of 
December 12,1890, says: 

There are none of our fisherinon that have made any business of cod fishing for 15 or 20 years pest, 
YO they were ill preparcd to ratch or cure when the fish struck on. But they managed to secure, as 
near as I can calculate without taking a groat (leal of pains, some 6,000 t o  7,500 pounds of cod. The 
fish struck on at the pier [Narraganbett I’ier] tho 20th of Oclober. Cap*. Taylor’s boy and a friend 
went out in a small boat from South Pier i b ~ i d  c*:nlght about 20 or 30 fibh. The next day they mught 
about 100. This wtiked up the older fishermen an11 they c:iught from 100 to 300 fish per day to a boat 
accorcling to tho wcatlier, cite. * * * They were 811 caught within a quarter of :I, mile off the 
pier shore aud half a mile or so off Point Judith. * +, * The fish would avorage, I think, about 6 
pounds, and wore of a very dark color, with once in a whilo a large, coarse, light-colored fish, which 
resembled more the common old fish we used to catch here. 

The observations of Mr. Willard Nye, of New Bedford,Massachusetts, disclosed the 
occurrence of codfish in the shoal waters at the mouth of Buzzards Bay and to the west. 
ward in greater numbers than for many years. The fish were mostly caught in pound 
nets and trap nets as far west as Sakonnet Point, and numbers were also taken with 
hook and line in various localities. Mr. Nye states that cod fishing insideBuzzards Bay 
is something new, even to the oldest inhabitant, and he does not doubt that the fish 
secured are those artificially propagated by the U. 5. Fish commission. The fish are 
of fine quality, very active, and are of two sizes, weighing 4 and 6 pounds each, and 
are school cod and not the rock cod, spechens of which are caught every year. 
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THE FISH TRADES OF BOSTON AND GLOUCESTER. 

A noticeable feature of the fishery interests of Massachusetts is the great volume 
of trade entering at Gloucester and Boston, which are the receiving and distributing 
centers of marine food products for New England, to such an extent that they practi- 
cally control this branch of commerce. Maine has extensive canning interests and 
produces large quantities of salt and fresh fish, but has no very important trade center 
for fishing products, and the bulk of its output is marketed in Massachusetts. For 
this reason the tables showing the fish trade of the two leading ports of New Eng- 
land will throw an instructive side light upon the fisheries of this region. 

Tables 84 and 85 make an exhibit of the fish trade of Gloucester and Boston. 
Heretofore no statistics of this nature have been prepared, and there has been no 
definite knowledge of the extent of the fish trade in these ports. The magnitude of 
the trade will probably be a matter of considerable surprise to  many. 

Gloucester is the leading fish-producing center of the United States; its large and 
fine fleet of vessels engages in all the leading branches of ocean fishery except the 
mammal fisheries, from the Gulf of Mexico t o  Iceland; and its trade is chiefly in the 
products received from its own vessels, though considerable quantities of fish are 
obtained from other New England States and from the British provinces. 

Boston, while having a much smaller fleet t h m  Qloucester, is a great distributing 
center of fishery products. It receives contributions from mauy sources. What is 
commonly denomiuated the market fishery of New England centers a t  Boston, where 
the fleets of the leading fishing ports resort to sell their catch. In addition to this, 
Boston imports from the British North American provinces, from various countries of 
Europe, and from Pacific and Atlantic ports, all kinds of fishery products. Its trade 
is very extensive, as will appear by the tables. 

From the table showing the extent of the wholesale fish trade of Qloucester it will 
be seen that the handling of salt fish is the most important branch of the business. 
This gave employment to 833 persons; $1,769,138 was invested in shore property 
and cash capital, and 114,296,733 pounds of raw products, worth $3,427,966, were 
handled, from which 92,833,991 pounds of boneless and other kinds of cured fish, with 
a value of $4,193,284, were prepared. The enhancement in value is thus $765,318, 
this sum representing the gross profits of the trade. 

The fresh-fish trade is the next in importance, although much less extensive than 
the preceding. The fish handled amounted to 11,671,331 pounds, valued at  $491,636, 
and the quantity of fish sold was 10,229,994 pounds, for whioh $G10,971 was received, 
the gross profits being $119,336. 

The business of smoking fish utilized 3,410,205 pounds of fish, worth $127,387, 
which, when smoke-cured, weighed 2,259,346 pounds, with a market value of $169,266, 
the gross profit amounting to $41,879. 

The diBerence between the quantities of fish bought and sold in the three fore- 
going trades is due to the waste in the process of curing, preparing, otc., DS will be 
readily understood. 

The trade in and manufacture of fish oil is an important feature of the fish trade of 
Qloucester. The table shows 8,278,513 pounds of livers, crude oil, etc., purchased for 
$216,077 by the 8 wholesale dealers, who manufactured and handled 912,728 gallons 
of oil, for which they received $283,754. 

. 
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27 
575 
26 
10 
16 

74 
33 

3 
23 

In the manufacture of glue and isinglass 23,930,925 pounds of fish sounds, tins, 
skins, etc., were utilized, for which $114,776 was paid. Prom these 5,983,420 pounds 
of products were obtained, having a value of $360,671, the gross profits, viz, $2'45,895, 
being proportionally greater than in any other branch, although the expenses were 
d s o  proportionally larger. 

84.--Table showing tlie cxlent 0.f the wholssale$ish trades and mlafecl indtLstries of Gloucentw, Hans., in 1889. 

__ __ 
46 

833 
28 
10 
25 

112 
36 

1% 
33 

Fresh fish.. ... 10 9 
Salt fish ....... 1 5! 1 86 172 
Smoked fish.. . 2 ....... 

--- 

canning.. ..... I ....... .I.. ..... 
Oil ............ 1 8 1 4 1 5 
Glue and isin. 

I- - 

lass mnnu- f acturing.. .. 10 
Box -ma kin z... 1 I '!! 1 

I 

2 
Ice and salt 4'1 6 

C:q)ital invrstod. 
. -  

Plnutx. 

$33,000 
88-1,138 
28,100 

34,250 

176,450 
55,500 

50,500 

,463,588 

. ___ 

......... 

201,650 

.. 

Cush. 

~ ~ 1 , 5 0 0  
885, on0 

18,000 

79, oon 

140,500 

........ 

20,000 

60, 000 
80,000 

,374, a00 

-. 
Purchased. 1 Sold. 

........ 

........... 

* 512,728 gallons. t Glue, isinglass, poultry food, nnd fertilizer. 

In Boston, there are more firms engaging in the various wholesale branches of 
trade than in Gloucester, although the number of employ6s is less. 

The fresh-fish trade, which is the most important, was represented by 44 firms, 
with 326 persons engaged, having $1,063,350 devoted to the business. Over 82,000,000 
pounds of fresh fish were handled, for which 82,639,346 was paid and $3,165,110 
received. 

In the salt-fish trade 24 firins mere engaged; t h e  persons employed numbered 
369; the capital invested amounted to @1,139,575. Nearly 38,000,000 pounds of fresh 
and salt fish passed into the halids of the firms, for which $1,632,68S was paid. Por 
the quantity of salt fish sold without being further trea,ted, $1,909,362 was obtained, 
and from the remaining portion there were prepared boneless and smoked fish, the 
quantity of which, together with fish that were in a smoked sttLte when received, was 
17,384,900 pounds. From the fresh fish handled, there were, in addition to those smoked, 
considerable quantities canned; the table shows 80,985 vases so prepared; these, 
together with the smoked and boneless fish, sold for $1,207,520, while the cost was 
$1,013,313. Owing to tlJe intimate relations existing between the srnoliirig and canning 
business and the salt-fish trade, aome of the firms engaging in all these brancl~es, 
it has not been practicable to show them separately in the table. 

The wholesale commission trade is seen to have handled 52,350,500 pounds of fish, 
mostly salt-oured, for whicli the gross price received was $2,657,650. In the prepaxa- 
tion of glue and isinglass 10,151,000 pounds of fish sounds, skins, aud heads were 
utilized, the cost of which was $118,474. T I J ~  resulting manufactured goods, consist- 
ing of glue, isinglass, poultry food, arid fertilizer, amounted to 3,757,966 pounds, with 
a market value of $245,155, these figures including 14,000 ponnds of isinglass valued 
at $7,700, which were manufactured in Maine and simply purchased and sold by a 
Boston firm 
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The table shows that in 1589 208,000,000 pounds of fish products passed through 

the hands of the wholesale firms of Boston, and by the processes of handling and 
manufacturing the value of the products was increamd by the sum of $1,431,480- 
the gross profits of the trade. The total fish trade of Boston, based 011 the value of 
products as sold, reaches an aggregate of $11,100,259. 

85.-Table showing the extent of tlrc wholesalefLsb trades of Bosfon, dlasa., in 2889. 

Trndea. 

................. 89 $136,940 

Oyster ...................... 14 21 16 100 151 67,086 

Fresh Ash.. 
Salt fish 

Lobster 11 17 30 74 31,152 ..................... 7 
................ 19 38 ........ 31.128 .......... 7 5 71 :: 1 19,626 

Commission 
Gluo and isinglnss 

1,077 1 436,194 

..................... ii iii % I 150,262 

-- -_. - -__ 
1otu1.. ............... 110 1 187 185 595 1 I .  

___ - - - --- ___ _ _ _  ._- __ _ _  ______ 

Cnpitul  invested. 

Plnuts. 1 Cash. 

$615,350 $148,000 
405,975 713.U00 
137,875 144,500 
67, I65 65,000 
71,000 765,000 
72,700 135,000 

1,370, 665 2,991, I00 
-- 

Total. 

$1, 1,1J9, 083, 350 575 

2R2,375 
132,165 
836, 600 
207,700 

3,661,705 

I 
Enhance 

Trndes. 

Fresh fish.. ................. *82,697,368 
Sa l t  fish.. ................... 37,786, 685 
Oyster ...................... t8,090,838 
Lobster ..................... 8,213,264 
Commission.. ............... 69,350,5OO 
Gluo nnd isinglass .......... 19, 151,000 

T o t d . .  ............... .!208,289, 655 
I 

1,050,304 1,220,823 
557,004 694,039 ............ 2,657,650 ........... .................... .................... 
118,474 ........... :3, 7G7.006 ( _ . _ .  .................. 245,155 126,681 

___I_______--"---- 

-/ 6,991,816 9,647,584 21,142,866 1 89,985 1 1,013,313 1 1,452,075 11,431,480 

*In the figure8 for this trade tho followiug products havo not been included: 136,400 buclcets of liwrs, costp1lce$8,758, 

t 1,165,834 buahel8. 
$ Gluo, isinglnss, poultry food, and fertilizer. 

selling price $14.572. 

THE FISHING-GROUNDS. 

The following table is presented to show the relative productiveness of the At- 
lantic fishing-grounds resorted to by vessels sailing from Glouccster, Mass., so far 
as this can be demonstrated from the reports obtained from vessels landing their 
Sares a t  Gloucester. It may be stated at  the outset, however, that the cargoes do 
riot represent the entire catch of the Gloucestsr fleet, since large quantities of fish 
iire landed elsewhere, notably at Boston. Nevertheless, the table will serve the 
purpose for which it has been prepared, particixlarly if considered in connection with 
Table 87, which covers receipts a t  Boston. 

It has been deemed advisable to show under distinct headings the quantities of fish 
taken on the grounds on either side of the sixty-fifth meridian; those west of this 
meridian are for the most 1m-t off the co+st of the United Htates; those east of it 
are in the open Atlantic or off the coasts of  the British North Ainerican l'rovinces. 
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86.-Table showing by jishing-grounds the quantities of jislk landed at Gloucester, Mass., i n  1889, by New 
England$shing vessels. 

Shoals,. B;ull<. Ilk' general. Bay. 

~ Pounds. Pounds. Pounds. Pounds. PounddPounds. Pounds. 
Cod frcsh . _ . . I  51 000 6 000 973 300 ........ 20,000 I 72,000 1,971,055 
Cod.'saltcd .... 1,061:700 56:100 15,464:001 ........ 84,801) 1138,000 588,800 
Cusk, frosh ............ 10,000 12,000 23, 600 72,000 1.. .+. .. 21,170 
Cusk, sd ted  ../ 2,000 ........ 18,300 ........ 52,400 ........ 92,300 
Eadndock,fre8h ................. 1,147,000 ............... .I .. 160,170 ....... 
Haddcrck, salt. ........................................... !: : : : .. 10,000 
Hako fresh. ........... 5,000 29,000 ........ 10,000 , ........ 448,W20 
Haku( salted.. 10 000 9,000 95,000 ........ 46,000 I.. ...... 194,300 
Xalidut, fresh 44'000 ........ 945,660 ............... .' 26, Hcrriug, saltect I .... .I. ........................................ 
M a e  k e  r e l ,  

salted.. ...................... I.. ................................ 1,091,FUO 
Pollock, fresh. ......... ........I.. ................................ 855,273 

S w o r h f l s h  
Pollook aalted ?&00u ........ 15,000 ........ .........I.. ...... lG4,2UO I... .... . 310,000 j... .... ..I. ...... 

fresh.. ... .:. ....... ........ 18,840 ......................... 1 ....... 

Fishing-gronndu ennt of 050 W. longitudc. I ............. ..... - ~- 

I -- -- OB'shorc grounds. I Insliore grounds. 1 

j Total ... 

I- - 
Speries. 

-~---- 
!,lO3,(i28 1 61,70O 1310+ 000 12,!265,250 1148, 000 

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

___.~.__~___ ~~~ 

Cod,frcsh ' 42,000 

Cusk, salted 36,837 26, 711 35,11)0 ............. 9!,6+8 

Haddock, d t o d  48,648 57,052 5,000 ............. 111,300 
Hake, frosh ................. .....I 2,000 ........ 8,000 .................................... 10,000 

Halibut, fresh ......... 5,002, 500 I, 250,528 i28,208 125, 600 ........ t40,:l50 51,001) .......... 7,207,246 
Ealibut edtod.. ....... 138,458 35,348 ................ 746, 883 2, U00 .................. 922,689 

Mackerel, salted ................. ./ : :: : : .............................................. 1,063,200 I, 063,200 
Pollock. fresh.. ................... ......................... ................................ 
Swordfish, freah .................. 

Total. .  _ _ _  _ _  . ___. . 27,677,955 

Cod, salted.. ........... ........ .'29,921,155 
Cusk,frcRh ....................... ........ 10,000 

Haddock, fresh ................... 5,000 2,000 ............. r,000 

Hake, sdtod ...................... 70,673 ........ 125,361 ........ 274,200 .................. 470,234 

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

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

Herrini, saltcd ................... .................................................................. 

Pollock,salted .................... !...61:402. ........ 159,704 ......... ...................... 221,106 

-.. _.. .... 

Total. 

18,840 

28,007,130 
I 

Grand 
total. 

Pounds. 
2,597,955 
L7.325.550 
' 200: 770 

6,293; 90s 
922 689 
656,400 

2,275,700 
3.095.523 

B, 907,717 

*The greater part of the salt cod and all of thc fresh halibut nudo? this head werc taken on tho Grand Bank. 
t The term 'I Cape Shorc" is solnowhiit indefinitely :ippliccl to fishing-grounds along the south side of Nova Scotia, from 

Cape Sable (from which the term ia dcrivcd) ei~atward, a t  distances generally varying from 10 to 40 milo8 from the land. 
: I n  some seasons faro8 of salt cod iwe ru(-cived frOl11 tlli9 gt'oUlid, hut  fare3 of frosh lialibut I L w  v o q  exooptional. 

In explanation of' this table, it  may be said that the fishery 04 what is termecl 
Nantucket Shoals is carried on up011 grounds at  varying distances south or east OS 
Nantucket, sometimes in relatively deep water. The fishery usually begins in April 
and continues until September. 

The fishery in the South Channel i8 engaged hi occasioiially by a few vessels which 
at  other times fish upon Georges Bank or Browns Bank. This is also a summer 
fishery, and depends on the fact that during midsummer fish are generally compara- 

I t  may be denominated a summer cod fishery. 
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tively scarce on Georges Bank. It may be esplained that the South Channel (so called) 
is a westward exteiision of‘ Georges Baiik. It divides the great shoals on the bank 
from Nantucket Shoals. 

The Georges Bank fishery is carried 011 throughout the year, although the fishery 
is prosecuted to R less extent in January, October, November, and December tlmi 
during the rest of the season. The fleet begins operations in the latter part of Janu- 
ary or early in February. Some of‘ the vessels haul up in November and December. 
Vessels employed in catching fresh haddock aiid cod are most active in midwinter 
and in the late spring and early summer. The greater part of their catch is landed at 
Boston. 

The fishery on Cashes Bank usually begins in April and is continued until July. 
It is a minor fishery and is carried on chiefly by small schooners that engage in the 
shore fishery in winter. 

Browns Bank is resorted to in the early winter and late spring and summer by 
the vessels that commonly fish on Georges Bank dying February, March, and April, 
when the winter school of cod is on Georges. 

Shore, general,” under the head of inshore grounds,” applies to various areas 
aloug the New England coast from Block IsIancl to the Bay of Fundy. It often hap- 
pens that a vessel cruising for mackerel, swordfish, or perhaps engaged in the shore 
cod fishery, may in one trip visit a large iiuinber of fishinggrounds, and in some cases 
may cover the entire region aloug the coast from Block Island to tiear Grand Mauan. 
It has, therefore, been found iiecessary to inalie this classification. 

There is a limited fishing-ground off’ Cape Cod which is resorted to in the spriug 
for pollock. Ipswich Bay is a faldons cod fishing-ground in winter. Large quantities 
of fish taken there by the Gloucestcr vessels are landed elsewhere, especially a t  Boston. 
It is also beyond queslion that many of the fresh codfish iiicIuded under the head of 
6 6  shore, general 77 were takeu in Ipswich Bay. 

Fippennies Bank is an unimportant fishing-ground lying westward of Cashes, aiid 
is sometimes resorted to in sumnier by m a l l  schooners, which seldom make more than 
oue or two trips. 

Jefiies Ledge is visited chiefly in fall by small vessels fishing for pollock. 
The following explanations may be off‘ered concerning the fishing-grounds lying 

east of the sixty-fifth meridiini. 
In  November arid December wrtain vessels wliich :rt other seasons are engaged 

in fishing chiefly upon Georges Bank visit La Have for fares of fresh and salt cod. 
The halibut credited to this bank are in part taken east of the bank, on what is termed 
the La Have Ridges. 

The Western Bank cod fishery is usually prosecuted most extensively in March, 
April, a n d  May, though it is engaged in to a less extent in the fa,ll and early winter. 
The cod-fishing vessels ordiuarily sail in March, and the last of‘ tliein arri% home 
in June. Vessels visiting the bank in fall sail iu September, October, and November. 
The quautity of fish taken on the Western Bank varies coiisiderably with dilferent 
seasons. The amount shown in the table is smaller than the recent average auiiultl 
catch by Gloucester vessels. The Western Bank, as well as La Have, has been at times 
quite noted as a halibut fishing-grouud. hi recent years, however, its value for this 
species has decreased materi:tlly. 
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Quereau Bankis not much resorted to  by cod-fishing vessels from Gloucester, chiefly 
because of the srnall size and com~~aratively poor quality of fish on that bank. It is, 
however, a favorite fisliing-ground for halibut, which are taken in deep water (150 to 
400 fathoms) along the eastern, southern, and western edges of the bank. 

Misaine Bank is seldom visited by New England fishing vessels. 
Grand Bank and Flemish Cap are included under one head, for the reason that it 

is impracticable to designate definitely the quantity of fish taken on either, sinc:e the 
vessels that go to Flemish Cap usually spend a portion of their time in fishing upon 
the Grand Bank. The fleet resorting to the Flemish Cap is a comparatively small 
one, and the fishery there is carried on chiefly in May, June: and July. Some lialibut 
are taken on the Flemish Cap arid salted, but no fresh halibut are received from tlint 
bank. The fresh-halibut fishery on the Grand Bank is pnrsuedvigorouslyt~ougliout 
the year. The cod fishery, however, seldom or never begins before March. It is at 
its height from May to September. The fares arriving after September are cornposed 
for the most part of fish taken earlier in the season. The codfish received from the 
Grand Bank in November and December are brought in chiefly by vessels that start 
late in the season on their second or third fares. The cod fialiery on the Bank may 
be considered closed in November, though some fares arrive home st a later date. 

The Iceland fishing-grounds have come into prominence in recent years, and iiow 
furnish practically a11 the salt lialibut. Vessels leave home in March ant1 April, arid 
return in August, September, and October. The bulk of the catch is obtained in May, 
June, and July. 

The Cape Shore cod fishery is prosecuted iii spring, wimnmer, and autumn, begin- 
ning about April 1 and continuing uutil the close of the year. It is most aotive,however, 
in midsummer and early autumn, and is engaged in chiefly by vessels which, earlier in 
the seasou, may visit the Western Bauk or La Have, or which in winter arid early spring 
may find employment in the shore cod fishery off the New England coast. 

The fishing-ground about Cape North, which is the northernmost point of Cape 
Breton Island, has in some seasons been qnitc noted for the number of fares of cod- 
fish obtained there. The cod fishery in this region is irregular, due largely to the fact 
that it is entirely a, spring fishery, aud operations may be interfered with or preveiited 
by tlie presence of masses of drifting ice which come domil from the Gulf of St. Law- 
rence and cover the fishing-ground. Fmes of 11  dibut 1iiLVO oc:oasionally been taken in 
this locality. 

The Gulf of St. Lawrence is not resorted to  by cod-fishing vessels o i  New Eng- 
land except on very rare occasions, but it is ;L noted fishing-ground for mackerel, 
though its value as such has materially decreased in recent years. The mackerel 
fishery in the Gulf begins in JLIIM and generally continues until some time in October. 
The last vessels of the fleet generally reach tho home port in November. The rela- 
tively large receipts of mackerel from this fishing-ground are due to tlie fact that the 
fares brought in at the close of the season in most cases were the entire year's catch 
for the vessels engaged. It may be c+xpkiined that the grounds resorted to in the Gulf 
of St. Lawrence by American fishermen are outside the Smile limit, with the exception 
of those about the Magdalelie Islands and western Newfoundland, where Americana 
have the right to fish iuside of territorial limits. 
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Lb8. 

....... 
7,000 

27,010 
“80 

2,500 
500 

13,150 
87, 019 

38,059 

34,750 
1,400 

87.-Table showing b j  jtshing-gronnds the quantities of fresh ground f i s l ~  landed at Boston, Xass . ,  in 1889, 

Lbs. 
............... 

7,100 
12,200 
35,550 

1,000 
3,500 
9,800 

42,816 

111,900 

13,025 
9,000 

........ 

-- 
___- 

by New England jbhing veeaels. 

La Have Bank ................. 
I3rOwns Hank .................. 
Goorges Unnk.. ................ 
Clark I h n k  .................... 
Marblehead Bank.. ............ 
Cashes Bank. .................. 
Nantucket Shoals .............. 
South Channel ................. 

Fishing-grounds. 1 Cod. 

431; 700 
333,000 

6,400,150 
45,100 
5,000 

52,400 
830,250 

2,935,363 

Offshore : 
Western Bank ................. 7.000 

-__- 

Marblohcnd ................ 
Middle Bank.. ............. 
Minots Light ......... 
Monhegan ............ 
Nahiint. ................... 
Plymout,h.. ................ 
PGovincctown.. ti, 000 ..... 
Raoo Point.. ............... 
Shoro Grounds. 
Swam soott .............................. 
ThatcgerIsland ............ 

Total ... .26,000 ..... 

.__~-~____.____ 

July. August. Soptornbar. Ootobor. November. 
___.__ .-- 

Fresh. Salt. Frosh. Salt. Fresh. Salt. 

Lbn. L ~ E .  Lbs. Lbs.  Lbs.  Lb8.  ............... 19,750 ....... 41,075 ....... 
........ l U ,  200 .21, 000 ............... 14,800 ...................... 

...................... .21,000 ............... .............................. 6,500 ....... 
16,000 ..................................... ............................... 13,750 ..................... ............... 10,000 .................................... 
........ 0,600 ............................................ 

2 000 ...................... 11, 000 ..................... 
8: 500 ....... 48,700 000 ............................. 

10,000 ....... 2,500 800 88,680 ..................... ......... 1,400 .............. . I . .  ........................... 
5,500 ...................... 700 

500 ....... 42,050 ....... 1,000 ...................... 
10, 000 ....... 7,450 .................................... 
4,000 ....... 7,450 ....... 800 ................................... 12,250 ........ .......................................... 900 01, 000 ....... 13,000 ....... SU, 600 900 141,200 

1, I00 .................................................. 1,100 ........ 
13,000 ....... 1,600 ....... 8,000 ................................... 22,500 ........ 

105,50U 30,200 155,300 44,000 173,405 91, 000 61, 275 13,000 ...... .36,000 520,480 215,400 

___ __ -- 

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

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

-_____- -___-__________- - 
I 

, I  lotul  ......................... 10 745 963 (1.2- 
Inshore : 

Middle (Stellwagen) Bnnk.. .... 
TiUiea Bunk ................... 
Ipswioh Bny ................... 
Je8rog Ledge ~ : .  ............... 
CRDe hore ................ 
ShGre, general.. .............. ..I 

289,860 
5,800 
n. nno 

436: zso 
728,900 

1,210,174 -- 
Total ......................... 2, 060,014 

Grnnd tatal .................. 18,428,977 I 

Haddock. 

Lb8. 
2,000 

1,090,000 
201,000 

4,000 
97,000 

773,850 
5,016,300 

13,063,500 
154,000 

21,001, 050 

1,019,135 
70,700 
0,100 

1,296. 100 
1,016> 500 
2,759, 905 

6, 171,440 

27,178,090 

-._I 

-- 
-- 

liali- 
but. 

$b&. 
1,000 

15,860 
39. :lull 
95,083 
4,590 

500 

2,590 
92,870 

1,100 

!59,493 

7,002 
100 

15, 650 
20, 450 
22,240 

__ 

....... 

71,448 

130,941 
__ __ 
- 

Bake. 

LbS. 
.......... 

46,500 
08,200 

501,150 

8, 000 

02.025 
1,612,410 

42‘ 800 

37,500 

2,464,485 

505.845 
30,000 
17,750 

737. 050 
110,250 
678,640 

2,075,535 

4,540,020 

--- 

-_ __- 

-__- 
81,700 107, W4 

20,765 1219,900 
__ __-- 

Total. 

Lbs. 
10,000 

1,591,100 
060,700 

20,783,143 
240, 770 
16,000 

1,423,565 
191: 900 

9,887,373 

34,821,610 -- -___ 
1,860,017 

117,000 
35,850 

2,824,330 
1,020,022 
4,731,258 

11,49R, 077 

40,319, 093 
____ 
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V.-THE FISHERIES OF RHODE ISLAND . 

GENERAL REMARKS AND STATISTICS . 
The fisheries of Rhode Island rank fourth in importance among the New England 

States. although if the value of only fiee-swimming fish be considered the State leads 
Connecticut . The merhaden fishery and industry are of greater extent than elsewhere 
in New England; the oyster fishery ranks next to  that of Connecticut j and the quan- 
tity of scnp taken far exceeds the catch in all the other Stateg . 

Condensed statistics of the fisheries of the State are first presented in the form of 
three tables. which cover persons engaged. capital invested. and products. respectively . 

Compared with 1880. there has been a decline in some branches and an advance in 
others. as shown in Section I of this paper . Especially noteworthy are the decrease in 
the number of vewels (from 92 to 69) and the improvement in their construction as 
shown by the average value. which was $2. 085 in 1880 and $2. 554 in 1889 . 

89.-l'able of persons employed . 

___.____ . _____- -- I No' 

I-- 
How engaged . 

On fialiing vefiriels .............................. 376 
On transporting vessc4a ........................ 12 
In shore fislieries ............................... 896 
On shore, in factories, ota ...................... 473 

Total ..................................... 1, 757 

9O.-Tablr qf n p p r a i x s  and capital . 

I Designation . 

Vessels fishing (tonnage 1,402.05) ........................ 62 
ontet 

Vessels transporting (tonnage 82.74). ..................... 
outfit ....................................... ..........I. ...... 

Boats ..................................................... 1 051 
Appmatus of capt.ure-vessel Asheriw : 

Seines ................................................ 
Gill nets .............................................. 1 ': 
Pots .................................................. i 60 
Har oons ............................................. 1 30 

Haul seines 
Gill nets .............................................. 1 114 

182 
Fykenets I 370 

Dredges, tongs, etc ................................... 1 ....... 
Shore property ........................................... .I.. ..... 
Cash capital .................................................... 

....... Hand lines and trawl lines .......................... ..I 

Drejgee and rakes .................................... 

Pots .................................................. I -  -i;iiii 

l - ~ ~  ........................................... Apparatus of capture-shore fisheries; 

Pound nets nnd trap nets .............................. t 

Hand linea and trawl lines ........................... _ '  
............................................ 

$194. 325 
26. 385 

2. 625 
400 

62. 743 

12. 100 
30 

2. :J90 
120 
450 
035 

1. 850 
7. 000 

81. 800 
2. 080 

235 
6. 383 
3. 144 

369. 759 
244. 624 

Total ........................................................ 1.020. 178 i--I-- 
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Species . 
. -__ ...__ 

Alewivcs fresh ..................................................... 
Alewives, suiokod 
Bluefish, frosli 
Bluolish salted 

Cod . fresh ................................ 
Cod, salted ................................ 
Eels, fresh .................... , 
E’lattish and flounders 
Haddock, friwli ........................... 
Haddock snltod .......................... 

Alewives: salt& 

I3utter.dsh, fresh 

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

Kin fish,’ fraqh ..................................................... 
~ao%ere1  freatl ........................... 
Mackerd: salted .......................... 
Menliadm, f’rt:~h .......................... 
l’erch or ounnew, fresll 
Polloak, saltocl, fresh 
Sea bass, fresh ...................................................... 
Sou , f‘rosh ........................................................ 
Smelt, fresh ........................................................ 
Squeteaguo, fresh 
Stripod bnss fresh 

Refuse fish, frosh 

shaII, fresh ......................................................... 

Misoekaqeous fish, frosh 

2 

Swordfisti, f i k ~ i  ......................... 
Tanto frosh ....................................................... 

Lobsters .................................. 
Crabs ............................................................... 
Clams (soft) ............................... 

uahogs .................................. 
Gallops ................................... 

Total ................................ 
Oysters .................................. 

- 

- .. ... . 

l’ounds . 1 ~ a l u o  . Pounds . Value . pounds . 
. , ...... ~ ......... __.__ .... 

409, 450 $7, 518 499, 450 
.................................................... 412, 000 8, 240 412,0, 0 
.................................................. 134, 800 2, 380 134, 800 

1, 800 90 .......................... 1.800 
.................................................... 267 050 9, 827 267, 050 

210, 940 0, 538 85, 000 2, 490 301, 940 
32, 270 1, 570 11, 200 500 03, 470 ..................................... 249, 450 11, 878 249, 450 

............................................... 529, 750 12, 425 529, 750 
98, 120 2, 207 5, 000 125 103, 120 
10, 040 212 .......................... 10, 040 

9, 700 291 9, 700 
20, til2 2, 581 270, 000 22, 500 290, G12 

1% 000 15, 555 120, 000 0, 000 302, 000 
112,580.000 281, 450 ...................... 112,580, 000 

........................................... 10, U00 640 10, 000 
................................................ 51, 520 1, 840 51, 520 

493, 150 13, 823 493, 150 
0,003, 800 91, 921 0,063, 800 

10, 050 1, 149 10, 050 
84, 500 4, 105 84, 500 

................................................... 400, 214 l G ,  844 406, 211 
.................................................. 80, 340 7, 291 80, 340 

1ti5, 090 i.417 .......................... 105, 990 
187, 6% 7, 700 187, 025 

............................................ 40, 250 925 . 46, 25U 
................................................... 1,106, 200 1, 770 1, 106, 200 

8, 500 595 447, 500 20, 970 450, 000 
4, 400 1, 125 4, 460 

3.000 165 330, 750 ?2.310 *333 750 
25, 200 2, 575 212, 000 23, 025 t237: 200 
2, 700 300 20, 250 2, 250 ‘22 950 

5, 800 $350 401, 375 20, 048 400, 875 

401, 348 70, 706 1,022, 808 195, 234 $1, 82434: 213 .-. __--___ 
113,780, 023 398, 310 13,584, 852 530, 834 127,305, 475 

Valuo . 

$7. 518 
8. 240 
2. 380 

20. 998 
90 

9. 827 
9. 028 
2. 050 

11. 878 
12. 425 
2. 332 

212 
291 

26. 081 
24. 555 

281. 450 
640 

1. 840 
13. 823 
91. 921 
1. 149 
4. 1 D 5  

10. 844 
7. 291 
7.417 
7. 700 

925 
1. 770 

21. 565 
1. 125 

32. 475 
26. g00 
2. 550 

271. 931) 

935. 144 

THE VESSEL FISHERIES . 
This State resembles Maine in having vessel fisheries of less value than the shore 

fisheries . l n  the succeeding tables the vessel fisheries are exhibited from various 
points of view. including by counties. by customs districts. by apparatus. and by fisheries . 

There are three counties in Bhode Island from which vessel fishing is prosecuted; 
these are Providence. Bristol. and Newport . The fisheries in each county are exhib- 
ited in three tables . From the first i t  will be seen that of the 388 persons employed on 
vessels. 333 were in Newport County. and only 34 and 21 in Providence and Bristol 
Counties. respectively . Only 2 aliens were found on Rhode Island vessels. a much 
smaller percentage than occurs in any other New England State . 

The capital invested in vessel fisheries. as shown in Table 93. was $239.460. of 
which $205. 665 was credited to Newport County. $18. 855 to Providence County. and 
$14. 950 to Bristol County . Of the 62 fishing vessels in the State. 42 were owned in 
Newport County. and all of the 7 transporting vessels belonged in the same county . 

In Newport County 113.330. 388 pounds of products were taken. worth to  the 
fishermen $31‘7.337 . Menhaden is by far the most important species taken. amounting 
to 112.580. 000 pounds. valued at $281.450 . Maclrerel ranks second among t l ~  products 
of the county. the catch being 199. 012 pounds. worth $17.240 . Cod. swordfisli. and 
hddoclr are the only other species of any prominence. Vessels of Providence County 
took 355. 735 pounds of fishery products and stooked $62.919. the catch being princi- 
pally oysters. which amounted to  43. 835 bushels. worth QB5S.651 . Next to Oyster&. 
quahogs are the most important species . The entire catch in Bristol County consis& 
of oysters. of which 13. 500 bnshels. valued a t  $18.054. were liecured . 
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Br i s to l______  ................ 21 
Newport .................. .I 319 

Total ............... _..I 374 

99.-Table showing by counties the number and nationulily of persons entployed in the vessel 
jisheries of Rhode Island in 1889. 

.......... 21 .............................. 
2 12 ......... : 12 

2 370 12 .......... 12 

Counties. 

1 Providenoe I ................ . I  34 .......... 34 

Number and nationality of Number and natiomlity of I men on fishing ve88e18. 1 men on transporting vessels. 

I .............................. 

Providence ........................ 
Bristol ............................. 
Newport ........................... 

Total ......................... 

9S.-Table showing by counties the number, tonnage, value, and outfits of vessels employed i n  tkti 
vessel jisherias o f  Rhode Island i n  1889. 

1.:6.49 $15,700 $2,599 ................................... 'i 1 r9.59 12,800 1,901 ................................... 
42 1,105.07 105,825 21,885 7 82.74 $2,025 $400 

62 1,402.05 194,325 26,385 7 82.74 2,625 400 
--------- 

- - 

Speciea. 

~- 

BluefiRh,fresh 
Bluefish, d t e d  

Cod,salted 
Haddock, fresh 
Haddock, salted 
Mnckerel fresh ... 
Mnckerel,' salted.. 
Menhaden, fresh.. 
Swordfish, fresh ... 
Lobsters 

Cod, fresh ......... 

Hand lines 
Counties. ' 1 Seines. 1 Gillnets. 1 ani;;twl 1 Pots. 1 Harpoons. j afgkE, 

I 

- - _ _ _ _ _  
Pounds. value. PoundH. 1 value. rounds. _____ __- ~ 

............................................. 5,500 
............................................ 1,800 

................................................ 52,276 ............................................ 98, 120 
........................................... 10,040 

8,000 700 .................... IS. 012 

3,000 $90 .................... 213,940 

1, 000 136 .................... 180,400 
......................................... 112,580,000 

5,300 242 .................... 160,600 ................................................... 8,500 

Providence ........................ 3 .... ............ .... 890 $110 2 $a0 $386 
240 

____ ______ - 

........... ................ ........... 
.... .... Total ............. 635 

Total in. 
vestment 

$18,855 
14,950 

205.655 

239,460 

g4.-Table ahowing by counties the yield of the vessel fialwries of RAode Island i n  1889. 
_-__--- 

1 Providence. 1 Bristol. I Newport. 

Value. _ _  -~ 

$"g: 
6,448 
1,570 
2,207 

212 
1,821 

15,419 
281,450 

7,175 
595 ........ 

......... 

......... 

......... 
317,337 
. 

113,780,623 1 
Certain average figures for the vessels in the three counties are presented in the 

following table. Newport County ranks first in the items of average tonnage, average 
value, average value of apparatns and outfit, average number of crew, aud average 
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Mackerol, freHh ....... 
Mackerel, snlted ....... 
Menlinden, froah.. ..... 
Swordfish. frosli ....... 
Lobfitor, frosli ......... 
Clam8 (soft), fresh.. 

8 callop8, fresh ............. 
Oysters .................... 

uahogs, fresh ............ 

stock; Providence County excels in average value of catch per man, average value of 
oatoh per net ton, and average value of catch per each $100 invested in the vessel 
fishery; Bristol County leads iu the single point of average valiie per ton. 
95.-Tablc showing by  counlics certain average jigzlres for  the vcsseki employed if& the jiaberies of Rhode 

11 

....... 

Providence ...... 10.54 
~ Bristol .......... 9.95 

Newport..  ...... 28.48 

Vnlue 
per ton. 

$1,308 
1.600 
3,948 
.- 

The custoins districts of' Rhode Island correspond. so closely with the counties 
that no discussion of the tables seems necessary. The statistics are given in the three 
following tables : 

96.--Sunamary by Custom8 district8 Of the VCS8~~J%ShGl"i~s Of Rhode I81and i7t 1889. 

I Customs districts. 

Neivporb .......................... 
Brist,ol nnd Wrlrren.. ............. 
Providonce ....................... 

Total ........................ 
~.--___ ___ ~ ~ ~~ 

Cuntonis districts. 

Newport.. ........................ 
Bristol and Wnrren. .............. 
Providence ....................... 

I Totnl ....................... 

42 1,105 97 $165,825 $J6,805 821 &317,387 

14 151.77 19.700 6 1  .&:ai/ ~ 1 , 8 0 0 1  j::;;/ 38 1 ...... ........ 2.1 ;;I 2;;zl 

12 ........ 
................................................. ........ .................. 

7 82.74 2,625 400 ........ 12 12,550 

Bluoftsh frCH11.. ....... 
~ i ~ e ~ s i 1 :  salted ........ ............. 

5,500 
1,800 

213 940 
52: 276 
BE, 120 
10,640 
18,612 

180,400 
2,580,000 

160,600 
8,500 

......... 

......... 

......... 

......... 

0,44 8 .......... .......... 
1,570 
2.207 I 

212 ........................................ 
1,821 .................... 

16: 410 I.. ....... .I__. ...... .I ?%!I I % 1 
281,4501:: :::::::. 1 :: ........ 1 .......... 1 .......... 1 7.175 ........ 5.390 242 

5un ................... .I.. .. .: .............. 
............................. 1 :!,ooo 
............................. I 25,200 
.... ......... I...! ......... 1 .......... 1 2,7001 ":!!I 

31,500 $6,012 889,845 70,003 

5,500 
1, 800 

216,940 
172,276 
98, 120 
10, w0 
26,612 

182,000 
112,580,000 

165,990 
8,500 
8,000 

25,200 
2,700 

401,345 

@E 
6,538 
1,570 
2,207 

sia 
2,581 

15,555 
281,450 

7,417 
505 
165 

2,576 
300 

76,705 
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6,538 Gill not,s : I I 

~ 83 ~ 

............ 920 1,570 Mackerel, fresh.. 
2,207 - -- 
2,498 Swordfish, fresh ............. 165,990 ~ 7.417 

15,555 ___ 
212 Harpoons: 

- Grand total ................ 

98.--3bblc e k w u r ~ ~ ~  b!l cwntonie dietvicta the auerage lotinaye, value, crew, and stook of ueaaela t.nbploycd in the 
faheries of Hhode Ialaitd in 1889. 

- - .- - - __I - 

A\ c*i.ige tiniiiage. Average valuv. 

cllMtOIll9 dlstllc t h  - 

-____ 

....... ....... ..... ..... 243 ... ....... 
- - -  ____ 

~ T l i t ~  value of products freighted 
_- -- 

The quantities of fish obtained with the different forms of apparatus, together 
with their value, are next presented in a single table. Seines, gill nets, and harpoons 
take only a single species each, while lines are employed in the capture of four species. 
Seines are more important than all the other forms combined and are credited with 
112,580,000 pounds of menhaden, valued at $281,450; nets stocked only $83, on mack- 
erel; harpoons took swordfish to the value of $7,417, and the catch with lines was 
valued at $29,020, being made up of mackerel, cod, haddock, and bluefish, the species 
ranking in the order given. 

99.--Table shotuiny b!j upparatun slid 8pecie8 the yacld of the ueas~l~alreriee 91 Bhode lsland in lSN, excluaiue 
of the molluecan and crustacean $ehcvies. 

Lines: 
Sluefish, fresh ............... 
Bluofi~h. d h d  .............. 
Cod, saltod.. ................. 
Haddock, fresh .............. 
Haddock, Haltcd ............. 
Mackerel, fresh .............. 
Mackerel, salted ............. 

Cod, fresh. ................... 
5,500 

210,940 
52,276 
98,120 
10,640 
25,692 

182,000 

1,800 

Apparatus and species. Pounds. 1 Value. , 
____ i value. / I  

-.___ - 

seines: 
$350 11 Moilhaden, fresh.. ........... 

nn 

More vessels of Rhode Island are engaged in the mackerel fishery than in any 
other branch. Although mackerel were scarce in 1889, the prevailing high price 
which the fish coiiimanded was a strong incentive to undertake the pursuit of that 
species; 26 vessels, with a tonnage of 291.63, carrying 97 men, followed she fishery 
during the season, and took 208,612 pounds, for which $18,136 wa8 received. The 
average stock per vessel was therefore $698, a sum considerably in excess of that ob- 
tained in the shore, swordfish, and lobster fisheries. 

The shore fishery had a fleet of 21 vessels, with a tonnage of 249.81, and with wewR 
aggregating 84 men. The catch, consisting of bluefish, cod, and haddock, amounted 
to 385,276 pounds, which was sold fresh and saltted, the aggregate stock being $10,967, 
or an average of $529 per vessel. 

Themenhaden fleet consisted of 16 sail, the total tonnage of which was 890.05. The 
value of the menhaden vessels was $137,000, an average of $8,563. This figure is un- 
usually large, and is due to the employment of steam vessels with e relatively high 
valuation per ton. The quantity of fish taken was 112,580,000 pounds, equivalent to  
188,007,600 fish, having a value of $281,450. The average stock of the vesaels w&s 
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S h O U O . .  ..................... 
Mackerel. .................. 
Ifenhaden .................. 
Swordflsh .................. 
Crustacean ................. 
Molluscnu .................. 

$17,591. It is hardly necessary to remark that uo other New England fishery, with 
the possible exception of the Pacific whale fishery carried on by vessels of New Bed- 
ford, now yields such large average returns. In 1880, when there were 61 Rhode Island 
vessels enga,ged in taking menhaden, the average catch was 1,126,128 pounds (against 
7,036,250 pounds in 1889), and the average stock was only $2,815. There has been 
a gradual substitution of steam for sail vessels since 1880, with the striking improve- 
irient noted. 

Sixteen vessels also engaged in the capture of swordfish; their toiinage was 232.43 
mcl their coinplcment of' inen 64. The result of the fishery was 165,990 pounds, for 
which the fishermen received $7,417, an average of $464 per vessel. 

The fisheries for oysters, yunhogs, soft clalmms, and scalloptj. were followed by 17  
vessels with a tonnage of 180.17, and with crews numbering 44 men. The oyster was 
the most valuable species talien, representing $76,705 out of the aggregate sun1 of 
$79,745 accruing from all molluscan fisheries. The large average stock in 1889, viz, 
$4,G91, was due to the eniployinent of steam vessels iii taking oysters. 

A single vessel of 5.45 tons, carryiug 2 men, engaged in the lobster fishery in  1889, 
taking 8,500 pounds of that product, valued at  $595. The vessel lobster fishery is 
much less important than that followed with small boats. 

Two tables covei-ing the vessel fisheries of Rhode Island, classified by fisheries, 
are presented. 

21 
26 
16 
10 
1 
17 

lOO.--[l'able showing the ncmber oJ' vesaela e i y a p d  i i b  each &hwy in Rbode Island i n  1889, together toilk thsir 
toiinage, value, and iw i ibcr  of crew. 

$350 
DO 

0,538 
?, 570 
2,207 
212 

I 1  

Menhaden : 

SwordAsll: 

Crustacoan: 

Ifeuiiadon, froah ............ 112,520,000 
Swordfish, froah ............ 168,990 

8,500 Lobster ..................... ___-- 

Fisheries. 

Total ..................... 

Maokerel, frwh ............. 
Maokerel, salted.. .......... 

Total ..................... 

Mackerel : 

--- Mollusoan : 
385,276 10,967 Clams (soft) ................ 3,000 ................... 25,200 P't'l"gs- onllops ................... 2,700 
26,612 2,581 . Oysters.. ................... 401,315 
182,000 15,555 

208,612 18,138 -- __ .- 

___- 

- Total ...................... 432,245 -_- -- 

tonnago. 
I 

- 1  
240 81 

890.05 
232.43 
5.45 

180.17 

291:m 1 

Grand totnl.. .............. I 

...... 
44 

113,780,0?3 

101.--[rahlc ehowin{g'by jislberien and species the yield of the VO88f3l$fiRhel<e8 of ItBode Idatid in 1883. 

-~ 

J?iaheries and species. ~ Pounds. ~ Valuo. /I Fisheries and spocios. Ponnds. 
- __ -__.___I_ ____- ._ . __ 

Shore : 
Illuoflal~, froah .............. 
BluefiRh, salted ............. 
Cod. fresh. .................. 
Cod salted .................. 
Haddook, ealtod.. ........... 
Hnddock, fresh ............. 

5,500 
1,800 

216,040 
52,276 
08,120 
10,610 

Vnlue. 

$281,450 

7,417 

595 

105 
2,515 

300 
76, 705 

IO, 745 

308,310 

___ __- 

-- 
-- --- 
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Wasl~ington ................................ 
Eunt ....................................... 
Provideiice ................................ 
Bristol.. .................................... 
Newport, .................................... 

Total .................................. 

THE SHORE FISHERIES. 

The shore fisheries of' Rhode Island surpass the vessel fisheries in the items of 
persons employed ant1 products, but represent less capital. They rank third in im- 
portance among tlie shore fisheries of New Erigland, exceeding in value those of Con- 
necticut and New Hampshire. The specially prominent feature of this branch is the 
pound-net and trap-net fishery, which reaches large proportions. 

Shore fishiug is prosecuted from every county in the State, but is most iiriportant 
in Newport County, iu which 352 of the 896 shore fisheriiieii are employed. Washing- 
ton County has 205 fishermen, Kent County 146, Providence County 118, and Bristol 
75. Newport County also leads in the amount of' capital invested, the other counties 
being in about the above order. 

In  the item of products and value, Newport County takes higher rank than in per- 
sons engaged and capital invested. In 1589, the shore fisheries of the county were 
credited with yielding 8,605,559 pounds, valued a t  $199,249, while the catch for all 
counties was oiily 13,584,852 pounds, worth $536,834. The most importaut species in 
this county are scup, mackerel, bluefish, squeteague, and lobsters, in which the county 
ranks first. Providence County comes next with 787,120 pounds, valued a t  $128,215, 
of which 588,595 pounds, worth $112,599, represent oysters, in the output of ~vlric:li 
this county takes the first position. Washington County has a greater variety of 
water products than any county except Newport and yields a iiiucli larger quautity 
than Providence, although the value is considerably less ; in 18S9 3,116,200 pounds 
were taken, for which the fishermen received $75,951; the principal species in the 
county are alewives, butter-fish, eels, scup, flatfish, and flounders, in the catch of soine 
of which the county leads all others. Bristol County, which has an unimportant net 
fishery, ranks second in the extent of its shore oyster fishery, which represents $73,111, 
while fish proper are worth only $965. The shore fisheries of Kent County are of less 
magnitude than those of the other counties, although the clam fishery is more impor- 
tant than elsewhere and the scallop fishery is followed only in this county. 

The extent of the shore fisheries of each county is shown in the three tables which 
follow : 

. 

% 1 
118 
75 
353 

800 --I 
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I _- 
I 

' Bu:its.. ........................ 135 ~ $7,265 
Pound nota imd tmg nets.. .... 85 1 15,400 
Fyke IlotH ..................... 126 i 1,030 
G i l l  nrta. .  .............. .i ..... 5 1 410 i I 

150 

2 
I..... , 275 

14 
./ 111 

I..... 
.- I::::: 

lOd.--Table sliuiiiiikg b y  ooiciities and specie8 tikc yield qf t11~ nhorc jkhrrielr qf Rhodo Idand is 1889, 

Value. 

$7,618 
8, 240 
2,880 
20,048 
0,827 
1,490 
500 

11,87S 
12,485 

136 
291 

22,500 
0,000 
4340 

1,840 
13,823 
01,031 
1,149 
4,195 
lG, 844 
7,291 
7,700 
025 

1,770 
20,970 
1,125 
32,310 
23,O'iS 
2.250 
35,234 

- 

36,834 

The relative importmice of each of the various meaus of capture is illustralted in 
the next table, the specific:i,tion being by counties and species. Of the alpparatus 
employed in the capture of fish proper, pound uettl and trap nets are by far the most 
effective devices, yielding 9,683,870 pouuds, chiefly scup, alewives, and squeteague, 
worth $171,771. Lines took 759,720 pounds in 1889, principally mackerel, for whicli 
the fishermen got $46,758. Pots were the uevt most importaut apparatus if lobstcrs 
;we iududed, taking 562,250 pouuds, valued ;it $26,810. Gill nets stocked $18,841, 
seines $16,665, and fylre nets $3,045. Such miscellaueous apparatus as dredges, tongs, 
rakes, etc., produced 1,590,328 poiiudR of crabs, clams, oysters, scdlops, e to., worth 
$263,944. 

I". C. B. 1890-11 
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& m a :  
Alewives fresh . . . I  4,450 
Alewives: salted.. 395. 850 
Alewives, smoked 5H. 000 

Eels, fresh. ....... 39,400 

Perch fresh ....... 10, 000 

Shad fresh. ...... 4,000 

Blue6sl1, fresh. ........... 
Butter-6511, fre8h.. ........ 
Flounders, fresh.. ........ 
Sen br;ss, fmsh.. .......... 

squetea ue, fresh ........ 
Smelt freHh ...... 13,500 

Striped Ems, fresh ........ 
Tautog, fresh.. .......... 

Total ......... 531,200 

J%luefish, fresh.. .. 10,000 
Butter-fish fresh. 
Squeteagui, fresh I: : : : : : 

Total ......... 1 10,000 
bound and trap nets :I- 
Alewives, fresh.. . j 75 000 
Alewives salted.. 16: 150 
Alewives: smoked 72 300 
Blnefisti, fresh.. .. 23: 950 
Butter4sli,  fresh . 192,500 
Eels,freah ........ 95,100 
Flounders, fresh . . 180,750 

;ill nets: 

Kingfish fresh ... 9,700 
frrr:h I iim cnn ---,,,-----. -.---- "I"(""l 

Sea bass, fresh.. .. 14,100 
Shad. fresh ....... 1 7.850 
Smelt, fresh.. ..... 07; 500 
Striped bass,jresh 56,240 
Rniirtnnnria. fmah .  1RA llnll 

.; ....................... ! ................. ~ 5,450 

.! ................ , ....... 8 .  1 ........ i 305,850 
1 $90 ........ ! ....... /.::::::::# ........ i 02,500 
................. , ........................ 1 5,500 

~ 246 ' .............. i ................. ' 7,5511 

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

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

......... 

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

...... 

............... 
291 ........ .I.. .... _I.. ...... I ............... I ......... I i 9,700 

484 '.__.....I.. ..... ! 200 0 k59.'200 12:G05 , 473,500 9,ti10 0,000 I 180 i::::::::l~~.fl~f~ 200 1 0 15435000j ........ 82 126 ,6,003,800 

589 ......... I ....... :: ............. i 2,000 

5,102 ......... !::I: .................. ' 1,000 

100 ................. ~ 9 860 
3,225 ........ ~ .. .' ..... ~. ..... ..I.. ..... . I . .  . .oo. 1.. ...... .I. ....... ~ 07: 500 

13,500 . I ,  247 69, 740 
6 mi 5 nnn I i n n  I 9 nnn ivn 1 r, (inn mi ?:in a m  (1  fin 3 7 G . c i ~  

Refiis~hsh, fresh. G i G ;  200 845 ..... .!. ..... .!. ...... ... ...I 10.000 1 15 ' 420,000 i 910 
Mieeellaneous flsh, 

715 fresh ........... 1 10,600 210 i ........ .......I ................ 1 ........ 1 ....... ~ 35,760 1 
[ a n d  aud t r a w l  ~ 

lines: 

Total ......... 

..&_. . 
J W  i 

~ e i s ,  froail ........ 1 40, ooo 
Lobsters, fresh.. .. 81,500 

2 , 1 0 2 / 3 2 , 7 5 0 ~ 1 , 6 3 8 ~ 2 0 , 0 0 0 ~  1,300' ........ I ....... 1 1 0 , 0 0 0 ~ '  800 
4,200 1.. ... ..I.. ..... i.. . . .  ...... /. .............. 366,000 lG, 770 

iscollanoous : 
Crabs. ............ 4,460 
Clams (eoft) ...... 37,750 
Quahogs.. ................ 
seallops .................. 
OystarfJ ........... 2, 100 

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

I ........ ....... :::::I::::::. ...... ...!........ 
....... ...... ........................ ......... ~ ........ ---- 1- ........ .,. ....... Total ....... 1 44,310 1 4,585 P O ,  350 (51.624 

Grand total.. . 3,110,200 75,951 G51, 300 59,343 
______-- _ _ _ ~ _ - -  

I I 1  I I I I  __ ............ __ .............. 

, -l_ 
57,000 

lO(1.200 

40,250 

083,879 
- 
__ 
58,350 
85,000 
11,200 
15,500 
5.000 

270. 000 
120,000 
51.520 
18, G50 

124,500 

759,720 

114,250 

114,750 
447,500 

___ 
__ -_ 

562,250 

4,460 
330, 750 

LO, 260 
0?2,80R 

__ -_ 

2r2, 000 

500, 328 

1,584,852 
-- -_ 

Value 

$lot 
7,915 
1,34( 

38: 
204 

2, 00c 
91 

Cju 
41 

6tiC 
97c 
205 
8fii 
32c 

15, GGE 

17,79€ 
53 
990 

18,841 

7,410 

1,040 
4,745 
9,51U 
4,020 
8,940 

291 
31, DL1 
13,095 

689 
3,225 
0,430 

15,588 
I ,  830 
1,770 

025 

-_ 
328 

71,771 -- 

3,720 
2,490 

500 
345 
125 

2, 500 
9, 000 
1,860 

088 
5,550 

io, 758 __ 
3,045 

5,840 
!0, 970 

!ti, 810 

I, 125 
12, 310 

2,250 
15, 234 

- __ 

!?, 025 

13, 944 - --. 
IG, 834 
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The folloiviilg table, based on the preuetiing, illwtrates the yelative (lui~utity aut1 
value of tlie products telten in the varioun kinds of apparatus used in the shore fish- 
eries. It is of interest to  observe the great difference wliicli exists between the per- 
centage of quantity and valuc in some forins of appwatus. Although pound nets ancl 
trap iiets yield over 71 per cent of the shore products, the value of the catch is only 
32 per ceiit, while dredges, tongs, etc., secure ouly 11 per ceiit of the quantity but 47 
1)er cent of the valiw. 

. __._______ - - - . 

~ Pereontilgn. 
I AppllnLtnH. ~ -- ........... 

, Qiisntit:).. Vnlrio. 
. . . . . . . . . . . . . .  - .. I .... 

1 seines .......................................... ;: f; I ;:;; 1 Gillmts ........................................ 
I POUUfi nCtR R l l d  t,rlllt I l C t H . .  ..................... 71.28 X .  00 

Tyke nets ........ .-. ............................. 64 1 ,50 I Fhnd 1inr.a nnd trawl lilios .................... 5.  5!J 8.73 .. ........................................... 4. i r  i .w  
Miacollaiieous .................................. 11.71 47.30 

--___1 
Total ...................................... 100.00 1 100.00 

._ . -. ... . ~~ . - . ..... 

Cerhiu averages m c l  lmoeiitager: for sach c01111t~~ :\re given in tlie uext t:tbles. 
Provicleiice County rib1llCs first iii t l i v  average value of c:~tcli 1)er man and also in tlw 
average value of catcli per each $100 invested in apl)ar:btus, Bristol County being 
second hi both these items. Washington County has the first position in the average 
value of catch per each $LOO invested in boats, follomecl by Providence County. 

relatire value of the  catch in each lorm of apparatus in each coiiii ty is s11owi. 
Poiind nets mid trap nets yield 63 per cielit aiicl 61 per cent, respectively, of' the stock 
from the shore fisheries in Waxlii~igton : u ~ l  Nowport coiinties, and only 1 per cent 
each in Kent and Bristol counties; while dredges, tongs, etc., take S7 pcr oclit, 9 7  per 
cent, aiicl 99 per cent, respectively, of the value of the products i i i  Kent, Providnice, 
arid Bristol cwunties, and only 6 per cent in Washiiigtori county. 

The final table exhibits, for each county, the proportional value cif each species t'o 
the value of the total yield. 

- __ __ _-. - . - - 
mnshington.. $1,045 ' $374 I - 
Kent. .  ....... 596 1,211 
I'rovidenco.. . 012 0, 748 
Bristol ....... 827 4, D38 
Newport.. .... 886 1 265 I 

02.7'' 10.81 .86 i 1.05 i 4.2" i 8.90 I 6.04 
81 2.15 2.82 , 2.02 2.02 2.70 80. 82 

. 33  1.20 .Y2 j ............... , 1.01 1 97.28 

01.36 I ....... 1 8.21 1 .63 121.08 1 8.82 1.. ...... 1.30 ....................................... 98.50 
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108.-Tablc altowin!l b y  coutilies the yercerituye oJ' the rralue o j  each npecieo to the totul y ie ld  
Jislteries o-f Rltode Island in 1889. 

cod, salted.. . . . . . . . . . . . . . . . . . . . . . . . . . . 
Eels fresh. .  . _ _  . . .. . . .. . . ._ . . . . . . . . . . . 
Haddock, fresh . . . . . . . . . . . . . . . . . . . . . . . 
Kinmfish, fresh. . . . . . . . . . . . . . . . . . . . . . . . 

oy t11e .rl1ol.e 

.25 
10.71 1.01 .O1 .10 

.lG _...._____ ........____ ._ ._______  __._.____ 

. . . . . . . . . ...I.. . . . . . . . .I.. . . . . . . . . . . . . . . . . . . . . 

.38 I .......... ........................ ~ ...... 

Species. 1 ''Xpg- 1 Kent. 'Providence./ Bristol. INewport 

Numbor of factories in operation .... .. ...... . .. . .. .. . . . , .... ... .. .. 
Value of factorjos ._. . . . . .. . . . . .. . . . . . . . . . . __. . . . . . . . . . . . _ _  . . . . 
Amount of cash capital. .... .. ...... ... . ._. __.  . . . . . ._ .. . _ _  ._._. . 

Number of shorosmen employed:: ... . .. .- .. . . . . . . . . . . . . . . . . . . . _ _ _  _. 
Numbor of Ashermen enip oyod . . . . . .. . . . . . . . . . . __. . . . . . . . . _ _  __. . 
Number of etoam vessols cmployod ...-. . .. . . . . . __. . . . . . . . . . . . . . . . . 

Not tonnage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :. . . . . . . . . . . . . 
vallle ........................................................... 
Vnluo of Ol l t f i t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 

Number of sailing vossols employed in fishing.. . . . . . . . . . . . . . . . . . . . . 
Net tonnage . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 
Value.. ___..__. ....... . . . .. . . .. . . . . . ..__. . __. . __.  . . _ _ _  .__. . . . ... 
Value of outfit.. . .. . . . . . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Number of sailing vossels employed ns " cnrryaways '' . . . . . . . . . . . . . 
Net tonnage.. . . . ~. .. . . .. . . . . . .-. . . . . . . . . . . . . . . . . . . . _ _  . . . . . . . . . . 

I 

THE MENHADEN INDUSTRY. 

In the following table the extent of the inenhaden business, viewed as a shore 
industry, is exhibited. Rhode Island is now more interested in this branch than any 
other New England State, and the industry ranks among the most prominent enter- 
prises of the State. The capital invested in 1889 was $452,925; 573 persons were 
employed, and 177,133,333 fish mere handled, for which $265,700 mas paid. The maiiu- 
factured products, consisting of different grades of oil and various kinds of fertilizers, 
were worth $427,767, a n  increase of $217,208 over 1887 and 893,070 over 1888. 

IO9.-Table showing the extent of the nredtuden induntry 01. Rhode Island. 

i Dosipation. 

~ 

I 1889. 
1 ---- ~ - .. . . ... ....I__--- 

Value.. . . Y.. . . . . . . ~. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 
V d n e  of outfit.. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ._ . . . 

Number of menhnden handled.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Value to Bshormen . . . . . . . . .. ... . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . 

Number of gallons of oil made. .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Valno as sold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Number of tons of Hcrap produced . . . . ... . .. . . . . . . . . . . . . . . . . . . . . . . . 
Value as sold.. . . . . . . . . . . . . . . . . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . 

4 
V208. 000 
$76,000 

358 
215 
11 

758.45 
$133,000 
$27,000 

4 
104.10 
$3,000 
$3,400 

3 
42.83 
$2,325 
$200 

$2ti5,700 
177,133,333 

1,782,145 
$320,743 

7,307 
$107,014 
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VI.-THE FISHERIES OF CONNECTICUT. 

GENERAL REMARKS AND STATISTICS. 

The fisheries of Ooiinecticut rank iiext in general importaiice to  those of Maine. 
Some special branches are of greater extent than elsewhere in New England, and others 
are of minor consequence compared with iieighboriug States. The general fisheries for 
food-fisk are of less importance than in Rliode Island, but tlie taking of oysters reaches 
greater proportions than elsewhere hi this region, and in the extent of its menhaden 
industry Conuectiout ranks second. This State is the only one, in addition to Massa- 
c*husetts, which now prosecntes I,nammal fisheries of commercial importance. 

The river fisheries were investigated to the limits of tidewater except in the case 
of the Connecticut, which was cauvassed for 10 miles above its mouth to Essex. 

Oondensed statistics for this State, covering the three point8 of persons employed, 
apparatus aud capital, and products, are given in tlia following tables: 

... . &.~ .__- 

! No. . 

How engaged. 
.. . 

On tishing vorsol~ ........................................ 1,030 
32 

In ~lioro fisliorios ......................................... 1,252 
On ehoro, iu filotorics, fidi-houses, ota.. ................... 733 

On t,ransporting vossuls ................. , ................. I-- 
T ~ t d  ................................................ j 3,047 

I .. __ ... . .  _.__ ............. - ....... _.___ 

... ~ .......... . . . . . . . . .  ___ 
Design;itiou. 

......................... 200 j $512,155 
............................................... 134,852 

............................................... 2,050 
'Boats ..................................................... 

g (tonnage 217.OR) 

SniIios ................................................ 5,020 

Pots.. ................................................ 1, 785 5,240 

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

Apparatus of capture--vctsriel flahorioH : 

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

Apparatua of oiiptnrc-shoro Asliories : 
Hanl eoinoa ........................................... 
Pollnd n e b  ........................................... 
Gill llOt8 ............................ 

l'ota ....................... .: ....... 
Spears. ................................................ 

, Shornpro 0rt.v. ......................... 
onall c a p i h  ............................ 

Dredges, rakerr, otc .................................. 

Tow ....................................................... 1 2,820,834 
-~____-_____. . .___I - - - -  i--,-- 
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. ~~ Specie#. 
I'ounila. 

Alewives. fresli ............................................. 
Rluetisti, fttmli .................... 453,320 
But,tcr-tish, fresh.. ................ ...................... 
Cod, frosli ......................... 1,523,418 
Cunners, fresh.. .............. ........I.. 

E ~ H  frodi. ............................................ 
Flatfish and f loun i l i~~ ,  i;.ehi ......... . '  7, 780 

Haddock, fresh ...................... . '  199,290 
Hake, frc.sli ........................... 9110 

FrosttiHti 01' tl~li lClld.  I'lWHII .................................. 

Halibut,, frerrh ........................ ~ 204,890 

13ULLETIN OF TI-IE UNITED S'l'ATIZS FISH COMMISSION. 

8.. _. . . . .  
\-diu:. ' Poiincls. 

~ - 1 ........ 

53 272 
$22,970 k3:G30 

42,400 
0,445 ' 315,150 

177 I 026,200 

6. 1 0,:100 
15 ~ ........... 

49,tiOG 
................... 5,000 i 

123,500 

20,293 1 .  .......... 

Sqneteagiw, fiedi ................ 1 2,165 

............ 1 14ti,l90 

............ 1. ..................... 
St,riped biiw ..................... ....................... 

............ 21,340 

............ '. .................... 

105 1 204,480 
38,770 

8,285 1 ............ 
947 1 217.300 

1 11,840 
806,860 

-1 
Total ........................... 53.707.004 /1.107.087 1 38, QG5,4OO 

I - 

Clalllrr (soft) .......................... /. .................... 
....................... :!,ti00 
....................... I. ..................... 
........................ 8,332,765 
....................... I . .  ...................... .I.. 

T:ihie. 

. /  265, ti00 

2,700 
830,700 2,008,262 

7,800,000 
18, 600, 000 

400 i 107,290 

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

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

$070 
4,413 
1, uti4 

322 
200 

24,930 

4,875 
290 

12,828 

........ 

....... 
980 

........ 
l3, 757 ........ 

........ 
222 

170 
lti, 580 

.I, 430 

:1, 040 

1,042 p, 1ua 
........ 
10,405 

174 
I ,  859 

57,035 
300 

1,280 
24,900 
20,714 

230 
225,107 

6,500 
4,903 

........ 

........ -- 
450,419 
- 

Seal arid otber #kine .... ..... - 1 . .  .......... 8, 610 
Wliale oil.. .......................... i 170, 701 1 12,074 

Total. 

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

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

1'01111 dR. 

53, 272 
510,950 
42,400 

1,529,803 

315,150 
033, 980 
123.500 
205,500 

900 
264,890 
33,600 
18,100 

47,991,714 
17,400 

520,000 
280 

250,201 
ti, RUI) 

195,852 
12,800 

200, 045 
38,770 

140,190 
238,040 
11,040 

300, 800 
1,501,200 

8, :m 
3,067 

a 263, (io0 
6 170,600 

c 2, 700 
i0,401.027 

8, ti00,OOO 

5,000 

'7,800. ow 
......... 
/ I  17ti, 701 

12,072.404 
--- 

Valuo. 

$670 
27, 383 
1,064 

50,018 
200 

24,930 
13,005 
4,875 
5.599 

1.5 
20,253 
3, :SI1 
1,539 

100,5G9 
305 

16,800 
222 

170 
10.680 

lti, w1 

1, U42 
8,298 
3,430 
8,285 

11.352 
' 174 

1, R39 
XJ, 099 

300 
1,280 

24. 900 
21,114 

230 
1,056,807 

G, 500 
4,903 

q 8  610 
'12:074 i 

1,557,600 I 

a'L6 :I60 bU8hdH. 6 21 382 bllHheh. 0772 bllShdH. d1,485,8tiI bUshClS. 
oln'aildition to the ti gore^ @van tor shells in tho abovo table wliic4i re resont only the olltpllt of %bo shell bad8 in thlr 

iIonHatouio aivor, 41,290,000 ouni~s, va~iioc~ at w:I,o:$z, wiwe ZtiRo i i n n c d ,  ttioir value being includrrl wit11 that of tlie 
w*terR w1mn the latter were Arst clispowl of. 

.f 130.000 bllShel8. R'l!he Value Of 1,320 Seal Ilnd Other HklnH /k%,bG0 gallOuN 

THE VESSEL FISHERIES. 

The fishiug fleet of Connecticut is next, in size tc. the fleets of Massac:linsetts ;md 
Xaine, aud is noteworthy for a larger nuinber of steam vessels than is fourid elsewliere 
it1 the fisheries of the United Stthtes. The vessel fisheries of Connecticut of specin1 
importance are those for bluefish, cod, halibut, red snapper, menhaden, lobsters, and 
oysters, the last named being the most extensive fishery in the State. The red-snapper 
fishery is prosecuted OE the coast of Florida. Detailed tables exhibiting almost every 
phase of the vessel fisheries are presented. 

There are three counties in Conneo ticiit from which vessel fisheries are carried 
011, via, New Loudon, New Haven, aiitl Fairfield, each of which has fisheries of COII- 

siclerable prominence. 
The first table of the county series sllows 1,062 persons einployed on vessels, OS 

whom 557 belong in New Loud011 Connty, 273 in New Haven County, and 232 in Fair- 
field County. OS the difi'erent natiolialitics represented by the fishermen the United 
States greatlypredolniiintes, with 916 men, or 86.2 per cent, after which come Portugal 
with 52 men or 4.9 per cent; Sweden and  Norway, with G1 men or 5.8 per cent; British 
Provinces with 26 men or 2.4 per cent, arid other roiintries with 7 men or 0.7 per cent. 
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r ,  

__ I I 
.... __ . ....... .. __ ....... 

Appilrntus of oapt.nro. 
. -. .. -. . .. Total in- Countii:R. srinos. I h o s .  I'otfi. IIiirpoons. Drodgoa, ata. vostmollt. 

. .  i _____...__.___I 

Vnlim. Nn. Valuo. No. 1 ~a1i1u. NO. Vduo. 
...... . . - , ... ... .__ . .. . .  . .  -. . 

Nwv London ...... $990 1,785 $5,240 30 $240 .............. $252,005 .... , . $14,470 250,185 .................................... ' 
Fnirfiold 5 ................ 2 1 ..... 2 4. ...... 8,680 194,701 
Now Unvon 

l'f,tal 20,150 600,921 
--_--_--_- 

...... ................ ...... 905 I 1,785 I 5,240 22 1 20.1 
I -2. _._____I_ -___.-- -- __ ______- __ 

The next table shows 200 fishing vessels :tnd 14 transporting vessels engaged in the 
fisheries of Connecticut in 1889. These, with their outfit and npper;rtns, were valued 
a t  $896,921. 

The fishing vessels of New Londou County, 86 in number, use chiefly seines, lines, 
;md pots; in New Haven and Fairfield counties dredges are the principal form of 
appara tns. 

The vessel fisheries of the State yielded 63,707,004 po~mcls of protluots, valued, at; 
first hauls, at  $1,107,057. New Loudon County is credited with the largest quniitity 
of products, and Fairfield Coniity with tlie smallest catoh, aJtliougli t'hc oiitput of tile 
fislieries of New Haven County is of greater value tlisii that of t l i e  two otlicr rouuties 
combined, owing to  t h o  relatively high price of oysters, which are practic;dlg the only 
products of tlic county, constituting 99 per cent of the yield ill this as in Fairfield 
County. 

115.-Table dbotoing tq cozciciies the ni tmbw awl iraiionality of pw~oirs a n g a p d  i n  the t w s e l  jkdreriss of 
(=onncoticnt i n  1889. 

--__- 
Number i~nd nntionnlity of 111on 0 1 1  fi~liiiig V~WYJ~H. I ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  I 

.__. ....... 1 ...... ........ . ,_... . I I 
Now I,ondon.. ............ 128.68 $6 560 $1,050 

.............. 
.' 80 ' 2 485 06 ' $162,805 

Nt~w Eavnii.. 41 1 1'302' 07 1 200,850 1 '!k"o! 1 1 88.50 6:835 j 1,000 
BiLirRold .................. .I 73 [ 1: '103: (i7 158,608 i 17,522 ......I.. ..........I.... ........ 1. ........... 
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...... .I 453. 32G 

...... 24; 370 
..... 16, 100 
..... 

17,400 

Xnekarel, wltod 
Menliadeii, frcnli 3D,13R, 834 

I<ail mnnner. fresii ... I 520. 000 
I Pollock, fresh.. ...... 

Sea b;& ?rod1 ...... .' 209; 245 
Squetmgue, freali .... 2, 165 
Swordfisli, fresh.. .... 135,452 

21,340 lnatop, fresh ........ 
Lobsters.. .......... ./ 446.890 
,. 
Qllallogs ............. I 3;600 

Son1 and other s k i m .  .............. 
T\'lialo oil.. ......... .! 176, 701 

Oysters .............. 1. ............ 

$22,970 
19, 6% 

177 
5,309 

15 
20,2133 
2,175 
1, GJ9 

82,412 
:I65 

16,800 
13, 5D5 

105 
7,005 

947 
20,064 

400 

*8,610 
12,074 

......... 

1 ............ i .......... 1 ............ i .......... 1 
....................................... I 1::::: ....... j ........ ..: ............ 

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

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

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

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

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

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

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

453,32a 
1,523,418 

7,780 
199,290 

900 
264,890 
26,170 
16,100 

41,338,834 
17,400 

520,000 
209,246 

2,165 
14G, 190 
21,340 

446,890 
3, 600 

8,832,765 

176,701 
........... 

$22,970 
49,690 

177 
5,309 

15 
20,293 
2,331 
1,539 

86,812 
365 

13,596 
105 

947 
26,064 

400 

10,800 

8,285 

830,700 
8, aio 

12,074 --- I _ _ _  I _ _ _ _ _ _  - 
Total .......... 43,161,701 I 271,4511 8,401,657 I 587,325 1 2,143, ti46 1 248,311 ~ 63,707,004 I, 107.087 , I ______~ _______. -. __ - - - - 

* 1,Wti &ins. 

The superiority of the vessels in New IIaveti Conuty is hrought out in the follow- 
i n g  table giving certaiii average figures for the vessel fisheric?~ of Connecticut : 

1 

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

Now London ... . I  29.18 
Now Haven.. ... 31.78 
Pairfield ........ 17.31 

. . __ ~ .. 

. . . .  . . . . . .  i -. , 
$62 $1,807 $1,086 6 $531 93 231 
154 1 4,899 1,012 I 6 ' 2,285 14,325 
125 , 2,171 496 :I 

1,070 I 3,401 . . . . . . . . . . . . .  

I I 

$110 $112 
451 242 I 
I96 i 127 

The statistics of vessel fisheries of Coiinecticut are next, considered by customs 
districts, the vessels being credited to the district>s in which their fishing liceuses itre 
obtained. Vessels are enrolled for the fisheries in four districts, the extent of the 
industry in each of which is sliowri in tlic two following tables. A table giving certain 
averages for each district is also presented. 



Stonington . 
Now London 
Ncw Haven. 
FnirIleld .... 

Total . . 
- . - __ -- 

Stouington . 
Ncw London 
New Hnvon. 
Fnirfiold.. ... 

FISHERIES O F  THE NEW ENGLAND STATES 1 e9 

47 1,302.39 1 $96,166 $50,480 240 , 5 I 10 2 ' 201 1 $U9,309 

4 1  1:302.97 i 200:850 41,600 236 5 ' 9 I ........ I 8 ........ 687,326 
39 1183.57 56 640 41,110 204 37 23 ' : 1: 280 132,052 

73 1 1,263.07 158,500 ~ 36,231 I 206 5 1  1 Z I  ........ 6 1 I % 1 248,:111 I 
0 1 26 I 7 1 1,030 /1,107,087 

I I 
200 \ 5,062. GO I 512,155 i 169,321 ' 8x6 I 52 ' 54 

I 

No. of I I Nnnlber nut1 nntionnlitv of crcw. I I 

5 92.83 $5 160 ~ $800 11 , ........ ........ 1 ........ ~ ........ i 12 j $11,301 ~ 

X i  35.75 1'4001 250'  4 '  1 1 ' p ....... 4 . 10 800 
1 6 1  ........ i ......... 1 ........ 1 ................. 1 161 Id:VJ81 

........ ......... ....... ........ 
7 1  88.501 0:835(  1 , 0 0 0 /  

I '  ....... 1 ................................ !........I ........ 1 ......... 1 .......................... l ' ................. I 
13,395 ~~l--jrl--i-..~/....... . j . .  .... ..,..__.. ... 32 I 30,629 i __---- 

14 j 217. (18 
1 . . . . .  . . . . . . . . . . . . .  .......... 

Spuciefl. 
1 Pounds. 

....... ____ 
I $4,885 1 'I53 , 8 2 G 1 $18,085 I..  ........ __........I.. ........ 1.. ........ ! 453, 326 I 

25,928 753,718 23,708 ;.. ....... .'. ..... ....I.. ........ ,. ......... 1,523,418 , 1 
.......... ~ .................... I .......... I .................... . . . . . . . . . . . . . . . . . . . . .  I 109,290 

7,780 

... ~ ...... 

Vnluo. 

$22,970 

- .  

49, 69G 

177 
5,309 

16 
20,293 
2,331 
1,839 

86, 812 
305 

10,800 
13,695 

106 
8,285 

917 
20,OG.I 

400 
830, 700 

8,  610 
12,074 

107,087 
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The quaiitit~y and valne of fish taken in cacli forin of apparatiis are shown in the 
Lines yield tlie largest money returns, but seines secure the peatest next tabulation. 

qumtities of fish. 

IZO.-TabIe skoioing by upparatiis atrd apeciea the yicid of the ~~~esse~ . f is I iw- ics  o f ~ o n w e c l i a c t t  in 1889, exditaii*c 
of tltr moZltcsoaii, crtratucean, aiid itinni.ni.aliun fisheries.  

. . . . . . . . . .  ~ .. ~ ............ -. . . . .  - ~ ..... .__.. ..... . 

Apgarntiis aiid species. Puiindx. Tnlne. 
~ .. . . . . . . .  

Seiiies : 
Mackerel salted ............ ...... 2,300 $300 
&leiilindeA, fresh.. .......... ... 1 

Tot;,l__.. ................. 
LineH: ...... 

..... .I 3,248,224 132,903 1 
, . ---- 

11 ............. ~ 146,100 8,288 I -___ 
M ackerd, fresh ............ .............. .iTizz- zi~,230; 

I 

From Table 121, giving the full extent of each fisliery in which the vessels of Con- 
liecticut engaged, it, will be seen that mollusks, of wliicli the oyster was chief, were tlio 
objects ofca1)ture by more vessels tlian niiy other ljroduct ; 11 3 vessels were so employed. 
The shore fishery was followed by 37 vessels, the lobster fishery by 22 vessels, :iiid the 
market fishery for cod, Iiaddock, bluefish, sea bass, etc., by 27 vessels. The other fisli- 
eries had from 4 to 11 vessels each. As previously exl~lniiied in discussing similar 
tables, the object of such a presentation is to exhibit tlre gre;Ltest number of vessels 
engaged in each fishery during ally portion of the year, together with their toniiage, 
value, aud crew, all of wliicli items are duplicated to the extent to  wliicli each vessel 
follows two or iiiore fisheries. The catch, however, is iiot duplicated, and relgeseiits 
simply the results obtained in each fishery. 

The market fishery, according to Table 122, yields a larger stock than any othei- 
fisliery except the oyster, the 27 vessels therein employed taking products to the 
v:bIue of $104,072, an average of $3,855 per vessel. TllcA rnenhadeii fishery comes next, 
witli $86,812, or $14,409 per vessel. 'l'hc vessels in the shore fishery stocked $26,360, 
or $713 each; while $26,064 resulted fi.0111 tlie lobster fishery, the vessels earning $1,185 
each. The 113 vessels composing tlw oyster and elam fleet took products to  the valiie 
of $831,100, averaging $7,355. 

Idl.--llh./ile ahowing  tlre n z r t t i l w ~ ~  oj' i~ectsds en!iagccl i t t  ectoh$8~iet'!j in Conwctiout in 18S9, t o g e t k w  W i t h  
ikn'r tomange, vnluc, a i t d  tritniber of c m u .  

Xumber rind nationnlity of crow. - -1 

Market ............. 
Shore.. ............. 
Mnckerel ........... 
Xonhwdon .......... 
Snordflsh .......... 
Crustacean ......... 
Molluscan ......... . I  

Whdctrnd sen1 ...... 

27 1,022.46 
37 481.84 
9 180.40 
b 451. 80 

11  186. 815 
22 261.1R 

113 2,326. 89 
4 402.33 

$02, ti00 
31,330 
11, ti50 
GI,  500 
13,150 
18,015 

319, 150 
15,000 

I 

I 
138 1 

104 .. 
?ti 

124 
?J 8 . .  

59 
372 
45 

5 

7 
1 .. 

..... 

.... 
...... 

13 
6 

197 1 
111 
37 ...I ................... ' ...... ..I 125 

3 I... ................ 1 39 
62 
4lO 
09 

. . . .  3 1 . .  . . . . . .  
10 21 I... .... 3 
16 1 ........ 1 1 

I 1 i I ........... ._.__ -- -I 
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122.--Tnble d i ~ t o i i ~ g  by jislievies and species the yield of tka ocwsel jixkwiex oj' (:on?teoliaut i n  1889. 
- .- ~- __ ~ 

1"idterios iuid spocios. I'ounds. I Value. 

IHiiofi~h, frosli ................ ............. 20,170 . $2,331 

Hnlco, fredi.. .................. 1-- 

................ .............. 42,720 3,894 
Pollook, frcuh.. ............... 
Red snapper, t i . 0 ~ 1 ~ .  ........... .............. 41,338,834 8% 812 
Swordfish, 1'raHIl .............. .............. 14:J, 184 8,101 

l+islioriru m i l  spuciou. 
. 

Market: 

Cod, frodl .................... ............ l(i, 100 I 1,639 
Haildook, fI'(!di ............... 450 , 24 ........... 

______ .- _ _ ~  

............. 440,800 20,004 1 _____ - --- r ,  lotnl ....................... 

........... Shore: BIllefis],, fi.osll ................ ............. 
Cod, fresli ................... 
Haddock, fresh .............. 

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

................ slcins Halibnt, l'resli 
So:i bnss, frccili 
sqll8tongllC, frosh. 

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

Flatti811 nlld f~ol l t l l~~l" .  h!d: . . 

Tautog, frosll ................. ' 21,340 947 ~ Total..  .................. 

, Total.. .................... .' 5i2,808 1 20,360 I! Grand total..  ............. 
! I /  I ____ . . .  __ __.____ __ 

THE SHORE PISHERIES. 

Tlle sllore fisheries ofCkmiec*ticut, a s  gauged by the value of tlie products, are, as  
a, whole, of less iinportanoe tliau t81iose of 12liodc Island, idthougli slleciitl b r ; r n c h ~  arc 
of greater extent, aiiiong wliicli tlic sliad, oyster, mil lobster fisheries I I I ~ L ~  bv nieri- 
tioned. 

There are four countieh in Ooiiiiectiont from wliicli sliore fishing is oarrietl on ; 
t]iese are Nel~r London, Middlesex, New Horeii, i i i i t l  Fairfield, ~ c l i  of w1iic:li clscels i l l  
oert;iin features or bfirches, a,s brought, out in the following series of tables. 

Of 1,252 shore fisherriioii h i  the Skite, 546 ww c~1111)loyecI in Fairfield Couiity, 277 
in New Haven County, 547 in NCW Loiitlon Couiity, iiutl 1SB iii Middlesex Chuity. 

New London Coimty lieti tho largest investment iu the sliore fisheries, viz, $51,92(;, 
closely followed by Pairfield County with $50,1 Y!!) ; Ncw 1Iaveu aud Ptliddleses (WLIII- 

ties hac4 respectively, $35,542 aud $33,011. Boats represent iiiore than Iialf the aggre- 
g;ite \ralue of tlie property i n  tliv shore fisheries, iintl ponutl uets coiistitntt1 the iiiost 
importnnt and v i d ~ a b l ~  form of :rppara;tias. 

T11c shore tislieries yielded 3S,96S74(i0 pounclh, wliicli were sold for $450,419. 
P;i,ii-field County took 13,2tW,056 pouncls, ~ a l n e d  at $1 74,(iSS, of' which 7,800,000 pounds 
rcpresentetl oyster shells obtained from the Trousiitonic: Rivci- and usecl by oyster- 
1)lanters iii preparing beds. Tlic oys t e~ '~  secured amounted to 1,0(3,76!) po~xnds (or 
151,967 bushels), for whicli $121,132 \vas i ~ ~ c ~ i \ w l .  The nest iuost illlportiint product 
was the q11ii110g or round c~laiii, of wliicli 124,450 pounds (or 15,5GO bushels), valnetl 
i i t  $15,710, \ v e x  marketed. Tlio output of sot'k cliIJliS was also considerable, having a 
\r;ilue of $6,990. The nlolluscan fisheritas of this C(Jl l l i t ; \ -  arv tliiis seeu to be tlia niost 
c~stensivc~. New Have11 Couiity ranks sc~cc~iid in quantity and value of products, talcin(?; 
9,830,lSG po~unds, worth $133,303. Oysters and olaiiis tire also the most iniportant 
qw(:ics in this county, $104,GS0 i i ~ ~ r ~ i ~ i g  €ram their sale. The altcll of inenliadeii is 
the only other notewortliy feature of tho shore f i s l i~r i~s  of tho county; 6,30G,4S(i po~11id.8 
of this speciefi, wit,h a value of 1$13,010, wcw tdien. Nex Lolidol~ Colllity is oreditd 
with 9,381,109 pounds, worth $95,740. 111 this county shellfish forni an incouspicuous 
Part of the product, Oho outpiit being lew tliau in any other county; the yield of 

The statistics s l i o ~ ~  the fisheries by counties and by iipl>arntus. 
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................. 
5,000 

lobsters is greater tlian in all the other counties combined, being 887,700 pounds, 
valued at $45,355. The bulk of the catch consists of a l g a  Middlesex County takes 
the largest quantities of eels and shad. The entire output of the county was 7,504,109 
pounds, for which tlie fishermen received $46,691 j of this quantity 6,500,000 pounds 
were algae. 
123.--l'uble showing by coscntics t h  titcnrber of person8 engaged in the 8k~o1.c jiakwrics gf Conncclicut iic 1889. , - - ~  ___ 

Counties No ~ I 

0; 445 ~ .......... ' ................... 
200 1 .......... 1 ........ 1 ...... : .... :::::::. 5,000 

New London.. ............. .' 247 
Middlesex .................. , 182 
X e w  Haven.. ......... ......I 277 
Fairfield .................... 540 

; _ _  
Total .................. 1,252 

327,227 
260 

10,800 

141,880 

I24.-Tuble showing by countiex the apprutun employed in tlie sliorc,/itiI~ei*iea o.f Cono,L1ieoliout in 1889. 

..................................................... 
658 0,NI6,486 18,010 .................. 
204 20 18 .................. 
640 11,000 780 11,300 970 

11,079 19,147 1,515 32,900 2,999 
..................................................... 

' NewLoudon. Middlcsox. I NewEavcu. 1 Fairfield. I Total. 

......... 1 ........ 

$23,280 $40 08' 1 363 $98,595 
2.730 120 I % 1 ' 2:llb: ~ ' 43 I 

l...::.Lz:.l ........ ' 1,000 1 "-.. I ~- _ .^  

9,700 ' 113 37;800 

GO ........ 
I!), 719 

15 20 ........ 205 ........ 
550 ........ 240 ....... 

Sha ,fresh .............. 
Smelt, fresh.. ............. 
Squetoa iib, fresh.. ...... 
Striped 6 m s ,  freah ....... 
fantoe. fresh ........... 

- _ _ _ ~ _ _ -  
35,542 1 _ _ _ _ _ _  1 60,129 I _ _ _ _  . _ _ I  170,008 

_______ 

1,925 
11,200 

172,340 
24,970 

140.300 

1,%.--l'uble ahoiuing by  couniie8 and npc ien  the yield of thc nitore jidteries of Comectieut in. 1889. 

Crabs .................... 
Terrapin ........................... 
Clams (soft) .............. 

urttlogs .................. 2 callopa ................. , 
0 ator shells ...................... 
oysters. .................. 
A&le ..................... 

Species. iFolmds. 

8,300 

12,600 
450 

......... 
15,120 

7,190,000 

I 
Alewives fresh.. ......... 3,280 
Bluefish, $res11 ........... .' 32,520 
Butter-tlsli, fresh ...... ...I 35,000 
Coil. fresh.. .............. .I 0. 445 
Cunners. fresh ..................... 
15cls. fresh. ............... 139,000 
l%tfisli and tloundera, 

Whitizg,fresh.. .......... 11; 640 
Miscellaneous fish, frosh.. 92,360 
Lobatera.. ................ 887,700 

Totd. .  .............. ID,381,109 

__ 
Value. 

$105 
1,823 

914 
322 

8,295 

10,303 
500 
290 
980 
89 

050 
170 
87 

850 
0, 443 
2,470 
0,525 

174 
489 

45,355 
300 

1,530 
99 

4,105 

...... 

...... 

...... 

...... 

...... 
2,700 

_.___ - - 
Xiddlesex. ~ New Haven. 1 FairAeld. I Total. 

___ ___ I 
-I-- 

Pounds. Value. Pounds. 

8 (ion ' $225 1 53,272 

I 7,400 . 150 I 42.400 
.... !ZT"o.' 12:300 ~ 950 

......... ........ 1 ..........I ........ ........... ........ 1 0,300 

................ 42,300 ' 
.................................. 2,700 
61, 000 1 9, 225 ~ 927,773 1 00,595 1 1,003,709 11 

7,330 
6,652,880 

280 
40, 960 
0, 800 

195,852 
12,800 

204,480 
38, 770 

217,300 
11, G40 

300, 800 
1,054,400 

3,057 
203, 000 
107,290 

2,700 
2. 008. 262 

8, aoo 

........ .I.. ..... .I .;. . .; .. ..I.. ...... 7, 800, 0U0 6,500 7; ROO, 000 
500,000 810 2 170 000 860 1 2, 8U0,000 1 527 /18,060,000 

;112,260,050 '174, 6R6 138,065,460 
I 1 

- 
Value. 

$070 
4,413 
1,064 

322 
200 

24, D30 

12,828 
4,875 

290 
980 

13,757 
222 

3,040 
170 

10,580 
1,042 
8,193 
3,430 

10,405 
174 

1,859 
57,035 

800 
1,280 

24,900 
20,714 

230 
!25,107 

6,500 
4,903 - 

l-W,410 
__ 
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The qumtities and values of products hkeu in each of the principal forilia of' appa- 
ratus employed in tlie shore fisheries are shown in the next table. Pound nets and 
trap nets are tho most important meam of capture employed in taking fish proper; 
the yield was 7,55G,GG5 pounds, worth $43,288. Lines rank next as far as the value 
of the fish is concerned, but fyke nets catch larger quantities of fish. If lobsters are 
considered, pots produce larger returns tlian pouiid uets and trap nets, the ~ t o c k  in 
1880 being $71,450. Dredges, tongs, rakes, and other niiscellaneous apparatus natu- 
rally secured the largest quantities of products, which consisted chiefly of shellfish. 

136.--l'ab/t: 8kotuinfl b ! ~  cotintien and apparatus the yield of the 8horc$8hsries of Couneoticut ill 1888. 

Pc mud notsandtm nets. 
r-\lewives, frost. ... .: 
~fuotisli, fresh.. ..... 
13iitter-flsh, fresh.. ... 
Cod fresh ........... 
Blndtlshand flonnder8, 

fresh.. ............. 
Brosttish, frosh ...... 
Mnckerel, I'rosh ...... 
Menhnden, fresh ..... 
Snlmon, fresh ......... 
Soup fresh ........... 
Sen <ass, frrosli.. ..... 
Shad frcsli .......... 
squetoa 110 fresh.. .. 
striped %ads,, frosli.. . 
Tnutog frosh.. ..... .I 
\vllitink, fresli.. ..... I 
Misoollnuoous, fresh . 

.............. , >  lot,nl 

$225 ................... ' 
7,550 391 ........ I 
35,000 914 ................ .......... 

45 .......... .... 

18,687 87 

1 
]Blllotlsh, frosb ........ 870 77 .................. 4,000 200 500 I 35 

300 1 15 

.... Menhnden, fresh.. 500 2 .................. 30,000 60 .................. 

.. (120 GO ...................................................... 
fihnd, frosli 62,150 4,132 .................. 14,000 1,280 ..... 7,040 553 ................ 6,000 1 500 

Gill nota: 

............... 
Fyke nets: 

Flntfish nnd tlonndlorn, 
fresh ............... 

FrostAsh,fkosh ....... 
Monlindon, fresh.. .... ........ ......................... ................. 
Striped bnfm, fresh.. 
nutog,frosh. ........ 

51, !272 
7,65C 

42,40( 
4E 

190,90( 
55,601 
4,33c 

G,655,88( 
28C 

0,8M 
2,006 

107, G52 
170,000 
22,350 
19,100 
11, GlU 

300,860 

7,550,665 

2,000 
3, OGO 
100 

13,500 
0,400 
24,050 
10, GOO 
6,840 
0,450 

74,000 

-- __.__ 

--- -_ 
5,370 
30,500 

14,ZrO 
G2O 

00, 150 

110, 880 -- 

347,400 
20,000 
66, 500 
7,350 

455,250 

8, 000 -- 

201 
9,189 
0,105 
2,410 
700 
174 

1.859 

$055 
391 

1,064 
2 

8,091 
2,516 

R20 
13,320 

222 
170 

- 
13,288 

16 
205 
10 

310 
950 

1 , D i O  
892 
420 
485 

4, GGG 

312 
02 

5,412 
808 
00 

- 

-- 
_- __ 

0,714 

G, 899 
GG0 
375 
475 
350 

8,760 
- 
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Miaccllnnoous : 

..... - .... .... __ ~ ......... .. . 

1 Linea : 

The following table, made up from the foregoing, shows the great relative difler- 
enCe ill the effectiveness of vwious forms of apparstus, mid the marked dissimilarity 
which exists between the quantity and value of tho fish mid other products procured 
by the digerent me:ens. 
1i7.-TaBlo shozoiiry the rclatiue q u m l i t y  aid 'i:rihce oj' yield i t r  cuch ~wivkai]ial  Jovm ccp])wffitus c!f cupture 

employed in fh s k o r e $ ~ h e ~ i e s  qf Coniiecfiottf i n  1889. 
__ .. . ~_  . ......... 

I I'i?rcont,nge. ' 
I i 
1Qurintitg.' \'due. ' 

.- . - .. -I____; I 
................................ .10 ~ 1.04 ' 

Gill nets.. ............................ .:W 1.40 
1'011ntl net8 irnd t,rrip not*. ............ 19.39 I 9. 61 ~ 

]<7yku netu  ............................ 1.17 1.95 
&ncl rind tariwl linvs i 1. O:I 1 4. B'J 1 

Seines 

Potn .................................. 1 3 : l G  1 15.80 
b )earfl. ................. .......... 401 2.421 
discellimoone .......... ........... 'iJ.:JG 63.04 

i-l-, 
100.00 1 1.00.00 

- .- .. , , i  

Appamtua. 

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

Total ........................... .~ 
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............................ ! .18 ~. 
,OD I 25.66 

.............................. .89 1.. 

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

.............................. 2.5P ~ .17 

.............................. 2. Ga 

.............................. ; .1x ,..- 
f i .OH11.  ................. .a 1. 14 
......................... :::::I 47.:ii . 

Crahs ........................................... 1 . . I 1  1 

c]&lnH, Haft.. ................................... 15.42 
........................................ .10 ............ 
........................................ 1.. .... ........................ 

Torrnpin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l . . . . . . . i . .  .......................... 

Atable of averageH and percentages is nest given and discloses some interesting 
facts. The average value of catch for each man engaged in tlie shore fisheries varied 
from $256 in Middlesex County to $431 in Sew Haven County. The average stock for 
each $100 invested in boats rauged-from $379 in Fairfield Comity to $553 in Middle- 
sex County. The average value of catch per each $100 iuvested iii apparatus has 
:b wide range, from $187 in Middlesex Couiitg to  $4,367 in Pairfield County, the fish- 
erineii in the latter county taking mostly products of a rebtively high price with a coni- 
paratively inexpensive kind of apparatus. Tlie percentage of tlie value of the catch 
with each form of apparatus is shown for the various counties. 

128.--'l%ble showing by cotin ties certain avwagea and pewerrtages of the 8/MwCfi81ie1&~8 o s  Coniiectieibt i a  lS89 

.................................. 
1.14 1.72 ...................... .ll . sa .GI 
,07 .45 
1. 07 . OD 
.64 ........... 
4.95 .97 

.79 
6. n9 4.00 
3. 68 8.09 

.13 

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

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

.-- - 

Miri- 

1 
nota I 

-_ __ .- - 

..... .. ....... Now Haven.. 
Fairfield 379 

The relative importitiice of each species in tbe  diEerent comities is iicxt exhibited, 
the figures presenting the percentage of the value of the various products to the total 
stock in each county. 

lZ~.-Ykd~Ze showing by o u u d i ~  the percentage of value of eccclr specica l o  tlie total yield of the ahore$fiRherien 
qf Connecliaul in 1889. 

. ..... ____. . . . . . . .  

Species. 
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Numbcr of factories in oporiition.. .................................. 
Valuo of fnctories.. ............................................. 
Amount of cash capital ......................................... 

Number O f  MhorCHmCn employed.. .................................. 
Number of fishermen ernploycd. .................................... 
Number of steam r e ~ n r l a  einploynrl .... !. ........................... 

Not tonnnge. .................................................... 
Value .......................................................... 
Dnlnc of outflt.. .............................................. 

Number of sailing vesnc.lu uniploycd ns “earry:iw;ly~ ” .............. 
Nottonnagc .................................................... value ........................................................... 
~ I l l u C o f o u t B t  .................................................. 

Number of inenlladw hnndlnd ....................................... 
h’mnlicr of gallons of oil ni:ida.. .................................... 

Value as sold .................................................. 

V d U C  to fiHhCrnlP,n .......................................... 

VUlUC IL8 Mold ................................................. 
Number of tons ofscrnp prodoccd ................................. 

BULLETIN OF THE UNITED STATES FISH COMMI81ION. 

4 
$83,200 
$25,500 

83 
133 
6 

451.80 
$61,500 
$10,000 

4 
41.49 
$1,835 
$320 

:N, 31M, 700 

293,228 

2, HD3 
$45,956 

$52,!127 

$83,110 

THE MENHADEN INDUSTltY. 

Uonnecticut rauka next to Rhode Mend iu the exteiit of its menhaden industry. 
The four factories at which the crude fish are utilized employed 215 men as fishermeii 
and shoreamen, and, with the necessary cash capital, were valued at  $108,700. Six 
steam vessels and 4 sailing vessels mere employed, the value of which wa8 $73,655; 
giving, as the totdl amount of capital invested in this enterprise, $182,355. 111 ISt)!) 
37,360,700 menhaden were handled, tfhe value of which wax $52,927. The nianufac- 
tured products had :I inarket value of $99,066, an increase of $51,601 over 1887 and 
$30,536 over 1888. 

. . . . . . .  



AND REPORT ON A N  INVESTIGATION OF 
ONTARIO. 

BY HUGH M. SMITH, 

T H E  FISHERIES OF LAKE 

M. D. 

[Plates XXI to L.] 

PREFATORY NOTE. 

The fisheries of Lake Oiitario liavo recently received much attention, especially 
among citizens of tli:%t portion of aortlteiw New York bordering 011 the lake, and the 
past aiid present condition of tlie industry has been a fertile subject of local discus- 
siou aiicl general interest. The scarcity of certain fisli that formerly abounded in the 
lake aiid tlie possibility of a further decrease in those and other species have been tlie 
basis for an agitatioii which has become one of the most notewortliy inovemeiits of 
tlie kind in recent years. Pis11 aiid game clubs, anglers7 associations, aiid economic 
and trade organizations liavo given the matter consideration ; sporting and industrial 
publications have contained numerous aiid detailed accounts of the progress of the 
movement; the daily press has noticecl the subject editorially arid opened its columns 
to correspondence and news; conferences have been held between representatives of 
the two countries immediately interested in the preservation of tho lake fisheries ; the 
New York legislature has provided for a nev code of fishery laws with a view to secure 
better protection to the fish, aiid tlie national Congress has made provision for the 
establishmeiit of a fish-hatching station on or near Lake Ontario. 

In 1891 the U. S. Commission of Fish and Fisheries undertook an irivestigation of 
the commercial fisheries of the Great Lakes, under the direction of Capt. J. W. Collins, 
the assistant in charge of the Division of Fisheries. The subjects embraced by the 
inquiry included, among others, the followii~g pain ts : (1) Complete st:ttistics of the 
iiumber of persons employed; tlic number aiid value of vcssels, boats, and apparatus 
used ; the quantity a id  value of ea& species of fisli tdtlren J the wholesale fish trade; 
tlie extent of fisheries in Canadian watcrs operated, owned, or controlled by Americaii 
citizens, and such other phases of the industry as c i i i i  be expressed in figures. (2) A 
history of the changes in the metliods :hiid relations OF the fisheries that liavo occurred 
8ince the last investigation in 1885, wlieii a detailed report* was issued covering the 
lake fisheries. (3) A determiiiation of tlie effects of artificial propagatiou in preserving 
and increasing the supply of food-fishes i t i  tlie Great Lakes. 

The iiivestigation of the fisheries of Lalre Ontnrio was coiitlucted by the writer dnr- 
ing tlie months of August and Septcmbor, 1891, tho data obtained u t  that time serving 
as :I basis for tlio acoompaiiying remarks. 

*A Review of the Fisheries of the Great Lakes in 1885, compiled by Hugh M. Smith and Mermin- 
80, pp. Marie Snell, with introduction onddesaription of fishing vossels iinclboats, by J. W. Collins. 

333, 44 plates and folding maps. Report of Colnmissiouer of Fish and Fisheries, 1887. 
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The hiformatioi I presented in this paper includes a brief account of the physical 
characteristics of the lake as fiir :is they may have influence on the fish and fisheries; 
statistics showing the extent of the cwmmercial fisheries in each county on the lake, 
with a consideratioil of the present and past importaiicw of the lake fislieries; an exhi- 
bition of the extent of the import trade i i i  Caiiadiaii fish, with ;I discussioit of tlie same; 
remarks on certain fishes of economic iniportance; and ;t suggestion of the steps nec- 
essary €or the improvement of the fisheries. 

PHYSICAL CHARACTERISTICS O F  LAKE ONTARIO. 

A thorough study of the physical coiiditions of Lake Ontario is necessary for and 
must  antedate a comprehensive knowledge of tlie fish fauna. Temperature, depth of 
water, character of bottom, curreiits, winds, mid setlimelit a11 have important bearings 
on the movements, habits, and abundaiice o€ fishes. Unfortunately, such an investi- 
gation has never been undertaken, and i t  is only uossible to present a few facts having 
a general a,pplication. 

Ontario is much the smallest oftlie Great Lakes. I ts  inaximuin length is 185 miles, 
and its greatest width, opposite Iroiidequoit Bay, is 55 miles; the ;ivorage breadth is 
about 40 miles. The area is abont 6,500 square miles, of which some 2,700 square miles 
are witliin the jurisdiction of the State of New York, mid tlie remniriiiig portioii is 
controlled by the goveriimerit of Canada. The province of Oiitario occupies the entire 
northern and western arid a part of the southern shores, 1c:iving only tlie easterii por- 
tion of the southern side abutting on New York. The sliores, follomiiig the major 
inclentatioiis, are 565 miles in length, of whicli Nrm York occupies about 265 miles. 

Thcl surface of tlic lake is 232 feet above the level of tlie Sei17 :~lthougIi tlie iiieiui 

level is subject to considerable variation within limits whicli are ~iecess;irily somewliat 
narrow. In 1891 the surface of the lalic was lower than for many years, aiid towtird 
the elid of tlie seas011 was said to  bo fixlly 3 feet below tlie ineaii level. This w:is due 
in a nieasure to the small quantity of water brought dowli by the tribiitiii~y streams, 
and also to  tlie reduction i i i  tlie supply coming from the uplm lakes. l'ersoiis familiar 
wit11 Niagara Falls were heard to coniiimit 011 the ilimiiiution in the amouut of w;iter 
passing tlirougli tho river basin at  certain periods din*iiig tlie summer. 

Lake Ontario lids a much greater average depth than the adjoining nieiiiber of the 
chain, Lake Erie; thi8 feature is of considerable importance in conaection with tlie 
movements ancl distribution of fish. The eastern end of the lake is much the shallon~est 
portion, the westerii extrc>mity is somewliirt deeper tlimi the eastern, while the deepest 
water is found near the middle of the Like in the regioii oi' its greatest width. That 
part of the lake which is below or to  tlic ~iortli of tlie cliahi of sslii;~11 islands, extending 
from Stony Point on the east to South Bay Poiiit oii the mest, aitcl which cont~iiis the 
most importaiit fishing-grouiidb fOis wl-ijtc.fisli, trout, and pike perch, varies iii depth 
from 30 to 180 feet, arid has an nveragc. de1)tli of iibont 100 f . A ~iumbei- of small 
shoals occur which serve as sp;iwIiiiig-~rouiids for wliitefisli aiicl trout. One of tlic 
most important of tliese is Charity Shoal, situated 6 miles west, of Grenadier Tsla~lcl, 
which is the ground most resorted to by the t r :qnet  fishermcw of Jefferson Oouuty. 
111 the middle aiid mesterii portions of the 1:bke the water, toward tho mitldle, litis a 
depth varying from 200 to over 700 feet, the average beiiig about 400 feet. The deepest 
soundings made by the engineer corps of tho U. S. Army were 1 3  miles froin the 
American shore in il directioii "TV. from Sodus Point; here tlio water was 738 
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feet deep. Other suuifdiiigs of 600 feet aiid over are iiuinerous iu  that portion of the 
lake south of the iiiterii:~tioiial boundary, opposite tliat part of the State of Nev York 
between Rochester and Oswego, at distaitllces varyiug from 7 to 15 miles from tlie shore. 
No water of this deptli occum iii tlie Cenadim portion of the lake. Tlie deep water 
al)proaches riearest to the shore opposite tlie easterii couiity line of Monroe County; 
here, at  a distance of :I little less tliaii 7 miles from tlie shore, the depth o i  water is 636 
feet. 

A favorable feature of the ltike, so far as fish are coiiceriied, is tlie varying cliarac- 
ter of the bottom. Sonic of tlie most import:uit of tlic litkc fishes are bottom feeders, 
aiid the quaiitity aiid variety of sni:~ll niiirnal and vegetable organisms which coinprise 
tlie food of tliese species largely clepeiid on the nature of tlie bottom. That portioii of 
the lake north of a liiic drawn west from Stony Point is c1i:wacterized by a rocky and 
sandy bottom ; tlic reniailiing part is mostly muddy, with s1u:111 areas of saiid and clay. 
It would be extremely interesting to know to  wliat esteii t the distribution and move- 
ments of such bottom feeders as tlie wliitc4slr, herring, and sturgeoii i re  iiiflueiiced by 
the nature of the bottom. 

. .  

PRESENT AND PAST CONDITION O F  LAKE ONTARIO FISHERIES. 

The followiiig tables, wliicli relate to tlic year 1S90, present the salieiit features 
of the fisheries of the lake and show tlie extent of the iiidustry in each county. 

The first table gives the iiuiiiber of persoiis engaged in the fisheries iu different 
capacities. The use of vessels has never been a promiiieiit feature of the fisheries of 
this lake, and in 1890 only 11 men were employed on vessels. The ~vliolesale trade i i i  

fish, wliich has a very intimake coniiectiou with the fisheries proper and is included iii 
tlie stxbistics so fiw as the persoiiiiel a~itl capital :ire c:oiiceriied, gave einployrnent to 
22 persons. The shore fisheries, prosecuted fi .01~ bo:& iLlid froli1 the shore, had the 
services of 356 men. Jefkrson Couiity, at the extreme eusterii end of tlie lake, had 172 
persoiis engaged in the fisheries, a greater iiumber thin iu any otlier two counties com- 
bined. Oswego County ranked second hi the number of fishermen, with 62, followed by 
Niagara, with 54. 

The number aid value of vessels aiid boats, tlie quantity and value of apparatus, 
and the amount of cash capital and shore property employed in the fisheries of Lake 
Ontario are shown in tlie next table. The total investment in the industry I v i L S  

$123,533, of wliicli sum JeEersoii County is to be credited with $98,208, a circumstance 
illustrating the great relative iniportmce of the fisheries iii that couiity. The three 
vessels employed were valued :tt $9,585, aiid tho 373 boats were worth $21,577. The 
most important forms of apparatus were the trap nets :md pouiid nets, of which 288 
were operated, valued at $24,577. Gill nets with a oombiiied length of 1,103,045 feet, 
worth $18,110, mere employed, aiid constituted the 1 iex t promiiieiit apparatus. 

Tlie quantity and value of each iruportaiit species t;&eli in 1890 are show11 iu 
the third table. The aggr.eg&te cadoli \vas .3,446,448 poulids, for which tlie fisheriiieii 
received $124,78G. The species of' wliicli the greatest qumtity was caught were the 
cisco md tlie other minor varieties of wliitefish classed in the tables under the geli- 
era1 name of herring, bnt both pike perch mid stnrgeoii yielded larger returus than the 
herring. The output iii Jeffersoii Couiity was inuoli iii excess of that of all the other 

Cayuga and Orleaiis Couiities had 15 and 17 respectively. 
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counties combined, slid amouiitcd t o  3,416,458 pounds, valued a t  $90,142. The quaii- 
tities given in the tables represent, in all cases, the weight of the fish as takeu from 
the mater. 

One of the most interesting subjects involved in a discussioii of the lake fisheries is 
the relative effectiveness of the di8ereiit forms of apparatus einployed in the capture of 
fish. This is clearly brought out in the last hble  of the series, the quaiitity slid value 
of the species takeii in each of the principal devices beiiig shown. Gill nets take the 
largest quaiitities of fish and yield the greatest money retunis, the specially prominent 
species thus caught beiug herring and sturgeon. Trap nets wild pound iiets closely 
follow gill nets, the pike perch being the most valuable species. Among the miuor 
kinds of apparatus, fyke nets rank first in the amouiit of catch, after which coirie lilies, 
seines, and miscelhneous forms. 

Table showing by coumties und nature o j  ciiiploynient Llw riumber o j  pcraoitn (citizens of Netu I-ork) eiigaged 
in the jiislterins of Lulcc Ontario i7~ 1890. 

________ ______ 
1 111 wswl 111 shore 1 fishery. 1 fisliery. 1 011 

shorn 1 ''tal. 1 Counties. 

Jefferson ................... 4 162 10 1 172 
Osmego ..................... 5 53 
Cayuga 2 11 
W i p e  .....................I... 41 
Monroe 28 28 
Orleans ................................. 17 ............ 17 
Niagara ................................ 54 ........... 54 

..................... 
...... .......... 
......... ................... 41 ............ 

.................. I 350 7 2 - 1  389 
I I l1 

, >  lotal 
__ __-_ 

Table showiq  by coiiizties the rtlcnlbcr and value oJ' vensoln, boala, ~ i d .  apparatus, arid the valuo of sliore 
property and cash capitul employed by Netu Pork jkiherrncn i n  t7ie$isl~erien of Lake Ontario in 2890. 

Designation. 

Vessels ...................... 

Designation. 

__ ~ ~~ . ~ . . 

Vessels ..................... 585 I 
Boats 
Gill nets ............... 
Pound nnd trap nets. 288 24,577 
Fykonets G84 9,822 ....................... .................. 27 050 
Set lines feet.. 80 130,032 400 
Miscellaneous npparatus.. .................... 40 ..................... 71 ........ 453 .......... 25,777 ................................... 13,890 

Seines 

Shore property.. 
Caah capital 

Total ......................... ...... .......... 133,633 

................... 
............... .................. 
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Table shozvii~g by counties and cl2,eoics Ihe quantities and values of $871 taken bg New Pork jishwmsn ~ I L  

Lake O71tario in 1890. 

-- 

1 Jefferson. 1 Oswcgo. 

------ 

Black bass.. ........... 
Bullheads and ratfish.. 
Eels ................... 
I-ferriug ............... 
Perch ................. 
Pike (E'som) ........... 
Pike perch.. ........... 
Sturgeon .............. 
Suckers ............... 
l rou t  .................. 
Whitcfisli.. ............ 
Other fish ............. 
7 .  

11,855 
315,711 
247,490 
369,334 
241,520 
39,950 

296, 832 
374,235 
108,820 
40,400 

143,771 
166, 540 

~. 

2,076 
15,100 

910 
1, 600 
3, 900 

10,370 
3,454 

4,805 

-. 

$148 
302 
44 
48 

109 
463 
172 

72 
................... 

- - - ~  -- 

$153 
109 

4,374 
110 
12 

2,359 
1,219 

11 
73 
98 

....... 

281 

33.092 $2,364 
471,955 12,444 
257,190 8,913 
508,978 20,936 
358,947 5,368 
120,490 0,284 

511,752 22,291 
279,170 4,578 
41,010 2,039 

148,771 0,875 
255,091 3,D15 

331, o m  28,720 

Eels ................... 
Herring ............... 
Porch.. ................ 
Pike (Ems) .  ........... 
Pike porch.. 
Sturgeon. 
Suckers.. .............. 
Trout 
Whitufiali 
Other Ash.. ............ 

2,300 112 

4,115 245 
2,000 100 

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

7,420 312 
..................................... 

................................. 
2.75:J 129 

10,900 438 
............ 
100,349 

3,617 
315 

4,143 
61,980 
40, 630 

110 
730 

3,500 

Black baas. ....................................... 
Bullhcads atid cntfisli.. ........................... 
Eels ....................................................... .................................... 

.................................... 
Pike ( E m s )  ...................................... 
Pike porch.. ..................................... 
Sturgeon.. ........................................ 
Suckera.. ......................................... 

23,284 
8,530 

586,020 
30,210 
41,740 
26,970 

428,919 
13,580 

$023 
1,222 
0,550 

101 
1,427 

26 
26,087 

992 
938 

1,513 
3,007 
1,278 

.................. 
400,273 $10,484 
56,330 2,177 .................. 

170,045 3,111 
73,770 3,340 .................. 
70,320 1,056 .................. .................. 

122.183 2,393 

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

Other fish.. ....................................... 
............................... 

8,068 

1,257,716 

jroantla. Species. 
Pounds. Value. 

.__ 
$231 
757 
179 
770 
715 
753 
70 
70 

113 

72 
124 

......... 

I -  
$340 

2,173 
188 
981 

1,765 
3,301 
1,245 
1,083 

935 
30 

213 
1. 697 

3,993 
10,030 
2,890 

20,210 
33,985 
15, 0ti0 
1,900 
2.330 
5,410 

$1,058 
8,360 
8,390 

14,199 
2,383 
1,595 

20,955 
14,049 
1,900 
2,048 
0, 517 
1.782 

0,201 
108,050 

3, 600 
24, b25 
70, GO0 
01,795 
24, 673 
22, 532 
51,115 

500 
3,550 

67.880 

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

.................. 720 
4,498 I 72 1 9,480 

Black buss ............. 2,800 $224 3 000 $210 
1~ullho:id~ and Catfish. .I 11,5134 I 653 I 1:500 I 30 

2 567 
3:400 

6,000 
1,150 

.................... 
00, 675 1 3,830 

910 27 
..........I.......... ..........I .......... 

440 13 -_---- 
271.341 I 8,805 13,440,448 I 124,786 

Tabk? 871OlUing by apparatus aud species the qihantities and values of jisW taken b y  New Pork $Shmlbm8 

iii Lake Ontario in 1890. 

Pound nota and I Pyke i 
trnp nets. 

Species. __ 
Vnluo. Pounds. 

$1,547 
330 

20,510 
048 

2,032 
1,330 

17, 007 
351 
500 

3,717 
177 

48,821 

...... 

- 
-~ - ___ 

0,488 
49,010 

190.204 
5,724 

150,975 
520 

297,132 
20,075 
03,800 
30,181 
68,392 

120,350 

044,851 
-- 
-~ 

---- 
44,704 1 899,527 22,501 I 
___ ---I 

&inor apparatus. 1 Total apparatus. 1 
Species. 

___ __- 
................. 

4,660 1 $01 I ................. ................. 

Bleak bass.. ................... I ,  007 
Bullheads and c:itfisb.. ........ 0,735 
Eels .................................... 
Herring ....................... 6, 025 
Porch.. ........................ 6,117 
Pike (EBOX).. .................. 1, 685 
Pikc pcroh.. ................... 4, 718 
Sturgcon ...................... 2,480 
Suckers.. ...................... 44,580 
Trout.. ................................. 
Wbiteflsh.. .................... 2,130 
Other Ash.. .................... 8.500 

........ 
259 ................. 
102 1,000 20 
81 9,275 730 

312 . 2,182 120 
78 84,068 3,008 

1,290 1,250 25 
........ 102 10 

................. 
2,500 75 

49,640 1 91: 1 ................. 
210 

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

......... 1 ........I ................. 151 I .......... I ....... 
67 ................ -- ~ - 

Total ............... .....I 80, 027 1 2,758 1 106,817 1 4,852 
I_. _. _-__ 
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The fisheries 011 the Caiiadian shores of Lake Oiitario which are controlled by 
dealers on the southern shores of that h k e  giive employment to 92 fishermen in 1891; 
the value of the boats, apparatus, etc., used was $8,860; :md the products were as 
given in the chapter 011 imports. 

In Jefferson County the fishermen selling to local dealers received the followiiig 
prices for their fish in 1890 and 1891. The figures do not differ materially fkom those 
obtained in other regions, and may be taken as a general average for the entirelake. 
The average prices paid by de:tlers are somewhat less t l l i~~i  those received by tlie 
American fishermen, fibr the reason that the Cxnadim fish bring rather lower prices 
than those taken in home waters, the output being controlled by the dealers. 

Average wholesale yrices p e r  poitnd received b y  the f7shernieu of Jqfwson ( 'ouiity,  New York, 

I Specicn. 1890 1891. I - - - _ _  I 

Wall-eyed pike (or 11ikc poicli) ....... 
Blwk h H . .  .......................... 
Whitefish * .......................... 
l rout i  ............................... 
SLurwon t ............................ 
Piko (or piokerel) .................... 
J3ullliods and catfislit. ............... 
Eels .................................. 
CiHcoeR ............................... 
l'erc .................................. 
Suckers.. ............................. 
Slreo~,sllenil. .......................... 
White buss ........................... 

, I  

1U"Yl;ellung:c? ......................... 

Cewts. 
10 
10 
64 

P 
5 
4 
4 
l a  
3 
1 
1 
I 
1 

*The prices given were for drcwed fish, which represent about tlrree-Ainrths tho original weight. 
t The Iiricw giver) wrre for drwsecl fish, aliiolr represent ubout two-thirds the round weight. 

One of the most valuable uses of statistics is the opportunity they agord for 
noting comparisons between different years, and recourse to this advantage is nowhere 
more important and necessary than in the fisheries, especially in cases in which it 
becomes desirable to gauge accurately the efkcts of fish-culture. 

Comparing the present and past extent of the fislieries of Lake Ontario, i t  is seen, 
in the first place, that since 1880 the decrease in the iiuiiiber of persons employed in 
the fisheries has been 223, and since 1885, wliicli was probably the most prosperous 
year during the decade, the decrease has been 211. 

The amount of capital devoted to fishing appears to have illcreased corisiderably 
since 1880, although there has been a decline in this respect since 1885. The princi- 
pal factor in the increase is the shore property and working cqital, which in 1880 
amounted to only $5,000, and in 1890 to $38,667 j the latter sum represents chiefly the 
wholesale handling of fish by firnis 011 the lake shore, a busiiiess wliicli is so iiitimately 
connected witli actual fishing that it has been included in the foregoing tables. The 
investment in steam and sail vessels and boats is idso niuoli larger tlim in 1880, the 
increase being $19,062 and being due to tht: employment of more busts, required by the 
prosecution of fisheries of zi more varyiug character than was demaiided in 1880, wheii 
the most important species were abundant; there has also been an improvement in 
the type of steamers used in the fisheries. The apparatus employed in 1890 was worth 
$7,756 more than in 1880, an increase due entirely to the use of greater quantities of 
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trap iiets and fyke nets, while the quantity aiicl value of gill nets have been reduced. 
Coirqrared with 1885, the diminution in the it1noIult of investmeiit has bee~l $12,216, 
made up cliicfly of poiud nets, slioI.1: property, aiid cash capital. 

The most interesting ooniparisoii, h o ~ c ~ v c r ,  is that whicli sliows the 1)iist and pres- 
etit catch of the different spcoies, :L snbjjrct wliicli is of the utmost importaiice :it this 
time, in that the figures inirst serve as a basis for determiiliiig tlie result of artificial 
prop;igation, wliicli it is Iioped will sooii be uiidertaken on R large scale. 

It will probably occasion soiiie surprise to state that the aggregate yield of tlie 
fisheries of Lake Ontario iu 1890 \vas but little less tl i i in iii 1880, the decrease iii  

quantity of fish aniomiting to ollly 5.32 per (bent, slit1 in the wilne of catch only 2.19 
per cent; wlieii it is considercd, however, that :i niore uiifavoritble general sliowi~ig 
has been prevented oiily by the cq)ture of 1arg:‘cr qnmtities of the cheaper gr:tdes of 
fish, and that tlie ontput of tlie two most vi~luable species in lSS0 has bcen reduced 
88.38 per cent, the matter assumes a diff’erent pliase. 111 the following table tlw 
catch of whitefish, tront, stiurgeon, lierring? aiid other species in 1880 and lS90 is 
sliowii, together with tlia ilicrei%sc? or decrease and the percentage of increase or de- 
crease. The aggregate value of tlie output eacli yoiir, the rednctioii in the viilne, and 
tliv percentage of cicclinc are also givrii. 

Conyaritfioc InbliJ d t o i o ; t t q  I l t P  otrlpccf ttf lltr./i8hericw of Lol;~ Otifrrvio itt  1SSO and 1890. 

Pounds. 
Wliitoflsh ................ 1,064,000 
Trout ..................... 569,700 
Rtiirgrnn ................. 545,283 
1Ierring .................. 611, 217 
All otliors ................ 849,800 

Pounds. 
148,771 
41,010 

541,752 
598, 978 

2,115,937 

I’OUltdS. 
- 915,229 
- 528,GBO 
_ _  3,531 
.- 12,230 
+1,266,137 

- 86.02 
- 92.80 
-- .65 
- 2.00 
+147.11 

, x  lo ta l  
.... 

Totnl vzilur.. ........... 

THE CANADIAN IMPORT TRADE. 

A discussion of the fislicries of Lake Ontario wonld be incomplete without some 
allusion to  the cxtent of the inteni:Ltional trade depending on the prosecution of tho 
industry on the Canadian side of the lalw. The province of Ontario occupies the 
entire northern and ii portion of the southern shores of the Iiikc, and tho fisheries 
therein are more or less dependent for their successfiil mainteiiancc on the markets of 
the United States; on the otlier hand, consuiners of fish in rnaiiy parts of New York 
are, to  a considel*able extent, dopcbndent for thcir supply on the Canadian fisheries. 

During the first threc qiiarters of the year 1890 fresh fish were admitted into 
XTnited States ports free OS duty, but on October 1 of that year the new tariff’ went into 
eff’ect, which provides that only tliosc fish c:iixght in apperiitixs belonging to citizens 
of the United Statcis are entitled to free entry. Persons importing fish free of‘ duty 
:&re now required to make tlw following oath : 

I ,  -- , residing at - - , II citizen of the Unitcd States, do solenluly ~ w o a r  that 
all of tho fish imported by IUD in tho [name of vossel] from [name of foreign port] 011 the - day of 
-, 18-, viz, - pounde, are fresh fish (not salmoii), and that they were caught in fresh water 
by nets and othor t1evico.r which are owned Isg citixrncr of the United States. 
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r *  l o t a l  ................ 
1891. 

P i r s t  ....................... 

Contrary to what might have been expected, tlie imports of free fish in 1891 were in 
no respect diminished by the tariff’ law, but, as shown by the following tables, based 
on figures compiled from official custom-house records, the receipts in 1891 were con- 
siderably in excess of 1890, except in one district, in which the iiiiports in 1890 were 
from fisheries in which Americans were not interested. The explanation is that the 
American dealers purchased or furnished the apparatus of the Canadian fishermen 
from whom they obtaiued fish, and the increased importation represents an increased 
output and a inore extended demand, the conditions of trade in the two years being 
essentially similar. 
Table showing by customs distvicts the quantity of fvesli fish, free of duly, iniported into the United Statea 

f rom the Canadian shore of Lake Ontario in 1890 and 1891. 

733.929 1 146,286 i 166,250 1,046,465 ----____-I==_ ___ _ _ ~  

118.000 i ............ 1 % )  I 118.000 

1890. I I’oundo. I pounds. Pounds. I’ounda. 
Firs t  ....................... 70,000 i ........................ 70, 000 
Seoond. .................... .‘ 341,211 ~ 81,853 1 103,900 1 526,964 
l h i r d  ....................... 1 239.928 ~ 30.682 60.550 331.060 I >  

Fourth .................... ./ 82,790 1 33; 851 I I: 800 ! 118; 441 

Sooolld ...................... 286 0VZ 109.209 . 395; 271 
839, 705 , I  l h i r d . .  ..................... :!OS: 589 1 34, i70 

Fourth ..................... 1 286,350 i 25.315 1 
*No froe fish imported i n  1891. 

A comparison of thereceipts for the two years shows that in the two districts in 
which the imports represent fish from Canadian fisheries operated or controlled by 
American capital, the increase of 1891 over 1890 was 284,486 pounds, and the net 
increase for all districts was 118,236 pounds. The imports of free fish into the Gene- 
see district, which in 1890 amounted to 166,250 pounds, were entirely cut off in 1891 by 
the tariff, although a few thousand pounds of’ dutiable fish were imported. 

Trout and whitefish are the most important fish brought in  from Canada, although 
all the other commercial species of the lake are imported in greater or less quantities, 
among which yellow perch, pike (Esox Zucius), sturgeon, lake herring, bullheads, and 
wall-eyed pike may be especially mentioned. 

It is only in the Cape Vincent district that figures are available showing the 
quantities of whitefish, trout, and other species imported. The following tabular pre- 
sentation will therefore prove of interest and will serve as a basis for determining the 
approximate proportions for the entire lake: 
Table showing the quantities of whitejkdh, trout, and other species imported free os duly into the Cape Tincent 

district dt~ring each quarter of the yaurs 1890 and 1891. 

VllitOfiHll. Trout. All other speoics. Total. ___ 
1890. I 1891. 1 1890. I 1891. 1 .. ..... 

I’ounds. I’oundx. I+muda-. pounds. I Pounds. I pounds. Pounds. Pounds. 
Second First ............. ............ 1 2.1001 10,3901 2751 .......... 1 07.6251 107,8101 70,0001 118,000 

06,747 47,163 14,144 25,027 260,320 213,872 341,211 286,062 
Third ............. 115 216 I 141 544 18,712 17,080 106,000 146,959 239,928 905,5RO 
Ponrth ........... 13:695 1 70:964 I 3.240 12,343 I 65,855 203,043 82,790 286,350 

Total .......I 197,758 j 270,001 ! 38.371 I 54,456 ! 499, ROO I 671,484 1 738,929 1 996,001 
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It is seen that in 1890 whitefish coiistituted about 27 per cent of tlie fish imported 
from Canada, trout 4 per cent, :tnd otlier species 69 per cent. In 1801 tlie proportions 
were 27 per cent, 5 per cent, and 68 per oent, respectively. Applying these figures to 
the entire lake it appears that, the Cauadian fislieries of Lake Ontario furnished to 
United States markeks in 1890 tibout 282,545 pounds of whitefish, 41,850 pounds of 
trout, and 722,061 pounds of miscellaneous fish; while in 1891 there were 314,469 
pounds of whitefish, 58,235 pounds of trout,, a i d  701,997 pomids of all otlier fish. 

The tish brought into tlie Cape Vincent aiid Oswego distriots are chiefly obtained 
at  the Duck Islands and in the Bay of Qninte, near the eastern end of tlie lake; they 
are collected from the various fishing stations by vessels sent out by the dealers. Tlic 
receipts in the Geiiesee district in 1890 were chiefly from Port Hope, and were landed 
by regular passenger and freight steamers. 

Tlie greater prolificness of the C:inadian waters at  tlie present time in whitefish 
and trout, which is liereinafter alluded to in tlie chapter on the whitefish, is well illus- 
trated by the foregoing table. The diEerence in the output of the two sides becomes 
even more marked in view of the fact that the imports represent only a portion of the 
yield of' the Canadian fisheries. 

NOTES ON IMPORTANT COMMERCIAL FISHES OF LAKE ONTARIO. 

The principal commercid fishes of Lake Ontario are reviewed somewliat in  detail 
in this chapter. The information is not intended to include :I life history of the species 
considered. Even if tlie circumstances incident to the collection of tlie data had per- 
mitted thorough study, such work would have been supererogatory in view of the 
elaborate biographies already extant. The species have beeii discussed primarily 
from an ecouomic standpoint, although certain inforination concerning their Iiabits and 
inovemerits is introduced which has a bearing ou the practical side of the question and 
is thought to add something to tlie present knowledge of the fish life of the hke. 

THE STURGEON. 

The sturgeon (Acipenser ruubicu?tdus), the largest and one of the most important 
and valuable of the lake fishes, has decreased in abundance since 1880. Iu that year 
545,283 pounds were takeii; in 1885 the catcli was 386,974 pouiids; in 1890, as :I 

result of increased demand, 490,000 pounds were obtained. At  one time there was 
little value placed on the sturgeon, which was regarded as almost unfit for food, and, :is 
on tlie other lakes, tlie fish was u1inecessiwily persecuted and often waiitonly destroyed. 
Now it briiigs the fishcrmeii tlie 881118 pyice per pound as whitefisli and trout. 

Under the iiame of '' rock sturgeon " the fishermen of the St. Lawrence River and 
Lake Oiitario recogiiiee the small fish caught almost entirely during the summer 
rUonths7 wheii tlie larger sturgeon are sp:miiing aiid are only occasiorially taken. It 
has ;cry prominent scales and a long snout as its principal differential features, and 
is regarded by many fishermen as a distinct, Rpecies. It, weighs from 10 to  25 pounds. 

While it is known that the sturgeon is a bottom feeder, and that the shape of the 
mouth and the general anatomy must determine the character of its food, much yet 
remains to be learned concerning the food and the food liabitfi of the. fish. 



186 BULLETIN 01“ THE UNITED STATES FISH COMMISSION. 

Mdner, whose studies oftlie Great Lake fislies were the most complete ever made, 
writes as follows 011 this question : 

Their [the stiirgcous’ ] food consists almost entirely of tho shellfish of the lakes, principally gas- 
tropods, the thinner-shellcd kinds of the genera Y B y u ,  Plnwrbia,  and J7a?oa{a being found broken 
in the stomachs, while Limnma and Mclantho remain whole. A fcw cggs of fishes have been found at 
diflerent tinies, but  examination of stornaclis during the sp:~wning sonson of the most iiumrroiis fishcs 
did not prove thernto bc very extensive spawn-esters.* 

A few observations can be recorded which are thought to add to the published 
information on this subject. In June, 1891, a sturgeon weighing 160 pounds was taken 
at Oswego, New York, which was found to be filled to its utmost capacity with wheat. 
The fish had evidently been feeding under the grain elevators on the Oswego River. 
Individual specimens are also occasionally caught in Lake Ontario with corn in their 
stomachs. A favorite food a t  times is the crayfish, which &curs abundantly in the 
lake and is commonly known as the ‘‘ crab ” among fishermen;. sturgeon have beeii 
eviscerated at Oswego and elsewhere with large quantities of this crustacean in their 
alimentary tracts. crabs” as bait on their set lines 
and secure fish when all other kinds of bait fail to attract them. The fondness of the 
inale fish for sturgeon spawn has been repeatedly attested. 

Prof. John A. Ryder, in his able pitper oil ‘‘ The Sturgeons and Sturgeon Indus- 
tries of the East Coast of the United Stibtes,” etc.,t shows that the food of the young 
sturgeons consists chiefly of minute animal forms of great variety; as the fish becoiiie 
more mature, larger organisms, principally worms iknd crustnce:tris, are taken, sild the 
full-grown fish often resort to mollusks of coiisiderable size. Snmming up his obser- 
vations, the writer says: 

The story of‘ tho lifc of a sturgeon is therefore seen to be bound up with tho lives of vast myriads 
of‘ organisms in no way rclateil to i t  in the systrrn, biit only as sources of nntrirnent. It, is quite 
certain from what has prccetled that  if tho minute life upoh whirl1 tho young sturgcons sulmist were 
exterminated, tho  sturgeon would also become cxtinct. It follows from this that  whatever :Lffocts the 
relative abundance of tho minute life of the rivers and estuaries wherc sturgeons are found iriiist ;&o 
affect the survival :md abundanco of thc 1:ttter. Tho importance of a study of ill1 tho organis~rla up011 
which the sturgeon is directly or iudirectly depeuclcnt mirst thcrcforc be obvious to overyono. The 
legitimacy of tho inquiries into the life historirs of all nrganis~ns, oven those in no way directly relilted 
to  the economy of the State, should thrrefore nocd no apology from those engt~gcd in tho study of the  
problems of economic fish-culture. 

The food value of the sturgeon is yearly becoming more hlly appreciated oil the 
lakes as the supply becomes scarcer, arid i t  is only a question of time uilder existing 
conditions when the demand for the fish will far exceed the yield of the fishery. The 
necessity not only of perpetuating but of increasing the abund:mce of this species 
in LakeOntario needs no demonstration. Mention has :&heady been made of the relu- 
tively high price commanded by the fish in comparison with other commercial speoies ; 
but the economic importance of the sturgeon is not only in its flesh, for such valuable 
secondary products as  caviare, glue, isirigl:iss, oil, and fertilizer :ire made from it, and 
the skin is capable of beiiig converted into a valuable leather. 

The question which preseiits itself is, How shall the supply of sturgeon iii cake 
Ontario be preserved? It is suggested (1) that legal restrictions should be placed on 

The fishermen often use these 

- ______ --- ~ ~ - _ _ _ _ _ _  ___ - -- - . 
* Report U. S. Fish Commission, part 11, 1872-73 t Bulletin U. S. Fish Corn~nissio~i, VIII, 1888. 
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the capture ofiininature fish itnd tliat the ;Lclult iiitlividuals shonltl be protected duiiig 
the spawning season; and ( 2 )  that artificial propagation should be resorted to. As to 
the expediency of eiiactirig more fishery laws for Lalie Ontario there may be consider- 
iiblu difference of opinion; but hi regard to tho desirability of carrying out the second 
suggestion there can be no doubt, for the feasibility of hatching the lake stuqgeou 
artificidly been fully demoiistrated by both the TJiiitetI States aiid tlie Micliigaii 
fish unmniissions. 

THE ALEWIFE. 

This is oiie of the most iiiterestiiig species in Lake Ontmio, and its occurrence is 
the cause of the most diversified comment and s p ~ c ~ l i ~ t i o n  on the part of fishermeii 
aiid others. The fish is recognized by fislieriimi of Liike Oiitario uucler iiumerous 
iiaines, which alone are sufficient to exhibit tlie viirious idc:is which are eutertiiined 
regarditig the presence :i~id icleirtity of the species. The muie :ilewife is iiaturaI1y the 
most common arid geiierally distributed oiie, but hi nieiiy localities this is iiitk~low~~. 
Tile 111ost iiunieruixs desigliiitiolis were heerd it$ Cape Viiicciit aiid iii the easterii 
elid of the lake, where the iiiiiiies sliiltl, little slind, alewife, ni6nliiiideii, mid mSnliSc1eri 
were indiscriminately used by different f i s l i ~ 1 1 ~ 1 i .  Both ‘‘ shiid” :i~icl 6‘ iiieiiliadeii,” iu 
addition to  “alewife,” \vwe quite frequelitly heard in other portions of the lalie and 
ill $lie St. Lawrence River. Anioiig some Caiiadiiw fislierinc?ii of Freiich extraction at  
Ogdeii sburg, New York, the name gespere:m \viis used-it designatiou applied to the 
alewife tliroughout the maritime proviiices OS Can;td:+but slmcl arid alewife were the 
comnlo~i llames in the river. In Monroe County the ii:i~ne s:nvbelly was in use, aiid in 
NiagarZL County the name moon-eye was heard. 

The :&wife ( Clupecc pseudoiLare?bps) is a COaStiIl species not indigenous to  this lake, 
and the circumstances of its introduction can arobably never be established beyoucl 
question. Three principal views are now entertained reg;rrdiug the origin of tlie fish 
hi ]take Ontario: (1) That it gained a circuitous entrance into the lake from salt w:%ttcr 
by means of certain hkos, cands, arid rivers in the State of New York; ( 2 )  that the fish 
ascended the St. Lawrence River from the gulfof the s:me name; and (3) that alewife 
fry were accidentally introduced with young sliad obtaiiied in tlie Hudson River. 

In support of the first view the existeiico of t i  continuous water way, otlier than 
the St. Lawrence Biver, between the ocean and L:%ke Ontario is to be recognized aiid 
the possibility of a fish nialring this transit acknowledged. The writer has no per- 
sonal acquaintance with ’the conditions of union of t’lie bodies of water in question, 
but the maps available indicate uunierous routes to the lake by wiy of the Snsque- 
harina and Hudson rivers and their tributaries; lakes Seneca, Cayuga, Canandaigua, 
Onondaga, and Oneida, and the Seneca, Oneida, i%rld Oswego rivers, together with the 
lliimerous eaiials which traverse this part of the State. 

The existence of ademives in lakes Seneca :&rid Cayngm has been knomn siuce 1868, 
8oine ye:ius before tlie planting of shad in t$liis region begin, ;uid there is little doubt 
that the fish naturally wandered iuto these lalres fkom the ocean, artificial water 
courses probably being importaait fitctors in this extension of the species’ range. 
Both of these lakes have easy coinmuiiication with Lake Ontmio by way of the Seneca, 
River and the Oswego ltiver or Oswego Canal. 
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Tlie most thorough and scientific iiiyuiry into tlie presence of the alewife iii Lake 
Ontario has been made by Dr. T. H. Bean, whose studies were published under the title 
‘‘ On the occurreuce of the Branch Alewife in certain lakes of New York.” ;K It is 
unfortunate that this valuable essay could iiot have received a more general distribu. 
tion, especially among the fishing interests. of the lakes in question, and thus contrib- 
uted to a proper appreciation of the actual conditions a i d  to a dissipation of some of 
the erroneous and even absurd views that have become current. Dr. Bean appears to 
have proved that the fish were first observed in Lake Ontario in 1873, and holds that 
prior to the introduction of shad fry by the late Mr. Seth Green, of tlic New York fish 
commission, they were unknown in those waters. He concludes that the fish owe their 
existence in Lake Ontario to their accidental introduction with shad, and thinks tliat 
the evidence is against their migration up the St. Lawrence River from the Gulf of St. 
Lawrence, the presence of the fish in the lower river at Montreal being nnusual and 
altogether subsequent to their appearance in large numbers in Lake Ontario and the 
upper river. He says: 

We are in possession of liiformation which seems to establish conclusively that the alewife does 
not occur in the lower water ofthe St. Lawrence River, nor was there any evidence of ita presence at 
Montreal until the past nine years. 

Mr. Seth Green, jr., who was associated with his fatlier in fish-cultural work for 20 
years, in a conversation with the writer on November 10,1891, emphatically denied 
that his father put alewife fry in Lake Ontario and stated that he always disclaimed 
any responsibility for the presence of this fish in the lake. It seems but proper and 
just that this shtement should be recorded. 

It is probably within bounds to say tliat the alewife is the inost abundant fish 
occurring in Lake Ontario. Schools of great size are oft,en observed at  or near $lie 
surface; gill nets, pound nets, trap net3 and other forms of apparatus have been known 
to take large quantities; and thousands of young are caught in small seines to serve as 
bait in angling for bass, pike, etc. But it is by noting the enormous mortality that 
the most accurate idea is gained as to the wonderful prolificness of the alewife, the firm 
hold it has taken in this lake, arid the extent to which it has populated the waters. 

The alewives of Lake Ontario are remarkable for their small size. On the Atlantic 
coast the average length of this species is about 11 or 12 inches, but in Lake Ontario 
no individuals of such large size are seen and the average length is very much less. 
Among several thousand specimens examined by the writer none were found to be over 
7 inches long, and the average was less than 6 inches. This stunting of growth, wliicli 
is said to be gradually becoming more marked, has uo doubt been produced by the 
unnatural conditions to which the fish are subjected. The extent to which this dwarfing 
lias gone may be readily judged when it is stated that fish only 4 or 6 inches long liave 
been caught with ripe spawn. 

The few notes that can be offered concerning the habits and migrations of the 
alewife in Lake Ontario do riot add much, if anything, to the present knowledge of the 
species. One interesting habit witnessed, which 110 doubt accounts for the origin of 
one of the popular names, was the schooling of the fish a t  the surface in considerable 
iiumbers and their (‘flipping” after the manner of menhaden. 

____ - 
+,The Fisheries and Fishery Industries ofthe United States. Section I, Natural History of Aquatic 

himale.  Waehington, 1884. 
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Regarding the spawiiiug hibbits, it w i i  be said that i i i  spring the fish a,re observed 
to resort to tlie sli:~llow portioiis of the lake and also to ascend creeks for the purpose 
of depositing their eggs. Tlic favorite grounds appeax to be around the shores and 
islalids in the eastern end of the lake, tlic saiiie regioii which is frequeuted by the 
whitefish. A rather importaut fact t h a t  bears upon the question of uiigratioii of ale- 
wives to  mid froin the Gulf of St. Lamrelice is tliat almost every winter greater or less 
iiulubers of tlie fish are seen through tho ice and 011 tlie ice banks which form in the 
1:~ke. The fishermen, as a rule, regard the alewives as permanent inhabitants of these 
waters mid think that the fish retire into the deepest portions ofthe lalce during tho 
ooltl weather. Fish oiily 1 or 2 inches long have been seen in March st Oswego and 
elsewhere. 0 1 1  tlie other haiitl, inquiries among fishermeii and others at Ogdeus- 
burg elicited information tending t o  sliow that at that point at h s t  there is a well- 
inmked migratiou up the river toward Lake Ontario in Sune and down the stream in 
tlic fall. The fish are caught iii considerable numbers in nets dong the Caiiadi:tii 
shore, and in many places are peddled through the country and sold for food. The 
greatest quaiitities are taken below tlie rapids, where the fish always appear to be 
inore numerous than elsewhere in the river. 

Mr. Charles H. Strowger, of Nine-Mile Point, Monroe County, New York, coin- 
municates some interesting observations on the spawning condition of alewives 
examined by him at that place in the spring of 1892. He says: 

Tho ice did not leave tlic shore at Nho-Milo Point until tho first wook in April. A few full-grown 
alowives wore cast ashore together with :I number o i  small oims ranging from 14 to  2 )  inclios iii lellgtll. 
This wm on April 9. Tho fish were fat sntl apparoiitly healthy, and about half of the full-grown ones 
had spawn matured; iio males noticcd. April 17-Picked up fifteen grown alowircs on tlio beach 
varying from 5 )  to G& inches in  length from the nose to tho iiisortion of the tail fin. Sovoral sni:ill 
ones wore nlso prosent. . Thog mero fat, with no signs (I€ diseaso visiblo. The spawri in the females 
was r i p  except in ono iiistauco, and in most o€ thein the ap:iwu was running. Two wore uiales, but 
iii neither of thcni was the milt mature. April 18-Took from :I gill not with If-inch nioeh sisteeii 
livc alewives, largest 8& iiiclios long, more oiily G inches long. Of those, nine had spawn running, five 
wore immature, and two W C ~ A  inales with milt not ripe. Those fish wore all in fine condition, with 
flcsli plump :md firin. hp  ril 28-Hayo caught only yollow peroli sinoo tho 18th until this morning, 
when I took up a single alewife. Sinco tho yollow percli has appsarod here 
(to spawn) the alowife has loft the shore. 

Owing to the new fish laws of this Stato, i t  will bo difficult, t o  malm a, very thorough study of 
our shore fish, as tho  law now prohibits uotting withiii D milo of tho shore. What few fish I haw 
examined give mo tho impmasion tha t  ahwives ~ p s w n  rather oarlior than porch. 

Viewed from the ecouomic staiidpoint, the alewife is ]io doubt a iiiore important 
f i ~ h  tliaii is geiicrally believed :Linoiig the fishing interests and should not be regarded 
as illtogether a pest. Used :is bait in the trawl-line fi~liery for sturgeoii and trout it 
is :L va1u:~l)le fish :tnd t;9e8 the p1:~co of otlier fish that are of inore importenco as  food 
species, notably youiig ciscoes iuid snclcers. The young also constitute a proininciit 
bait iii the sport fishing wliich is SO c+.stc.iisive 011 this 1:9e. 

When waslied up ou the shores, or when caught slid treated like menhaden, they 
form it  valuable fertilizer, aiid imny tons are utilized annually by the farmers living 
adjacent to  the lake; altliongli it ~lionld be said tlmt hi most localities the weshiiig 
:tshore of dead alewives is not fi~vorably I-egarded, and nnless measures are taken to 
bury or haul off' t,he fish they become public nuisances. At one time R small factory 
was oper:lted in the eastern urrd 01' the lake for the puiyose of utilizing the abundant 

I t s  spawn was ninning. 
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alewives i n  the manufacture OC oil and guano; this was soon closed, however, owing 
partly to opposition to the use of' the pound nets aiid partly to the growing deficieiicy 
of oil in the fish. 

Perhaps the most valuable purpose which alewives subserve in this region is that 
of supplying food for other fish. In tlieir defenseless coiiclitioii they fidl ii  ready prey to 
bass, pike, pike perch, muskellunge, perch, trout, ciscoes, and other species, and i i i  

this way become really iinportnnt fwtors in the growth mid multipliciltioli of other fish. 
Black bass eat alewives in large quantities, and when the former first arrive in the 
inshore waters iu the spring they are almost invariably found filled with alewives. In 
certain places, bat inore especially at  Oswego, both bass aiitl pike perch have incrensed 
greatly since the alewives became abuiidant. Wall-eyed pike arc reported to be par- 
ticularly fond of alewives, and i' pickerel " (Xsoa) also feed on them to a coiisider:Lble 
extent. At  Oswego, New Pork, on August 19, a whole alewife, over half the length 
of its captor, mas found in the stomach of' :I small pickerel. 

The value of the lake alewife tis food for inm should not be overlooked. Altliougli 
of small size and bony, it is not without its cliampions anioiig the lake fishermen, ;tiid 
i t  is occasionally eaten. It has no corrniiercial value, however, at  preseiit, and will 
probably never be in demand as a fresh article of food; but the writer believes that it 
can be made to take a prorninerit place :iniong the eaonomic hlre species if put on the 
imrket in a smoked condition. The alewife is similar itt size to the sea licrriiig so 
axteiisively used on the New England coast in prepariiig the most popular brands of 
smoked herring, aiid there does not seem to be any objection to its utilization in this 
way. 

The method of preparing the small sea lierring on the coast of Maine is entirely 
applicable to the lake alewife and is, briefly, as follows: The fish, as taken from tho 
water, are closely strung through their mouths and gills on smooth sticks about a 
yard in length, after which they are immersed in a solution of comnion salt €or tlie 
purpose of hardening and preserving them and of removing the scales; they are tlieii 
suspended in the s~nol~ehonse, where they are left until cured and well colored, aid 
iire afterwards arranged crosswise in boxes to the number of 50 to 75, when they 
are ready for sale. The boxes are made of soft wood and are quiteinexpensive. The 
usual diinensioris are 15 inches long, 74 inches wide, and 4 inches deep. Sucha bos 
holds about 5 pounds of smoked fish. The best prepared i' cross " herring usually 
have R ready riiarket a t  from 15 to 20 cents a box, and the lake alewife would no doubt 
prove a satisfactory substitute and yield as good returns. 

One of the most interesting phases i n  the history of the alewives in Lake Ontario 
is the enormous mortality to which they are subject. This fac$ more than any other 
has brought the fish into prominence and during the past few years has called forth 
voluminous newspaper correspondence and commeiit. The mortality occurs chiefly 
duririg wkrm weather, especially during June and July. When the wind is favorable 
the fish will be waslied up along the entire soutliern shore of the Fake, a t  times being 
piled up to the depth of a foot or inore in  certain places. Large areas of the lake bottom 
lieve also been found to be thickly covered with dead fish. 

The decomposition of the fish waslied ashore has proved a nuisance in almost 
every community 011 the lake. People have in certain instances been obliged to leilve 
their homes, owing t o  the unbearable odor arising from the putrefying fish. Tons of 
dead fish have been annually hauled away to be used 011 land RS fertilizer or buried 
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to piwent iioxious odors. 1n soiiie sectioiis tlie towii authorities have becii obligrd 
to  come to  tlie aid of the iahabitants :~nd have tliu fish disposed of a t  public expense. 
This was tlie case i n  Wilsoii, New York, where, h i  1S91, iLbout $300 was expended iii 
ridding the shores of the town of decayiiig fisli. 1 1 1  a s1ii:dl slip, about 30 feet wide, at 
Sachtts Harbor, New York, iii JUII~, 1891, three WikgOll loads of dead alemives were 
hauled off tlie shore hi 0110 day. This .\vas irfter a strong blow from tlie north. At t81ie 
same place, on August 15, 1891, several thousaiici were seen on a sindl poiiit that 
eiiters iuto the formation of the harbor. They were all dry, and iiot putrefying; and 
were of small size aiid exceediiigly tliiii. 

The contamhiation of the water udjajaceiit to  large bodies of dead fish on tho bottom 
must exert a harmful influence 011 tlie preseiice and abundance of clesirable food-fish. 
The abseiice of wliitefisll mid trout from the Ainericaii shores is by many fishermcii 
attributed entirely to  this cause. 

In attempting to accouiit for the deiltb of the  alewives it should be stilted a t  the 
outset that uo scientific iiivestigatioii of the subject has ever been made, :LlthougZi it 
-\vould seem to be a most iiivitiiig field for research. The questioii is of iio little eco- 
iiomic importance from Severill poillts of View, slid it seems somewhat remarkable that 
during tlie two decades ill which the fish have been dying in such enormous nuiiibcrs 
110 systematic study of the coiiditioris of their life and cleatli has been undertaken. 

Among tho causes wliich have been suggested ;LS lcadiiig to tlie death of tlie ale- 
wi\7es, tlie following may be mentioned : 

(1) lr'lcitgous disccrsc.--Pislicrmeii living at various p1;ices on the li~ko have at 
times noticed moldy spots oii mmy (lead fish that have been washed ashore. Some 
nletl.ivcs still alive lmve also beeii seen suKering with this couditiou. The fungus has 
bee11 observed t o  be usually 011 ai1 ulcerated or abraded ;~roa. 

A correspoiideiit of the l%ocher;ter Post-Exprcss, writing oil this sub,ject in the 
issue of that paper for October 25,1891, says that ;is soon as the ice inoves out of tlie 
lake i i i  spring the fish ap1)roiLcll the shores and tlie mouths of rivers, and that ii t  this 
time they are healthy and fit. He coiitinues 8s follows : 

But as soon as the  watcr grows mariii the  fish are attacked by :I wliito fungoid psrasito, which 
soon c o ~ w s  largo spots on tho fish, looking lilre short, fino, white hair or fiir. Soiriotimes it will 
ciivelop tlic whole fish, biit iiioro freqnontly oiily a spot on a fish will appcar, from tho Nieo of a speck 
to  that, of :I quarter of R dollar or Irtrgcr. The consequcnec of this attack is seen in tho establishmont 
of curious nlcors, which soon destroy the fish. This whito pilose paiasite (whothcr auinml or vegetable) 
is carried by theso fish into the bays and impregn:itos tho wator so that i t  is almost impossible to 
confine ininnows for bait i n  such Iocslilies. Not being in possession of a good ruicroscopc I havu no1 
itttc.mpted to iiivostignte tho imtiire oPtho parnsitc I iuciitioii, but i t  is curtain that  it is the slayer of 
millions of alewives. 

This gentleman speaks from persoiial observatioii aiicl his reniarks are eiititletl to  
coiisitloration. The villous parasite which he iiiciitioiis is c4uite co~iiiiioii 011 fish kept 
in captivity and lias recently appenred :rmoiig tlie trout at the Caledonia hatcliery of' 
the New York fish comrnissioii. It is probable that the fuiigons growth attacks fislr 
Niose general vitality is lowered by other causes, :iii('f it is not definitely known that 
it ever ap,pears on perfectly liealthy fish or On an unabraded surface. 

(2) Dqficieiat food.-Hoii. Mars1i;ill McDoniLld, U. 8. Conmissioner of Fish and 
~is~ier ies ,  whose great fiiiniliarity with the clupeoids is well I C J I O ~ ,  thiiibs that iiisutfi- 
c h i t  food may play an iinporta nt part in tlie mortality observed anioiig the alewiws 
ill Lake Ontario. The fish multiply mpidly, n siiigle female laying as many as 60,000 
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eggs each season, and it is thought that the iuiiiute orgiluisms which form the principal 
part of the food of such fish may not grow sufficiently rapidly or abundantly to supply 
the countless millions of alewives (in addition to other fishes with similar food habits) 
which are restricted to this body of water year after year. 

Lack of food must 110 doubt be the principal if not tho oiily cmse of the excessive 
leanness which is universally recognized and commented on by fishermeu, l n ~ ~ n y  of 
whom state that a fat alewive is now rarely seen, although during the earlier years the 
fish were quite oily. 

Prof. Charles S. Dolley, of the University of Peiiiisylvania, iii an axticlo iu the 
Rochester Post-Express of August 8, 1891, says : 

The probable reason for the doath of such large numbers of fish is that  thoy Iiovo tho hubit of 
abstoining from food during tho broeding season, and thousands undoubtedly sucoiilub t o  the fatigncu 
of a long swim from tho sea against the current of tho St. Lawrence. and in  their subsoqneut soarch 
for suitable spawning-gronnds. 

This view is contrary to the observations of Mr. Strowger (page 189) a i d  i s  
strongly antagonized by an anonymous writer in the issue of the same paper for Octo- 
ber 28,1891, who says: 

That the professor was entiroly without information on the sul?jcct may readily bc ueoii from the 
fact that  i t  is not in  the s p w n i n g  soason tha i  the mortality occurs. I doubt if auy pcrson over saw 
oggs in a dead alewife i n  tho latter p:mt of May or June and beginning of July, in which this mortal- 
ity occurs. They do not dio a t  tho spawning wxson, and they do not perish from futiguo in nscendiiig 
tho St. Lawrence River. 
as a whole docs not migroto, althoiigli it is not a t  a11 improbablo that  millions of them descond the 
St. Lawronco to  the sea in the autumn.* 

Tho slowifc, or sawbelly, is always present in  Lake Ontario, and * * 

(3) #tomu.-Every heavy storm during the warmer months is accompanied by the 
washing ashore of greater or less quantities of alewives, and the fishermen in some 
localities have come to regard disturbaiices of the elements as the most potent factors 
in causing the death of the fish. It is held that the fish are partial to slioals in the 
lake and shallow places near the shore, and that when overtaken there by storms they 
are easily destroyed by the violence of the wind and water. This theory is hardly 
tenable for several reasons, cliief among which is that 110 such mortality is observed 
in other fish that are also kiiown to  resort to shoals for feeding and spawning. 

(4) Temnperature of water.-The apparent prevalence of the epidemic only during 
the warmer months has induced many fisliermeii to look upon the elevation of the 
water temperature as the cause of the death of the fish. The highest temperature 
would naturally be found on the shoals, which, as has been stated, are favorite resorts 
of the alewives. 

Mr. S. Wilmot, superintendent of fish-culture for the Dominion of Canada, is quoted 
as favoring this theory: 4‘ Heat’tributes the heavy mortality to the higher temperature 
of the lake water in summer time as compared with the ocean, and particularly to the 
fact that these fish seek the shallow and consequently warmer water to spawn, and 
iii this way are killed off by thousands.”t This idea is favorably entertained at 
Wilson, New York, and other places towards the westeru elid of the lake. 

___ - - 
Seo Forost and Stroam, September 10, 1891, for further discussion of this qnostion. 

t Ogdensburg Journal. 
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1870 ............... 5,000 ................ 
1871 ............... 15,000 ................ 

1877 ..............., 80, on0 ................ 
1878. .............. j 290,000 ................ 
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1 0 ,  000 108,000 .............. I 1873. 

:-.- 

THE SHAD. 

5,000 
15, 000 
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As noted by Prof. Baird, the appearance of adult shad pronq~tly followed the iiitro- 
duction of young fish into the Qeuesee River, and froin that tirne 011 for a number of 
years the indications pointed to  the probably successful accliinatizatiou of tlie species. 
Since about 1885, however, the fish have appeared to be growing scarcer, and their 
final disappearance seems to be only :L question of a few yews. 

Prior to this experimental iiitroduction shad were unknowii in Lake Ontario, and 
the theory that their presence was due to  their migration u]) the St. Lawrence River 
is considered untenable by those who have given the subject sufficient study. 

The shad appefir to have dist,ributed theinselves over tlie entire libB('. At ihiost 
every fishing community oii the American shores of the lake the fisherineii reiueiiiber 
to have taken at irreg~ilar intervals betweeii 1875 and 1885 the fish, which wts at first ;I 
stranger to  them and which they now seldom, if ever, see. Reports from the iiortheru 
shore of the lake indicate that the shad were probably fully as iiurnerous tliere IS on 
the southern side. The greatest iiuinbers see111 to have been takeit in the eastorn eiicl 
of the lake, in tlie vicinity of Cape Vincent, ill Cl~auniont Bay, aud around the islaiicls, 
where the principal triil) fisheries have been prosecutetl. Prior to 1888 several hun- 
dred adult shad were caught each yew in this region, but of late the Aiiiericm fisher- 
ineii have seen none whatever, aud the few fish secured of which m y  record could be 
obtained have all been caught iii Uanadian waters. About August 6, 1891, MY. W. 
Ainsworth, of Cape Vincent, received n shad from Canada, this being the oiily one 
seen during the year. Iii 1890 he handleti a fine specimen, also froin Canada, weighing 
5 or 6 pounds and about ready to spawn. 

A suggestion as to the causc of the disappearance of shad in the waters of the 
lake is tlmt the fish went to salt water down thc St. Lawrence Itiver end failed to 
return. They have been repeatedly seen in the river, and one of the most interesting 
observations of their habits was made at  Thousand Island Park. In  August, 1581, 
Mr. H. L. Matheson, of Oswego, New York, was fishing a t  that place for black bass. 
As an experiment he baited hi8 hook with a grasshopper and cast his line from the 
shore of the island into the current, made somewhat muddy by B strong westerly wind. 
The bait was promptly taken, and to his great surprise a 3-pound shad was landed. 
More grasshoppers were secured, and fifteen shad, weighing from 24 to 3 pounds, were 
hken  in a few hours. On succeeding days six, three, and two fish, respectively, were 
caught, 

While it is possible that some of the fish left the lake by way of the St. Lawrence 
Biver, the most plausible reason for their disappearance seems to be that of the neces- 
sarily small proportion of the original plants which reached maturity nearly :dl wcre 
caught before natural reproduction supervened. It is also probable that the great 
multiplication of alewives nnfslvorably affected the increase of sliad by climinishing the 
food supply. 

The fact that shad were taken in Lake Ontario in 1891, thirteeii years after tlie 
last fi-y were clepositect, may be taker] as a snffioieiit indication that the waters of the 
lake are adapted to this species, although it does iiot iiecessarily prove that the con- 
tinued introduction of yonng shad would eveii tually result in the production of suf- 
ficient numbers of fish suitable for food to serve as the objects of a special fishery or to 
offset, in point of value, the original outlay. At the same time it mustbe apparent, that 
the plants of' shad in  the tributaries of Lake Ontario wew wliolly iiiaclequate t o  stock 
such a large body of w t e r ;  and it is unfortunate that the expei*iments should have 

Several other parties took one or two fish each in the same way. 



bee11 discoiitiiiiietl i i t  the very timc w l i ~ u  uiost importaut resuits were begiiiiiiiig to  be 
iuanifestecl. To ill11striLtte tlie apparelit inadequacy of the measures taken to produce 
~i :hbunclaiit supply of shad in the lake, i t  need oiily be remarketl that the average 
iiuinber of fry auiiutilly deposited was equivalent to oiily 1 7  fish to the square iiiile of 
Iiike snrfiwe, aiitl that the entire pl:ints daring a period of six yeiirs represented less 
tlion f&g of the quantity of fry that hiis beeu devoted to iL single coast bash iii i~ 

siiigle seiwon, It is cstiinatecl that 1)robilblJT 10,000 or 12,000 iiiore or less inature shad 
have been talteii iii Lakc Ontario. Tliix is assuredly a Ratisfactory uxperheiit, and 
strongly argues for the restunptioil of sh;id-cnltnrc iii the lakc.. 

T H E  ATLANTIC SALMON. 

Tlie htlaiitic 01' SiIlt-wttter ~ a l m x l  (80ln~o salar) was at  one time an esceediiigly 
i ~ b u ~ ~ c i a ~ t  fish in Litkc: 0ut:Lrio and its tributary streams; to-day i t  occurs oiiIy as :L 
str:tggler, a curiosity to the young w d  a relic of ot lm cli~ys to tho agcdiiiha,bitauts of 
the I-egioii. The prihcticill diseppeara~ic~e of SiLhOn from the lake is another of tliose 
iilniost pheiiome~ial climges which lisve ouuwred in the fisheries of Lakc Oilt;trio, but 
the comparison of the past and pi-eseiit ;ibmidaiice oi' sal1uoii is lunch iiiore strikiiig 
tliaii in  the Ci lW of the trout und wliitcfisli. Tlie history of the sdinon in this body 
of water is ii fbrciblo il1ustr:~tion of whit I J ~ ; L ~  be expoctcd to take place iu a11 in1:~nrl 
waters wheii the destruction of fish by inaii is iiot, niitigatted or counterbalanced by 
resort to artificial propaptioil of idequute scope, scippleweiited in the case of certain 
species by protection wid e~~couragemeiit tlnriag the importaiit period of reproduetioil. 

Tile ilaimtion of the previons abnndiL1lce of the saliiion in Lake Ontzlrio and its 
tribut:try streiims reads like i t  romance, and the possibility of reGstablishing a good 
ru11 of salmon iii liihke Ontario and of restocliiug its waters with this valuable food- 
fish ol)ens up m e  of the iiiost important, interesting, ihlid inviting fields connected 
wit11 the present fishery agitation in this regioii, iunliiug :i tliorough inquiry into the 
past and present conditions very desirable. The accouiits of tlie early abundance of 
sahoii indicate that the fish at certain tinies ascended nearly every stream 011 both the 
Aiiii:ricaii arid Canadian shores, chief among which were tlic Salnion River, Little 
Salnion River, Black River, Big S:~ndy Creek, and Oswego River on the southern Ride, 
m i 1  Willnot Crc.01~ in Caiiitda, tlic first named being the most famous. Tlie cause 
which led to  the ascent OS tlie streams mas the s:me which nom operates in the coast 
rivers in which salmon occur, namely, the re1)roduotive instinct. The fish approaohed 

' t ho  shores iu June and, if the water w:hs snfficiently high, werit> ii1) the streams to  their 
lieat1 wikters, deposited their spawn, ant1 returned ilgaili to the lalie. Tliere tire a180 
iiiimwous autlieiitic records of motlier fluvial migration for the same purpose la tor in 
tlic ywr, usually hi September, i t  circunustaiice x7hic.h led soiiie of the fishermen to 
believe in tho existelice of two Idntls of sahiioii iii the Like,* wIiic1i were distinguished 

JIUW 
rti11.~~ This was usually t,\\ro or three weeks earlier than the appemance of fish in the 
Salnion River. The inlaiitl lakes iii mhicli tlie Oswego rises kept that river well filled 
most of tho time, but the4:ilmoii River was o~dinnrily low when the ~altnon first cmne 
011 tho shore. . 

it Bee paper by 1 )r. 13d\v:ird~ (himafter cliiotetl) s i i i l  testimony 01' I!, E:. IngorBoll and John 5. Wilson, 

spring spawners ant1 fa811 spawners. 
There was an adveiit of salmon i i i  the Oswego Rivcv ~vhicli was colleci the 

-_ -_- - - - - - _. -. __ -- -- - - --- 
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I’li(b quustioii as to wlic~tlicr, :Ifter spiL\Y1iiiig, the saliiion i*etiu.iied to tlic sea, aftcr 
t l i v  iiiitiiiier of tlie fish i i i  the ooastal streams, or simply retiiwl to tho cleepcr portions 
of tlic I;ike, ~ i u t ~ ~ i ~ l l ~ .  comes up for co~tsideratioii. Tlie weight of the testiniony ;~,iitl 

cbvitlmc*e seems to iiidic.ate that the saluiou had, possibly diiriiig i b  loiig period of yetirs, 
bcwrnc. accliniated iii the maters of the lake and ceiisetl to require salt \v;Lter, altlioiigli 
it is not ilii1)rob:ible that certaiii iiitlividnals ain~nully iii;icle tlieir may dowii the St. 
Lawreiice River to the large tributary of the &ea :it, tlie mouth of that stream 111 i i  

discussion of tlie salmon of Lake Ontario, p;wticipa;tect iii by Pinof. Baird, Mr. Seth 
Green, and others, an abstract of which is given elsewhei~3, this subject is further (mu- 
sidered. 

The usual raiige ill the weight of the sal~noii caught duriiig the period of tlieir 
abiiiidaiice was from 7 to 40 pouuds, individizals of the latter size being uiiconinioii j 
tlie average weight w:ts probably about 10 pounds. Mr. 13. E. Ingersoll, ~ i o w  oF 
Oswego, New York, informs nie that his father Idled a fish hi Salmon River that 
weighed 42 pounds. 

From a mass of iiotes aid correspoiideuce from fislieriiiw ;~i ic l  others coiicernizig 
the former occurrence of salmon in Lake Ontario, a few extracts are here preseuted 
which are thoiight to add to the published knowledge of‘ the  history of salmon i n  that 
region. 

Mr. B. E. liigersoll lias furiiislied some iiitere+$iiig statemeuts coucerning the 
former occurrence of s:ihnon ill the Salmoii and 0swc:go rivers. Writiiig of the former 
stream he stiites that fifty or sixty years ago tlic! river was well supplied with ~ a l n i o ~ .  
He mas born and lived within 100 rods of tlie river uutil 1 G  years of age. His graild- 
father was the second mail to settle in tlict towii of Richl:nitl, ;tiid his father mas 
brought to the region :It tlie iIge of 2 yews. Tlie ;Lbnnclauee of salmon seems to 
have been a veryiioporhnt Factor iu the settlement of the region; the salmou were all 
tlie settlers Iiad to depend on for ready nioiiey, aiid coiistituted a valuable and easily 
accessible food. About fifty years ago his father mid :L Mr. Arthur Matheson, while 
fishing from :L boat with jacldiglit and spear, caught 601 salmon in ;L single night. 

Mr. Ingersoll lias 1ie:n-d his father relate the oircmiistances of :L visit to the Oswego 
River to spear salnio~i. R c ?  had Elis log cabin on the shore of the river on the present 
site of tho Doolittle House. At tlmt tiincl tllere was only one store in Oswego, which 
was situated on what is i iow the corner of West First ; m I  Cayuga streets. The elder 
Ingersoll entered into a contract with the proprietor of the store by wvliidi the Patter 
was to take all the sahuon caught during the two weeks’ sojoniw 011 the river at the 
uniform rate of 2 cents tt pound. For about :I w e k  oidy fi.0111 25 to  50 fish werd 
speared each night, and the storekeeper duriiig tltet, time oontinnally iinportzined 
Ingersoll to catch more fish. Another school of Hsli theii struck on and from 300 to 
400 were taken each night. This was more tlian the dealer c:oulcl hmidle, and he paid 
$50 for the privilege of suspending the contract. 

T t  was nothiug uncommon for teams fording t l i u  rivers iL1ld creeks ;it night to kill 
salmon with tlieir hoofs. An old settler living hi tlie toivn of Hannibal told MY. Inger- 
sol1 Chat one night while driving iLcrosS Three-Mile Creek the salmo~i ran against his 
horses’ feet in suchliumbers tliat the liorses took fright and plunged through the water, 
killing one large s:ihnon outright and injuring two others so tlmt they mere oaptured. 
Tlie farmers living near the sni:tller cmeks easily supplied thrir thinilies with salmon 
wuglit by nieaiis of pitchforks. 
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Writing of the former O ~ C I I I " ~ ~  of s:dmoii i i i  Cliaiimoiit Bay, Mr. Earl S. Doug- 
lass says that it has been at lei$& ten years since he saw any salmoii in that viciiiity. 
The fish iiever inhabited that section of the lake to sncli mi exteiit as they did tlie 
portion adjacent to Oswego and Port Outario. Regarding the availtibilty of tlie rivers, 
he thinks that the conditions are not as f:avor:tbIe for the iiScelit of fish as tliry mere 
(luring the period of their abundance, ibiid that soin(' of' t l i ~  streains i ii that vicinity 
whieh the fish forinerly freqiiented are IIOW iiiostly dry, ;it Ieiist tliiriiig ;i portioii 
of $lie year. Tho few fish wliich he remembers to have berii miiglit i i i  Cliitiiitioiit B;iy 
mere taken in i b  pound net a ~ l d  weighed ibbollt 10 p o ~ ~ t i i l ~ .  

Mr. E. B. Horton, of Hendersoii Harbor, Jeffersoii Cowit)-, NIW Yorli, says tliirt I1e 
Elas iiot caught a salmon in thi&t viciiiity for twelve or thii-tec~ii years, t i i i c l  lci~ows of 
o d y  one being taken in that time. This wits takei ih  Stony C'reelc, wit11 i i  wliitefis1i 
gill net 1i:tviiig a mesh of 24 inches, aiid weighed GijF poiuids. The oiily streiuit in that 
immediate vicinity is tlie Rlmk River, mliicli lie does not thiiik would be ;rd:q)tetI foi- 
salmon, as the water is contamiriated by iefuse froni paper inills sitnated not fhr fro111 
its m(Jutli, and the acid used is said to kill pike, bass, w l i d  other fish, i u i d  1voiild prove 
eqntilly iiij urious to s:ilmo 11. 

At a conferelice of fish commissioilers lieltl ill New York City October 19, 1872, 
tlie subject of salmon iu Lake Ontario w t i ~  one of the princip;il qnestioiis (Ziscussed." 
&~ny irnportaiit poiiits liaving i t  bearing 011 the preseiit :igita;tioit were hronght out, 
: L : L ~  it is thought advisable to introclnce the tollowiiig abstract of tlie proceediiigs : 

Prof. Baird, in apealring of the niigriitioiis of the si~lmoii, stttted that it liiitl not been 
(letermined whether the Ontario salmoii went to tlie O(X?:LII :tiid returiied to the lake 
;igain each year. 
that some of the fishermeii macle ;I distinction betweell the ~il11n01l of the lake aiicl 
\Vh;Lt they cdlecl the Biqy Clialenr si~lnlon, but he did ]tot  LOW i i i  w h i t  respect they dif- 
ft~reil from each other. Mr. Seth Green remarked that a good inariy snlinoii still r i i ~  
111) to tile ileac1 of Lake Ontario mid iip Wilmot Creek, w2iiolt is oiily 10 or 12 lliiles il l  

length. He tlicl not regard these ;is liiiidlocked salinoii, though tliey niay llever go 
ilow~l tlie St. L;~mrence, and thought the fish Iniglit find suitiible ti)otl i l l  t)he Ii~lre. Mr. 
Thaddeus Norris W ~ I S  :LII old salmon-fishw, aud 11:1d given coiisitlorable ittteiitioii to 
tile habits imd instincts of thcl salinoii. I& tliought the siilmoit thiit Mr. Wilniot, of 
C:enada, procured were tkesh-water fish, ibnd tli:tt t l i ~  siklinoii of Lake Oiitario had lost 
tlleir sea-going instinct; Li~k<. Ontario was their winteririg-plncc.1; they livc~ there all 
tile year wheu not going up the rivrrs to spawii. MI-. Noriis tlioiight that the saliuo~l 
of Lake Ontario were fresh-witter salmoit, for the reasoli that they hiid mitinoms in 
them, the habit of salt-water sa~lnoil being to abstiiin froni f iml  wlim ascending the 
rivers to spawn. Mr. Seth Green g~vc: his experieiic*e i ts  il, fishermiin i~iid fish-dealer 
for many years on Lake Ontario. In the ~ourse  of his opera;fioits he had dressed tons 
of salmon, but had failed to find food i i i  their stomachs. The fish were taken in trap 
i&s in  the lake, set id01i~ the shores, ~ ~ 1 1 ~ 1  lit> thonglit tllc. tlr;L1) IlCtR h:ttl 1mictic;illy 
(Axterminated the sallmoii in Lake Ontario duriiig R periotl of five y ~ r s .  

Prof. Baird, speaking conc:erriing the introduction of salt-water siilnion into the 
1:ikes, said he had tiill coufideiice that the cxperimeii t wit11 the Penobscot oalinoii 
would be ~uccessful. It was well known that the principal food of the ~iilmoii in  the 

Dr. Etlmuiids, whose observatioiis are given in fill1 else\vhere, 

- - - - -_ - -I__ -- - - - 
*See Hqbort LT. H. k'isli Coin~niwioii, 1872-73, 1). 763. 
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North Atlantic cousists of suidl shriiups, about lliilf i b i i  iiicli h g ,  inostly belongiiig 
to the geiins Mysio. Iiivestigittioiis recently innde iu tlie deep waters of lakes Superior 
ibnd Michigi~ 11:id disclosed the existence of tlio same sliriiup at  :I, depth below 25 
fi18thoms, where it  eoustitntes, to  i~ great exteiit, the food of the whitefish. The pro- 
fessor called atteiitioii to the fact tlist the gastric juice of fish acts after their death 
:ind t81iis nccouuts for fiudiiig so little i i i  stonlac.lis of tishe8 which feed 011 siiiall, soft 
organisius, uiiless cxamiued inimedi;%tely after being caught. After ih few hours, oiily 
i t  miorosaopic: esiimiiiatioii wonld demoustratr 011 what ii fish feeds. The occurreiic~~ 
of this .siii:~ll slirimp i l l  tlw larger lakes is tlic guariuity tlla t salmon will thrive there, 
: ~ n d  wlieii the fish desoeiid the rivers to tlic lnlics they are practioally in the oceaii. 

111 ail importtint article 011 obstruotioiis to the ;isceiit of fish i i i  I-ivers, printed iii 

the Report of tlie U. S. Coiiiinissioiiw of Pisli iraid Fislwries for 1572-73, Dr. M. C. 
IS(linuiids, of Veriuoiit, recoiiu ts his obsermtious i i i  tho St. Lit\vrence Basin, under- 
tibk(31i at tlie request of the I& Prof. B:~ird, i i i  1S72. This iuquiry, illthough made 
twenty ye:ws ago, iwy appropriately be itllutled to iii this oounection, siuce i t  covered 
Lake OlitiLrio aud related to  the Oi lUSOS Wlikh had operatecl to rellder the sa~moll a 
rare species iii tlie lalre fishcries evuii i i t  that timu. The investigation included a11 
emiiiiiiatiou of ;dl tho streams 0 1 1  the southerii shore of the lake formerly frequeiited by 
~:ihuon. Tlmt lwrtioii of tlic palper pertaiuing to Litlie Ontario is here quoted in full: 

‘rho salmon formorly were rory pleiity along tho so1ithe:w.t sfiortr of tho St. Lawrence, iuhobitiug 
tht. lowor roaches of tho Ch:ito:Lug:iy, St. Rcgis, Rm~uot ,  : b i i d  Grass rivers, omptyiug into tho St. Law- 
reiirr within tho Cmiac1i:iii Doiniiiioii, :is i i l m  tho Oswegntcliie iii the Btnto of New York. Of thoso 
ebrenms I took but little notiro, b i n  passed on to tho inspection of tlio rivora iiiimocliately dobouchiug 
into Lake Ontario proper. Of these. first in orilor 1 iuspectoci tho  B1:~ck Rivur and Chaumont, both of 
which I foniid to  have boon formerly iuliabitod by t h o  si%lmoii. Neithor of theso rivcrs :it the present 
time ofYers iiuy induooiuonts for tlitr iutrodnctibn of the sali1ioii by reasou of high aud iinpassablo dams. 
Iht l l  of theso streams nt tboir ontlotn into thr  ldx :Ire Huwelitiblc (if Iicing i m d u  qnitfc profitable fields 
for admon-breeding ooiiltl tho trtili woirs :iiitl p o ~ ~ i i d  nets l i t >  ~iorn~iino~itly oxclndud; but these are so 
plenty and the fisherincw 80 lawlrsa th:it it would bo IISoloRs to bogiu :lily csperiiucuts here. 

M y  nttontiou wm diroctril to the Big Sandy Croak am1 S:ihrioii l t iror,  in Oswogo County. Tho for- 
mer of thrso oeaaed long ago to I i v  i i  d m o i i  htrcwu and rrroivcd but  slight notice a t  rny h:iuds, while 
tho latter olaimotl my q,eoicrl ittteiitioii, lioing tho first river whicli I have )-et fouud in  :ill my trtsrels in 
which the nalrnon :ire iiow found. I iiinpcctotl the river savrriil miles from its mouth upward :ind foiuid 
it :ill the way :dniir:thly adapted to the growth of salmoii. ‘IYwrv :tro ncver:il dams situated oii the 
river; but so low mid in such hvorablr loralities :bs to givo c a ~ y  passagr to tho d m o n .  I found, oii 

inquiry, tho fact that  several salmon woro c~irght linlow and nbovo t8hcr i t a m  last fall, :iud that  several 
were caught below tlio t1:tms early the pliRt summer. 1 think thie, above all stroams heretofore soon, 
to be tho best calculatotl to oomuieu(’e the lirccding of siilniou artifioi:illy. It is qiiito evidont that  
they ascciid the rivor i~bovo tlin clams, :in11 irhm ttbove have a wid0 rruigo aud :KO fro0 froiii the iittnoks 
of all predatory fish. An estnblislimoiit might bo built upon ~oine  favored lornlity above tho dams 
whore tho process of nrt8ificial proliogatioii roiild be begnil :nid succe~sfully prosecuted. I noticed 
NCVerd streoma where such an institution might be beguii, slid where as favorable rosnlts could be 
effected BR those attending tho experiments of Wilmot at Newcastle, Ontario. There ore iio trap weirs 
or pound nets, a8 I am informed, in  tho mouth of the  rivor to prevont tho d m o n  from entering tho 
~:une with safety. The people i n  this 1oc:ility :ire :dl kindly clisposod to :,id iind assist this projeot 
: w l  :ire quite itnxious that  oxprrimonts should bc coinmcuoatl hero. 

hftor 1o:rving this r i w r  I took np iiext in orger of iuspoction tho O R W ~ ~ O .  This river has its 
sO11rce in the interior lakes of central Now York. It was also nuoo a very noted salmon stroam, aiid 
8:llluon asconiled into l h e  Cayug:i mid Soneaa Inlres; but the caiial, which extends ikon1 Oswego to 
~Yl’nonsr,  follo\ve iio:irly the wbolo ( W ~ P H H  ol’ tliiti river, deboiiohing into it, thiis milking it Iiulit for a 
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;issumption by the IJiiited States of the control of the fisheries of intcriiatioiial waters, 
i is is ;~lrea,iiy the case with riavigation, would permit the conclusion of a tiwity with 
(heat Brit>:tiii by which aloiie conld adequate protection be assured. 

Having arranged the foregoing prdimin~tries, the important work of artificially 
propi~gt~ki~ig x:elmoii coulcl be iuiderfaken with every prospect of success. The Maiirc: 
liatcliiiig stations of the U. 8. Fish Commission could furiiish an abunclance of salmoii 
ovafifor the first few years, after which the supply coulcl be drawn from Lake Oiit;trio, in 
t l i c b  opinion of Uiiited States Fish Commissioner iMcDoiiald. LIc also thinks tliat geii- 

mous plants of yearling fish i i r  the head waters of the rivers formerly frequented by 
tlre salmon will ;bccomplish Illore than the simple deposit of fry in these waters or iit 
the lake. The employmeiit oftlic. yoiuig of the 1:md-locketI variety of salmon would 1fo~ 
u t  important feature of the work of rqjuvenatiiig this fishery, for it is probable that 
the instiiiot to migrate to salt witw would ill this fish be lost a i ~ d  the cons t~nt  pres- 
ence oE salmoii in the lake basiii woulcl he secured. To slim np this subject i i i  tlic 
words of Coinmissioiier McDonald : 

Tho regeneration of the fislierics mu8t be :tccomplished through Mi-c-ultural work, systematically 
:uid persistently pursued. Their maintenance must be assured by tho concurrent regulation of tho 
lake fisherics by the United States and Canada and by tho enforcement on tho part of the State 01' 
Now York of such reguhtioiis and requirements as will perinit the salmon to ascend to their spzbwning- 
KroiiudB. In tho  absrncct of snch regulations a iicl requircmeiits i t  will not bo re:iboii:ibleto expect that tho 
results of fish-cultural work will he perniaiioiit or compensating, however rxtenbivu such work may be. 

A fish-cultural station plannutl to meet a11 the  requjrements inust be very c.xteiiaire and complete in 
a11 its :ippointuieuts. * * + The hatchery must be coinmodioiis, providing for the incii- 
batioii of 1,000,000 salmon ova. It must d s o  provide trough :icc:onirnod:itions for holdiug 1,000,000 
d i i i o i i  fry for aome weeks after they begin feetliiig. A An exteiisivo system of ponds for rewing 
the salirion mimt be constriicted, for none \voiild bo relcaeed iii open waters iiutil they n ero of siifflciunt 
a i m  to have compar;~tive immunity from eupturc by other fish. - ' + The station should be 
. I  placed + Ir * convenient to  transport:ition rnntes, :tiid ahoiild control i t  gravity m:ktc.r 
mpply whioh ahould be without stint or meitsure. 

THE LAKE TROUT OR SALMON TROUT. 

Next to the whitefish, the lake trout (Salvelilz/nn. namaycusk) is probably tlie most 
ed species occu~*ring in Lake Ontario, i i  1)opnlarity arising from its ooxn- 
mce,  food vidue, game qualities, size, m c l  beauty. Eegarding the size 

of the Lake Ontario trout, it may be said that examples weighing 24 ponuds are some- 
tiiiies taken, but the average weight is much less than that. Tho fixli caught in seiiim, 
011 lines, etc., do not average more than 2 poaritls, but in the large-meshed gill nrtx, set 
rspc~3ally for trout, the average is probably 8 pounds. 

Trout are now very scarce on the American shores of Lake Ontario, and the 
decrease in the catch since 1880 has heen one of the most reriprkable changes in  tlie 
fisheries of that body of water. In 1880 over half a million pounds were taken j in 1890, 
;ilthough tlie yield W ~ H  double that in 85, only om-fourtecittli of tlie ontch in 1880 
WRS obtaiii(v1. The figuiw for tlic. t l i  y ( w s  itientioiicd tire as folloms : 

Pounds. 
1880 . . _ _ _  ~ ._____. . - . . -  _.-.- - -_.  _ _  __._ _ ._____  _ _ _ _  _ _ _  569,700 
1885 . . ~ _ _  -. . -. - . . - ~ -. .- - _  ._-.  .. . . . . . - - -. . . . . . . ~ -. . . 20,510 
1800 . . . . . . ~ ~ -. . . . ~ ~. . . . . . . . . -. ~ . . ~. . ~ ~ ~. . ~. . . . . . -. . 41,010 
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In many locnli ties 011 the American sliore, near which the lake trout were formerly 
very abundant and were talceii in large iiuinbers, they are nom rarely seen. Off 
Oswego, for instance, the catch is now insignificant, but at one time thousands of 
trout were caught hi summer in about 300 feet of water on set lines baited n7ith ciscoes. 
There is ;in ;tuthentic record of two fisliermeii in o m  boat, operiitiug about SO0 hooks, 
taking 2,300 pounds of trout in one night. Now only ;I few fish visit the shores to 
spawn; this is usnally hi October. 

Although differiug midely froin oach other in habits, the trout and whitefish of 
Lake Olltii,~io Seem to be somewhat related in abiindance and movenients. The prin- 
cipal spawning-ground for tlie whitefish is also the locality most frequented by trout, 
and the largest quantities of wcli are tnken in the same localities and at  the s:im 

season. The trout, however, have decre;lseci proportionally somewhat inore thou 
whitefish, the percentages being 93 and 86, respectively. As mas shown in the consid- 
eration of the imports of fisli from Canada, the 1)rovincial fishermen of Lake Ontario 
are iiow aiinuitlly shipping into the United States larger qumtities of Inlre trout tlian 
;we caught by our fishermeu. 

Coiioertiiiig the ciiIISc of the (locreaseti ttbuiidance of tisout i l l  Lake Oiitario, uotliiiig 
definite C;UI be asserted. The tiiost) pliiusible explniiatio~i seems to be thiit the largeet 
quantities of fish :LI-O caught ciuritig or before tlie sp;imning seiisoii ;iud 011 spttwning- 
grounds, mid that I I ~  ;Ldeqn:ite steps liitve been t;ilrm to replenish tliis unfortunate 
destrnctioti of eggs ; ~ i t c l  breeding M i .  The U. S. Fish Comtiiissioii has deposited 110 

trout fry iii Lake Outario; aiid of the 35,444,800 youug trout htched by the N w  
Yorli fish comiiiissioii betmeeii 1882 ;iiid 1892 iiot one has beeti plaiited i i i  tliis lalre, as 
I ;in1 informed by Mr. Etl\wrd 1'. Doyle, wcmt:u+y of the New Pork fish coimiiission. 

The tieout is ;i c;irtiivoI'oiIs and p~sc4vorouk fish, :mil in c*onsiclc.ring the question of 
iiicreasiog its abiuid;itiw by resort to :irtific.isl iiioaiis the food supply for yoiing and 
adults becotnos itiiportnnt. Poi%uil:itc~ly it is tlionglit that the alewives which iiow 
inhabit tlie lake i l l  such ooixti tless myi*iatls ai'v a~liiiir;ibly suited for trout food, a view 
which is siuiotioiit~tl 1)s the known habits of the trout, i i1 id  the opinion aut1 experience 
of fisliermeii. Tho effecxt of the abiuitlauc~c~ of suitable food has beeir observed in the 
increased fbttiicw of thcl fish c:ingBt. A tlealer wlio hatidles large quentities of fish 
mites tli:Lt lie 1i;is tiotioed for several years that the tront caught iu Lakc1 Otitsrio mi 
lunch fiitt,er thaii thosc talioil oii the upper lakes, aiid it is now :tlinost impossible to 
find a Lake Ontario trout that has not rolls of fat on its sides. 

In regard to thc? feiisibility of iiicreasing by artificial iiieaiis thv ;ibiiiidancr of lalrc. 
trout, 11111.. Iugersoll-writes: 

1 think tho oouditioub aro now w r y  f'avorablo for restoolriug this lillru with salmon trout. Tho 
alewives are food for tho youug fry on tho shores and slioal~, m i l  as soou as they get largo oiiough to 
enter the deep mater in the wilrm weather there aro thoimiiids of long-jaw8 for them to feed on. 



THE COMMON WHITEFISH. 

The piesent scarcity of the highly esteemed wliitefisli ( C‘ore!/o/onzts cZupeiJ-brmis) in 
the American waters of Lake Ontario is one of the most noteworthy features of the 
fish life of the. lake. The yield of this species is now only one-tenth what i t  was ten 
years ago, iintl in mmiy localities in whioli tlie fisli was formerly caught in considerable 
numbers it is now inarely, if ever, takeu. The full extent8 of the decrease will be seen 
when i t  is stated that 1,064,000 ponnils were obtainc~d in 18S0, while in 1890 tlie total 
yield was only 148,771 pounds. 

The localities now chiefly resorted to by the wliitefisli ;we Uhality Shoal, the Bay 
of Quinte, and around the Duck Islands; tlrese are all iu.tlte eastern end of the lake. 
Charity Sltoal h;bs been for many years a famous breeding-grouud for both whi tefisli 
and trout. The Bay of Quinte slid the Diicli Islands are in Canaila, and a8re the con- 
ters of the most important whitefish fisheries now carried on in the lake. In tlte Bay 
of Quinte the fish run in very close to the shores, and tlie fisliermen set their nets 
mitliiii a fern rods of their dooryards. 

Tlw :ivernge -weight of the whitefish now caught in Lake Oihr io  is about 24 
pounds. The largest 
sl)ociineii recently brought into Oswego from Canada weighed 124 pounds. At  Sodiis 
Point, where there was formerly a large run of whitefish, tlie gill-net fishci~mc~ti i i o w  

talre only i t  few fish at  a lift; these weigh from 5 to 14 pouitcl,.;. 
Observations o i i  the spnwniug time of whitefish on tlie Americani show go to 

show that this usa:illy begins about Novembor 10; i t  is, of course, subject to v;tri:ttioii 
due to storms, temperature, etc. 

The present scarcity of whitefish oil the sonthem shores of tlie lake is not without 
precedent, iilthough the length of tho period of scarcity is probably greater than ever 
before kiiowii. There seems to kave been a well-marlred deceiiuial dimiriutioii of white- 
fish o t i  our shores through a long period of years, with a correspondi~~g increase 011 

tlw iiortherii side of the hke. It is recorded,* for instmce, that in 1870 whitefisli 
QTCIT much iii~r(? plentiful o i i  the.Americaii shores ; ten years before, the ruverse was 
ti-ixe; i i i  1880 the fish were less abundant on the southeni side. In 1890, however, 
 bout which tint(>, followiiig the rule of the three 1)revious clocades, the whitefish 
slioitltl h v r  rc~;~uliud t l t e  ;~cnie of tlteiib itbtltitla1tce oii the shores of New York, they 
fiiild to ii1)l)eikr j ibli i l ,  indeed, since 1880 tlie geiterd tentleiicy has becw toward :L 
tlwliiie on our sliorcis, :ind the dis;parity betwoeit the two sides has beeii yearly more 
1)roiiouiiced; while the experience of fishernion and persoiial observatioii iiic1ic:tte that 
the s1q)ply of whitefish iii C:~nadiaii waters is :mnually iiicreilsiitg, : b n t l  in 1891 , irt  

certain localities, was larger th:m for 20 years. 
It is interesting to note that, in the experience of both anglers and fishermen, 

pike, bass, perch, pike perch, :~ncl similar predaceous species have increased on our 
shores in direct ratio with the decretise of the whitefish. Whether this is anything 
more than a coincidence is riot Itnown. The fish named, it inay be observed, have liatl 
greater protection duriug the past decade than ever before. Fishing for the111 with 
iiets l i : ~  beuii ~)r;~ctically stopped in waters adjacent to the shores. Incideiitally white- 
fish aiid other species that do iiot readily take the hook have also had protection from 

+ Tllc Fisheries and Fihliery Indiifitrie8 of the lliiitutl Status, seutioii 1, 1). 510. 

The iuaxiinum weight in recent years has beeit about, 14 pounds. 

._.. _ _  - __ - _  -_ 
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iii;bii, l i i i f  tlie qnc1stioii I i i ~  arisen whetlier the unrestricted iuvrease of liiscivorous lislies 
IlitS not iiifiuenced the abimdaiicc aiitl movements of the wclillim species. Thus, the 
~irotection of gaine fishes iiiay be the cause of the present scarcity of whitefish 011 our 
shores. Tho writer docs not advaiice this opinion as being entertained by hiin, but iis 

the  view of i b  ceikaiit class of 1)eople interested in the Ii~he fisheries; the theory is to  
he :iccq)ted oi’ discarded iii the light of facts to  be disclosed by additional iiiquiry. 

By soiiie fislierinen it is cliiinied tliilt tlie decreiise in tlie whitefish is inore :~ppai*eiit 
t1i:ui re;il. They argue (1) that if tlie laws lwriiiittetl greater freedom witli nets fish 
would be fomid to ocour on our shores in iriucli larger quniitities than is now supposed; 
;md ( 2 )  that the serions decliiie in the catch of late years is clue to the Pact thibt fewer 
iiieii iiro eiigagetl ibiid iiiore restrictions ibre 1)lii t l  iqion the capture of whitefish thau 
Ibriiierly . 

Tlie exteiit to wliich tlle ible~ife is reapoiisible for the geii(~i11 scarcity of’ the whit(+ 
lish can ouly be suriitised. It hi%S been suggested tliat the g iwt  iiiultiplic+;ition of the 
dowives lias led to a partial exhanstion of tlic! food snppply of the various species of 
lis11 wliose habits a8re iioii-predatory, chief miong whicli is tlie whitefish. This ques- 
tion yeeils c.:ireful i1ivestig:btion before c:oiiclixsions ~liould be drawn, aiitl can only be 
satisfactorily settled by ;i i i  csainiiiation of the coiiteii ts of full series of stomuclis of 
whitefish and alewives. It iiiay be Rtated that the available in formation bearing ou 
tliis subject rather iiiilitates iLg:iinst t,he ideil that the alw-ives consuine tlie sanie kiiids 
of food upon wliicli tlie wliitefisli subsist, the foniier tiilciiig their food wliile freely 
swiniining tilid the latter bc~iiig esseiiti:illy bottoiii-feeders. 

Less atteiitioii h:is b e ~ i  givcii to tlio :iitificiid culture of -whilefish a i d  fewer fry 
1i;Lve bee11 deposited i i i  Liilce 0nt;irio t h i i i i  in m y  otlier of tlie Great Lakcs. The 
reaso1is for this are (1) the New Pork fish comiiiissioii lias not had the facilities fbr 
(loiiig tliis -work oii ;I snfficieiitly Iiirge sc:;ilc, ;i1id the mliitefidi, boiiig aii essentially 
coniii~erci:il species, 1i:is not 1)rolitcd by the otlierwise liberal il,l)prol)riatioiis of the 
legislnture wliicli l1:~17c been chiefly tlii-uc+rtl to\r:il~tl : i i i  i ~ i ( ~ e i i s ~  0 1 ’  ~ ; I I I W  tisli j 2~nd (2) 
the Goveriiincnt Iiiitclieries, have been lociit~etl :it 1)oiiits too dist:iiit to w;irrant the 
iutrocliictioii of large quailtitics of iky. I t  would seem tliiit, tlie time hi18 axrived wliei t 
the economic iiiiport;~iiee fro111 a fisliory staiiclpoiiit of this iiiagiiificent body of mater 
s1iould be i*ecognized, ni id  stepfi t:ilie~i to utilize tlicl fine u:Ltural advantages which it 
Ofters for iiiore:isiiig tlio food siip1ily of’ tlie i-egiou :iiicl acldiiig to the we:tltli of tlie 
inhabiti~iits. 

The esteiit to wliiclt tho fish co1uiiiissio1is 01’ the United StiLtUS, Domiiiioii of 0:bii- 

;bd:i, aiicl State of Now Yorli litwe eiigaged i i i  iii%ificit~lly stoalriug L;~ko Oiitario with 
~v]iitefis]i is shown iii the followiiig smniii:r8ry : 

l%uf t!ll i ly- 
.. ...... I -- 

~ i i i t o c ~  ~ t n t o u . .  ....................... 
l)onihiioi~ of Uiu1ad;i.. ......... :. ..... 
Stiitct ol‘ Ncn’Tiirk.. .................. 

46.20i.00o 1 JW 10 IROI 
34 :iB0 000 , 1877 to 1890 

li: 888: 000 1 1877 i o  1890 

‘ l ’ 0 ~ ; I l . .  ......................... . /  ii(i,446.000 ............... 
I - _ _  ..... . ~- . . .  _ _ _  . -..L_ 
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From the table i t  will be seeii that for fifteen years the average ~iuniber of youiig 
whitefish liberated annually in tlie waters of the lake has been 5,763,000, or about 890 
fry to the square mile of lake surface. It inust be apparelit to  fish-onlturists and 
economists that if artificial stocking is tc) have auy perceptible effect in increasing 
whitefish in Lake Oiitario uiore geiiei’ons plants will liave to be made, and this can 
oidy come xbout by establishiiig hatoliiiig stations 011 or coiiveiiieiitly near the lake. 
Tlie recent action of Congress i l l  p~-o~irliilg for the locwtioii of e liatchery i i i  this region 
is a step of great importame to the fishericw of the lake, ;~11cl sinlilar legislation is 
looked for on the part of tlie State of New Yorlz, whose iiitcrests iii this matter ;ire 
very great. With the establisliment of :L statio11 of design similar to the hatchery of 
tlie iMichigalr commission a t  Detroit or that of the Goveriimeiit at  Put-in-Bay, Ohio, 
each of which 11;~s ;L capacity for Iiatchiiig 150,000,000 to 200,000,000 whitefish eggs 
;Lniiually, it is thought that oiily a few years will have elqised before the abundance 
of whitefish in Lake Ontario will be xatisfactorily ;ind ni;iterially incrwsed. 

THE LESSER WHITEFISHES. 

Lake Oiitario is included within tlie reiige of :L iiiirnbri~ of otlier spe(:ies of Coregomi 
which have been appropriately designated the G G  lesser whitefishes.” It is probable 
that four of tliese occur in the lake. These are the lwke herring or cisco (C.  w t e d i )  ; 
the moon-eye, or Hoy’s wliitefish ( 6”. hoyi) j the iueiioiuiiiee 01 .  round whitefish (C .  
quudriluterctlis), and the moiqrel wliitefish, or tullibeci ( C!. tzcllibec). The cisco is sucli 
a comicon mid well-known fish tlint 110 speci;rl study was iircess:Lry; two of tlie others 
were not ol)served, and, in the limited tiiric: aviiilit1)le for the iiivestigi~tion, it was not 
possible stitisfwtorily to identify a11 tlie fish by tlitl I I I I I I I ~ ~ ~ U S  iiaines :rpplietl by the 
fisliermeii i l l  the various parts of the lake. 

The 
xiawe herring is also hi use, and tlio desigiiation ‘( greeiib;ic:k ’’ was heard hi Wayne 
County, to which it appears to be i+estric.ted. 

The cisco is a very abundant fish in the waters of Lake Ontario, where it rrtiiks 
as one of the most important econoniic. species, although it is less numerous than 
formerly. The principal fisheries at  preseilt ei’e in Jefferson County, gill nets being 
tho  apparatus chiefly used. The fish conie to the shores in the fall and winter to 
spawn, and it is at that time that the most fishing is clone. 

Since the bloater whitefish lias assumed comiuercial importance the abundance 
of ciscoes appears to have been considerably rediiced a t  many fishing centers on the 
American xhore; aid iii some coluniunities in rvlii(:li they formerly constituted tbc 
principal pert of the oatcli tlwy are uow taken i i i  only oiie-tenth tlie quantity that 
bloaters we,  

The ;~,ver;ege weight of the cisco of Lake Onttrio is three-quarters of a pouird. 
Examples weigliiug 3 to 38 poUIi(h 81’0 riot rare. The ltirgcst iiidividuthls taken meigli 
;rbout 45 pounds, but fish of such size are only occ:bsioiially obtained. 

The cisco belongs to that group of whitefishes uhiefly c~liaraoterjaed. by a pro- 
.jectiug lower jaw, $1) feature wliicli produces ii larger mouth, which in turn indicates :i! 
greater range of firod tlmu is poslsefiscd by the ooinmoti mhitefish. I n  :tddition, there- 
fore, t A )  fcediiig 011 minutci org:.:rnisins, s ~ ~ l i  as form thc3 p:tbnl~un of t l ir  wbitefisli, the 
cisco takcs small fish. In the sum~nw of‘ 1891 a11 Oswego fislierman spewed a 3-pound 

The lake Iiei-ring is usnally liiiowi~ as the cisco tlironghout Lake Ontario. 

This, for exaiiiple, is the case a t  Wilson, New Pork. 
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cisco iu whose iiioutli WilS ;i large alewife which liad just been seized. Thc p u u g  
alewives are said to have beeti repeatedly found ill the stomitch oftlie lake herring. 

Hoy’s whitefish, or the liike moon-eye, is one of tlie s~ifi~Jlest Cowgoni occurriiig 
iii the Great Lakes, ;Lnd it is considered t o  be the handsomest member of tlie genus. 
According to Jordan, the average lengtli is only 1 foot and the weight only half 21 

pound, but specimens considerably larger occur in Lake Ontario, some of those seen 
being 18 inches long and weighing ucwly 2 pounds. This species resembles the cisco 
(C .  nrtcdi) aiid differs from tlie regular whitefish in haviug the lower jaw projectiug 
instead of included, iiiid is furtlier clisthguisliecl from the cominoii whitefish by Iiaj+ig 
less eleviltion of the back. The upper pilrt of tlie body is of bliiish color, and the sides 
and under parts have a very brillian t silvery i*efiec+hi. The moon-eye is  essentially 
a deep-mater fish, and iii Ltike Ontiwio it is never observed in shallow water. 

The meiiominee or roundwhitefish differs fkom tlie other species in haviiig a reinark- 
;My srnall and narrow mouth, situated on the under side of tlie snout. Its b t ~ k  is 
not elevated as in tho coiniuon whitefish. It frequents the deeper waters of the IaBe. 

The iiiongrel whitefish or t~dlibee readies a length of 1s inches, aiid is a Stout ;%lid 

deep fish, with a projecting lower jaw. It is a species inhabiting deep meter, and is 
very prolific. 

In the abseuoe of specirneiis, it \vould be fntile to &erupt to assign t,o the various 
less coininon species the names given by tlie fislierinen. The most that can be done 
is to record the vernacular desigii:itioiis, together with such information :IS could be 
obt:iiliecl 1-egarding the fish reprewiiteit, :tiid to defer the sottlement of the questioii 
iiiitil furtlier data shall be secwred. It is Iiop~tl thil t tlie preseiitatioii of the illustra- 
tioils of the iywer \vhitefish iiiay aid iii  brj tigiug :ibout ib  dettrer and wider lrtiowledge 
of the fish life of the lake. 

Under the names bloater ” and ‘‘ rouiitl whitefish ” tho fislieruieu of the eastern 
end of the lake recognize a species (probably Core9o)bzts koyi) which is smaller than the 
comnion whitefish, usually attaining a length of only 16 iuches and meigliing less than 
apound. A few years ago tlie fish w‘:m alniost unknown to the fishermen making their 
headquarters a t  Cape Vincent, the princiljal fishing center on the lake, biit of la,te 
considerable quantities have been tilken, and tlie fish appears to be increasing in num- 
bers with great rapidity. It has soft, oily flesh, and during recent years has c*onimanded 
only hidf tho price of regular whitefish. 

This miq7 be the same fish which furtlier west on the shores of the lake is known 
by various other names. At  Oswego, for ilistihnce, the iiames heard mere “bloater,” 
“bloater whitefish,” “silver wliitefisli,” ‘ 6  Oiit~rio whitefish,” (6  isc cornet^^ or (i ciscoette,” 
mid “long javs7’; it seems very prob;rble, howevelQ, that more species thaai oiie are in- 
cluded in this list. 111 1885” it was rem:irlred of the fish c:il1led (i siscowet ” or ‘‘ silver 
whitefish” at  Oswego, that it \vas quite plentiful, ~veighed fro111 l& t o  2 pouuds, :tiid 
sold almost as readily as the common whitefish. This fish iii 1890 and 1891 was said 
to be less abundant than formerly in the vicinity of Oswego. The fish is fomid i l l  

rnucli deeper water tliaii the coinmoii species, being taken in gill nets a t  a depth of 600 
feet. It is said to  be very prolific. 

To what extent the decrease in the regular whitefish may be influenced by tho 
abundance of these fish hi ditl’ereiit parts of the lake is yet to be determined. 
2_--. . __ 

*. Reviuw of’ tho Pislioriov of tho Cront Lnlcos, p. 316. 
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The sauger (E. canadense) lias always been inore or less uncommoll in Lake Ontario, 
and iiow appears to be less nu~nerous than ever before. The few specimens takeii of 
Fate have been mostly from Chanrrroiit Bay. The sauger occurriiig in tlie lake and tlio 
St. Lawrence River differs considerably from the fish found in the other lakes, and is 
regarded as a distinct variety, chiefly characterized by a rougher head more exteii- 
sively and closely covered with scales, and an increased number of spines on the oper- 
des. At Oswego the name “mad pike” was heard applied to the sauger. 

T H E  STRAWBERRY BASS OR CALICO BASS. 

From the various standpoiiits of angler, commercial fishermau, and fish-culturist, 
the strawberry bass (Pomozis sparoides) is one of the most valuable aud least appreci- 
ated fishes of Lake Ontalrio. In  Lalie Erie, uuder the name grass bass, the fish is $11 

important food species, but in Lake Ontario it is not of economic value a t  the present 
time. It occurs chiefly in the bays, ponds, and bayous with grassy shores connected 
with or adjacent to the lake, and seems to be especially abundant in Irondequoit Bay, 
Monroe County. As loiig ago as 1874, the late Prof. Kirtlaiid accorded high praise to 
the strawberry bass, and his testimony, being in great measure applicable to the pres- 
ent time, deserves careful consideration. He says: 

The grass bass has not hitherto been deemed worthy of consideration by fish-culturists ; yet, from 
a long and intimato acquaintaiioo with its merits, I hesitate not to pronounce i t  the  fish for the million. 
It is a nativo of our wcstern rivers and lakes, mlierc i t  usually resorts to deep and sluggish waters; yet in 
several instances, where it has found its way into cold and rapid streams and even small-sized brooks, 
by moans of the constructing of can:ils or by tho hand of man, i t  has adaptred itself to  the change, and 
in  two or three years stocked to overflowing theso llew locations. As a pan fish, for the table, i t  is 
surpassed by few othcr fresh-water species. For endurance and rapidity of increase i t  is unequaled. 
The grass bass is perfectly adapted to  stoclring ponds. It will thrive without care in very small ponds 
of sufficient depth. It will in  no mise interfere with the cultivation of any nuniber of species, largo or 
small, i n  tho same milters. It will live harmoiiiously with all others, and while its structure and dis- 
position restrain it from attacking any other but very small fry, its formidable armatlire of spinous 
rays in  the dorsal and abdominal fins will guard i t  against attacks of even the voracious pike. (Ameri- 
can Sportsman, February 28, 1874.) 

The strawberry bass of Lake Ontario is R fine fish, weigliiug from a, half pound 
to 2 pounds. As a fish for anglers, it has few superiors in the lake region, being a 
vigorous and prompt biter and a scarcely inferior substitute for the black bass. In 
1890 two anglers iu Irondequoit Bay took 120 of these fish during part of one day, a 
circumstauce which illustrates the abundance of the species and the readiness with 
which i t  takes the hook. Without any apparent eucouragement tlie fish has greatly 
increased in several localities of late years, and tlie facility with which it can be 
propagated and acclimated in ponds and bays along the shores of Lake Ontario 
strongly recommends it for additional attentioil by fish-culturists. 

F. C. B. 1890-14 
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BAIT FISHES. 

With a view to protect the game fish, laws have been enacted in New York re- 
stricting the means of capture to hook aud line in the St. Lawrence ltiver and within 
a certain distance of the shore in Lake Oiitario. The use of small-meshed seines to 
supply bait minnows for angling is permitted, aiid enormous quailtities of minnows are 
thus annually consumed. In  the river and at  the numesous fishing resorts 011 thelake 
more than 100 men md boys give more or less exclusive attention to seining minnows 
during the angling season, and generally secure handsome returns, the ruling prices 
for minnows beiug fsom 4 cent to 2 cents each. 

The yearly drain 011 the minuows is not without its results, especially in the St. 
Lawrence River, where the supply is said to have been much diminished in 1891, and 
minnow fishermeu in the vicinity of Alexandria Bay were often obliged to go in their 
boats a distance of 20 miles to Lake Ontario to find sufficient quantities of small fish, 
although at  one time all the bait cousumed hi the river was caught locally. 

Careful estimates, based on information furiiished by bait-dealers and others., show 
the iiumber of minnows caught for bait i l l  1891 in  Lake Ontario and its tributaries 
arid i l l  the St. Lawrence River to have been iiot less thaii 9,000,000, iiiciudiug those 
which died before being used aiid were thus sacrificed. The mortality is very large. 

Besides the minnows, so called, used for bait, considerable destruction of imma- 
ture fish occurs. Young fish of almost every species are naturally talceii in the seines, 
aiid are classed as “ minnows ” or ( I  bait” by the dealers. Unfortuirately, small whitefish 
are not exempt, and in the vicinity of Pox Isliincl, where whitefish formerly spawned 
in  great numbers and where the young now appear to congregate at  times, considerable 
quailtities are sometimes taken for bait; these are from 14 to 3 inches long. Small 
trout, bass, pike, aiitl herring are also used wheriever they happen to be taken. 

This matter is iiot without its practical bearing on the question of food and food 
supply of the piscivorous fishes :tnd the following list of bait minnows is offered as a 
fragmentary contribution to the subject. The species mentioned were obtained from 
bait fishermen in various localities oil the southern shore of Lake Ontario. The list 
could of course be greatly extended by a special investigation ; ;IS it stands, it siinply 
represents the persoiial observations incidentally made by t8he writer. The local names 
applied to the fish, so far as heard, are giveii in quotation marks. 
1. Catostomus teres (Mitchill). 

length of 18 inches. Wbeu of small size it is fieqwntly employed as a bait. 
mens, about 19 inches iu length, were obtained from minnow fishermeii. 
2. Campostoma anomalum (Rafmesque). Stone-iwllw ; Stow-Zuggw. 

Four specimens of this iilteresting species were presesved, the largest of which 
was 28 inches, the smallest 18 inches. These diff’er much in  color fioni more matiire 
examples. The upper parts are of a dark-brownish color, with faint inottlings; tlie 
under parts are white. A blackish lateral band about width of eye extends the entire 
length of,body and appears as a bar on the snout; above the dark band is a narrower 
light one. 

Common ~uckcr  : igMwllet.’l 
This is a well-known fish in Lake Ontario, and iH ot‘teii used for food. It attairis a 

Six speci- 
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3. Pimephales notatus (Rafinesque). B l i ~ ~ t - ~ t o ~ e d  ? I L ~ ~ I L O I U ;  Slicker.” 
O m  of the most importaut and abundant baits. It is easily distinguished by its 

sucker-like head and the black spot a t  the base of tail. Frequently seen around 
wharves feeding on decayed fish. Takes the hook readily; at Cape Vincent dozens 
were caught on a pinhook baited with it piece of angleworm. The six specimens pre- 
served were about 3 inches long. 
4. Notropis hudsonius (De Witt Clinton). &awn-eater ; Cl~ub.” 

bait for bass and pike. Three specimens were preserved, the largest 34 inches long. 
5. Notropis whipplei (Girwd). Siluer-jin; ‘Shin6T.” 

It is less 
commbn than the preceding species. A single specimen was preserved. This was a 
male, 3& inches long, with the head, nape, and back anterior to dorsal fin thickly beset 
with short, broad-based spines. 
6. Notropis megalops (Rafiiieliquo). 

Reaches a length of 10 inches, and is abundant in Lake Ontario. It is a oonimoii 

The name “shiner ” wad heard applied to this minnow by fishernmi. 

Cowknzon ek iller ; RetZ-jh; Daoe. 
The most abundant meinber of the genus Notropis and one of the minnows most 

commonly used for bait. Eighteen specimens were collected, the largest of which 
was 4+inches long. The specie8 attains a length of about 8 inches. A number of 
the examples obtained were affected with the larvs of a parasitic worm (Trematod), 
manifested in the form of small round black spots thickly scattered over the body 
and fins. Tliese parasites were found also on Catostonuus teres and 8mtotilus atromac- 
ulatus. In Irondequoit Bay minnows kept in captivity were very frequently attacked 
in this way. 
7. Notropis heterodon (Cope). 

as belonging to this species. 
8. Hybopsis kentuckiends (Rafinesque). 

A very common and important bait minnow for bass and pike. It reaches a 
length of 10 inches, but, none of the seven specimens preserved mas over 39 inches long. 
9. Semotllus atromaculatus (Mitchill). Aor)ied dace. 

A common bait fish, usually found iii the clear streams enteriirg the lake. The 
five specimens obtained were only about 2 iiiuhes long, although the fish attains :t 

length of 10 or 12 iiiclies. The fall fish or roach (Semotilus bullaris) was not seen, but 
it is aii abundant illhabitant of the lalre region, where it reaches :I much karger size 
than the preceding. 
10. Clupea pseudoharengus (willion). A h u i f c  ; “Shccd.” 

inches long, was received fioni a h i t  fisliermau at  Grenadier Island August 12,1891. 
11. Umbra pygmea (Dekag). 

A single specimen, 2g inches long, has been ideutified by Dr. Charles H. Gilbert 

SiZuor-$n ; Horny-head; I (  Cliub.” 

This brilliant silvery fish is often used foi. b;iit when immature. Oiie example, 2% 

M u d  ?)biiinozo; “Dog$.~li,” 
Occurs in .sh:%llow places with weedy aiid ninddy bottom. 

iiiclies long, was obtained from a bait .fisherruon iii Irondequoit Bay. 
One specimen, 3b 

12, Etheostoma nigrum (12alii1cqiiu.) JoJ~t~?iy darter. 

minnow seines. One speciineii preserved, 
Not u~icoinmoii in small brooks debouching into Lake Ontario, and often taken in 
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HOW T H E  FISHERIES OF LAKE ONTARIO MAY B E  IMPROVED. 

The State of New York at tlic present time is expendirig considerable money in  
carrying out the provisioiis of' restrictive fishery laws applicable to Lake Ontario. 
The St& has valuable interests dependent on tlie preservation of its fishes, more 
especially the game species; and it is chiefly with a view to protect these interests 
that a fishery code has been enacted particularly favorable to angliug and inimical to 
commercial fishing. As a result, there is much diecouteiit among those citizens who 
live chiefly by fishing, and a more liberal policy is much desired by them. The scarcity 
of fish, however, seems to the legislature a sufficieut cause for restrictive laws, and 
uuder the present conditioiis it is not probable that material changes will be made in 
the statutes. This being the case, it seems that the only hope which inay be enter- 
taiiied by the professional fishermau for obtaining greater heedom in his pursuit 
depends on an increase, either naturally or artificially secured, in tlie abundaiice of 
fish in the lake. 

The entire history of the fisheries of' Lake Ontario tends to prove that even under 
the radically restrictive laws which have been in €owe for a sufficient length of time to 
test their effects, some of the most valuable fishes have not been colnpet'ent to replen- 
ish the lake to such an extent as to warrant the abrogation of: a legal check on their 
capture, and the intervention of man seems to be urgently demanded. The agitation 
by the fishermen of this pliese of the subject seems more rational and more likely to 
accomplish the desired results than direct efforts to obtain a less rigorous fishery code. 
It has always been the policy of the U. S. Fish Commission, whenever the occasion 
arose, to advocate the maximum expense for and attention to the increase of fish by 
recourse to positive methods, in order that there may be necessity for resort to the mini- 
mum amount of prohibitive legislation. 

A study of fish-culture, as practiced in the wakers of Lake Ontario, leads to the 
conclusion that none of the Great Lakes has received less attention. While in other 
lakes the natural decline in the abundance of food-fishes incident to the prosecution 
of important commercial fisheries has been mitigated aud in many instances com- 
pletely reversed by the ratioiial resort to artificial propagation, in Lake Ontario fish- 
culture has been a secondary coiisideration in the attempts to increase the supply of 
fish, and restrictive and prohibitory measures have been the remedies most persist- 
ently advocated and resorted to. This policy has not led t o  any increase in the fishe8 
sought to be protected, but, on the contrary, has, in the case of the two most important 
species, resulted iu the most alarming and phenomenal decrease wliich has probably 
ever occurred in a body of water of similar size arid with like natural advantages. 
The decrease of 915,229 pounds in the catch of whitefish in the waters of Lake Ontario 
tributary to New York, between 1880 and 1890, was met by the planting by the State 
of New York of 6,888,000 whitefish fky in the same lake during the same period. 
Since 1880 the quautity of lake trout take11 in the lake by citizens of New York has 
been reduced 528,690 pounds, during which time the State has not deposited a single 
young trout in the waters of the lake, but has plaiited 35,444,800 fry in inland waters 
having no commercial fisheries. These subjects are referred to a t  greater length in 
the special chapters relatiiig to the individual species, and need be only ii~cidentally 
mentioned in this place. 
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There can be uo doubt whatever that the waters of Lake_ Ontario are capable of 
sustaining fisheries of as great relative magnitude as those of any other of the Great 
Lakes. It is equally true that the creation of an abundance of fish necessary to  main- 
teiii these fisheries is entirely within the province of fish-cultural work. In the words 
of U. S .  Fish Commissiorier McDonald, l L  it is not only possible, it  is entirely practi- 
cable, t o  restore and maiiitaitl these fisheries by adequate resort to mealis and agencies 
entirely within our control.” The mealis and agencies ”consist of’ well-known and 
approved fish-cultural methods which, in other laLes and waters under similar condi- 
tions, have been successful. 

At  comparatively small exyeuse, one or more. hatching stations could be establi.shed 
on the shores of Lake Ontario, the results of whose operations d te r  a fen: ymrs would 
be ail increased supply of food-fish whose value to the State would be n profitable and 
perpetual returii for the original outlay. At  suoli hatcheries whitefish, lake trout, 
pike perch, salmoii, sud sturgeon should be artificially propagated. 

In connection with the fish-cultimrl work the question of temporarily prohibiting 
fishing for whitefish and trout during t l ic?  spawning period, and of limiting the size of 
these and other species marketed, .would come up for consideration j but sufficiently 
large plants of fry would probably, after a short time, obviate the necessity for ally 
restrictive fishery measures. 

NOTES ON THE ACCOMPANYING PLATES. 

Illustrations of all of the principal economic and game fishes occurring in Lake 
Ontario are presented with this report. It is thought that this feature of the article 
will contribute to a clcarer knowledge of the lake fishes on the part of fishermeu and 
others. 
I’litto XXI. Aoipcitser VUbiCt&ildlL8 Le Sueur. 
Mate XXII. dinin calva Liiinn.us. 

The species figured are as follows: 
Lake sturgeon. 

Dogfish; Mudfish. 
This fish has no comuorcid value, and is only interesting because of its anatomical relations, its 

destruction of other fish, mil its extremely teiiacious hold on hfe. It l’QaCheE a length of 24 
feet and a weight of15 pounds. It may bo tdteii with R hook or trolling spoon. The young 
are considered excellent bait for pilre. 

Plate XXIII. An~eiu~’us V I t @ A Y b  (Thompson). Bullhead. 
This is one of the commoIi 01LtfiRhBE of Le,ke Ontmrio, where it reachos a length of 18 inches. 

Although called bullhead, it is to  be ctietiiiyuished froni the inore abaudunt bl~llhead or 
horned pont ( A .  icebulosiu), which has tho upper ~:L;v lo11ger than tlie lower, whilc in the 
species figured the upper jiiw is usually shorter than tho lower. 

Plnto XXIV. C&Ot?tOWtti8 tcl’cs (Mitdiill). Common sucker; Brook suokcr; Mullet. 
In tho statisticrtl tables the fish enumerated as siickers coiisist chicfly of this species. It att,ains 

a length of 2 feet and has considerable coiniiiercial ralue iii sonic places, bot its edible qual- 
ities are inferior. Tho fish ssceuds streams in the breeding seasou aiid 1s there tiilreri in seines 
and with spears. 

Plat o xxv. ~ o x o s t o m a  aiiieurus~ ( R a f i n o ~ q ~ e ) .  Cerp mullat. 
Distinguished from the  redhorse, which @I80 occurs in tho Iske, by the much larger fins mid by 

Iii tho redhorse they itre rod or orange; in this apecies, white. 

This fish has been introduced into Lake Ontario and has also accidentolly found its way there >y 
It appears to  thrive well ili the cold, clew waters of the lake, and 

the coloration of the  lower fiins. 
Plate XXVI. Cypriiitts cnryio Linutue. Loather wrp. 

the breaking of dams. 
some fino examples have heon caught in recent yoare by iiet fisherillon. 
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Plate XXVII.  Scmotilus utroiuacislalus (Mitchill). 
The horned dace is found mostly in the sinsllcr streams and bays tributary to the lake, where it 

reaches the length of a foot. It is often caught by the boys on hooks baited with angle- 
worms. Tho spechs is distinguished by a large, black spot OII the  anterior part of the dorsal 
fin. The inalc fish, in the breeding se:ison, develops peculiar dermal protuberances on tho 
head, whence tho name ‘‘ horned (lwe.” 

Horned dace; Chub. 

Plate XXVIII .  Hiodon tcrgisas Lo Sueur. Moon-eye. 
This is :I haiidsomo fish, with a 1)rilIi:int silvery color on the sides and green above. It has 

Feeds on riii~ii~ows, 
It weighs 1 or 2 poiinds, but  is not generally rsteemcd as :I food- 

recognized game qualities, and trikes the fly or baited hook with avidity. 
iusects, and crustrtceans. 
fibh. 

Plate-xxrx. Clupea pectdoltarei~gun Wilson. 
Plate xxx. Clupea sapidissirnu Wilson. Shad. 
Plate XXXI. Clupca chry8ochloriR (Rafinesque). 

Aluwifr ; Branch herring. 

Skipjack. 
Although not observed by the writer in Lake Ontario, its occ~rreiiee there can hardly bo doubted. 

The fish is abimdant in Lake Erie, to  which i t  gained acccss by I I I A ~ I I S  of canals conimuni- 
cating with streams of the Mississippi Valley. The fish reaches the length of :I foot or more. 
It is of little value DS food. 

Plate XXXII. Doroaoma cepedianism (Le Sueur). Mud shad; Gizzard sliad. 
Like the skipjack, this fish ha8 entcrcd tho Great Lakes through citiials, and has become very 

abundant in  lakes Michigan and Erie. 1‘118 

fish is about a foot in length and is readily distinguished by the elongated ray in the dorsel fin. 
Plate XXXIII. Coregonun clupciformis (Mitchill). 
Plate XXXIV. Coreyonus artedi Le Sueur. 
Plate xxxv. Coregonus koyi (Gill). 

Its flesh is coarse and not of a delicate flavor. 

Common whitefish. 

Hoy’s whitefish; Lake Moon-eye; Long-jaw. 
Cisco; Lake herring. 

The specimen figured was from Seneoa Like, Now Yorlr, and represents i~ much more dender race 
than is found in Lake Ontario. Tho rcHemblancc between this species and the cisco is groat. 
III a special paper 011 this fish, now in course of preparation, i ts  relations, habits, commercial 
importance, etc., will be considered. 

Plate XXXVI. Coi*egonuo padvilateralis Richardson. 
Plate XXXVII.  Corcgonus lullibec Richardson. 
Plate XXXVIII.  Salmo salar Linnmiis. 
Pl&e XXXIX. &kCli?&WS namaycua~ (Walbaum). 
Plate XL. Esox Zucins Linnmus. 
Plate XLI. &ox nobiliov Thompson. 

Bound whitefish; Menorninee whitefish. 
Tullibee; Mongrel whitefish. 

Lnkr trout ; Salmon trout. 
Atlantic salmon. 

Pike; Pickerel. 
Muskelluiigc. 

Tliis magnificent fish is comparatively rare in Lake Ontario, but  is more or less abundant in the 
St. Lawrence River. Examples weighing 65 poiimls hi iw been taken in the lake, but  tho 
maximum in recent years has been much less. This fish may always be distingllished fro111 
the  pike (3. luciun) by having tho lower par t  of the cheek destitnte of scales. 

Plate XLII. pomode npuvoides (LacOpEde). 
Plate XLIII. Ambloplites rupestvis (1ZafineSque). 

Strawberry bass : calico bass. 
Rock bass. 

A h n d a n t  in  Lake Ontario in Sllitablo situations, and is taken for market in  seines, hoop nets, 
readily takes a hook baited with live ininnow. etc. It has pronounced game qidi t ios ,  

The weight attained is pOl1naS. Spawns in summcr like the black bass. 
Plate XLIV. Micropierun salmoidcn (LaCbpbde). JAarge-mouthrd black bass ; Oswego bass. 

This popular species is very abundant in  Lake Ontario :~nd  i ts  tributaries. While found in tho 
clear, rapid water of the St. Lawrence River a11d other similar stre:ims, i t  appears to be mofit, 
: L t  home in quiet or sluggish waters cp17Crgrown with iusheh and other aquatic plants. The 
large-mouthed black bass may be (Iistinguished froin the other species with which i t  is gen- 
erally associated by its larger mouth the extension of the ni:txillary bono beyond the orbit, 
the less numerous and larger scales on the cheeks, tho fewer soft ray8 in the dorsal fin (12 
instead of 13), and many other characters. 
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Plate XLV. Microptcrua dolomieu LacBpbde. Small-mouthed black bass. 
The small-mouthed black bass has bemi generally regarded as more gamy than the other species, 

but Dr. ,J. A. Henshall, who has given this genus more study than anyone else, thinks there 
is little difference i n  t81iis respect between fish of equal size iiiid under similar conditions. 
He regards both as “inch for inch, and pound for pound, tho gamest fish that  swim.” The 
distiugnishing morphological characters of this species can eiisily be noted by comparing tbhe 
platos. 

Plate XLVI. Peroa j l a v e a c ~ ~ s  (Mitchill). 
Plate XLVII. Rtiaostedion. wityeurn (Mitchill). 
Plate XLVIII. 8tiZOstcdion cai~adcnse (C. H. Smith). 
Plato XLIX. Aplodinofus gruncieas (Rafinesquo). 

Yellow perch. 
Wall-eyed pike; Dory ; Pike perch. 

Sheepshead; Fresh-water drum. 
Sauger; Sand pike. 

The slicepshead has some value a8 a market fish in Lake Ontario, although i t  is oiie of tho cheapest 
fish mid. It sometimes reaches a length of 4 feet nnd a weight of 50 pounds. The smaller 
fish are considered most palatablc. 

Plate L. Lofn inaculosa (Le Sueur). Ling; Burbot; Lawyer; Fresh-water cusk. 
Mr. Charles H. Strowger, of Nine-Mile Point, Monroe County, N. Y., communicatee the following 

note on this interesting member of the cod family: “ I  wish to suggest that  the ling (Lola), 
which ha8 generally been counted a worthless nuisance, can be utilized to good advantage 
and inado of comineroial value. Soiue years ago the whim took nie to  t ry  the crperiiiient of 
Halting and drying a fcw ling to  SBC what they would amount to. I split open a dozen, 
rubbed them w-ith sdt, and dried them in the snn. They dried quickly and becdme very 
hard and developed the smell of codfish. mThen cooked they smelled m d  tasted like salt 
codfish, and I have no doubt that  by curing them in the same way that  codfish are treated 
no one but an expert could distinguish thein from salt codfish, except from the shape of the 
tail. As thousauds of those fish w e  thrown :nvt~y every day, i t  h i k e s  nie that  attention 
called to  the questioii of curiug them properly wonld result in considerable addition to  the 
carnings of oiir lake fishermen.” 
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7.-A REPORT UPON THE FISHES OF IOWA, BASED UPON OBSERVATIONS 
AND COLLECI'IONS MADE DURING 1889, 1890, AND 1891. 

BY SETH EUGENE MEEK. 

INTRODUCTION. 

In August, 1884, Dr. David S. Jordan, now of Pa10 Alto, California, accompanied 
by the writer, made a collection of fishes in the southern part of Iowa in the interest 
of the U. 5. Fish Commission and the U. 8. Nationd Museum. This was practically 
the first step taken toward a comprehensive study of the ichthyological features of 
Iowa. The work was not, however, resunled until 1889, when, under the direction of 
the U. S. Fish Commissioner, the writer began an exhaustive examination of all the 
streams and lakes witahin the borders of the State. This investigation was continued 
until July, 1891, and the present paper is based upon the collections and observations 
made during that period of about two and a half years. 

In the conduct of my field work I have been placed under many obligations'to Mr. 
C .  J. Ives, president of the Burlington, Cedar Rapids and Northern Railroad, and to 
Mr. Joseph White, superintendent of the water supply of the same corporation, for 
special facilities in the way of transportation and for other favors, which have enabled 
me to extend my studies beyond the limit of means at my disposal. Valuable assist- 
ance has been received from Prof. R. E. Call, of Des Moines; from Prof. Osborn, of 
Ames, and from Prof. C. 0. Nutting, of Iowa City, who have also obtained for me the 
privilege of examining the collections of fitJhes belonging to the respective institutions 
with which they are connected. I am also greatly indebted to Mr. B. F. Shew, for- 
merly State fish commissioner, and to Dr. David S. Jordan and Prof. Charles H. Gilbert, 
the latter especially for their kind assistance in regard to  the identification of rare 
and difficult species. Prof. Percy B. Burnett, of Lincoln, Nebraska, and my students, 
Mr. W. T. Jackson and Mr. E. P. Boynton, have rendered efficient services in connec- 
tion vith the field expeditioiis, the first mentioned having accompanied rnQ during 
much ofthe summer of 1890. 

Iowa has a comparatively level surface over its entire extent, being nowhere trav- 
ersed by mountaiii ranges and having no pronounced hills except in the northeastern 
part. In this comer of' the State the hills and cliffs sometimes attain an elevation of 
over 300 feet above the general level of the surromiding country, but being products 
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of erosion they never extend far back from the Mississippi Iiiver. The surface rises 
gradually, however, from the southern and eastern borders toward the northern and 
western, the least elevation above the sea being about 450 feet, and the greatest about 
1,500 feet. Iowa is near the center of the best agricultural portion of t'he country, 
and the soil, which is from 1 to 2 feet thick on the uplands, becomes very much deeper 
in the depressions and bottom lands. This soil consists of finely comminuted material, 
generally strewn with scattered bowlders or rock fragments. Most of the State is 
undulating or rolling prairie. None of its surface is heavily timbered, and the greater 
part of the timber land which does occur is confined t o  the borders of the streams. 

The prairio was originally covered with a dense growth of prairie grass and her- 
baceous plants, which tended to produce a stiff sod. During heavy rains this sod 
absorbed the water, preventing its direct flow into the rivers, and it reached the latter 
chiefly by slowly filtering through the soil. The streams were thus relieved from over- 
flow, and were kept from drying up during the su~niners. I have been informed that 
many streams, formerly deep and narrow, and abounding in pickerel, bass, and cat- 
fishes, have since grown wide aud shallow, while the volume of water in them varies 
greatly in the different seasons, and they are now inhabited only by bullheads, suck- 
ers, and a few minnows. The breaking of the native sod for agricultural purposes has 
especially affected the smaller streams in this respect, wliile the coiistruction of ditches 
and the practice of underdraining have had their effects upon the larger ones. More- 
over the constant loosening of the soil, in farming, tends to reduce it to that condition 
in which it is readily transported by the heavy raius to produce muddy currents. To 
t-his cause, no doubt, is due the present absence of trout from many of the streams of 
northeastern Iowa and their marked decrease in other parts of the State. The rain- 
fall in Iowa is not very great and, as it occurs chiefly in the spring, even the larger 
rivers become reduced in volume during the remainder of the year much beyond the 
apparent capacity of their basins. There are, however, in the northern and eastern 
parts of the State many large a>nd beautiful springs, some of which are capable of 
mainta,ining considerable streams of water during the entire year. Spring Branch, 
near Manchester, in which trout are common, and McCloud Run, near Cedar Rapids, 
are fed by springs of this character. A hatchery was built, a few years ago, at the 
fipring giving rise to McCloud Run, and many trout were hatched and planted there. 
This station has recently been abandoned, but a few trout are still to be fonncl in the 
clear, cold water. 

Iowa is situated between two of the largest rivers of the continent, being bounded 
on the east by the Mississippi, and on the west, except a t  tlie northwestern corner, by 
the Missouri. It is drained by many smaller rivers which empty into these main 
arteries, forming two general systems, the waters of which flow nearly a t  right angles 
to each other. Those tributary to the Mississippi trend, in a general way, southeasterly; 
and those tributary to  the Missouri, southwesterly. The northern boundary of' the 
State lies near the watershed betveen the tributaries of the Dlinnesota River and the 
streams which drain Iowa. Most of the rivers of this State, thimfore, ham their origiu 
within its borders, a few, however, rising iu southern Minnesota; and, except a limited 
number whose sources are in the southern part of the State, all terminate within its 
limits. The affluents of tbe Mississippi drain a little more thau two-thirdti of the area 
of the State; among them are its largest and most important rivers. 
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The streams of southwestern Iowa have usually very uuddy bottoms, while those 
elsewhere, having stronger currents, are generally cha8racterixed by sandy, gravelly, 
or rocky bottoms. The former are the least adapted to fish life and are not rich in 
either species or individuals; with the latter the contrary is the rule. 

There are within the limits of the Slate a few lakes of moderate size; these are 
situated on or near some watershed and each is fed by only a few small streams. Ths 
most important are Clear, Storm, Spirit, sod Okobojis Lakes. Clear Lake is very 
shallow; Storm and Spirit Lakes are successively somewhat deeper, while Okobojis 
is by far the deepest of them all. 

All of the more iinportant rivers have one or more, sometimes many, dams across 
them j and few, if any, of these are supplied with fishways. As a rule, the dams are 
not firmly constructed, and every spring many :we washed away, never to be rebuilt. 
During the spring of 1890 much injury was done to the dims in the northeastern part 
of the State, where these structures are more cominou than elsewhere, but in 1891 the 
region about Cherokee suffered most in this respect. At  many places’ where darns 
exist the streams widen out above them, forming shallow lakes. These areas contiah 
much swamp vegetation, and seem to liave become fairly stocked with bass, pickerel, 
and sunfishes. The saine fishes, I a m  told, have increased in abundance in such 
localities since the dams were built. 

All of the streams exainiiiod by the writer, except perhaps it few in the southwestern 
part of the State, were well supplied with the smaller fishes. With respect, however, 
tothe abundance of the larger forms, it was often difficult to reach satisfactory con- 
clusions by the use of t he  ordinary collecting seines. In the bayous along the larger 
streams young black bass, pickerel, and various species of sunfishes were always 
found in large numbers. MI. B. B. Shaw, a t  oiie time fish commissioner of Iowa, did 
very effective work during his occupancy of that office in seining the fishes out of many 
of these bayous, where B great mortality occurs annually, and depositing them i n  
the lakes and rivers. He was the first to suggest and put into practice this efficient 
method of transplanting and preserving the iiative species, but the work was not con- 
tinued subsequently, as it should have been. Much would be gained by again resort- 
ing to this economical system of propagtbtioii, the utility of which has been sufficiently 
demonstrated in Illinois and otlier adjacent States. There is at  present, however, a 
growing interest among certain Iowa sportsmen t o  organize for the purpose of pre- 
venting the illegal taking of game of all ki~ids and of assisting in the protection and 
increase of our native food-fishes. 

As a result of observations, it was found that the temperature of the coldest 
springs in the State was about 480 F.; but in few streanis was the water temperature 
below 600 I?. In nearly all such cases the range was from 700 to 750 F., but it should 
be taken into consideration that these observatioiis were chiefly confined to the 
warmer months. 

- 
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In the followiug report the fishes are discussed in accordance with each river 
basin. The streams and lakes examined were as follows : 

A. Drainage of the Miseissippi River. 
I. Mississippi River at Muscatine and Daven- 

port. 
(1) The main river, at 

Des Moines, Fort Dodge, and Esterville. 
(2) Raccoon River, at Perry, Des Moines, 
and Adel. (3) Beaver Creek. (4) Four- 
mile Creck. ( 5 )  Walnut Creek. (6) Mid- 
dle River. (7) North River, a t  Des Moines. 
(8) Lizard River, at Fort Dodge. 

111. SkunkRivur: (1) The main river. (2) Squaw 
Creek. 

IV. Iowa River, at Garner, Belmond, Amana, 
and Iowa City. 

V. Cedar River : (1) The main river, at Austin 
(Minn.), Wavcrly, Pdo, Ceder Rfipids, 
Mount Vernon, and Wcst Liberty. (2) 
Turtle Rivor. (3) Rose Creek, at Aiistin, 
Minn. (4) West Fork. ( 5 )  IlartgraveR 
Creek, a t  Dumont. (6) Shellrock Creek, 
6 miles southwest of Waverly. (7) Quar- 
ter Scction Run, 5 miles southeast of 
Waverly. (8) Dry Crcek, 4+ iuiles west of 
Palo. (9) Prairie Crcek, at Beverly. (10) 
Indian Creek, near Marion. 

IJ. Des Moines River: 

(3) College Creek, at Ames. 

VI. Clear Lake. 

A. Drainage of Mississippi River-Cont'd. 
VII. Wapsipinicon River: (1) The main river, at 

Tnciependencc, Auamosa, and Wheatland. 
(2) Buffalo River. (3) Minnow Creek, at 
An amosa , 

VIII. Mequoketa River: (1) North Branch, a t  
Worthington. (2) South Fork, a t  Man- 
chester and Hopkinton. (3) Spring Creek, 
at Delhi. 

IX. Turkey River: (1) Tho main river, a t  Elk- 
port and Fort  Atkinson. (2) Volga River, 
a t  Fayette. (3) Bear Creek, 6 miles north- 
east of Edgewood. 

X. Yellow River: (1) The main river, about G 
miles northcast of Postville. (2) Hickory 
Creek, about 4 miles northeast of Postville. 

XI.  Upper Iowa River, at Chestcr and Deoorah. 

R. Drainago of tho Nissouri River. 

1. Missouri River, at Sioux City. 
11. Big Sioux River, a t  Sioux I"alls (S. Dak.) 

and Sioux City. 
111. Silvcr Lake. 
IV.  Soldier River: Emt Fork of Soldier River, 

a t  Charter Oak. 
V. Boyer River, at Arion Station. 

DRAINAGE OF T H E  MISSISSIPPI RIVER. 
1.-THE MISSISSIPPI RIVER. 

Collections were made in this river at  Muscatine aucl Davenport, the former 
locality affording by far the best results. There are many bayous a t  Muscatine, and 
the river there has generally :b sandy bottom and many islands. The best fish markeb 
in Iowa is also located in that city. At Davenport there are fewer bayous, and the 
bottom of the river is more muddy and rocky. One day was spent at  Daveuport, and 
three days, at  diEerent times, a t  Muscatine. Mad Creek is a sma'll stream flowing 
through Muscatine and emptying into the Mississippi. Few specimens were observed 
except near its mouth. The species enumerated in the following list are from the 
river at  Mnscatine unless otherwise expressly stated. 
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FISHES OF THE MISSISSIPPI RIVER. 

1. Petromyzon concolor (Icirtland). 
2. Polyodon spathula (Walbaum). I-'addlc;lish; Spoon-bill; Duck-billed cut. Rnro; takeu more fre- 

3. Scaphirhynchus platyrhynchus (Rafinosque). ~~~~~~~~~nosed SttLYgCO7t. Rero ;  oldo om foiiiid in tho 

4. Acipenser rubicundus Le Suour. L a b  etuiyion. Not couimon; more abundant in  the spring. 
5. Lepisosteus osseus (Linnaus). CointiLon gur-pikc; Long-nosod gar; BilZ-$sh. Common nt bot,h 

6. Lepisosteus platystomus Refinesqiic.. Slrort-7~oscd gar. Coium, u. 
7. Amia calva Linnaus. Dog$sh; I3o?JJ:li*i ; ~ u d $ s h .  
8. Ictalurus furcatus (CUP. and Val.). 
9. Ictalurus punctatus (Rafinesqiie). Channel cat; White cat; Silver cat. Common a t  both Miiscatine 

Rcro ; spooimens weighing 50 pounds tire 

Brook lamprey. Coinmoil ; parasitic on buffalo-fishes. 

quently in  tho autumn and from tlie bayous. 

market. 

Muscatino and Davenport. 

Common; but seldom takou from tho river. 
lGwk-taiZed cat. Rare; not observed by tho writer. 

and Davenport, and inany seen in the iuarlrets :et the former placo. 

oocasionally captured. 
10. Ameiurus nigricalls (LO Sueiir). 

11. Ameiurus melas (Rnfinesqne). 
12. Ameiurus nebulosus (Lc Sueur). Common caqah.  Abundant. 
13. Leptops olivaris (Rafinesquu). Uud cat; Plathead cat. Common. 
14. Noturus gyrinus (Mitobill). Stone cat. Itare. 
15. Ictiobus cyprinella (Cuv. and Val. ). 

16. Ictiobus urus (Agassiz). Big-montlbed bufalo. Common. 
17. Ictiobus bubalus (Refinesque). SnLall-mouthed b ~ f a l o .  Coiniuoii. 
18. Carpiodes velifer (Rafiuesque). Quillback; Carp sucker. Very ikbiindaiit i i , t  Miisuatiuu ; ~ * o i ~ i t ~ i o i ~  

19. Cycleptus elongatus (Lo Sueiir). Illaokhorsc. Not commoii. 
20. Catostomus teres (Mitchill). Common sucker. Abundant. 
21. Minytrema melanops (Rafinosque). 
22. Moxostoma duquesnei (Le Suour). Common rcdhorsc. Cominon. 
23. Hybognathus nuchalis Apissiz. Silvery miunow. Cou~mo~i aloiigslioro imd :st 1);tvoiil)ort; 

24. Pimephales iiotatus (Rafinesqiie). Blunt-nosed ncit~?~ow. Common. 
25. Cliolavigilax (Baird and Girard). Silver-jh. Raie a t  tho mouth of Mad Creok; coiii111011 :It 

26. Notropis deliciosus (Girard). 
27. h'otropis gilberti Jordan and Meek. 
28. Notropis whipplei (Girard). Rare. 
29. Notropis jejunus (Forbes). 
30. Notropie dilectus (Girmd). Coinmou a t  mouth of Mad Crook;  Jlot coiumon at 

Davenport. 
31. Hybopsis storerianus (Kirtland). SpauiiL-eatsr. Common at month of Mad Croelc ; rwo at I>aven- 

port. 
32. Semotilus atromaculatus (Mitrhill). Horned dace. Rare. 
33. Notemigonus chrysoleucus (Mitohill). Roach; Goldcn dkincr; Brcain. Itare ; taken in bayous 

and a t  Davenport. 
S4. Clupea chrysochloris Rafinosqno. Goldeic shad; Skipjaok. Cotiiniou at Musoatine and Davenport. 
35. Dorosoma oepedianum (Le Sueiir). @issard shad; Hiclcoty shad; Mud shad. Common, espeoially 

in the muddy bayous and at Davonport. 
36. Salvelinus fontinalis (Mitchill). Brook lrbut.' On Mtty 14, 1889, a specimen was taken from 

Mad Creek, at Muscetiue, Iowa; it is preswvod in tho Muscatino Acadcniy of Sciences; i t  
was no doubt a straggler from soine of the Rpring brooks farther north. 

M h h i p p i  catfiah. 

Brbllhcad. Abundant a t  Musccttino; common ret Davenport. 

Ihd-mouthed bufalo. Coiu~nou; usually talrcti from tlie 
bayous. 

at Davenport. 

Stri$cd suokcr. Rare; takun from the 11:~yoiis. 

abundant a t  mouth of Mild Creek. 

Davenport. 
Rare; takon at mouth of Mad Creek. 

Common at mouth of Mad Crook. 

Common a t  Davenport. 
E?tLCrnld 9nhwtU. 

37. Lucius vermiculatus (Le 8iiRUr). &Little piokerd.  Couiulorl in  grassy bayous. 



222 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

38. Lucius lucius (Linnaus). 

39. Lucius masquinongy (Mitchill). Muskellnwge. Rare. 
40. Aiiguilla chrysypa Rafinesque. 
41. Labidesthes sicculus Cope. 

port. 
42. Pomoxis sparoides (LseBpBde). Cake bass; Grass bass; Stradierry bass. 

hi grassy bayous. 
43. Pomoxis annularis Rafinesquc. Crappie; &2oh3lor. 

less nnmbers; not common a t  Davenport. 
44. Ambloplites rupestris (Ratinesque). ICoek bass ; Red-eye; Goggle-eye. Very common. 
45. Chaenobryttus gulosus (Cuv. and Val.). War-moikth; Red-eyed bream. Very common, especially 

46. Lepomis cyanellus (Ratinesque). Green sr~n$sh. Very abundant :it, Muscatine ; ~ommon a t  

47. Lepomis humilis (Girard). Bed-spotted sun$sh. Common a t  Davenport. 
48. Lepomis pallidus (Mitchill). Btue sun$sk. Abundant; c o r n o n  at Ihvenport. 
49. L e p o e s  megalotis (Rafinesque). Long-eared sun$slr. Comlnoii. 
50. Lepomis gibbosus (Linnaus). Common sun$s71. Very common. 
51. Micropterus dolomieu LacBpbde. Abundant a t  Muscatine; not coin- 

mon a t  Davenport. 
52. Micropterus salmoides (LacBpbdc). Large-mouthed blaclc bass. 'Abundant; sm:ill specimens 

found in bayouson the Illinois side of' the river a t  Muscathe; not common at Davenport. 
53. Etheostoma pellucidurn clarum (Jordan and Meek). 
54. Etheostoma shumardi (Girard). 
55. Etheostoma phoxocephalum Nelson. Rare. 
56. Perca-tlavescens (Mitchill). Yellow perclr. Very common. 
57. Stizostedion vitreum (Mitohill). 
58. Stizostedion canadense (C. H. Smith). Sauger; Sand pike. 
59. Roccus Chrysops Rafinesque. 
60. Morone interrupta Gill. Yellow bass. Not common. 
6J. Aplodinotus grunniens Rafinesque. 

62. Lots iota maculosa (Le Sueur). 

P i k e ;  Arortkern y i c k e 1 ~ 7 .  Very conimon, especially in tho  large grassy 
bayous. 

Eel. Rare; no specimens werc observed by the writer. 
Brook silzw8ide.  Common a t  mouth of Mad Creek; rare a t  Uaven- 

Abundant, especially 

Common ; found with the preceding, but  in 

in  the bayous; common a t  Davenport. 

Davenport. 

Small-mouthed black baas. 

Sand darter. Rare at Davenport. 
A few specimens taken from the river. 

Fvall eyed pike; Jack 8aImon. Very common. 
Less common than the preceding. 

White bass. Common at both Muscatine and Davenport. 

I%-esrcsh-tuater drunk; White  pcrck. Common at Muscatino 
and Davcnport. 

Burbot; Lalce lawyw. Not coniiuon. 

11.-THE DES MOINES RIVER AND ITS TRIBUTARIES. 

This is the largest river basin within the State, occupying a large part of its cen- 
tra] area. The main river was visited at Estherville, Port Dodge, and Des Moines. 
At  Estherville it is little more than a small creek, with sandy or gravelly bottom and 
much vegetation. At  Fort Dodge the river is large, but its phy8ical characteristics 
are about the same as at Estherville. At  Des Moines the bottom is sandy, with con- 
siderable mud and but few rocks. 

Lizard Creek, near Fort Dodge, is a small stream with very rocky bottom. Its 
current is not swift and i t  becomes nearly dry during the summer. The Raccoon 
Biver is a large western tributary of tihe Des Moines. A t  Perry it has a sandy bot- 
tom with little mud and rocks, while at Des Moines its characteristics are about the 
same, but it is larger. Beaver and Walnut creeks, near Des Moines, are small streams, 
with muddy and sandy bottoms, which become nearly dry during the summer. The 
other streams near Des Moines mentioned in this paper were not visited by the writer, 
The specimens examined from them were collected by Prof. Call, of Des Moines, and 
are mostly in the Des Moines High School. Ia the following list all citations of the 
Raccoon River refer only to that river a t  Des Moines. 
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FISHES OF THE DES MOINES RIVER AND ITS TRIBUTARIES. 

1. Petromyzon concolor (Kirtland). Brook lmprcy.  Des Moiiios, rare. Iufraoral cusps 9 or 10. 
2. Lepisosteus osseus (LiU1i:BUs). ~ollc7l~orc gar-pihe; Lo?tg-ito8ed (lay; I+il&Jiah. Itnccooil River, 

Des Moinos; Adol. 
3. Ictalurus punctatus (Rafiiiesque). C'huihncl cat; Whi t e  cut; Silver cuf. 1)os hloinos (Raccoon 

River), eommon; Middle River; A d d ;  Fort Dodge, abuudant ; Lizard Crook, comnioii; 
Perry, common; Des Moiiios, rare ; North'ltiver, Walnut Creek, Beaver Crook, ram 

Des Moiiios (R:bocoon River), abiuiidaut in  bayous ; 
Fort Dodge, not common ; Waluut Creek, lhthorvillc, Perry, North River, Adol, Walnut and 
Beaver creeks, rare. 

4. Ameiurus melas (Itafinesquo). Bdlhoad. 

5.  Noturus exilis Nelson. Stone oat. l'orry, ram. 
6. Noturus gyrinus (Mitchill). Estliervillo iiiid Racaooii River, Fort Dodge, and Uos 

Moines, rare. 
7. Carpiodes velifer (Rafinesq11o). @illbuck; Cnipsiccl~er. Lizard Creek, w r y  abundant; Doe 

Moines (Raccoon River) :tud Perry :Lbuntlnnt; Dos Moiiios and Fort Dodge, common ; 
Beavor and Walnut cieeks, rare; Adel, Midillo Rivor ani1 North River. 

Stom cat. 

8. Moxostoma anisurum (Lo Sueur). Lizard Cruek aud Fort Dodgo, not commoii. 
9. Moxostoma duquesnei (Le sucur). h - t k o m e .  Liz:ird Creek aiid Perry, abundant; Dos Moines 

(Itaccoon River), Dos Moinos, Estherville, Fort Dodge, common; Beaver Creek, raro; Mid- 
rllo Rivor, Adel. 

10. Placopharyiix carinatus Cope. Porry and Re ooooii Rivor, common ; Adel. 
11. Catostomus teres (Mitchill). ]leu Moines, Raccoon River, Ikrt  Dodge, and 

Eethervillo, common; Waliiut Crook, Beaver Crook, Lizard Creok, and Perry, rare ; Middlo 
River, Adel, North River. 

12. Catostomus iiigricaiis Le Suour. Perry, abundant; Port 
Dodge, common; Beavor Crook, Des Moinos, snd Baccooii River, raro; A M ,  &Iiildlo Rivor. 

13. Caqpostoma anomalum (Rnfiiiesqno). Nfottc-lugger; Sto,to-roZZev. 1tacooo11 Itivor and Lizard 
Creok, not common; Bo:ivor nntl Wdliiut crooks, Do8 Moinus, 1k-t Dodge, :bud Porry, rwe; 
Four-milo Crook, Add, North River, Middle Rivor. 

Rig;jutuod 8uoker. 
Cowniotl suckei*. 

Hog stcokor; Stoiicvoller; Hog mullet. 

14. Chrosomus erythrogaster R ~ ~ u o R ( ~ o .  Red-bellicd ntirciwia. Walnut Crook, rare. 
15.  Hybogiiathus nuchalis Agassiz. 12:lccoon Iiivor and Perry, abundant; Beavor 

Crook, Walnut Crook, 110s Noiiios, and Fort Dodge, comiuoii ; Lizard Creek, Adel. 
16. Hybogiiathus iiuchalis placita (Gircird). Siluory n r i ~ ~ o w .  Adel; Raccoon River, rare. Mouth 

much amallor thaii iii provious forin ; hoad also narrower. 
17. Pimephales promelas ltafinosquo. Fat-head. Beaver Crock, tbbuudaiit ; Raccoon River, Walnut 

Creek, Des Moines, Lizctrd Creek, Fort Dodge, and Perry, raro; Four-milo Creek, North 
River, Add. 

18. Pimephales notatus (Rafinosque). Blu?af-?iosed ininitow. Boaver Crook and Fort Dodge, abun- 
dant ; Doe Moiiios, Esthorvjllo, 2nd Perry, common; Raccoon River :ind Lizard Cmek, rare; 
Walnut Creek, Adel, Middle River, Four-milo Crook, North River. 

Waliiut Crook and Des Moines, conimoii ; Perry, 
not common ; Raccoon Rivor, Uo:wor Crook, :~nd  Esthervillo, ram; Middle River, Adel. 

Esthervillo, common; Beaver Crook :nid Lizard Creek, raro ; Adel. 

Rilvety d o l o w .  

19. Cliola vigilax (Baird and Girwd). 

20. Notropis heterodoii ( C o p ) .  
21. Notropis Cayuga Meek. 
22. Notropis deliciosus (Gir:ml). 

Si lw- j ib .  

Esthervillo, not oo~nuion. 

1t:bocooli ltivor and Boaver Crook, :tbuudant ; Walnut Crcdr and 
Esthervillo, common ; Des Moiiies, Lizard Creek, arid Purrs rare; Fort Dodgo, uot common; 
Middle River, Adel, I"our-milo Creok. 

23. Notropis topeka Gilbort. Boevor Crook, Esthorvillo, awl Lizard Crook, raro. 
24. Notropis gilberti Jord:%ii inid Mook. Raocoon Rivor and I3oavor Creek, :ibundant ; W:dniit 

Crook, I h s  Moinw, Lizard Crook, Fort Dodge, uiid Perry, common; Middle River, Add, 
Your-lnilo Creek, North River. 

25. Notropis lutreiisis (Biliird aiid Girnrd). 
26. Notropis whipplei (Girard). Esthorvillo, Lizard Crock, ; t i d  Fort lJodge, rtbuiidant; ~ ~ L L O C W O I I  

River, Boavor niitl \Valnut crwlrs, I k u  Moiiios, 11nd Parry, t:ommo11; Middle Itivor, Aclol, 
North River, Yt~dor Rivor, 
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. 27. Notropis megalops (Rafinesque). Shiner.  Beaver and Waluut croaks, Lizard Creek, arid Perry, 
abundant; Des Moines, Raccoon River, Estherville, and Fort Dodge, common j Four-mile 
Creek, Adel, North River, Middle River. 

28. Notropis ardens (Cope). Redfin. Fort Dodge, not common; Boaver Creek (scales 55), Des Moines, 
Raccoon River, Perry, Walnut Creek, ram: Adel, Middle River. North River. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

Notropis dilectus (Girard). Emerald minitow. Des Moiuei, Fort Dodge, common j Lizard Creek, 
not common ; Beaver Creek, Estherville, Perry, Walnut Creek, RAccoon River, rare; North 
River, Adel. 

Phenacobius mirabilie (Girard). Dos Moiuos, common j Baccoon River, Walnut and Beaver 
creeks, Perry, rare; Middle River, North River, Four-milo Crcek. 

Rhinichthys atronasus (Mitchill). Lizard Creek, Fort Dodge, WaInut and 
Beaver creoks, rare. 

Hybopsis storerianus (Kirtland). Spaiun-eater. Raccoon Rivcz, conimon ; Des Moines and 
Perry, rare; Middle River, Adel, Walnut Croek. 

Hybopsis kentuckiensis (Rafinosque). Hornyhead. Estherville, abundant; Walnut and Beaver 
creeks, Racooon River, Des Moiuw, aud Fort Dodge, common ; Lizard Creek, uot oonunou; 
Perry, rare; Adel, North River. 

Bemotilus atromaculatus (Mitchill). Horned dace. Racooou River, conunon; Beaver and W81- 
nut  creeks, Des Moinee, Estherville, :itid Pcrry, rare; Ado], Lizard Crook, North Rivcr. 

Notedgonus chrysoleucus (Mitchill). Golderi shiner; Bream; R O U C ~ .  Estherville, common; 
Des Moines (Raccoon River), Pcrry, Beavor Creek, ram. 

Fundulus zebrinus Jordan and Gilbort. 

B h k - n o s e d  dace. 

Port Dodgo, rare. 36. ' 
37. Zygonectes notatus (Rafinesquo). Top-minnoiu. ltaccoon River, rare. 
38. Lucius vermiculatus (Le Sueur). Beaver Creek, Yader Creek. 
39. Lucius lucius (Dinnmus). Pike; Northern p iakwe l .  Fort Dodge, ~OUUIIOIL; Perry, rare ; Raccoon 

40. -1nguilla chrysypa Rafinesque. COWLW~O~L eel. JXaccooii River and Des Moine8, raro, occasion- 

41. Labidesthes sicculue Cope. Brook e i l zws ide .  Adel ; Vort Dodge uud litlocoon Rivcr, rare. 
42. Pomoxis annularia Rafinesque. 

43. Ambloplites rupestris (Rafinesque). 

Little pickerel. 

River, Add, Dcs Moines. 

ally taken with hook and line; Add. 

Crappie; &ZCkCl6l.. Raccoon River, common in bayou; Middle 

Fort Dodge, abundant ; 
Rivcr. 

Book bass; Ecd-eye; Goggle-ego. 

44. 

45. 

46. 
4 7. 

48. 

49. 

50. 

51. 

52. 

Ekiherville, common; Raccoon River, not common; Lizard Creek and Perry, ram;  Adel. 
Beaver Creek, abundant ; Perry, abundant in  

sua11 bibyon; Raccoon River, common in bayou; Des Moines and Fort Dodge, comnion; 
Estherville, ram ; h'orth River, Middle River, Walnut Crcek, Adel. 

Raccoon River, abundant in bayou; Pcrry, 
abundant; Fort Dodge, C O ~ ~ O I ~  ; Midillc River, Des Moines, Bcaver Creek, Walnut Creek, 
North River, Adel. 

Lepomis pallidus (Mitchill). Blue sw@h. Des Moines, uncommon ; Raccoon River, rare; Adel. 
Lepomis megalotis (Rafinesque). Long-eared sun$eh. Esthervillo, common ; Raccoon River, rare; 

Beaver Crook. 
Micropterus dolomieu Lachpbde. Fort Dodge, common ; Des Moines 

:md I~accooxi Rivor, not common ; Lizard Creek, Perry, Bcuvcr Creek, and Esthervillo, rare; 
Adel, Middle River. 

Micropterus ealmoides (LacBpDde). Lave-mouthed black basa. Raccoon Rivcr, COIUIUOI~ in 
bayou; Perry, rare; Beavor Creok, Adel, DOH Moinos. 

Etheostoma pellucidum clarum (Jordan and Meek). Raccoon River, Fort Dodge, 
an& Perry, raro; Adel. 

Etheostoma nigrum (Rafinesquo). Jo7bnny darter. Beavor sild Walnut orebks, R:WCOOII River, 
Des Moines, and Fort Dodge, ~OmnlOli ; Perry, not conimon ; Lizard Creek, rare ; North Rivcr, 
Adel. 

Estherville, common; Fort Dodge, rere; Del) 
Moines. 

Lepomis cyanellus (Rafinesque). Creen aun$slr. 

Lepornis humilis (Girard). Red-apotted scnjish. 

Small-mouthed black bass. 

Sand dartcr. 

Btheostoma caprodes (Rafinesque). Log PWch. 
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111.-THE SKUNK RIVER. 

The Skiinlr River drains a iiarrow bash betweeil the Iowa nncl Des Moiiies rivers. 
At  Aims it is not large, hws A saiidy bottom, sild itows with cousiderable current. 
Uollectioiis were made in the river ib1lC1 ill :L smdl bayou. Squaw Creek is sni;illor 
t l ia i i  Skunk ltiver, aiid in the suiiiuier the watnr is coilfilled to  A few holes. In Octo- 
ber, 1889, these holes contained niaiiy pickerel, h s s ,  snolrers, mid buffalo-fishes. The 
following September I oollectocl agitiu ill the saiiio holes, but fouud very few fishes 
coiiipsLrcd wit11 the previous year. 
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18. Pimephales notatus (Rafinesque). Blunt-noscd minnow. Skunk River, not common ; Squaw Creok, 
abundant . 

19. Pimephales promelas Rafinesque. Fat-kead. Skunk River, common in bayou ; Squaw Creek, 
not common. 

20. Cliola vigilax (Baird and Girard). Silver-fin. Skunk Rivor, common. 
21 Notropis heterodon C o p .  
22. Notropis Cayuga Mcelc. Skunk River, very abundant in  a 8niall bayou; Squaw Creok, comnion. 
23. Notropis deliciosus (Girard). 
24. Notropis gilberti Jordan and Meek. 
25. Notropis whipplei (Girard). 
26. Notropis megalops (Rafinesque). Shiner. 
27. Notropisardens (Cope). 

28. Notropis dilectus (Girard). Emerald minnow. 
29. Hybopsis kentuckiensis (Rafinesquo). Homyhead; &ver chub; Jcrkev. Skunk ltivcr and 

Squaw Creek, common. 
30. Semotilus atromaculatus (Mitchill). College Creek, Amos, common. 
31. Notemigonus chrysoleucus (Mitchill). Skuiili River, commou in the 

bayou; Squaw Creek, common. 
32. phenacobius mirabilis (Girard). 
33. Zygonectes notatus (Rafinosque). 
34. Lucius lucius (Linnlous). Sevoral specinions from tho Skunk ltivor are 

contained in the Arne8 Museuni. 
35. Lucius masquinongy (Mitchill). , MiLskeZZungc. I liavo exaininod tlie hcnd 

of a large specimen which weighed 354 pounds. It was takon froin Slciiuk River, just  below 
the mouth of Squaw Creek. Fishermen rcport that several wero capturcd at tho same place 
a few years ago. 

36. Labidesthes sicculus Cope. Skunlc River and Squaw Creek, ram. 
37. pomoxis sparoides (LacOphdc). Calico bass; Giaae bass; Strawberry base. Skunk River, not 

38. Ambloplites rupestris (Rafinesque). &ock bass; ILCd-cp; (:ogglc-cyc. Ames, rare. Contained 

39. Lepomis cyanellus (Rafinesque). Green s#n$ah. Skunk River, abundaiit ; Squaw Creek, 

40. Lepomis humilis (Girard). Rod-8$mtted sthnfish. Skunk Rivor, not common. 
41. Lepomis pallidus (Mitohill). Blue sunfish. Squaw Croelc, rare. 
42. Micropterus salmoides (Lac+bde). Largc-mofLthed black bass. Skunk River, abundant, mostly 

43. MicropteruS dolomieu LacOpbcle. h ’ m a h ~ ~ ~ t h e d  black baas. Squaw Crock and Skunk River, 

44. Etheostoma nigrum Rafinesquc. Squaw Crcclc, common; Skiink River, Taro. 
45. Etheostoma aspro (Cope and Jordan). Black-sided davle7r Skunk ltivur, rmc. Latoral line, 

70; clieeks and opcrclos s C ~ ~ Y ;  breast naked; head, 4; depth, 6 ;  anal rays, 11-9. S~U:”V 
Creek, scarce. 

46. Etheostoma zonale (Cope). Scalos, 50; clorsal, XI-12; a n d  mys, 11-7; 
cheeks, opercles, and breast Scaly, tho lattcr naked near isthmus. 

47. Etheostoma jessia (Jordan and Brayton). Scalos, 48; chocks scaled; 
breast naked; dorsal rays, XI or XI-14. 

48. Etheostoma coeruleum Storor. 
49. Etheostoma i o w a  Jordan and Mock. 

Skunk River, not common; found with the following spccics. 

Sqnaw Creek and Skunk River, rarc. 

Skunk River and Squaw Crook, common. 
Skunk River nnd Squaw Crock, conimo~i. 

Squaw Creok and Skunk ltivor, comnion. 
SkunkRiver, rare, scales 55; Squaw Creek, Taro, scalev 44 to  50; lateral 

line not complete in some specimens; :mal rays, 10 to 12. 
Skunk River, abundant ; Squaw Crook, mrc. 

Homed dace; Crcck chub. 
Goldcn shincr; Bream. 

Skunk Rivcr, not common ; Squaw Creok, r:we. 
Topminnow. Skunk liiver and Sqiiaw Creok, rmo. 

Pike; Northern pickorcl. 

Skunk Rivor, ram. 

Brook silacrsidc. 

common. 

in the Iowa Agricultural College Museum. 

common. 

young from the  bayou; Squaw Creek, common. 

not common. 
Jol~nny dartev. 

Skunk River, rare. 

Squaw Creek, rarc. 

Skunk River and Squaw Crook, rare. 
Skunk Rivcr, common in  tho bayou. Sidcs with 10 or 

11 reddish spots, interspersed with darkor bands of about tho  samc size. Tho 2d, 3d, 4t11, 
and 5th extend on sidos under pootoral fins. Dorsal with a narrow, dark margin, about llalf 
of tho fin ; bcloiv this with a red band b0hw a darker band; soft dorsal, caudal, and pectorals 
irregiilarly barrcd with yellow and d;Lrker; :~nal  ncarly plain. In so1110 (fenlalo) spusirncus 
tho  rot1 spots on the aides woro absont, othcrwisct all were alikc in color. Scales, 56; dorsal 
rays, VII1-IX, 10 or 11; h., 2-7. 



REPORT UPON THE FISHES O F  IOWA. 227 

1V.-THE IOWA RIVER. 

The Iowa Iiiver rises in the north-central part of the State. The country near its 
source is a slightly undulating prairie, becoming more and niore broken toward its 
mouth. The river was visited at Garner, Belmond, Amana, and Iowa City. At Gar- 
ner the water was confined to a few holcs, rather distant from one another, in which 
grass was 80 abunclaiit that it was quite impossible to seine. We succeeded, however, 
in taking a few bullheads (A. inelas) and the inud minnow ( U. h i ) .  The great scarcity 
of water was due to a prolonged season of dry weather, and mas an unusual occur- 
rence. The stream at  this point was not bordered by tilnber. 

At  Belmond the river is from 20 t o  40 feet wide. A dam at this place backs the 
water for some distance above. We collected below the c h n ,  where the bottom was 
gravelly and saudy. There is much vegetation in the river a short distance below the 
dam and a weak growth of tilnber along its banks. The water was clear, the current 
rather slack, and the river miusually slow. Wlicn the mill was in operation there 
\vas but little mater flowing over the dam. Pickerel seemed quite plentiful in the 
grass, but only a few were caught in our nets. Small fishes mere abundant, especially 
just below tho dam. The temperature on July 29 was 730 F. 

At Amana the river is much larger tlian at Belmond. Aquatic vegetation is 
very scarce and the bottom sandy. There is not much timber along the banks. A 
small creek empties into the river at this point', and when me were there the water in 
the creek was confined to A fey holcs. Froin these holes large pickerel were talien, 
and also many crappies, P. aniaularis and 1'. spuroides. At the mouth of the creek 
the water was from 4 to  7 feet deep, and the bottom muddy. The examination at  
Amana J T ~ S  macle Septeniber 11. The temperature is about the same as in the Cedar 
E v e r  a t  Waverly. 

At Iowa City the river has about tlie same characteristics as at  Amana. It is 
somewhat larger and deeper, and in sonic places is bordered by rather low clifls. There 
is also more timber along its borders. A small creek with a very muddy bottom 
near its mouth flows into the river aear Iowa City. Collections were made in the 
river and in the creek by Prof. C. C. Nutting and the writer in October, 1SS9. I was 
informed by a fisherman that in former years tlie Pa,rrger catfishes, pickerel, buffalo, 
and bass were very common in tlie river, and that fishing for the markets in tile 
spring was then quite lucrative. These larger fishes are still taken, but in much less 
numbers. 

Through the kindness of Prof. Nutting I Iiavc been able to  examine the collection 
of fishes from the Iowa River in the iniiseum of the Iowa State University, :md the 
additional facts gained thereby have been utilized in the preparation of the fOuOWiW 
list. 
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FISHES O P  THE IOWA llIVEl<. 

1. Amniocoetes braiichialis (Linnms). Mud l a q w c y .  A few spuc.iiwus iiro cotitaiuetl i l l  (]IC 
Afuscriiu of the lowa State Uuivcrsity. 

2. Petromyzoii concolor (Kirtland). A few specirueiis in tlic museum of the Io\qr;l 

State University. 
3. Amia calva Liunwus. 
4. Lepisosteus osseus (Linna~us). Comwion p w p i k o ;  Loiig-nosed gar; h'i7Z-ji81~. Iowa City; s;iicl to 

bo quite common in the spring. The speciineus es:~mined are iri the nluseum of the I O M ? ~  
Statc Uniuereity. 

5. Polyodoii spathula (Walbaiim). Paddle-jish; Spoou-bill; l)ucI~-Dilled o f t / .  The apecimeiis examitlet1 
are in  the museuiri of the Towe Statc University. Said to  have beeu frequently taken iiipre- 
vioue years. 

6. Ictalurus punctatus (Ratiiicsque). CImttv(o1 cut; Il'hifc cat; Silver out. Small spccimcns were 
obtained iii cousiderable numbers at Amana nnd Iowa City. Larger specinioiis :trc said to 
be more rime than formerly. 

7. Ameiurus melas [Rafinesquc). NulZ/fcad. Gtiriicr alid Belmond, coriimou. 
8. Noturus gyrinus (Mitchill). Stone out.  13eliuc~id and Amana, r im.  All tho spceimerls h l r ~ n  

were sinall. 
9. Carpiodes velifer (Ratinesque). Iowa City and Ainana, very &bulld;411t 

in bayous a t  the sitlo of the river. In Borne 
the first dorsal rays are prolonged to  near tho caudal fin, wliilc in others these rays so:irc,ely 
reach the middle of the dorBa1 fill. Somu 81'0 d0elJPr the11 Others, :u ld  ill all the profile is 
quite trenahatnt. 

Uelruond, Btiiana, aiiil lowe City, not (:o1umoL1. 
Belmond, abundant 

h h o n d  a n d  Iowa City, corn- 

one specinlei1 was obtained a t  Anl;iila. 

Iowa City and Aman&, rare; 

&ook lutnprey. 

Y o y $ x l ~ ;  Bow-jh; ~tfudj isk.  Iowa City and Amauit, not C O I U ~ O I I .  

Quillback; Cui71 s u c h r .  
The splocimeus exhibit considereblc variations. 

10. Catostomus teres (Mitchill). 
11. Catostomus iiigiicans (Le Sueur). 

just  below thc dam. 
12. Moxostoma duquesnei Le Suein. 

mon; Amnna, ram. 
13. Minytrema melanope (1Zafinesquc). 

This species seems rare iu  Iowit, and I liave take11 it inonly three localities. 
14. Campostoma anomalum (Rafinesque). 

Belniond, common. 
15, Chrosomus erythrogaster Rafinesque. Red-bellied miiiuo~c~. 13clmoiid, abiindant. 
16. Hybognathus nuchalis Agassie. hqilCCVy 'lUini1oW. Aniana, Tare. 
17. Hybognathus nubila (Forbes). 
18. pimephales notatus (Ralinesquo). 

19. Cliola vigilax (Baird sild Girard). Silver-jic. lowa City, rare. 
20. Notropis heterodon (Cope). I k e .  
21. Notropis Cayuga Xlock. 

22. Notropis deliciosus (Girerd). 
23. Notropis topeka Gilbert. 
24. Notropis gnberti Jordan and Meek. 
25. Notropis whipplei (Girard). 
26. Notropis megalops (Rafinesrlue). 13elmond and Iowa City, very common ; scalen befbrv 

27. Notropis ardeiis (Cope). Bedjia. Belmond, rare. Scales, 43; :mal rays, 11; color; dark blue; 

COTtWLVtf xuclior. 
Hog stcckw; Mono-roller; Hog mullet. 

c'Om?tLO?l VCd11or8e; " &%&k" 

Sfripcd 8rtokar. 

Stone-liiggor; Stone-rollev. 
Scales, 44 to  48. 

130lmOnil, abundant. 
nhnt-?~o80d miitnow. AIIIBUB, very cuiumon ; Iowa City allct 

Relmond, rare. 

~elruoiic1, cOmlnon ; 6110 speciuieiis taken at this placc agrec with t h ~ ~ ~ e  
from tho Cedar Basin and clsowhcre i o  the State. 

Iowns City ann Amana, iiot common. 
Amana, rare. 

Iowa City and Belmond, abuudant ; Amaria, rare, 
Amana, very coiumon; Iowa City, uot common. 

%nor. 
the  dorsal fin, small. 

dark spot at the base of first clorsd ray prominent; base of first dorsal rily midway betWCCl1 ' 
the  nostril and have of caudal fin. 
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28. Notropis dilectus (Girertl). I h t w d d  wbimotu. Aminn, vcry raw. 13ase of first dorsal ray mid- 
way betwtvm cpc a n d  bmc of caudal fin; thc di:imeter of the eye oqnnls thnt of the snoiit, 
34 iu head; abont 20 scales before dorsal fin. 

29. Notropis atheriiioides (lhfincsque). XOS!/ 'tt1.inttozo. Iowa City, common. The spccimoiis froin 
Jowa City are much 1:ergm th:m tho preceding; length, 36 inches. Color, light olivnceous, 
with a bright,, silrcry luster; 11cad, 4+ to 44 in  lcngtli of body; depth, 54; diameter of eye 
grcater than tlic leitgth of the snout, 3 j i i  thr  head; snout, 3$in head; nun1 rays, 10; scnlcs 
in the lateral linc, 40; tlorsnl fin behin(! ventrals; base of its first ray midway betmcen nos- 
trils or front of orbit :md base of ~aui ln l  An. These specillions agree vcry well with .Ar. 
utherittoides fkom Ohio nnd Indinua, aud are also vcry similar to the preceding. 

30. Phenacobius mirabilis (Girard). 
31. Hybopsis storeriaiius (Icirtland). ~~pato~t-ecrfr t~.  hinann and Iowa City, connnon. 
32. Hybopsis keiituckiensis (Rnfinesque). Iloiwykeucl. Relmonct ani1 Iowa City, common; scales, 43. 
33. Conesius dissimilis (Girard). Belmond, two Hpcciinens, 22 inchcs in  length. Body clongnte, 

not nnich comprcssc(1; snont pointed; inoiith terminal, oblique; maxillary, renchingnenrly 
to front of piipil; diamctor of cy0 oqnals lcngtli of snont, 31- in  hcad; b:rsc of first dorsal ray 
titidway betweeu base 0fo:tItdal fin and nostril; scales, small before clowal, ebont 60 in the 
lateral liiic ; breast scaly; tooth, 1, 5-5,1, liooltod mi: without grinding surface. Color, dark 
olivacaous, :I tlark 1:ltcrnl b:Lnd hlludcc1 below by the decorveil latt:ral liuc; a lighter and 
narrower band abovo it  froin a l~per  par t  of orliit to the c:indd fin; fins :til diisky. This 
species sconis very rmc in loma. 

Aniann nnd Iowa City, rare. 

It was takcii aiiioiig \~ccds.  
34. Fuiidulus zebrinus Jordeu and Gilbert. 
35. Zygonectes notatus (Rafincsque). Top-tttittt~o~u. Iowa City, rare. 
36. Umbra limi (Kirtland). ~r&d- t ) t i? t t to tO;  Ih!j$sh. ( k n e r .  A few speriniens wern taken from one 

37. Lucius lucius (Liiinx~ns). 
38. Aiiguilla chrysypa (Rafinesqim). One specimen in the Iowa State ITniversity 

Mnseum mas obtaincd from the Iowa Itivcr. The spccies is very rare in  Iow:~. 
39. Pomoxis sparoides (L:tcipFdc). Calico bass; G w n x  bnxa; Strntubcrv!/ bnxs. Amanri, (:ontition ; 

lowa City, rim. 
40. Pomoxis aiinularis Rafinerrlnts. An1;zn;t ; inorc coinrnou t h m  the precodiug 

sprcies. 
41. Chaiiobryttus gulosus ( C h v .  and V:bl. ). 
42. Leponiis cyaiiellus Rafincsquct. 
43. Lepomis pallidus Mitchill. R l r t c  w t i ~ i d r .  
44. Lepomis niegalotis (Ralinusquc). Lo'ti!/-enred stm$~lt. Rohnond, common. 
45. Lepoinis liolbrooki (Cnv. :~nc1 Val.). Opnrpilar11ap with :I rod spot, bntj 

witliont :i red margin. 
46. Micropterus salinoides (l~ac6pede). I,av!je-nwutbtd / h d i  bass. Iowa City, not vommon ; inost 

of tho specimens were taken from tho creek near its mouth. 
47. Etheostoma nigrum R:ifinesclnc.. I%clmonct, rabnndant ; Iowa. Cit8y, ('o1uni0'1 in 

the creek; Amana, r:iro. 
48. Etheostoina flabellare l3:ifinesqiw. l3rlmoncl rind Tonv ('ity, rare ; stripes on hot11 sides very 

pro~nincnt. 
49. Etheostoma aspro (Cope :tnd .Jordan). 
50. Etheostoma iowae Jordan :rud Mock. 
51. Perca flavesceiis Mitchill. Yeellow pevch. Aclmonil, conInIoI1. 
52. Stizostedioii vitreum (Mitchill). Jliccll-eyed pike; Jack aa lmo ,~ .  

Rclmond, rare. 

of the isolate(1 holes in the Iowa River. 
Pikr;  S o v f h m f  pickere l .  I3elmond and Amana, common. 

Co~t/?I~on ml.  

C m p p i e ;  Bnrhslor. 

War-moIcth; R e d - e g d  hrettn.  Aninna, iwo .  

hinitixi :m(1 Iowa City, common. 
/:vcett 8tmfish .  ~~elnioiid, common; Iow:~. Cit8y, not co~tnnt)n. 

:\maim, not rommon. 

Jolrnwy dur*tc.r. 

Black-sidcd tlartvr.  I3alitiontl :end Iowa Citmy, I'arR. 
Not common. 

Iowe State IJnivrrsity Mnecurn. 
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V.-THE CEDAR RIVER AND ITS TRIBUTARIES. 

The Cedar River basin properly forms a part of'the Iowa River basin, but owing to 
the fact that above the junction of the two rivers the Cedar River is much the larger 
stream, it seems best to treat the latter separatcly. 

The Cedar is the second largest river in the State and one of the most picturesque. 
Together with its northern tributaries it rises in southern Minnesota. I ts  general 
course is southeast as far as Moscow, about 15 miles from the Mississippi River, whcro 
it turns almost at right angles and, flowing southwest only about 30 miles, empties 
into the Iowa River. The current of the Cedar River is swifter than that of either 
the Des Moines or the Iowa. Its bottom for the most part is sandy, especially above 
Moscow, but there are occasional stretches of mud and some rocky patches. 

The Cedar basin is an undulating prairie, with considerable timber along both the 
main river and its tributaries. There are also many bayous and small ponds which 
are connected with the river a t  times of high water. In the larger bayous, where 
there is much swamp vegetation, pickerel and various species of sunfishes abouiid. 
The largest bayou is near Cedar Rapids. On the maps it is usually designated as Cedar 
Lake, but locally it is known as the (6 Slough?' It is about three-fourths of a mile wide 
and 2 miles long, and is fast filling up at  present. It is convected with the river at 
all times of the year, contains an abundance of vegetation, and abounds with sunfislie~ 
and bullheads. Some black bass and pickerel and many mudfish are also taken froin 
its waeers. Tho Slough is decidedly the fishing-ground for the sinall boys of Cedar 
Rapids, and I have often seen them on their homeward trip with strings of bullheads 
and sunfishes about :IS long as the average boy himself. 

At Austin, Minnesotg the river is little more than a large creek. The bottom is 
mostly sandy, but there are occasional stretches of deep water with muddy bottom. 
Aquatic vegetation is scarce and confined to sinall patches in shallow water. At  tho 
time of our visit the volume of water had been much reduced by dry weather. Jts 
temperature on July 25,1890, was 710 F. Turtle River is a tributary of the Cedar and 
empties into it near Austiu; its current is duggish and its bottom mostly muddy; it 
is fed by large marshes and Slidlow lakes. Rose Creek, another small tributary near 
Austin, is fed by springs, has a very rocky bottoiii and a swift current; pickerel 
seemed especially abundant in it ; its temperature on July 25, 1890, was GDO P, 

The Cedar River a t  Waverly is very much larger than at Austin; its banks are 
bordered with a rather heavy growth of timber; its bottom is very sandy, and its 
water clear; its temperature on July 31 was 740 3'. 

The Shellrock River i s  not much smaller than the Cedar above its jnnction with the 
latter, which it much reseinblcx except that its b:uiks are less licaviIy timbered. Its 
temperature on July 31 was 74O P. Fishes were about as :Lbundant as in the Cedar 
River. Near Waverly there are some large 8prings. We seined in one of the spring 
branches on the west side of the$kdar ltiver, where the water was less clear than ill 
other similar branches. Fishes were scarce; its temperature was 680 F. 

The west branch of the Cedar River is formed by two srnall creeks near Dumont. 
The average width of these creeks is less than 30 feet; their bottoms a're sandy, with 
some mud; timber is scarce along their borders. One of them is termed the main 
fork, the other is Galled Hartgreves Creek. Ne:v Dumont is a small lake connected 
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by a small channel with Hartgraves Creek. The bottom of this lake is very muddy 
and is covered with vegetation. 

At Palo the bottom of the river is sandy, in some places rocky. There are many 
bayous in this region, and the river is bordered with less timber than at Waverly. 
Dry creek is a small tributary of the Cedar River near Palo, having a very muddy 
bottom. We collected 011 the farm of Mr. Joseph Owens, who informed me that the 
creek used to be deep and narrow and contained fine pickerel arid catfishes. At 
present it is wider and shallower. 

At Cedar Rapids the river is about 700 feet wide. A dam at this place holds the 
water back over a distance of about 5 miles, thereby increasing the width of tlie river. 
This enlarged part contaius many islands and much aquatic vegetation. Below tlie 
dam, for about one-third of a mile, the curreut is very swift and the bottom very rocky, 
but fimther down it becomes sandy. There is considerable timber in this region. 

Prairie Creek is a western tributary of the Cedar, a small stre:arn bordered in the 
lower part with tiuiber. Its bottom is usually muddy, with occasional stretches of 
sand. Mr. Aquilla Miller, who has resided on its banks many years, informed me that 
the larger fishes were formerly quite abundant in it, but a t  present only small ones 
can be found. 

Indian Creek is an eastern tributary, smaller than Prairie Creek, Fit11 a sandy or 
rocky bottom, and is bordered by timber. A much greater number of fishew was 
fouud in Indian Creek than in Prairie. 

Cliffs, called the Pali- 
sades, about GO feet high, O C C U ~  011 the western side. A f’ew small streams flow into 
the river near this place. At West Liberty the cqrrent was more moderate tliati at 
the other places visited, but the general characteristics of tlie river were the same. 
Most of the colleotion WAS obtained from bayous near the river, but a few specimens 
were taken from a small creek between West Liberty and the river. 

Sunfishes and pickerel were vcry abundant in it. 

At Mount Vernon the bottom of the Cedar River is sandy. 

FISHES OF THE CEDAR RIVER AND ITS TRIBUTARIES. 

1. Ammocaetes braiichialis (Linnmus). Mud Zmtpvg, This small laiuproy nsoends clear brooks in 
tho spriug for tho purpose of spawning, aud a t  that time of tho yoor large nuinbers c m  be 
captured. T h y  were spawning a t  Cedar Rapids April 20, 1889, and about April lo, 1891, 
tho E G ~ R O U  lasting about two woelcci. I have socurod many speciiueus from small brooks near 
Cedar Rapids, but  have soon nono from otber locditios and  an^ not ~lrniirc of thoir being talcon 
atother times i,ha11 in thespring. It Would 
bo an easy inattor to destroy large quantities of these lampreys in tho spring, if it were 
thoughterpodient, in view of tho iujury whicll tlley are supposocl to inflict upon S O ~ O  of the 
food-fishes. I 
linvo coniparodtho lainproys from Cedar Rapids with specinlous from Ithucm, Now York, end 
regard the spocios from both localities as identical. 

2. Petromyzon concolor (Kirtland). Bvoolc lanpmg. I have never observed this spodies in the spring. 
It is represented i n  60 Coe College Museum by a single specimen, collootod in  tho Cedar 
River soveral years ego by Prof. F. Shrr. 

3. Polyodon epathula (Walbanm). Puddlo;fcsl~; Spon-bill; nuolc-billcd cat. Cedar ltapids, ram The 
sliouts of a few individuals, collccted i n  the Cedar River during tho past toll years, :lro in 
tho Coo College Museum. 

4. Scaphirhynchus platyrhynchus (1X:ifinosquo). ~hovd-noscd  sturgcofa. An occasional spocilllfbll ie 
taken frou tho Cedar Rivor with hook end liue. 

Specimens soldoin excoed G& inclios in longth. 

They undoubtedly do some destruction, but how niuch it is difficult to  say. 



5. Leplsosteus osaeus (Liiitixaiis). C o m ~ i o i z  (/cri,-pihr; Loi tg-~oacd gar; N l l ~ f i a l i .  Cellar Rapids, coin- 
inon. I‘hv 
species also oroiirs in the river. 

6. Amia calva Linn:cus. Bogjish; fkm-ji?i; I)ht</is/r. Very xlnmdant in tliv Slough and  orcasionnll,~ 
taken froin the Cedar River. 

7. Ictalurus pmictatus (Rafiiiesquc). (’hriwte? cuf; Jlilvite cat;  Sil tw cut. Cedar 12apids. coiiinio~i ; 
Pilo, Cedar River, 8evor:il siriall specimens tnkrii in the beiiic.. During tho ninnlhH (it‘ 
.June and .July iiiaiiy specimens of this specitrs arc talion froin l h c  Ccclar Rivrr with hoolc 
tind lino. The best, bait 8ecms to  be fibrin from blootl. Tho favorite fishing-placcs :ire j u s t  
below tho dam or below Rinclair’s parking-house, the latter appirontly bring tho best. ‘l’he 
water below the p:Lcking-hoiise is far lesfi clcar aud purc than below tliu clam. 

8. Anieiurus natalis (Le Sucur). )rc7~oio erct. Iiidinii Creek, 8c:irce. An;il rays, 25:  ljiiso of’ :iri:il, 

3Jc in tho lcngtli of the body and longer than the length of the Iieacl. 
9. Anieiurus nebulosus (Le Sucur). Comiiioii btrllkeckd; lfot*iied p c f .  Dry Creek, I’alo, cuinn~oii j 

Uumont, not common; anal rays, 20 to  23; Indian Crcek and Aiistin, Turtle River, rare. 
LO. Ameiurus melas (Rafinesquc). Bullhead. Ced:ir 1Zapids, abundant in the Sloiigh ; lndian Crook, 

Ihiniont, and Dry Creek, 1‘0111111011 ; W‘avarlg (8hellroclc and Clcar rivers), Prairie Creek, 
and Mount Vernon, not common. 

heveral large sljeciiiie~is of this specirs 
were reportrd taken from the Cedar ltiver wiLh hoolc ani1 liiic in  July. 1890, thc largest 
weighiug about 20 pouuils. I eaw ouly :I few of these, but  all that, I examineil were of this 
species. It is not iinlikcly that  some of the larger specimens recoldat2 m t y  h:wc bclongcd 
to A. nigi*icatis. According to  the anglers, cat~fixliiiig w a x  better in Ju ly ,  1890, tlirin i t  had 
been at ~ ~ i i y  time during tho pnrit ten yeam. 

A few specimens from thiH locality iirc coiitaiiieil in the Coo Collcge Musriim. 

11. Leptops olivaris (Rafinesque). N i t d  cat; Flaf-kcctd wf. 

12. Noturus flavus (Bnfinesqne). S b ~ c  cui.  Cedar Rapids, rarv. 
13. Noturus gyrinus (&fitchill). 8loire cat. West Liberty, mre; aii:il, 15 i’itys; ciiuc~:tl fill uontiniious 

with adipose; clorsal spine not serrated; head, 3 t  in length of body; top of liead flnthifih. 
Waverly (Cedar River), r u e ;  anal, 15; head, 33  ; depth, 4 ; pwti~r:iI spine entiro, 2+ in hcratl. 
Dumont, Dry Creck, and Indinn Creek, rare. 

L~tdllbilc1c; Caip si~cliei*. Cedar ltapids, very abundant in still 
bays along the  sides of the river. Ilifferont 
individuols show considereble variation, but I hove not been able to detect any constant 
characters by which t o  separate them. Prairie G‘rcek, itbiinclant j Dainont, Austin, Indiaii 
Creek, and West Liberty, commoii ; WVnverly (Sliellroclr nud Cedm riverh), not eomiiion. 

Dry Creek :it Palo, 1’r:iirie C’rc(ilt, and Cetl ;~  
liapids, abiindant; Waverly (Shellrock River), Duiiiont, Austiii, 1ncti;iii (’reek, and IVest 
Liberty, ~ ~ i i i i i i ~ n ;  Cedar River a t  I’alo, i:irc. 

1)ry (‘reek, a t  Pnlo, 
itblindant; Diimont, coninio~~ ; Aiistin, and Cedar River :it \V:ivcrly. not coiii~non ; C‘rdar 
Iiapids, I’rairio Creek, Indian Creek, aad Mount J’eriiou, rare. 

West, liberty, two speeiiirens w + ~ I %  

tiiken froin :I bay011 near tho river. Scales, 38; dorsal r a p ,  12; :~n:il, 7 ;  depth, 36 ; Iioa(1, 4 ; 
Ioagcst specimen, 74 inches. This species weius rare i i i  Iowa, ;md I liave taken no speci- 
mens from other localities thau the above. 

Austiii, ?:ire ; dors:11, 16 rays ; hdtly 
deeper than in  iW. c7ttqi~eanci;  tlcpth, 34; dorsal region arched   no re thau in N. drtg,wstrei; 
color, niorc silvery, :mil lowcr lip tthiniior :ind with sharper :ingle. \\’averlp, Shollrucli, 
r r o ;  depth, 38; doreal rays, 15. 

~ : O ~ w J l O ~ t  r w ( h o i w ;  “ ~ 1 1 7 l a f . ”  \\’est Liberty, common ; lover 
fins rod; doreal rays, 14. Cedar Rapids, l’rairic Creek, and Palo (Dry Creek), common. 
Waverly (Shellrock Iliver), coininon; clorkml rays, 12 to  13; depth, 4)  i n  tlic length of the 
hody. Dumont, common; scales, 44; dorfd  rays, 13; upper lip witli >& dark margin; cwlor 
darker and lexb silvery t1i:in in sli(winiens taken elsowhere. Austin, not coiiinioii ; (1orh:il 
rays, 12 to 14; color less ~ i l v ~ i y  tlfau usiial; depth scltrc.oly moro th:in Iengtli of’Iic.:td. 

14. Carpiodes velifer (Rafinesque). 
Most of the specimens takeii :we siixall. 

15. Catostomus teres (Mitchill). C‘ot~~mow auckw. 

16. Catostomus nigricans (Le Suenr). flog m c L w ;  rStoite-ioZlev; Hog atullet. 

17. Erimyzon sucetta (Lac6pbde). C h b  8ldrc.r; Sioret 8uolcer. 

18. Moxostoma anisuruni (Kafinwyuc~). ~C‘hifc-itoxctl st t iker.  

19. Moxostoma duquesnei (Le Siwnr). 

194. Minytrema melaiiops Itaiiiicnrlno. Sft*iped X I I (  . (‘ethr River, RC:LWC. 
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35. Notropis jejunus (Forbes). Cedar Rapids, rare. Head, 4 in length of the  body; depth, 43 to 46; 
boily robust; snout bluntish; mouth a little oblique; dorsal (origin of first ray) nearer tip 
of snout than base of caudal fin; 14 or 15 scales before the dorsal; scales in the lateral lino, 
36 or 37; diameter of the  O p  eqiial t o  tilie length of the  snout; 34 in the length of tho head; 
anal rays, ti or 7, usually 7; latcral line slightly decurved. As regards form and color this 
species very much resembles Z. nidiulia: Agassie. 

Redjh. Indian Creek, conimon; scales, 43 to  49; anal rays, 11 or 12; 
depth, 3% to  4%; tho larger spcciincns are the deeper; occasionally one is found whose 
depth is 5. Prairie Crook, 
Wavorly (Shellrock River), and Palo, mre. This species is 
rather rare i n  Iowa. It is very variable and seems t o  v:my greatly with age. Tho smaller 
specimens are light-colored and slonder, tho larger very dark. The number of soalcs in tho 
lateral line vary much. Tho dark at tho base of the dorsal fin is always prescnt, bu t  in 
some specimens it is more distinct then in others. 

37. Notropis dilectus (Girard). &'~i~cvald nzi?moze. Wtverly (Cedar Eiver) j hcad, 4Q; dcptli, 54; 

36. Notropis ardens (Cope). 

Dumont, not common; scales, 45 to  48; mal  rays, 10 or 11. 
Austin, rare; scales, 42 t o  49. 

38. 

39. 
40. 
41. 

42. 
43. 

44. 

45. 

spccimcns rather darker than usual. Austin (Minnesota) and Wavcrly (Shellrock River), 
common; Indian Creek and West Liberty, rare; Dumont, commoii. Dianietcx of eye equals 
the  length of the snout, 3% in tho head. Cedar Rapids, common; head, 43; depth, 42; sc:ales 
in the lateral line, 38; dorsal midway between tho pupil and bmc of oaudsl fin; anal rays, 
10 or 11. 

Waverly ( Shellrook River), rare ; some specimens arc very 
slender. Indian Creek, common; the' longest specimens are 33 inches in length; anal 
rays, 9 to 11, usually 10; base of first dorsal r:iy inidway between base of caudal fin and eye; 
18 to 20 scales before dorsal fin; eye 33, equal to  tho ailout; mouth large; maxillary reach- 
ing past the front of tho orbit; snout pointed; lower jaw slightly tho longor; scalesin 
laterel lino, 40to 43. Codar Rapids, common. These specimens agreo with the above. Tho 
body is usiially dccper than in 3. dizectua; sides with a broad plumboous band, This species 
is closely related to  the preceding. 

Notropis atherinoides Refinesquo. 

Phenacobius mirabilis (Girard). Indian Creek, West Liberty, Palo, aiid Cedar Rapids, rare. 
Rhinichthys atronasus (Mitchill). Blaclc-noxcd dace. P A l o  and Mount Vernon, rare. 
Hybopsis dissirnilki (Kirtland). Cedar Rapids and Waverly (Shcllrock River), rare. Wavcrly 

Near the shore in shallow wator many ~pecimeiis more taken, but (Cedar River), common. 
none were obtained from other points in  tho stream. 

Hybopsis storerianus (Kirtland). 
Hybopsis kentuckiensis (Rsiinesquo). Hoi*nylicad; River chub ; Jcrlccr. Wavorly (Sliellrock 

ltiver) and Palo, common. Indian Creek, West Liberty, Waverly (Cedar Itiver), Diimollt, 
and Cedar Rapids, rare. 

Semotilus atrornaculatus (Mitehill). Indian Creek, West Liberty, 
Palo, Dnmorit, Mount Vernon, and Cedar Rapids, raro. 

Leuciscus elongatus '? (Kirtland). Palo (Dry Creek). Only one specimen, measuring 44 iiiclios in 
length was talcon. Tceth, 5-5, slightly hooked at the tip, iiogriudiugsurface; edges bcvelcd, 
making a cutting edge. 130dy olongcite, slender; dors:Ll iin midway botwcen tip of snout and 
base of o:~udal fin; mouth tcrniind, oblique, rather large, but sruallor thaii in L. OlOlZgU(fl8 

from Yellow River. Scales 011 :mtcrior portion of tho body sinallor than rest of sca1cs. 
About 35 scales in :L series befor0 dors:d fiii j lateral line decnrvcd ; scalos h i  tho lateral line, 
54; dorsal fin abovc vontrals; dorsal rays, 8; anal rays, 8; inarillary reaching to tho front of' 
tho orbit. Diameter of eye nc:hrly CC@ to h ~ g t l i  of siiout, 4 in the head; head, 35 in length 
of body; depth, 43. Color, plain olivaceous, lightux bolow; fins with a tiuge of yellowisIi. 

Prairie Crook, rare. 

Borned dace ; Creclc chub. 

46. Notemigonus chrysoleucus (Mitchill). G o W n  88incv; Bvcum; Roach. Ilidiall Creek, riirc; 
West Liberty, Waverly (Shellrock anal rays, 13; dors:d, 8; scales i l l  

River), h l o ,  Dumoiit, axid Co~1:~r Rapids, Faro. 
h h r a l  lific, 41. 

47. Hiodoii tergisus Le Sneur. 
48. Dorosoma cepedianum (Lo Sucur). ci~.eUv(z aliad; IIicko?y x l d ;  Mi~d dud. Palo (Cedar Eivcr), 

Jfoon-cy0 ; yool1wd h~'Wilkg .  Cedar Itapids, rare. 

one spocimon taken froin a bayou; Cedar ltapids, rare. 
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49. Salvelinus fontinalis (Mitchill). Brook trout. A few specimens are occasionally caught in  
McCloud Rim, near Cedar Rapids, which is fed by a large spring. In forinor years a great 
many fishes were hatched artificially at this place, and tho  trout liow taken were probably 
introduced at that  time. 

50. Fundulus zebrinua Jordau and Gilbert. 
51. Zygonectes iiotatus (ltafinesquo). Top-?)~it~note. Indian Crook, rare; aual rays, 11 t o  13; scales, 

34. Cedar Rapids, rare. This species is always fouucl spiwiuyly, somotimcs in  clear water, 
but usually amoug weeds. 

52. Zygoiiectes dispar Agessiz. West Liberty, c o i u ~ ~ o n  in bayou. Bun1 rays, 11; dorsal, 7 or 8; 
scales, 33; head, 38; depth, 4, with 10 bars; dark blotch on side of-hcad includes eye in all 
specimens. 

53. Umbra limi (Kirtland). Mud ~ ) ~ ~ ) w J w ;  Dogjisl~. Dumunt, rare. This species is found in isolated 
poncls near tho streams. 

54. Lucius vermiculatus (LO Sueur). West Liberty, commoll i u  bayou; palo, rare, 
taken in a small bayou ; Cedar Rapids, cominon iu the Slough. 

55. Lucius lucius (Linnaus). Pike; Norl7te.1~ pickerel. Waverly (Cedar and Shellrock rivers), com- 
nloii; foulid along tho banks of tho stream among tho woo~ls alld grass; 1)uuont, abundant, 
talreu from the lake; Cedar Rapids, common in  tho river and Sloligh. 

Co7)~nwrt eel. -This slmcies is occasionally taken by auglers 
uear Cedar Rapids, and dliriug last summer oue auglor is said to  have ca1,tured over 40 
specimens a t  that  place. Rev. Mr. Pnrinoiit iuforms me that  quite a uumbor have boon 
obtained from tho Cedar River uear Waterloo duriiig the past spriug (1891). Many speci- 
mens have also been planted in the Cednr River by Mr. Shilw, of Cednr Rapids. 

Waverly, rare, taken from a small spring 
brook tributary to  the Cedar River; Mount Vernon, a few specimens from a small poiid. 

West Liberty, Cedar Rapids, out1 Cedar ltiver a t  
Wavorly, common ; Shellrock River at Waverly, Mount Vernon, and Iudiau Creek, rare. 

Calico bass ; Grass baes; StrazoberVy bass. west  Liberty,Waverly 
(Shellrock River), Cedar Rapids, and Dumont, coinmon ; Polo (bayou), uot COIIUUOI~; Iniliau 
Creek, rare. 

60 Pomoxis annularis Rafinesque. Cmppie; Baelicloi*. Codnr R:ipitls, not coinmon j Waverly (Slioll- 
rock River), rare. This species is much less abundaut tlion tlie precodiug iu tho Cedar basill, 
but  in the Des Moiues River at Des Moinos tho opposite is true. 

61. Chaenobryttus gulosus (Cuv. and Val.). War-nbolbtlh; Ilcd-eyed brea?ti. West Liberty and C&nr 
Rapids, common ; talron from grassy bayoiis. 

62. Ambloplites rupestris (Rafinesqiio). Boalc bass; lied-eye; Gogg7e-eye. Cedar Itapids am1 Diimont, 
commou j Waverly (Cedor River) and Sliellrock ltivor, rare. 

63. Lepomis cyanellus (Rofinesque). Greoc’sr~it$slr. Prairie Creek, abundant ; West Liberty, Palo, 
Dumont, and Cedar ltapicls, comrnou ; lnilim Crook tind Wovorly (Cedar and Shellrock 
rivers), rare. 

Dumont, rare. 

Little pickowl. 

56. Anguilla chrysypa (Rafinesqlm). 

57. Eucalia inconstans (Kirtlaud). 

58. Labidesthes sicculus Cope. 

59. Pomoxis sparoides (Lacepbde). 

Brook sticlclebacli. 

Brook silwl.8kk 

64. Lepomis macrochirus 1 h f i U O R q l i C .  Wavorly (Cedar River) rind Dumont, rare. 
65. Lepomis humilis (Girard). Rad-spoltcd Stlnjkk. Cedar Rapids, rare. 
66. Lepomis pallidus (Mitchill). R h c  81bl7$sh. Indian Creek, West Liberty, Wtivorly (Cedar River), 

Palo, and Cedar Rapids, coiuiuoii ; Waverly (Shollroclc Itivor), rare. 
67. Lepomis megalotis (Italiuosque). Long-cared suti$slL. Iluiiiont, rare. l L  Ear-flap” wit11 palo 

margin; chceks with bluo stripes; yollow spots oii the soft dorsal; scales in lateral line, 35. 
68. Lepomis holbrooki (Cuv. and Val.). b d y  deep, 

iiiiicl~ as iu L qtbegalotis, but iiioro compressed; nioiitli sin:b11; maxillary miching to tho front 
of tho eye; opercular flap sm:ill, its posterior 1u:irgiii red; tooth blunt, almost paveil ; brawl- 
ish aud bluish stripes ou the cliouks; dors:i1, 10-11; RC:S~OS, 40 to  43; head, 3; depth, 2 to .%; 
Hides with brownishor oreiigo q o t s ;  nnpiirod fius qot tod;  eye, 3% to 34 in head. This species 
was quite common iii the liirgo bayou mar t,he river. 

69. Lepomis gibbosus (Liunruiis). CotmrwtL s t ~ i $ d t ;  PuiqtkiiL-seed. Indian Creek, not con1111on ; 
la terd liiie, 40. W8vorly (Sliellroclt River), rare. Cedar Eapids, rare in the river, common 
in the Slough. 

Coilor Rapids, r i~ro ;  West Liberty, cominou. 
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70. Micropterus dolomieu L:tcEpPao. 8mUl l - i t~o tc f l t e t l  black bnsn. Ccd:ir ltapidh, Dnniont, Indiaii 
Crock, and Wavorlg (Shellrook River), ~ o n ~ m o n  ; L’alo, r u e .  This species nmally lives in 
c-lear, ronuing wttrr .  The imxt species is more :ibiiri(kirit in sloughs or in  wntor with 
diiggish current. 

72. Micropterus salmoides (L:tc6pc*dC). P:h,  Cedar Rapids, \\‘avorly, 
(Shcllroclc and Cedar rivers), and West Liberty (slough), co~nmon ; Indian Creek, rarc. 

72. Etheostoma pellncidum clarum (Jordau aiid Meek). Cedar River, r:tre. Tho spmimeiis agree 
vary ~ o l l  with the itcscription of individuals taken a t  0ttiimw:t by .Jordan and Meek in  188-1. 

73. Etheostoma nigrum ItafineWuC. J O I L I I ~ L ~  dartw. Indian Creek, West Liberty, Waverly (Shell- 
rock :ind Ced:ir rivers), Pilo, Uumont, l’rairio Creek, itud Cedar lt:tpids, abundant. Thin 
is by far the  most abundant ilnrter in Iowa. 

74. Etheostoma caprodes (~:lfi11esqlie). Idog perch. \V:tvcrly (Hhcllroclr) and Cedar Rapid&, rim. 
Dorsal, 14 or 15; 1:btcrnl line with 85 8cales. 

75. Etheostoma aspro (Cope and Jordan). BZ~C-R~CZNZ dai*lev.  Iridian Crecli, not conmion ; seine 

specimens have a very 1:irgc heail :ml slender body. IVcst Liberty, \\’iwerly (Sliellroclr : i t i t 1  

Cedar rivers), and I>umont, mre. 
76. Etheostoma phoxocephalum Nelwn. 
77. Etheostoma evides Jordm aiid Copeland. 
78. Etheostoma zonale (Cope). 

La?’ge-wtofcthcd blacl” buau. 

Prairie Crcelr and Ccdm Rapids, cominon. 
Palo and Cedar liapids, r m ~ .  

Cedar Rapids, r:~rc. 
Iudian Creek, co~nmou. Breast, chocks, opereles, arid n:qo scaly j 

dorsal, XI-11 ; 8c:tlosJ 43. Ccdrtr Ii:tpids,\V\Vnverly (Ceiktr : L U ~  Shellrock riverh), and lhmront, 
rare. 

79. Etheostoma flabellare Rafmesquo. Indian Creok, Palo, ant1 Ceckir IZ:ipitls, irot comrrioii. The 
lateral stripes :ire very distinct on :~11 Iowa specimens. 

80. Etheostoma caeruleum Storer. Indian Creek, corninon. Cedar Hapide, not (’numion. S G & h ,  
45; dorsal, IX-X, 12. A few spcri- 
inens of apec i~~b i l e  form. 

Scales, 49 ; 
caheeks scaly; dorsal, X-12; scales in tho lateral line, 49. 

Indian Creek, corninon. Color of male, light gellomiblr 
or olivaccoiis, very light below, dnrlc above j upper two-thirds of body specked; sidod with 
twelve drirk yertical bars. The first bar i.i above at14 behind the operelo, tho last one (\.ory 
f:tint) at base of caudal iiu. 13et,wceri those dark b:ws :we goldcn bars, whirh cstund rather 
irrcgularly ou sides of belly. Cheeks mottled with dark, a dark band extending clownmnrd 
:uid forward froiu the eye, irnd also upward and backward from the eyc. Spinous dors:ll 
dark a t  base atid margin; tho rest of tlie fin is red; soft dorsal with about five rows of 
brownish spots; caudal and pcctoral fins also l):~rred, golden ;it base of‘ tlio latter; veutrals 
:tud anal white. Color of females similar to ~n:iles, but tho d:trlr-b:m :trc loss wnspicuoiis, 
tho ru:wkiiig& morc reticulated ; no golclcn bars ; all fins oxccpt voittrals barred with brown 
spots. Dorsal fin, cheelcs, and opercles sc:bly; breast naked; scales in the 1atcr:il line, 55 to 
58; head, 4; D., 5 )  to 54. Shellrock ltiver, \\Taverly, and Ihimont, rar(3. This species is 
(*ominon iu Iowvit, brit so far : b . ~  known its distribution is limited to  tho State wliose name it 
bears. 

W:iverly (Cedar and Shellrock rircrs), iiot roiiimoii. 

81. Etheostoma jessize Jordan and I3rayton. 

82. Etheostoma iowae .Jordan and Meek. 

Indian Creclr and Ced:w liapids, rare. 

83. Etheostoma microperca Jordall :bud Gilbert. Leust dartcr. \Vest liberty, rare. I)., VII-9. 
84. Stizostedion vitreum (Nitchill). This species is known iir Iow:L 

~ t y  tho wame of pikc. 
85. Stizostedion canadense (C. H. Smith). Ijoth this and tho preceding hpecies 

:m occasiou:dly taken in  the Cedar River, but I have wily obscrwd the foriner. They :ire 

IC~SS abundant nom t h i n  formcrly. 
Dumoiit, comnio~i in the lake ; Cetliir Ilapitls, r:m. 

‘Phis Hpocies soenis to bo quite comuro1r 
I 1liLve liever caught any with the scino, but have Awn 

IFctll-er/cdpike ; Juc7c salnioir. 

Sauger; Sand pike. 

86. perca flavesceiis (Mitrhill). 
87. Aplodinotus grunniens 1tafiiicsquc. 

Y ~ O U J  perch. 
A.eah-wutrr drunc.. 

near (:c?rl:Lr Itapidh iii the spring. 
ttliLny epeciinens that were taken with hook and liue below the daiii nt Cedar Rapids. 
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VI.-CLEAR LAKE. 

Cleur Lake is situ:ited iicar the souruo oi’ the Ceder allcl lolye rivers, it’s out1t.t 
bcing a tributary of tlie Shellroc~li Giver. lts greatest IcngtIi is %bout5& ~uiies andits 
greatest width :%bout 2 miles. Its longest (liemeter is east :~nd west. The lake is 
quite shallow, not exceeding 20 feet iii  depth, while the grcyiter part of i t  is less tliai! 
10 OF 12 feet deep. At tlic 
tiuic of our visit the water mns about 4 lbet lower tllall ns~~ai ,  : L U ~  110 water w&s flow- 
ing in or out. The inlets are very smell streams sild the 1v;lter in the lake WLS below 
the level of their sources. The chief paine fislles are both species of th(. black bass, 
the wall-eyctl pike, i~eruli, aiitl the piolierd. we coll(?Cte(l :Lt (1iKercnt poiiitx near the 
slioro. 

Portions of the Iilke contain cousitlerable vegetation. 
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VI1.-THE WAPSIPINICON RIVER, 

The Wapsipinicon is the next river of importance north arid east of the Cedar 
River and has the same general trend. It also closely resembles the Cedar Itiver iii 
physical characteristics, but is only one-half to two-thirds as large. At Independence 
the current is about as strong as in the Cedar River a t  Cedar 12apids. The bottom is 
rocky just below the dam, but farther down becomes sandy. Our collections were 
made on sandy bottom. At  Anamosa the river is larger and deeper, the current inore 
moderate, and the bottom is sandy aud muddy. At the time of our visit the water 
was too high to  permit of seining in the main river, and our collections at this point 
were obtained in a tributary called Bufalo River. The latter is 8 moderately large 
creek,about 30 to 50 feet wide,with sandy and muddy bottom, the depth seldow 
exceeding 4 feet. The smaller fishes (minnows) were very abundant. Minnow Creek 
is a sinall brook, flowing into Buffalo Creek; it has a rocky aiid sandy bottom, with 
much grass; only a few fishes were found in it and they mere combined with those 
obtaiiied from Buffalo River. Not far from BuEalo ltiver there is a small bayou which is 
connected with it at times of high water; in this bayou young sunfishes (L. pallidus) 
were very abundant. At  Wheatland the bottom of the river is very sandy, and in a 
few places near where it was visited it was shallow enough to permit of fording. Sev- 
eral bayous near the river were also examined. 

FISHES OF T H E  WAPSIPINICON RIVER. 

1. Lepisosteus osseua (Linnmus). Wheatland, com- 

2. Ictaluius punctatus (Refinesquo). Channel cat; IVhitc oat; Silvev oat. Wheatland, coiniiion in 

3. Ameiurus nebulosus (Le Sucur). Common calfcalf. lndcpendence, connnoii in bayous. Anal 

4. Ameiurus melas (Rafinesquo). Whoatlend, very abiindant in bayous ; Indepcndoucc, 

5. Ictiobus cyprinella (Cuv. and Val.). Red-mouthed bufalo. Wheatlnnd, common iu bayolls. 
6. Carpiodes velifer (Rafi11esq~). Quillback; Cavp suckw. Wheatland, abundant in bayous and 

common in the river. Independence, coininon; dorsal rays, 23 t o  27. A R ~ I U O E ~ ,  couliilon; 
scdes, 36; the spociinene taken were all small. 

7. Catostomus teres (Mitchill). Wheatland, a few specimens from bayous and 
creek. Anamom, abundant. Scales, 63 to 65. 

8. Catostomus nigricans Le 8uCUr. Independence, cornillon; 
Anamosa, not corninon. Scales, 54. 

9. Moxostoma duquesnei (Le Suuur). ConLmoiL vcdlrorae; Mullet. Wheatland, Independence, and 
Anamosa, not common. At Inhpendence, dorsal rays, 14; scales, 40 to 43. At Anamosa, 
scales, 54. 

Common gar-pike; Lonq-?koscd gar;  IJill-$ah. 
mon in bayous. 

the river. 

rays, 22. 

abundant iu bayons; Annmosa, corninon. 

A few specimons were also taken in t ho  river. 

All the specimens ,were small. 

Bullhead. 

Conkmon sucker. 

R O g  8llCkcr; Stone-roller; R o g  mfdkf.  

10. Hybognathus nuchalis Agassix. Silvev minnow. Whcntln11d, abundant; Independence, rare. 
11. Hybognathus nubila (Forbes). ~ a n l o s ~ ,  common. Scales, 36 to 38; eye, 3 iii head; abotit 13 

scales before dorsal fin. 
12. Pimephales promelas Refinesquo. IGzt-hGad. Wheetlaud, rare ; Indcpendonco, rare, taken only 

in the slough. 
13. Pimephales notatus (Refinasquo). Bhnt-nosed minnow. Anamosa, abundant ; Whoatland, not 

common ; Independonce, rare. 
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14. Cliola vigilax (Baird and Girard). SiZucr-$n. Whoatland, rare. 
15. Notropis Cayuga Mcok. 
16. Notropis deliciosus (Girard). Aiia- 

mom, abundant. 
17. Notropis gilberti Jordan and Meek. Whoatland, coii~mon ; Indepcnclonco, roro; Ananiosn, 

abundant. 
18. Notropis whipplei (Girard). Wll~atlaiitl, coiiiiiion ; Indepcudoucc, abuiidant ; sca1c8, 37 to 40; 

depth, 38 t o  4j: in  lengtli. Ananiosa,. abunikont ; scdcs, 38 to  40. 
19. Notropis megalops (Rafiliesque). 8hinci. .  Anamosa, abundant; scnlos, 40 to 45; scdos boforc 

dorsal, small. 
20. Notropis ardens (Cope). Iicd$ft. Wheathncl and Anamosa, ilot coiuinon. 
21. Notropis dilectus ( G i r d ) .  Wheatlaud, abund;mt; Indopcndence :tiid Aua- 

22. Hybopsis dissimllis (Rirtland). Independonco, rnro ; ec:tlcs, 43 to 45; body with irregiilar dark 

23. Hybopsis storerianus (Kirtland). 
24. Hybopsis keiituckiensis (lbfinosquo). I€ornylLecd AnaulOs:l, common; scales, 45. 
25. Notenligoiius chrysoleucus (Mjtchill). Goldcu shiiier; Bvcatlt; h!o(rcL. VI%oatland, common in 

bayous; anal rays, 12 to 13. Iudopenrlcnco, abundaiit i n  a small bayou; analrays, 12 to  14; 
scales, 47 to  51; largest Specimans, 3& iuchos in length. Anamosa, comniou; anal rays, 11 to 
14; scales, 50. 

GizzarcZ shad; aic1coi.g shad; Mftd shad. Wheatlalid (bayo~s) ,  
rare. 

Wheatland, rare. 
Indepondenco, common; 15 to 17 scalus boforo dorsal fin. 

IhwaZd ?ni?iiiotc. 
mosa, rare. 

markings. 
Wlieetland, coiumon; found only in tho river current. 

26. Dorosoma cepedianum.(Le Sueur). 

27. Zygonectes notatus (Rsfinesque). Top-vtiftiiotii. Wheatland (bayous), I are. 
28. Lucius lucius (Linnaus). Pikc; Arorthcru pickerel. Indopendeuce, common. 
29. Labidesthes eicculus C o p .  Brook si l iwsidc.  Wheatland, not common. ' 

30. Pomoxis sparoides (Lac6pbde). 

31. Pomoxis annularis (Raflnosquo). Crappie; Baolrelov. Wheatland, common in bayous. 
32. Ambloplltee rupestris (Rafinosque). Rook bass; Red-cyc; Gogglc-e!lc. \Vheatlend, ram 
33. Lepomis cyaiiellus (Rafinesquo). Grccn suu$sh. Wheatland, abundant in  bayous. Indopond. 

Anamosa, abundant in a 

34. Lepomis pallidus (Mitchill). Wheatland, commou in bayous; Indepondenco and 
Anamosa, abundant. 

35. Lepomis gibbosus (Linnmus). Conamon sr~iiJs1~; Puinplcin-seed, \Vheatlmd, common in bayous. 
Ear flap with ared blotch; checks with w a ~ y  bluo lines; scales, 38 to  40; dorsal roy8, X-10. 

36. Micropterus dolomieu Lacbpbde. Small-n&outhcd b7ac7c bass. Whoatland, common; Indopend- 
enco and Anamom, rare. 

37. Micropterus salmoides (Lac6pBde). I;arge-i)toulhed black bas& Whoatland, loss common than the 
abovo ; Independence, not common ; Anamosa, roro. 

38. Etheostomapellucidum claruni Jordan and Mock. Wheatlancl,rare; Independence, onaspecimen. 
39. Etheostoma nigrum Raflnosqno. TVhoatlnnd and Indopondonco, not coumon. 

40. Etheostoma aspro (Cope and Jordan). Black-sided dni*tcr. Anomosa, rare. 
41. Etheostoma cceruleum Storor. 
42. ntheostoma flabellare Rclfinusque. 

Calico bass; &ass bass; Stratoberry bass. WheatlaIicl, not com- 
mon; Indopondonce, common; Anamosa, rare. 

enco, common; anal rays and dorsal fins morginod with yellow. 

Blue sriir$slt. 
bayou. 

Tho young wero very abundant in  a slough a t  last-inontioiicd place. 

Joltitit!/ dnrfcr. 
Anamosa, abundant; dorsal, VI1 or IX-12 to  14, usually IX-13; scalos, 48 to 50. 

Auamoso, comiuoii in Minnow Creek. 
Anamosa, common ; stripes conspicuolm. 
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VII1.-THE MAQUOKETA RIVER. 
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18. Rhinichthys atronasus (Mitcliill). Black-iioscd iloce. Wortliiiigton, rare; Dulhi, l*oiuniuu iii 
Spring Branch; no distinct, dusky bands on sidob; sciiles, GO to 63. 

19. Hybopsis keiituckiensis (Rafinesque). Hornylread; R ivw  ck 167); Jerliw. Wortliiiigton, rare ; Marl- 
chestor, common. 

20. Semotilus atromaculatus (Mitehill). Horned dace; Crerk clbtib. Hopkinton and Wortliiugton, 
rare; Delhi, common; Manchester, more abundant in Spring Brauch than iu the river; 
scales, 63. 

21. Notemigonus chrysoleucus (Mitchill). Hopkintoii, romiuoii : 
taken in a large bayou. Mtrnohester, rare. 

22. Eucalia inconstans (Kirth1d). i h o k  sfickleback. Iiopkiiiton, ram j Wortliiugton, comuon; 
dorm1 spincs usually 5, occasionally 4 or G .  Dulhi coluiuoii; clors:d spines 4 or 6, usually 6. 
Manrhester, rare; lakell in small bayon iiear Spring Branch. 

23. Lepomis cyanellus (Rhfinesque). &ccn au?IJiah. Hol)kintoii, :~l)undiiiiti ; Wortliiiigtou, corninon; 
Delhi, rare; Manchester, commoii in  sinal1 bayoii iicar Spring Dranch. 

24. Lepoinis pallidus (Mitohill). Blue snnjish. Worthingtou, iarrl. 
25. Lepomis megalotis (Rafinosque). Long-cured eccnjislr. Hophiton, rurc. 
26. Micropterus dolomieu LacBpbde. Sniall-nbouilted black baas. Maiichester, rare ; mitl to be abun- 

27. Etheostoma iiigrum Rafinesqlie. Hopkinton, raro ; Wortliiiiytoii, not commoii j 

28. Etheostoma aspro (Cope and Jordan). 
29. Etheostoma zonale (Cope). 
30. Etheostoma flabellare Rafinesqiie. Worthington, not ('0111111011 ; I$clhi, winiuoii ; stripes on 

31. Etheoetoma microperca (Jordan and Gilbort) . Least dartcr. IMhi, coniiiiou ; Manchester, rare. 

&olden shiner; Brran~ ; R ~ u c ~ .  

dant in tho lake above tho clam. 

Delhi, abundant; Manchestor, commoii. 
. J o h r t y  darter. 

Rluck-sided darter. 
Manchestor, rare ; scales, 50. 

Hopkintoii :iud Munchester, ram. 

sides conspicuous. 

1X.-THE TURKEY RIVER. 

The Turkey River a t  Elkport floms through a' uiuch broken country. I ts  current is 
strong and its bottom saudy or rocky, with very little mud. In this region the river 
is bordered in inany places by cliffs. 

It also flows 
tllrough a very broken region. I n  several large springs near the creek the tempera- 
ture was 500 F. Some trout mere planted in the creek a few years ago, but they have 
not been seen since. 

At  Fort Atkinson the Turkey River has a saudy bottom and flows through :I muctli 
less heavily timbered and uneven country than a t  Elkport. 

The Volga River is a large tributary of the Turkey, whicli at  Fayette has a sandy 
bottom with a few rockR aid little mud. 

Its temperature was '740 F. 
Bear Creek is a spring brook, which has a temperature of 650 F. 

Its temperalture was 700 F. 
F. C. B. 1890-1G 
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FISHES OF THE TURKEY RIVER. 

1. Ameiurus melas (Rafinesque). Bullhead. Fort Atkinson, rare. 
2. Ictiobus 61). Elkport, common; scalcs, 43; dorsal rays, 26; color, silvery. 
3. Catostomus teres (Mitohill). 

4. Catostomus nigricans Le Siieur. Hog sucker; Stone-roller; Hog mullet. 

5. Moxostoma duquesnei (Le Snour). 

Common sucker. Elkport, rare ; Bear Creek and Fort Atkinson, 
common. 

Elkport, not common ; 
Bear Creek, Fort Atkinson, and Fayette, common. 

Common redhorse; “Mullet.” Elkport, rare; very slender; 
depth, 5 ;  head, 46; scales, 48; dorsal rays, 14; eye, 4 in  head; caudal fin with faint dark 
margin; color light silvery below, bluishsilvery above. Fort Atkinson, not common. Fayette, 
common; dorsal rays, 12; soaks, 43. 

Elkport, not common ; Bear 
Creek, Fort Atkinson, and Fagettc, common. 

6. Campostoma anomalum (Rafinesque). Stone-lugger; Stone-roller, 

7. Chrosomus erythrogaster Rafinesque. Red-bellied minnow. Hear Creek, abundant. 
8. Hybognathus nubila (Forbes). Faycttc, not common. 
9. Pimephales notatus (Rafinesque). Blunf-nosed minnow. Mkport, Fort Athinson, and Fayetto, 

common; Bear Creek, rare. 
10. Pimephales promelas Rafinesque. Fat-head. Fort Atkinson, not common. 
11. Notropis heterodon (Cope). Bear Creek and Fayette, rare. 
12. Notropia deliciosus (Girard). Elkport and Fayette, comnion; Fort Atkinson, rare. 
13. Notropis gilberti Jordan and Meek. 
14. Notropis vrhipplei (Girard). 
15. Notropis megalops (Rafinesque). Con~nion shiner. Elkport, common. Bear Creek, common ; 

scales before dorsal fin small. Fort Atkirieon and Fayette, abundant. 
16. Notropis jejunus (Forbes). Elkport, common; form and appearance of H. nuchalis; side with 

prominent plumbeous lateral band; no caudal spot; hcad, 4; depth, 4% to  5 ;  snout hluntisli; 
mouth oblique; diameter of eye equal to  length of snout, 36 in  the length of‘ the head; 
origin of first dorsal ray slightly nearer t ip  of snout than base of caudal; scales in letcral 
line, 38; anal rays, 7. Fayette, ram. 

17. Notropis ardene (Cope). Redfkn. Elkport, rere; Fort Atkiusou, comxuon; anal rays, 11 or 12; 
scales, 60. 

18. Notropis dilectus (Girard). 
19. Rhbichthys atronasus (Mitchill). Black-noaed dace. Bear Creek, abundant. 
20. Hybopsis diesirnilis (Kirtland), 
21. Hybopsis storerianus (Kirtland). Elkport, rarc. 
22. HybopSis kentuckiensis (Rafinesquc). abrnyhead; Riocr chub; Jerkcr. Elkport, commou. 
23. semotilus atromaculatus (Mitohill). Horned dace; Creek chub. 

24. nucalia inconstans (Kirtland). 
25, Lepomis cyanellus (Rafinesque). 
26. Micropterns dolomieu Lacdpbde. 

scarce; said to  be more frequently takexi siuee the darn was washed out. 
27. Etheostoma nigrum Rafinesque. 

Atkinson, common. 
28. Etheostoma aspro (Cope and Jordan). 
29. Etheostoma zonale (Cope). 
30. Etheostoma flabellare Rafinesqiic. 
31. Cottus bairdi (Girard). 

Elkport and Fort Atkinson, common; Fayette, rare. 
Elkport, not eommon. 

Emerald minnow. Elkport, abundant; Fort Atkinson, common. 

Elkport, rare. 

Bem Creek, abundant; Fort 
Atkinson, rare; Fayetto, common. 

Brook aticklcback. Fort Atkinson, rare; dorsal spines, 5.  
Green sunfish. Fort Atltitlsou, common ; Fayctte, rare. 
Srnall-mouthed black bass. Fort Atkiuson, comnlon j I%yette, 

Elkport, Bear Creek, and Id’ayette, raro; Fort Jolknny dartei-. 

Black-sided darter. Fort Atkinson, ram. 
Elkport, rare ; Fort Atkinson, common. 

Bear Creek, comnion ; Fayette, rare. 
Blob; Miller’e thumb. Bear Crook, common; d o r d ,  VII-16 to  VIM-17’. 
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X.-THE YELLOW RIVER. 

Yellow River is a small stream in iiortheastern Iowa, whose source is only about 
35 iniles west of its mouth. It drains a comparatively small area, but flows through 
a very broken and picturesque portion o.f the State. The river is usually bordered on 
one side or thepther with high cliffs of limestone and sandstone. The current is swift 
and the bottom sandy, gravelly, or rocky. We visited the river northeast of Postville, 
:tt which place it is from 20 t o  40 feet wide and, except in an occasional hole, does not 
exceed 4 feet in depth. The temperature was 700 3'. Fishes are very abundant in 
Yellow River, although the number of species observed was small. 

Hickory Creek is a small southern tributary of the Yellow River, rising on the 
upland (prairie) near Postville. In the lower part of its course it is fed by many 
springs, some of which are quite large. The creek never goes dry except on the 
upland. The bottom is muddy in the upper part snd very rocky in the lower. I t s  
temperature wits 560 F.; the tenii)eruture of a large spring near hy was 48O F. The 
creek did not contain many fishes, as every rain caused it to become very muddy. 
Were it not for this fact i t  could be made a'n excellent trout stream. 

1. 
2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 
10. 

11. 

12. 
13. 

14. 
15. 
16. 
17. 

FISHES O F  YELLOW RIVER. 

Catostomus teres (Mitchill). Comvioii ~ u c k e r .  Yellow River, conmoil. 
Catostomus nigricans Le Siieiir. U o g  sucker; &'toric-roller; €Tog niallef.  Yollow River, common ; 

Hickory Creek, rare. 
Campostoma anomalum (Itafiiiesqiic~). Sfon~-Iu~gn; Sfow-roller. Yellow Iiivor and Hickory 

Crook, common. 
Pimephales notatus (Rafiuesquo). Illu~(-uosed mLimmii. Yellow Rivw, COIUIIIOI~. 

Pimephales pronielas Rafinesquc. 1,'at-kead. Pello\v River. Many spcciiiioiis were taken from 

Chrosomus erythrogaster Itafinesque. Iled-bclZi~il mitwtow. Yellow River, conimoii; Hickory 

Notropis megalops (Rafinesqiie). Common diinm-, T e l h v  River, more abundant then any 

Notropis dilectus (Girnrd). Iinwruld ri&,iozc. Yellow liiver, not comii~oii ; anal rays, 10; eye 

Hybopsis kentuckiensis (Rafinesque). Uolayliead; I & c ~  chub; Jwka.. Yellow River, common. 
Rhinichthys atronasus (Mitchill). BZac7c- ttosed dace. Hickory Creek, rare. Scales, 60 to 64 ; 

blackish and somewhat mottled sbovo tho lateral line, pale bclow. 
Leuciscus elongatus (Kirtland). Red-sidcd 8hi?Wl.. Y~llow River, rare. Long:eSt Spechen, % 

inches; head, 3% in length of body ; lower jaw the longer; sc:tlos small, 65 to 70 iu the lateral 
lino; ana1 rays, 8 or 9. 

a small bayou, but no110 from the btroam. 

Creek, abundant. 

other species. 

small; about 20 scales beforc tho dors:il fin. 

Tlio spocinlcns takeu were all iiiales, criznso~l 011 tlio-sides. 
Semotilus atromaculatus (Mitchill). Xortted d m ~ .  
Eucalia inconstans (ICirtleiid). Brook s f i c k l e b ~ c k .  

Etheostoma nigrum Xafincsque. J o l ~ i y  clu~ter. Yellow river, c'ou11IIO~. 

Etheostoma flabellare Rafinosqiio. 
Etheostoma cceruleum Storer. 
Cottus bairdi Girerrd. Blob; ilZiZZol*'s tl~unib. Hickory Creek, coitiu1011. 

Hickory nud YelloW Creek, not c01um011. 
Hickory Creek, coiun10n ; some specimells 

are black. 

Yellow River, coininon. 
Yellow River, rare. 
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XI.-THE UPPER IOWA RIVER. 

The Upper Iowa is a small river which rises in the northeastern part of Iowa, the 
distance from its source to its mouth being uot more than SO miles. In the upper half 
of its course i t  is a typical prairie stream, but farther down it passes through a much 
broken and timbered country and resembles somewhat a mountaiu stream. At  Ches- 
ter it, is little more than R small creek, with :I sandy and muddy bottom. There is a 
dam across the river a t  this place, abovc which the river viilens out to form a shallow 
lake having a muddy bottom. There is considerable vegetation in tlie lake. which 
seems to be fairly stocked with pickerel, black bass, and various species of sunfishes. 
We were told that atigling had greatly improved since tlie building of the dam. We 
collected both above and below the clam. The tcrnperature was 700 F. 

At Decorah, the country is very broken, the river is more thau twice as large as 
at Chester, and there is an abundance of timber aloiig its banks; the curreut is strong 
and the bottom rocky or sandy. There are some caves near Decorah in which blind 
fishes are said to occur. I was unable, however, a t  the time of my visit, to explore 
any of them. Across the river from Decorah there is a high bluff or cliff, in which a 
fracture, parallel with the face of the cliff, has formed a cave, known hs the Ice Cave. 
Ice is produced in this cave during the warm days of summer, but not at  other times 
of the year. I visited 
the cave in June, 1889, with Mr. Joseph White. The temperature of the air outside 
was 900 F. j in the cave, about 100 feet from the entrauce, it was 320 F. Considerable 
ice was observed. Tradition says that the old Winnishiek chief utilized the cave to 
preserve meats and other food. 

The upper Iowa River was formerly a trout stream, but of late years, so far as I 
can learn, no trout have been taken from it. The collections at  Chester were made 
on July 24, 1890, and a t  Decorah, in June, 1889. The species enumerated below are 
from both places, unless otherwise stated. 

Its formation is due, no doubt, to evaporation from the cliff. 

PISHES O F  THE UPPER IOWA RIVER. 

1. Ameiurus melas (Rafinesque). Bnllhead. Decorah, rare. 
2. Catostomus teres (Mitchill). Common s id ier .  Not common, 
3. Moxostoma duquesnei (Le sueur). Commoii mdliorse. Cheater, not common. Dorsal ricys, 14; 

4. Campostoma anomalum (Rafinosque). Stone-lugger; S/ona-roller. Not common. 
5. Pimephales promelas Rntinesquo. Fat-head. Common. 
6. Pimephales notatus (Rafinesquo). l?hnf-nosed ininnotu. Common. 
7.  Cliola vigilax (Boird niicl Giraril). Siluer-fin. Rare. 
8. Notropis deliciosus (Girard). 
9. Notropis whipplei (Girerd). 

scales, 45; color darker and less silvery t-hau usual. 

IJecorah, rare. 
Ilecorali, r:w. 

10. Notropis megalops (Rafineuque). Common shiner. Common. 
11. Notropis ardens (Cope). Ilerlfill. Common. 
12. Notropis dilectus (Girard). Eincruld minnotu.  Common. 
13. Hybapsis kentuckiensis (Rsfinesqlle). Hornyltead; River ~ h n b ;  ,Jerkel*. Rare. 
14. Rhinichthys cataract= (Cuv. a n d  Val.). ~o?z(/-noaed dace. Decorah, rare. 
15. Rhinichthys atronasus (Mitchill). Rlaclc-noscd dace. Itare. 
16. Bucalia inconstans (Kirtland). Brook s t~ck~eback.  Chester, rare. 
17. Lepomis megalotis (Rafinesque). Lotzg-eared srcnfidt. Chester, rare. 
18. EltheoRtoma nigrum Rafinesque. Johnny darter. Decorah, common. 
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DRAINAGE OF THE hIISSOURI RIVER. 

1.-THE MISSOURI RIVER. 

The Missouri River a t  Sioux City is wide and shallow, with a rapid current, the 
b$toni being composed of shiftiug quicksand. There arcs also inany islands a t  this 
point, some composed of hard and. others of sofb materials. The water hap a whitish 
or creamy tint, due to the fine silt held in suspension. The fishes when taken from 
the river have a pale or sickly appearance, but if placed for a time in clear water they 
assume their normal colors. The seining was done close by some islands, near the 
mouth of’ t,lie. Big Sioux River. 

FISHES OF THE LIlSSOURI RIVER. 

1. Polyodon spathula (Walbaum). paddle-fiiak; SPOOR-bill; Duck-billed cat. One specimen of this 
It vas taken from tho 

Specimenlt are 
species is preserved in the :igricultural college a t  Amos, lowa. 
Missouri River in Harrison Colmty, by E. G.  Taylor, of Logail, Iowa. 
occasionally caught near Sioits City, 

2. Scaphirhynchus platyrhinchus ( 1hfillwque). Shorel-nosed shrgeott. Conimon. 
3. Ictalurus punctatus (Rafinosqno). Chnwncl cut; Wkitc cat; Silver cat. C’ommon. 
4. Nocturus flavus (Rafinesqne). Storre cat. Common. Am1 riiys, 15; head, 4; depth, 6 t ;  width 

5. Carpiodes velifer (Rafinesquu). Quillback; Carl) auckcr. Rare. 
6.  Hybognathus nnchalis Agassiz. 

of head, 4%. 

Silzrer!j minnow. 
; 7. Notropis dilectus (Girard;. Ew~e-rald niirtnozu. Rare. Tlic Apecimons sccured in this locality 

ware sinal1 and diffored somewhat from those obtniiiotl elscwhcre in the Stato. Tho first 
dorsal ray is midway between the nostril rind tho base of the caudal. Diainoter of egevery 
large, 3 in tho liead; snout bhort, two-tliirds dianieter of tho eye; body inon3 conipressed 
than usual iu this species; acalcs 37, about 28 scalos Iwfore tho dorsal; head, 4+; depth, 4%; 
color, bright olivaccous with fnint plumbeons b;ind ovorlnid with silvery. This speeios 
very much resembles Ar. atkwimides caddoensia. Meek, of tho Oznrk region, but tho speci- 
mens a t  hand are too small for positive coulparison. 

8. Hybopsis gelidus (Girard). Abundant ; the longest specinlens nicasure 3 inches in  longth. Body 
elong:itr, robust, not much compressed ; dorsal region in front of dorsal fin conipressecl to 
:in edge; profilo curved (convux) from snout to  dorsal tin; snout bluntish, overhanging the 
largo horizontal month; barbels at posterior cwd of maxillarx, long; eye small, high up, its 
dinmetor 5 in  head; caudal peduncle slmder. Caiiclal fin dooply forlrod, the middle rays 
less than half tho length of tho longest rays, t h o  l o w r  lobo dnsliy. Dorsal fin with first 
ray mdinleiitary and less than half tho height of the fin; the secwntl r:Ly produced into t i  

filmiont, which is from one-third to one-fourth as long as the ontiro rny. Dorsal r : ~ p ,  8; 
ann1 riiys, 8. lIead, 44 in length; depth, 56 to 5h; scales 45, about 18 scales before tho 
dorsal fin. Teeth, 
1, 4-4, 1, hooked : ~ u d  crenate. Littoral line complete; color, light olivaceous with a very 
faint plumboous band on sides, overhid by silvery, silvery luster very faint. 

Common ; length, 3% inchcs; scales, 50 to 
54; teeth, 2, 4-4, 2, w i t h i i t  grinding surface, hooked a t  tho tips, tho first tooth rather 11101’0 
slender tlinii tho others; eye, 4 in the  head; h o d ,  4); depth, 5 t ;  bartrbel WPll CievelOIjofi; 
color, light olivateous, silvery, no markings a t  all. 

10. Dorosoma cepediaiiuin (Lo  Sueur). 
11. Hiodon alosoides (Ratinesqoe). Noow-eyc; Toofkeil Itwring. Rare. 

The scales arc sniallcr in this region than 011 the roat of the body. 

9. Platygobio gracilis (Ricliarclson). Flat-headed chub. 

Gizzard slrnd; Hickor!/ shad; JItd ahad h r o .  
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11.-THE BIG SIOUX RIVER. 

The Big Sioux River, a t  Sioux Falls, South Dakota, has a very rocky bed above 
the falls, while below the falls the bottom is both muddy and rocky. At  Sioux City 
the river is much larger and has a very muddy bottom. A short distance above its 
mouth it widens into a sort of lake. There is some timber along the shores and con- 
siderable vegetation in the lake. Our collections were made below the falls, a t  Sioux 
Palls, in July, 1889, and near themouth of the river, in the neiglrborhood of Sioux City, 
in August, 1890. 

1. 
2. 

3. 

4. 
5. 
6. 

a. 
7. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

FISHES 01; T H E  BIG SIOUX RIVER. 

Ictalurus punctatus (Rafinesque). Channel ca t ,  White cat;  Silver cat. Sioux City, common. 
Noturus flavus (Rafinosquo). Stom cut. Sioux Falls, one Bpecimen. Dorsal rays, 14; pectoral 

spine with retrorse serra  in front, grooved behind; head, 3 b ;  depth, 6. Sioux City, rare. 
Noturus gyrinus (Mitchill). Stone cat. Oiie speoimeu; anal, 14; body short; adipose fill cou- 

tinuous with caudal; posterior part of adipose fin raylilre; head, 39; depth, 4; pectoral 
spine entire. 

Catostomus teres (Mitchill). Common suclier. Sioux City, common. 
Carpiodes velifer (Rafinesque). Quillback; Carp sucker. Sioux City, conimon. 
Moxostoma duquesnei (I& Sueur). 

Hybognathus nuchalis Agassiz. Silvery minnow. Sioux City, rare. 
Pimephales notatus (Rafinesque). Blrint-nosed minnow. 
Notropis Cayuga Meok. Sioux City, rare. 
Notropis deliciosus (Girard). Abundant. 
Notropis topeka Gilbert. 
Notropis hudsonius (DeWitt Cliutoii). 
Notropis whipplei (Girard). Sioiix City, rare. 
Notropis atherinoides Ratinesquu. I<o8y miiznozo. Sioux City, rare. 
Notropis megalops (Rafinnsquc). Common nhiaer. Six specimens obtained. 
Notropis dilectus (Girard). Emerald minnow. Sioux Falls, common. 
Hybopsis kentuckiensis (Rafinosquo). Honryhearl. Sioux Falls, common. 
Notemigonus chrysoleucus (Mitohill). GoldejL sltiizer; Bream; ltoaclb. Sioux City, rare. 
Hiodon alosoides (Rafinesque). ilfoou-eye; Toothed herring. Sioux City, rare. 
Dorosoma cepedianum (Le Sueur). Gizzard s h d ;  Hickor!/ skrtil; ~ l l i t d  shad. Sioux City, abundant. 
Fundulus zebrinus Jordm amid Gilbort. 
percopsis guttatus Agassiz. D o u t  pwch. Sioux City, rare. 
Ambloplites rupestris (ItafinesCIue). 

Common rcdltorsc ; Mullet. Sioux Falls, rare; Sioux City, 
common. 

Sioux Falls, coxnmon ; Sioux City, rare. 

Sioux City, rare. 
Sioux City, common. 

Sioux City, r:we. 

Rock bass; I t ed -qe ;  Goggle-eye. Sioux Falls, rare; Sioux 
Citv, conimon. ", 

24. Lepomis cyanellus (Rafiuesque). 
25. Lepomis humilis (Girartl). Red-sPotted au@fia?i. Sioux Fa118 ; Sioux City. Palatine teeth well 

26. Etheostoma nigrum Rafincsque. J o h f w  darter. 
27. Etheostoma zonale (Cope). 
28. Etheostoma aspro (Cope and Jortl:bn). Black-aided tlnrlev. 
29. Perca flavescens (Mitchill). 
30. Stizostedion vitreum (Mitchill). M'alZ-cyciZ pikc; .Joclc nalmoa; Pike. Raro. 
31. Stizostedion canadense (C. H. Smith). l'ike; Satid pike. Common. 
32. Roccus Chrysops (Rafinescpe). [f'ltite bn88. Sioux City, common. 
33. Aplodinotus grunniens Rafincsyiie. 1 k d w a t e r  drum. Sioux City, common. 

G ~ e n  8ul98h. 

developed; scales, 3 5 ;  opercular flap long and siirrountled by a ret1 ni:q$ii. Abundant. 

Sioux  poll^, coininon ; Sioux City, abunilant. 

Sioiix City, (wnmon ; Sioux Falls, abundant. 

Two specimens obtained. 
Sioux City, pare. 

l-ellofu Pwch.  Sioux Falls. rare ; Sioux City, common. 
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III.-SILVER LAKE. 

Silver Lake is one of the sources of the Little Sioux River. It is about 2 miles 
long, 1 mile wide, and very shallow, its depth seldoin exceeding 6 feet. It contains 

-very few game fishes. The larger game fishes are supposed to have been destroyed 
by the cold minters of a few years ago. On the northern side of the lala there is a 
small inlet with a very muddy bottom. We collected in the iiilet and on the northern 
shore of the lake, where the bottom is sandy. 

FISHES OF SILVER LARE. 

1. Ameiurus melas (Refinesquo). Bullhead. Abundant, especially in tho inlet. 
2. Pimephales notatus (Refinesquo). BZunt-nosed minnow. Common. 
3. Pilqephales pronielas Rafinasquc. Plat-head. Very abundant. 
4. Notropis megalops (Rafincsque). Niinm.. Not conimo1l. 
5. Notropie heterodon (Cope). Common. Mouth small, oblique, terminal; black ou tip of both 

jams; back elevated; first ray of dorsal fin nearer snout than bcwe of caudal by diameter of 
eye; eye, 3 in head; head, 4; depth, 4 ;  dark band on sides; scales, 37 to 38; sclales on upper 
part of body edgcd with black; lateral line incomplete. 

Abundant in the inlot. 

On0 specimen obtained; flap with palo 

6. Notemigonus chrysoleucus (Mitchill). 
7. Fwldulus zebrinus Jordan and Gilbert. 
8. Lepomis mepalotis (Rafinosque). 

9. Etheostoma iowze Jordan and Meek. 

Golden elhinw; Bream; Roach. 
Abundant; with 12 to 16 bands on the sides. 

Lowg-eared sunfisli. 
margin; scales, 38. 

Comuon. 
10. Perca flavescens (Mitchill). Y~ZOW pwch. One specimen obtained. 
11. Roccus Chrysops (Rafinesquo). FVhite Baas. Onc specimen obtained. 

1V.-THE SOLDIER RIVER. 

The Soldier River is a small tributary of the Missouri ltiver in western Iowa. We 
visited the East Fork of the Soldier River at  Charter Osli, wlierc it is a small creek 
with very muddy bottom. Only the following fishes mere obtained. 

FISHES OF THE SOLDIER RIVER. 

1. 
2. 
3. 
4. 
5. 
6. 

Anieiurus melas (Rafinesque). UullWead. 
Hybognathus nuchalis Ag:msia. Silvwy minnow. 
Pimephales promelas Rafii~osquc. 3at-head. 
Notropis gilberti Jordan and Mook. 
Semotilus atromaculatus (Mitchill). I!orned dace. 
Lepomis cyanellus (ltafinesquo). ( :wet i  xunjsh. 
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V.-THE BOYER RIVER. 

The Boyer River was visited at Arion Station, at which point it is a slow-flowing 
stream with a very middy  bottom. The water is seldom clear. But few fishes were 
found in the stream, but i i i  a mall bayou near by a number of species were obtained. 

FISHES OF THE BOYER RIVER. 

1. Ameiurus melas (Rafinesque). Bullhead. Rare. 
2. Catostomus teres (Mitchill). Common anckw. Rare. 
3. Pimephales promelas ltafineaque. ff’uf-Bead. Common in the bayou. 
4. Notropis deliciosus (Girarcl). 
5. Notropis topeka Gilbert. Coniniori in the bayou. 
6. Notropis gilberti Jordan and Meek. 

7. Notropis lutrensis (Girard). Rare. 
8. Notropis megalops (Rafinesque). Shiner. Abundant in the bayou. 
9. Semotilus atromaculatus (Mitchill). Horned dace. Rare. 

Abundant in tho bayou. 

Abiindant in tlic bayou. Scales lwforo dorsal very Hndl in 
some specinlens, the number being 16 to 20. 

10. Phenacobius mirabilis (Girard). Rare. Scales, 44. 
11. Percopsis guttatus Agassie. Trout pewh. Rare. Scales, 48; dorsal, XI-7 or 8. 
12. Lucius luciue (Linnious). Pike; Northern pickwel .  Rare. 
13. Lepomis cyanellus (Rabesque).  Green aun$eli. Abundant in the bayou. The spociriiens 

14. Lepomis humilis (Girard). Red-spotted sunJis1i. Less abundant than L. qjaaellus. 
15. Etheostoma nigrum Rafinesque. Johnny durter. Rare. 

obtained were mostly very small. 

ARKANSAS INDUSTRIAL UNIVERSITY, 
li’ayetteville, Arkansarl. 



8.--REPORT OF AN EXAMINATION OF THE RIVERS OF KENTUCKY, WITH 
LISTS OF THE F[SHES OBTAINED. 

BY ALBERT J. WOOLMAN. 

INTRODUCTION. 

The explorations described in this report mere carried 011 by the writer during the 
suiniuor of 1890, ynder instructions from the U. 8. Commissioner of Fish and Fisheries, 
Hon. Marshall McDonalcl, and were executed under the direction of Dr. David 8. Jor- 
dau, president of the University of Iudiaiia. l n  conducting the fieldwork able assist- 
ance \vas reudered by Mr. Hiraiu W. iKoiiica1, of Brooklyn, Indiana, and Mr. Charles 0. 
Chambers, of Van Weit, Ohio, students in the University of Indiana. The inquiry had 
reference to the several river basins of Kentucky, especially tho headwaters of the differ. 
eiit rivers, and the fishes which inhabit them. The principal objects were to determine 
as fully as possible the physical characteristics end preseiit coiiditioiis of tlie streams, 
the variety and abundance of their fishes, m d  such other nafural-history features 
connected with them as might have a bewriiig upon fishery iiiatters or fish-culture. 

Owing to the shortness of the seasoii, the work as origiually planned could iiot 
be eiitirely completed. The lower Kentucky i~nd Licltiug rivers received but little- 
attention, and most OF the time was spent i i i  the iuountaiiious parts of the State. 
The party being small, it was also necessary to  obtain assistance along tlie route, but 
no difficulty I T ~ S  encountered in that respect. The people generally manifested deep 
interest in our itivestigntious and dit1 whatever they were dAe to advance the work. 
Uiitil August 13 the writer was :*ccoiiipauied only by Mr. Monical, but Mr. Chambers 
joined the party on that date, arid oontiiincd with it uiitil the end of the season. The 
fieldwork was begun July 23, arid \vas coiupleted September 10. 

A number of collections of fislios had previously been obtained in Kentucky by 
Dr. Charles H. Gilbert, of the University of Incliaiie, Dr. James A. Heushall, of the 
Cincinnati Society of Natural History, and Prof. Philip IT. Kirsch, of Oorydou, Keii- 
tucky. These collections were kindly placed a t  the disposition of the writer, who has 
made use of them iii the preparation ofhis li8ts. 

I n  the description of species all measurement,s are expressed in  millimeters. In 
giving the length of specimens and oomparative mea,suremeuts the same should be 
understood to extend oiily t o  the base of the candad fin, nuless otherwise stated. 

24 9 
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The report has been classified hi accordance with the different river basins 
examined, as explained*in the following list: 
1. Rolling Fork of Salt River, at Boothe, Nrw 

Haven,* ant1 New Market. 
2. Lower Green River, Rough Creek, and Poiid 

Creek. 
3. Upper Green River: 

a. 13ig I3arren River: The main river at Bowl- 
ing Green; Drake CrcLek; Boavar Creek, 
north of‘ Glasgow, I3nrreu County ; Little 
Barren River, a t  Osceola, B:irren County. 

8. Upper GreonRiver proper: The mein river, 
south and east of Greensburg; Pitman 
Creek, northwest o f  Greensburg. 

4. Tradewater River, et 1Jawson Sprhgs. 
5.  Lower Cumberland River, n t  Kuttnwa. 
6. Upper Cumberland River: Cloor Creek, at 

Wildit,; Little Rockcastlo River, at Hazel 
Patch; Rockcastle ltiver, near Hazel 
Patch, 3 iiiilen east of LivingRttrn and :tt 
Livingstoil ; * Curnberhnd River, a t  Har- 
bourville; Ricliland Creek, iiear Harbour- 
villo; Siuoky Fork, near Bnrbonrville; 
Cumberland River, at Pi~~evi l le ;  Straight 
Creek, near Pinevillo; Clear Fork of tlie 
Cumberland, in Whitley County; * Wolf 
Creek * and Briar Creek,* in Whitley 
County; A1b:tny Braneb,* Spring Creek,* 
and Iudiaii Creek,* in Clinton County. 

7. Lower TeuueRwo Bivar, a t  I’iidiicah. 

8. TJpper Tenneswe River: Powell River, south 
of Cumberland Gap, Teuueasce; Yellow 
Creek, at Middlesboro, I<entucky. 

9. Mayfield Creek, at Hickory Grove. 
10. Obion River, near Cypress. 
11. Ihyou de Chicn, mitr Moscow. 
12. Upper Keiitucky River. 

a. South Fork, Horse Creek, near Garrats- 
ville; Goose Creek, at Garrat’s salt works; 
Hector Creek, iiear Big Creek post-ofice; 
Redbird (South Fork), near Big Creek 
post-oflice; Big Creek, at Big Creek; 
Sturgeon Creek, near Trave-lers Rest,. 

b.  MitltIIo Fork: Bull Creek, west of Rydeu; 
Micltllc Fork, :it crossiug of‘ the Iiamrd 
1 i o : i t l ;  Ciitsliiu Creek, west of’ Hyden. 

c. North Pork, at, 1Iaaerd; Lot Crook, wevt of 
Hazard ; Troublesome Creek ; Left Trouble- 
some CI uek, t i t  1iintliu;ru. 

13. Big S:nitly Iliver: Bttnver Creek, at Lackey; 
Shelby Creek and Robiuson Creek. near 
~io~)inson Croelr postdi~cej  1sl:iiiil Creek, 
e i tb t  o f  l’ilceville; h ~ i 6 &  Fork, at l’ike- 
villo; Joliii Crcek :&rid Coon Creek, at 
Zcbulon ; Blain Creek, at Catdpa. 

14. Lieking Eiver, a t  Fiirmors; Triplet Creek, nt 
Par mors. 

16. Little Snndy Biver, near its moutli. 

ROLLING FORK O F  SALT RIVER. 
ThiH river \vas examined at a point I& miles east of the railroad station at Boothe, 

,Jnly 24; wiltor temperature, 70° F. Rolliiig Fork is oiie of the 1:brgest tributaries of 
Salt Biver, md rises near the central part of the State; flowiitg in 2, iiorthwestrrly 
direction for 100 miles, i t  joins SaIt IZivcr 10 miles from its itioutli. The station at 
Bootlle is about 15 miles from the juiictioii of Rolling Fork and Salt ltiver. A t  the 
former place the stream is from 40 to 45 yards wide, arid has low baiiks fringed with 
willows which overlrwng and e b d e  the edges of the stream. The bottom is composed 
of gravel :~nd mud, and the w:t,ter is never perfectly clear, even wlieii very low. At 
the time of our visit, when the stream was slightly swollen from .recent raiiis, the 
water was about 2 feet deep on the rapids, with :I, dcptli of 4 to 10 feet between them. 
Cr;iyfishes and ixuios were colnmou, the latter attaining a very large size. Unin 
multiplictctus was the most abundant species taken arid specimens frequently measured 
6 to 8 inches across tlie shell. The land is low and studded with ridges arid isohted 
points of knob stone of the Waverly or Lower Uarboniferous group, which rise above 
the surrounding country to the heiglit of 100 to 150 feet, Tlie soil is of day ;  tlio 
inost commoii forest trees are hickory, maple ( Acer dasycnrpum), several species of oak, 
elm, arid ash. The knob8 are covered with poist oak (Quercus obt?rsiZobn). In addition 
to our examination a t  Soothe, collectioiis we1’0 itiade in this stre:im by I’rof~. U ilbert 
and Swain at New Market end New Haven, in 1884. - - _ _  . . . . - - _- ___ 

* Localities marked by au asterisk Iii~vc bwn vivitetl by other collectors. 
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In the following list Cootlie is indicated by B; New Ihvo11 by NH, and New 
Market by NM. 

FISHES OF THE ROLLING Forw OF SALT RIVER. 

1. Noturus minrus Jordan. MtLd cat. ( B ,  NH, NM.) Sovoral sum11 spctcimous were obtained. 
2. Leptops olivaris (Ritfiiiosque). X i u l  cat; F ~ l l o t ~  cat. (B.) Quite common. The Rpocimena were 

well marked iu  color, differing in i i  few iniuor poiuts from the Western variety. 
3. Ic talurus  puncta tus  (Ratineqoo). ChaincZ cat or B l ~ e  cat. (B, NH.) Common, but not so plen- 

tiful as tho former. 
4. Carpiodes carpio (hfinasqlie). C a q ~  slicker. (B.) Common. 
5 .  Catostomus nigricane Lo Stlour. Hog suoket.,.. (13, NH, NN.) Not common; only young spoci- 

6. Moxostoma duquesnei (Lo Suenr). White sucker. (13, NH, NM.) Common. 
7, Campostonia anomalum (Rafinesque). Stono-toto: (B.) Common, Lateral line, 52 to  55. 
8. Pimephales nota tus  (Rafinesque). (B, NH.) Plentiful. 
9. Cliola vigilax (Baird and Girard). Bullhead V t h t L O W .  (U.) Not common. 

inoue mere taken. 

10. Notropis deliciosus (Girard). (€3, NM.) Common. Deeper and lighter in color than specimeus 
from tho mountainous district. No lateral band; lateral line, 36, 35, 34, 34, 36, 35; scales 
before dorsal, 13 to 15. 

11. Notropis whipplei (Girard). Blue 7It inItOW. (B, NH, NM.) Common. Lateral line, 38, 36, 38, 35. 
12. Notropis megalops (Rafinesque) Conamon sitiner. (B, NH, NM.) Only three specimens were 

13. Notropis ariommus (Cope). Big-eyed sliimt.,.. (NM.) 
14. Notropis umbratilis cyanocephalus Copeland. 
15. Notropis atheriiioides Rafiuesque. Hosy n~inxo7u. (B, NM.) Not common ; small, tho three 

Head, & iu length; depth, 

obtained. 

(NM.) 

largest specimens taken measuring 57, 52, and 51 millimeters. 
5 in length; lateral liue, 42, 41, and 42; back somewhat coinpreseed; no vertebral line. 

16. Ericymba buocata  Cope. (U.) Not common. 
17. Hybopsie storerianus (Kirtland). Spawjr-eater. (B, NH.) Common; soalos, 40. 
18. Hybopsis amblops (Rafinesque). SiZvcr chub. (U.) Common; lotoral lino from 35 to 38. 
19. Hybopsis dissimilis (Kirtlaud). Spotted shiner. (13.) Very rare. 
20. Semotilus atromaculatus (Mitchill). Cltzcb. (NH.) 
21. Hiodon alosoides (Rafinesque). M o o ~ e ~ c .  (B.) Five Rpecimuus taken. 
22. Hiodon selenops Jordan and Bean. SouflieviL i twoiwyc.  (13.) Not aa common as 1% alosoides. 
23. Dorosoma cepedianum (Le Sueur). Nhad; Hickory shad. (U.) Abundant. 
24. Zygonectes nota tus  (Rafmesqtre). Tup itiii~noiu. (13.) 12:Lre. Specimen sm:ill; from 40 to  60 

25. Lepomis megalotie (Rafinesque). Loizg-oot.,.cd (I IL~IJSII,  (B, NN, EM.) Not common. Taken in 

26. Micropterue dolomieu Lac6pOde. Small-ii~orllicd black lass.  (NIL ) 
27. Etheostoma pellucidum Baird. Sand darter. (B, NH. ) Coiumon. Sc:~loil below the latmal 

28. Etheostoma blennioides Rafiuesque. G~ecn-sided davtw. (B, NH, NM.) Only a fern small 

29. Etheostoma caprodes (Refinesquo). Log perak. (U, NH.) Quite common. 
30. Etheostoma phoxocephaluin Nelson. (13, NH.) ilbuud;mt. SpociulouB d l  smd1 ~ n ( 1  light in 

Thitl is apparently the only darter that  is coiiiniou ill tho stream. 
31. Etheostoma zonale (Cope). (13, NH, NM.) Not C O I I I ~ O I I .  

32. lEltheostoma caeruleum Storor. ZZainbour darter. (B, NH, NM.) Raro. 
33. Aplodinotus grunniene Rafiuesquc. b'wsh-water druni; Wkitc pcrcli. (B.) Qnite cotnnlon. 

millimeter8 long. 

quiet water, under overhanging willows. 

line; sodlea 67 to  69. 

specimens were obtained. 

color. 

Some large specimens were taken. ' 



LOWER GREEN RIVER. 

Green River is one of the largest streams in the State and i t  is verydeep through- 
out most of its course. It rises in the foot~hills of the mountaius near the central part 
of the State and flows in a general westerly and northwesterly direction until it joins 
the Ohio l-tiver in Henderson County, 15 miles above Evansville, Indialla. A t  Rock- 
port, Kentucky, some 50 or 60 miles from its mouth, it has a depth, at  low water, or" 
YO to 25 feet. Its  entire length is about 250 miles and the average width 200 to 210 
yards. There is no perceptible currelit, a very slight breeze being sufficient to float 
driftwood up stream. Considering its sluggish current the water is very clear, which, 
together with its great depth aud the abundance of sinall fishes, such as minnows and 
darters, makes it an excellent stream for food-fishes. 

The banksof the stream are low and very steep, aud fringed mi th willows, sycamores 
(Platanus occidentcclis), elms, and birches (Betula nigra). At a distance back from the 
river of a quarter to a half-mile is a low line of hills with outcrops of a light sand- 
stone. Several specimens of the young of Necturus rnaculcctus mere taken, and also 
several turtles (Aspidonectes spinifer and Aromochelys odoratus). On account of the 
depth of the water and the entire absence of sandbars no fishes were collected from 
the river proper at this place. 

1. Pord Creek, 2 miles from Rockport, July 25: The collecting station was one- 
half mile from the moutli of tlie creek; temperature of the water, 680 F. Poiid Creek 
is a small southern tributary of Green River, probably about 25 miles in length, but 
very narrow, deep, and sluggish. The bottom is composed of fine mud, several feet 
deep, and the water is very impure and muddy. There is but little vegetation in the 
stream and but few varieties of fishes. Several specimens of the young of Necturus 
maculatus mere taken, and also a few tiirtles, Aspidonectes spinifer (Le Sueur) and 
Arornochelys odoratus (Latreille). 

Collections were made below the mill, 
where the water temperature was '740 F. Rough Creek is one of the largest northern 
tributaries of Green Eiver, rising in Hardiii Conuty and flowing in a soutliwesterly 
direction about 75 or SO miles, where it .joins the rnaiii river. Hartford, the comity 
seat of Ohio County, is about 20 miles froin its mouth. Here the channel is from 40 
to 45 yards wide. At  low water the stream is brolren up into ponds by numerous 
ripples, the water being froin 3 to 6 feet deep in the former and only a few inches 011 

the latter. The ripples flow over beds of coarse grttvel, while between tlieni the bottom 
consists of stone wit11 inore or less mud, tliere being also large stows in the more 
quiet places, which furnish excellent, hiding-places for fishes. Tho strenin is well 
stocked with fish, several species of minnows aud darters being especially ahuntlnnt. 
It also furL;ishes a variety of good food species, siicli as suckers, bla8ck bass, and wliite 
perch (ApEodinotw grzcnniens). The bottom l i i~lds are low aud are overflowed during 
high water. They me covered with gum, ash, swanip ash, black and red oak, water 
birch, elm, and cherry. The bed of tlie stream is almost devoid of vegetation. 

Species marked 6 '  P,,, in the following list, are froin Pond Creek; those market1 
' L  R '7 are f'roin Rough Creek. 

Tlit temperature of the water wi~s 70° F. 

2. Rough Creek, at Hartford, July 25: 
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1. 
2. 

3. 

4. 
5. 
6. 

7. 

8. 
9.  
10. 
11. 

12. 
13. 
14. 
is. 

16. 

17. 

18. 

19. 

PISHES OF THE LOWER GREEN RIVEII. 

Ictalurus pulictatus (ltaliuosqiio). I12ne cat. (12, P.) .ibiuid:itrt iu Rongh Croek. 
Noturus miurus (Jordau). Mtid cut. (13.) Roportod qiiito corntiion, L i l t  only :I fow spovimens 

Noturus gyiiiius (Mitohill). Lush ocinimoii th:t,n oither c1f the prucutliiig ; thruo spocitiioiia 

Catostomus iiigricaiis Le Siieiir. Hog M~GC/W. (E.) Only three snisll sl)ecinicns t,;ilic.ti. 

Moxostoma duquesnei (LO ~11eIir). X f d r f w s e .  (R, P. )  Quito pleiitifiil in Rough Creek. 
Campostoma anomalum (Rafiiiesqw). #to e-tolrr. (R.) Very :tltiiudaut, and niiicli v:tluetl for 

Hybogiiathus nuchalis Agaasiz. Silvety mit inow.  Conituon in l’oiid C!rrek aiid by fitr tho iuoat 

Pimephales notatus (Itefinesqnc). BZ1m1-no~ed miirsoio. (12.) C O ~ U I O I I .  
Notropis whipplei (Oirard). BZtcc ? / t i t l ? f fJ l / j .  (R, P.) \’cry a l ) ~ ~ u d : t ~ t .  
Notropis megalops (Rafiuesquc). S l t i n c ~ .  (E. ) Commoii. 
Notropis umbratilis cyanocephalus Copolnud. 1i:ire in Pond Creek, blrt xnoro commou IU 

Notropis atherinoides ~tafiuesqiio. Bilvcrg ?tkitrttow. (R.) Common. 
Hybopsis storerianus (Kirtlaud). 8’auwwafer. (12.) Not common. Lateral line, 40. 
Hybopsis amblops (Rafiuesque). Silrcr chub. (lt, P . )  Common in Rough Creek. 
Hybopsis kentuckieiisis (liafinesquc?). C1r rtb ; Ho?wykc.utl. Comxnou in both strc*nms. Speci- 

mens from Pond Creek were \wry large. 
Dorosoma cepedianum (Le Sneur). X u d  ehad. (P.) Very plentiful in tho  uiiicldy water; 

specimens small. 
Labidesthes sicculns Copc. Brook ~ i l ~ r ~ i d c .  (R, P.) Not common. Only :I fvw Hpecinientj 

foond in either creek. 
Aphredoderus sayanus (Gilliams). Pirate perch. (P.)  Very ;Lbnndant. Soino of t h o  q e c i -  

mens have a length of 75 millimeters. Vent 
beneath a point iiboiit half way between the auterior edge of tho dors:tl and the posterior 
margiu of oporcle. 

Chamobryttus gulosus (Ciiv. nnd V d . ) .  Il%r-nhoicth. (I).) (:ommoil. Largo ; lnt8cral lint., 42, 
39, 40; vent below auterioi. margin of c1ors:tl. 

were tnlreu. 

takeu. 
(It.) 

bait. 

abundant minnow taken iu ltongh C‘rcok. 

lZough Creek. 

Scales in f ire ~poeim~ns ,  49, 49, 50, 49, 48. 

20. Lepomis pallidus (Mitrhill). Z l h e  .wt ! / is / t .  ( I ) , )  Sorcr:il q ~ i ~ c ~ i n ~ ~ ~ n s  taken. Au:il tliisty, almost 

21. Lepomis cyanellus Bafiuesqiw. Blue-spotlctl srcrcjsh. ( lor, dark bro\YIl; not green. 
22. Lepomis megalotis (Rafinwqiio). Lorcpcwed srctijialr. (R.) Quit(. coniinon; spcxinieiis very large. 
23. Micropterus dolomieu Lae6pbdo. SitLaZZ-n~oiitltcrd black haw; tvottf. (It.) COIIIIIIOII, furnishing 

24. Micrcpterus salmoides (Im6pbde). Lar!/e-moullred black lmw. (R.) Connnot~. 
25. Etheostoma pellucidum 13aird. Said ilarlo.; 8 t r d  c.t*nwltr. (J?. ) Not ~ ~ O I ~ I I I I ~ I I .  Specimens 

.26.  Etheostoma nigruiii (Ridiiicasqiie). . lok tr t r! /  t1trrk.t.. ( I t ,  l’.) Coninion only i n  Itongli Creek. 

black ; pwtorals reitching tlic third :iii:iI tipine; 1:t 

film sport for tho anglor. 

qiiite dark; 1:itcwil line, 75. 

Rpwiuieiis not more t1l:rn 58 milliineters ttriig ; 1:~ 
27. E heostoma copelaiidi (Jorkiti). (12.) Not cntiiinon. 1,:itrrnl linr, 16, 48, 47. 
28. Etheostoma histrio Jorclrui :tiit1 Gilbort. (It . )  ‘rwo spwintenu talcrn, nie:tsiiring  it^ follows : 

Jmigtlt, 28, 28; lieiicl, 64, 6&;  tlrptli, 44, 44; dorsal, IX-12, X-12; aii:rl, 11-7, 11-7; lateral 
liue, 50, 52. The color :tgrcc.s 1icrfic.tIy with the description of‘ tliiti speoies by Dr. 
C. H. Gilbert, in tho Procs. IJ .  S. Nab. Miis., 1887, p. 47. This is tliv socond time that this 
speciotl has been found w s t  of t 8 1 i t h  Mississippi River, :IS it hac1 previously been takeu by Prof. 
B. W. Evermilnu, in 1888, from the l’*itokn River, :it Patolicb, 1ud1:ina. 

29. Etheostoma shumardi (Oirrirtl). (lt.) 0110 speoiutcu ttiken. liength, BO; h o : ~ c I ,  14 ; (lopth, 94; 
dor~ztl, XI-13; anal, 11-12; liitord liiio, 58. 

30. Etheostoma caproaes (Ilafinesque). Sfripcd perch; Ri’akory. (It.) (’oiuiuon. Lateral line, 89 
or 90. 
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31. Etheostoma aspro (Cope :md .Jordan). IJk~ck-sit led darter. (R.) Not COIIIIIIOII  ; speeiitiens hlllill~. 
32. Etheostoma ouachitae Jordan and Gilbert. (R.) Not a wiilrly diutribnti~d species. It  wi18 

:&Is0 taken in Indiana in 1888, by Prof. Erernlann, wliose specimens are a li ttlc: larger than 
those founcl in Rough Crock. Five oftlie largest oftl ie latter measure a8 folloiw: Length, 
44 niilliuieters, 47, 46, 45, 43; head, 11, 12, 12, 11, 11; depth, 6, G&, 63, 6, 64; lateral liiic, 51, 
55, 52 ,5553;  dors:~1, x-12, S-12, m-12, X-12, S-12; mal, 11-10, 11-10, 11-10, I1-10,II-lo. 

33. Etheostoma phoxocephalum Nelson. 
34. Etheostoma cosruleum Storor. R a i d o i ~  darter. (P.) Rare. Tllree small specimens taken. 
35. Aplodinotus grullniens 1tafinesque. 

(R, P.) Common ; only yonng sperimonu taken. 

m%tc perch; freslktoater d r i m .  Conimou i n  both streams. 

UPPER GREEN RIVER. 

Tlie Upper Green River and its tributaries flow, for the most part, over a Sub- 
carboniferous area, cutting down to the Devonian in places. The stream is less deep 
here and has a good current; the banks are not so precipitous, and tlie bottom is 
covered with sand and gravel. At  intervals the saiid is piled up in large banks or 
bars, which form islands, or ju t  out into the river, making excellent places for collect- 
ing. Two regions were visited: (1) The Big Barren River and two of its tributaries, 
Drake Creek aud .Beaver Creek, in the neighborhood of Bowling Green, IVarren 
County, where tlie surface rocks are chiefly Upper Subcarboniferous. (2) The Upper 
Green River proper, and one of its tributaries, Pitman Creek, on which the Lower 
Subcarboniferous rocks crop out. 

BIG BARREN RIVER. 

1. Big Barren River, a t  Bowling Greeii : The collecting station was three-fourths 
of a mile udrtheast of the city; water temperature, 800 F. The Big Barren River rises 
in Monroe County, and flows iu a northwesterly direction for 75 or 80 miles to the 
Green Itiver, which it joins a t  the northwest corner of Warren County. The stream 
:kt  Bowling Green, about 20 miles from its mouth, is from 100 to 125 feet wide, clear 
slid deep, s i d  with coiisiderable current. Most of the specimcns were taken on or near 
;I large shoal or sandbank above the water works. Here the bottom was of coarse 
gravel and saiid, with a rock bottom which in the deeper places was covered with 
mud. There mere no alga3 or other water plants in the stream, but crayfishes, clams 
(Unio),  and turtles (Aspidonm%') were common. The stream is ti11 excelleiit one for 
fish, the water being clear and pure; the specimens taken werck fine, being very active 
and with the colors bright m d  fresh. It is well stocked with good food-fishes, aud 
contains ;m abundance of mimows and darters. The surrouiiding country is rolling 
and has a limestone soil, producing good crops of grain and fruit. Forest trees of 
ash, elin, sycamore, aiid birch were noticed on the b;Liiks of the river. 

2. .Drake Creek: Colrections were mibile, August 2, 8 miles sout11e;~st of Bowling 
Green, just below i;hc '' Shaker Mill," and about 5 miles from tlie poiut where this creek 
flows into Big Barren River. The temperature of the water. was 740 F. At the place 
visited the stream is about 15 yards wide, the bottom coinposed of loose, flat stones on 
the rapids, with stretches of mud bottom between them. 
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There was considcrable coarse gravel or broken and rounded stones piled up a t  

intervals, with but little saiid. A species of Verowicn and a mint were growing in large 
quantities in the edges of the wilter aud sliallow places; some alga and Fot~tinalis were 
also noticed. The bi~nlis of the stream are from 150 to 200 feet high, the stream having 
cut its way to that extent tlirough the soft spongy limestone. The creek is fed bj7 
numerous large, cold springs, the outlets of the numerous sinks of the uplands. 

3. Beaver Creek : The exa,mination was made about G miles north of Glasgow, the 
county seat of Barreu County, August 6,  the water temperature being SO0 F. Beavel. 
Creek is a small northern tributary of the Big Barren Itiver, about 20 miles in length, 
and at this place, 15 miles from its mouth, is about 20 yards wide. Tlic locality was 
not a good onc for collecting, but is the OIIQ place for several miles where the seine 
could be used, on account of the mill ponds. At this point there is a short ripple about 
50 yards long, between the falls of oue mill dam ;knd the back water of 'the one below. 
The stream has a considcrable current over rock bottom at the ripple, but in the inore 
quiet mater the bottoiii is of mud. Some of the rocks \.yere dotted with Oscillariu, 
while Spirogyra and other algifi were found iii quicht places. The soil in the narrow 
valley is fertile, but the surrounding country is of a poor ZiIuestone soil, colored very 
red from the iron which it contains. 

The banks o f  the stream are fringed with willows, locusts, and hawthorns (Cra- 
tmgus). On the uplands grow red and white oak, ~valnut, cherry, and poplar, while 
the tops of the hills are covered with pbst oak. The soil is underlaid by a soft l h e -  
stone, easily eroded, and the whole surface of the country is covered with sinks. The 
stream is well stocked with a variety of fishes, and the specimeiis talien were large 
and fine. 

4. Little Barrel& River, at Osceola, August 6 :  The locality examined extended 
from the mill, one-half mile downstream; temperature of the water, S4O P. Little 
Barren River rises in the southern part of Metcalf County and Bows northwesterly for 
about 40 miles, joining the Green ltiver betweell Halrt and Green counties. At this 
station, 5 or G miles from its moiith, the river is about SO yards wide aud flows over a 
bottom composed of' stone, slate, and coarse gravel. The water on the lollg ripples 
was very shallow, being broken up into several sniall streams with small grassy islmds 
between them. The low sloping bars of these islands were covered with knotgrasses 
and mints. Darters were found in abundance on the deer, swift ripples, while min- 
nows and sunfishes were plentiful in the more quiet places. The station is a good 
one for collecting, and we obtained a fair representation of what the stream contains. 

UPPER GREEN RIVER PROPER. 

6. Breeih Rifler, 6 milos sonthwest of Greensburg, August 7 j temperature, S 3 O  F. 
Here the river is about 200 yiirds wide, flowiug over very large beds of gravel and 
sand. Where this material has been cut out the bottom is of slnooth, flat stone, while 
in the deeper places some mud has boon dsposjted. The river was fished a t  a ripple 
where the water varied in depth from 3 to 4 foot, but between the ripples the water 
reaches a depth of from 4 to 12 feet. The stream contained but little vegetat'ion, 
which grew on the small islands or low sloping shores. The fine, smooth bars afford 
excellent places for collectiug; not infrequently one haul of the seine mould land as 
many as 75 darters and maiiy more minnows and otber soft-rayed fishes. 
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6. Green liiver, oue-half mile east of’ Greeiisburg, August 8; temperature, S W .  
The character ofthe stream here is much the same as :at tlie last station, the distance 
between them being probably S miles by water. Fewer fishes were taken here, how- 
ever, owing to the less favorable conditions for collecting, the water beiiig swift aud 
the ripples covered with large stones. Black bass and G i  Jisck” (Stixostedioiz vitreum) 
were reported very common, although but few were teken. Forty-three species were 
collected at  this station. 

7. Pitmam CreeJc, 3 miles west of‘ Greensburg and 8 miles from the mouth of the 
stream; August 9 ;  mater tcmperature, 850 I?. Pitmau Creek rises in the north- 
western part of’ Tuylor Couuty, flows in a southwestcrly direction, and is about 26 
miles long. At  this station it is about 44 yards wide and hils b u t  few ripples. The 
bottom is of stone, covered in places with fiiie mud; at the ripples the bottom is of 
coarse gavel  and small stones. The water is not deep, being only from 2 to 6 feet in 
the more quiet and deeper places. The valley is narrow, of alluvial deposits, covered 
with elms, sycamores, cottonwoods, and water birch. There were no Umios, cray- 
fishes, or water plants in the stream. The station was not a good one for collecting, 
the ripple being short a’ud deep. But few varieties of fishes mere taken, the most 
abundant being Ambloplites rupestris and Etlwostomn cvidea. 

In the following list the diflerent stations on the Upper Green ltiver and its trib- 
utaries are designated as follows: Big Barren River, by B ;  I h k e  Creek, by L); 
Beaver Creek, by Bea; Little Barren River, byLB; Green River, 5 miles southwest of 
Greensburg, by G; Green River, one-half mile east of Greensburg, by GB; Pitman 
Creek, by P. 

FISHES OF THE UPPER CREEK RIVER. 

1. Lepisosteus osseus (LinnIons). Conwt~on gay. (B, G, GE.) Not common; only4 specimens were 
taken. 

2. NO~UIUB miurus Jordan. Mud oat. (B, L B ,  P.) Xot cornmou; only young specimens were 
taken . 

3. ~oturus eleutherus Jordan. This species W:18 taken from an offshoot or bayou of the 
Green River a t  Greenshnrgh. The largCNt specimen W:LS 55 iuin. long; head, 16; depth, 10; 
eye, 3+; anal rays, 11; iippcrjnw projecting slightly. Thr specimens agree in all essenti:il 
prtic111ars witli Dr. Jordan’s description of the sperics. 

4. Ic talurus  puncta tus  (Rafines(iu(~). B7we cat. (B, D, G, GE.) Corninoil in Big l3arren nridGrrcii 
rivers, bnt most abnn(1:mt in the formrr. A mncli valnod and very oxeellent food-fish, 
especi:dly wlien taken from de:u runni11g water. TJnlilce inoet other members of tho family, 
i t  prefers the  nniiliiig to t h t .  inore slnggish water. 

5. Leptops olivaris (Rafincsquo). Mzd Cut; I’r7Zolo cat. ( I 4  G ,  GE,  I>.)  Rare in  tlio Big Barren, but 
inow eoxnnioii in tlir *rcen River. Tliosc taken from thc bayou have tho colors much 
blrn (led . 

6. AmeiurUSnatafiS (Le Suellr). YdhO cat. (13, GI<.) Not very common; specimen8 dark, almost 
black. 

7. Ameiurus iiebulosue (Le Sii~ilr). (13, GI<.) I“onnt1 only in the muddy waters of tlie 
bayou. Spccirneus of‘ tho silt wid^^ w w o  ganer:illy very twiirce, being common only in  the 
bayon a t  Greensburg. This bayo11 irJ a sniall narrow neck of water overhung with willows 
and with :I very muddy bottom. 

8. Ictiobus bubalus (Rafinesque). R U f a l O  8 ~ k w .  (13.) 01dy :L few yonng specimens taken, bnt 
reported (:ommou in tlie deeper waters of the Big 13arr011. 

9. Moxostoma duquesnei (Le Siieur). Taken :L t  everg stat im,  ant1 coin- 
mon at nearly a11 of them. Sonic vf.1.y large spc~irrre~iri w r e  obtnir~otl jii tlie Big R:irrei~, 
wliere i t  W:LS pirtic11IarIy nl~unilqnt. 

(GE.) 

Bullhead. 

Five species were taken there. 

C O m ~ ~ ~ O ~ ~  Or lohilo aucker. 
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40 
40 
4 I) 

10. Catostomus nigricans (Le Sucur). IIog  sitcker. Tho young wero abiindant at overy station. 
11. Minytrema nielaiiops (Rafinesque). Striped e t i c l i c ~ .  (Boa.) Found only at o m  station. Four 

specimens were token, 3 small aiid 1 large. Tho lateral line was completein tho young and 
ontiroly absent in the adult. 

12. Campostoma aiiomalum (Rafinesque). Common at evory station, but iuost 
abuiidant in the headwaters of rivers. 

13. Pimephalea notatus (Rnfinosque). B h t - n o s e d  minnow. (U, D, Boa.) Common at tho first two 
statiolis named, but  only a few takon.:it tho Inst. 

14. Hybognathus iiuchalis (Agassiz). Silacvy minr~oio. (Boa.) Not common ; sidos not piinctato. 
15. Notropis delicioeus (Girard). (GE.) A very widely distributed minnow, but taken at only ono 

placo i n  the  Green Rivcr system. 
16. Notropis whipplei (Girard). Blue n i h o t o .  Taken at every station ; found abundantly in nearly 

all the stroarrrs in this scotion, but more :ibundant in  tho 1:trgor ones. 
17. Notropis megalops IRafinosqno). SilcC?*sidc; Shiner. Taken a t  every station, but much 1110re 

common in tlic Big Barron and its tributaries than in tho Green River; only a fow vory young 
specimens were takoii in the lattor. 

(B, LB, G, GE, I).) Not found in tho streams f:w 
thor wost, but  not ~iicommoii iu  tho Upper Groen Bivor and its tributaries. Tho spocinieiis 
agroo in  most p:trticulnrs with Copo’s description* of I’hotogenis ariontnius, ospooially in tho 
broad faint latoral bmd, but t h o  specimcne from thv Greeii River havo :L diirk vertctbr:iI 
band. Tlie largest spccimoiis from Drako Crock ~iioasiirod 70 millinioters long; Iieiid, 16; 
depth, 16; eyo, &; arm1 rays, 9;  lateral line, 37; snout very short, little moro than half of 
oyo. Tivolvo speciiiiens wero t ~ l i ~ ~ i  at  tho first station 011 the Groon Rivor, six of which 
moasurod as follows (in millimotors) : 

Scales 4G. 
“ Dough-belly.” 

12aro. 

18. Notropis ariommus (Cope). Big-e!/etE shiner. 

Duptl,. Eye. Anal Latoral Head in Doptlr in I Bye in 
rays. lino. longth. length. head. 

0 u+ 4 10 37 4.45 6.44 2.76 
6. 5 11 4 10 38 4.45 6.16 
0 4 .10 40 4.26 6.44 2.76 

__________-_______ 

19. Notropis umbratilis cyanocephalus (Copeland). 
man Croolr, and gonorolly common. 

20. Notropis dilectus (Giraril). 

ne@% Tnkcii &t ovory station oxcopt Pit- 
No variation noticod oscopt in color. 

Emerald n~innozu. 
Albumus ntbrifrona C o p ,  Proc. Amd. Nat. Soi. Phila. 1865, p. 85. 
Lcueiscus rubrifrons Giintlier, VII, 225. Common a t  tho stations iii~uinil aud 

very abundant in Dralro Croolr. A very haudeomc little minnow, varying i n  color in clif- 
foront localitios. In this rogioii it iN of :L vory dark olive-groou :tbovo, with a wido, thin, 
silvory latoral band, overlying :L very d:wk phiiuboous stripe that is sharply defined, 
especially on i ta  upper margin. Care- 
ful 1iio:isiiroments of sovoral specimous from difieront localitios in this creek system sliow 
but  littlo xiriation. Spooimoiis from this locality are much mora slender than those described 
by Cope from tho Alloghmy region; his lnonsuromont of dopth iii longth, including caltdtll 
h, was only 8.5. Six specimens iron1 Urako Creel; iuoasuro i ~ s  follows (in millimotors) : 

(13, U, G, GE.) 

V0rtebr:Ll band distiuct ; oaiid:~l peduncle slender. 
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21. 

22. 

23. 
24. 
25. 
26. 

2 7. 

28. 

29. 
30. 
31. 
32. 

33. 

Notropis atherinoides Rafincsquo. Rosy iuinttow. Taken a t  a11 tho statlons except I3oavor 
Crook ; moro abundant in tho larger streaiua. 

Notropis arge (Cop) .  Coiiimou in largo cloar streams. I havo followed Professors 13. W. 
Evorrimnn and 0. P. Jonlrins in  tho indeutification of this spocies, but find soma variation 
botwoen wliat we haw callctl urge i~ntl Cope’s AlburneZluz urge, doscribed iii his Syuopsis 
of tho Cyprinidm of 1’enusylv:Lnia. Cope gives tho lengtli of A.  urge as 2.75 inches, less 
than that  of aiiterinoides (8lbtc.moZZus juoulus), whilo tho specimens I h a w  axamincd havo 
gonorally boon much larger. Cope doscribos tho latcral linc of A .  amge as straight, which is 
not trim in wliat \vu rocoguieo as N. argc. Tho silvor b:tnd on the sides of N. urge oxtonds 
bolow the lateral line, whilo tho interorbital space i s  about oqual to  tho  orbit. 

Notropis sp. (LB.) Not ooinmon. 
Notropis telescopus (Cope). (LU.) Raro. 
Phenacobius uranops Cope. (13, D, G, GE.) Not common. No condnl spot; lateral lino, GO. 
Hybopsis hyostomus Gilbert. (B, LB, G, GE.) Not raro. Found in alcar water, ordinarily in 

the swift water of tho ripples. Tho largost spocimeu from Groen River moosurod 57 mui. 
long; 1:Ltorol line, 39. 

Hybopsis amblops (Bafinesque). Silver o7bub. (G, GE, P.) Not common, being poorly ropro- 
scntcd a t  oach Htotion. 

Hybopsis watauga Jordau and Evormann. (B, LB, D, G ,  GE.) Very ;Lbundent in tho clear 
swift water of Big B:Lrron ltivor and Drako Crook. Tho scales in tho lateral lino of a few 
specimons aro as follows: 48,47,48,50,49.51,49,50. Scales before dorsal, 20 and 21. Tho 
scales in  the latcral line of H. disaimiZis (Kirtland) aro 43, r14,47,46,43,45, 46, 44; scalos 
beforo dorsal, 17,17,18,17,17,16,16. The 1:irgc spots, so conspicuous 011 tlio sidos of If. 
watauga, are :I distinguishing feature. H .  $oatazcga is ordinarily much larger than H .  
dissiniilis, aud ofton reaches 100 mm. in length. 

Hybopsis kentuckiensis (Rafinesquo). Chub. (U, LB, D, GE.) Common. Latordlino, 42 to44. 
Semotilus atromaculatus (Mitohill). IIornylwad. (U, J3o:i.) Not ~ O I I U I I O I I .  Latoral line, 57. 
Hiodon selenops Jordan and Bean. Moon-eye. (l’.) Very raro; oiily 0110 spooimon -\vas taken. 
Zygonectes notatus (Rafinosque). Topr~innoio.  (U.) Rare; only thrco vory small speoiinons 

Fundulus catenatus (Storor). Studjis71. (GE.) Very rare. 
wore obtained. 

34. Labidesthes sicculus C o p .  Found to bo most abiindant 

35. Pomoxis annularis R:~fii i~sipo. Not co~nmon iu tho Big B:Lrrun; 

36. Ambloplites rupestris (Rafinesquo). Goggle-eye. (LIJ, G ,  GE, l’.) Sinall specinions cuminou in 

37. Lepomis pallidus (Mitohill). nzlkc SUiL$8it. (GE. )  Vory rue .  Latoral lino, 44. 
38. Lepomis megalotis (Rafinosquo). Very gonorally distributed, but not itiany 

39. Micropterus dolomieu Lac6pDde. Talrcii in a11 stroams visited and 
plentiful in all the  larger ones. 

40. Micropterus salmoides (Lnc6pEdc). LaVc.e-~)~out~ted black bass. Not noarly so common as a. 
aozomieu. 

41. Etheostoma nigrum (Itafinesquo). Jolbnfiy davfcr. (13, D, GE.) Coininoii in Big Barren River 
and Uralto Creok, but  only D few small spooimons obtained in tho Grooii River. Lateral 
lino, 48, 48, and 44. 

  rook crilvcrsidi~. 

( M h  baas. 

(B, I), LI3, G, GE.) 

(13, G, 13, GE.) 
about the largo san(1b:Lrs in  Greon River; only a few wore t:bkon in  Big 1l:trrcu River. 

abundant in  tho bayou of tho Groon River. 

tho bayou of tho Grecn Eiver; several large ones tikon in Pitman Crook. 

Spooimons -\wry largo. 

Lon(l-caretE SU71$87b. 

Smal~-moulWerZ black baas. 
specimons wero taken a t  any ouo station. 
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42. Etheostoina blennioides ltafinosc~uo. Grccn-sided d a ~ t e v .  (13, LU, U.) Comiiioii in  tho 13ig 
Barroil ltivcr uiid Drake Creok, and tho most abundant dortor in tho Little lhrrou liivcr. 
A fow w r y  small spooimciis woro talrou at tho first station on tho Green River and sevur;il 
largo oiios a t  tho socorid station. 

43. Etheostoma pellucidum Uiiird. Sand davtcr. (G, GE, LB.) Coiiiniou only a t  tho first stntiou 
on tho Groon River, whoro aboiit 75 spocimons wore tolion. Thcso spocimoua variod consid- 
orably both in  color and squainstiou. 

Not widely distributod, nor coxnmoii oiiywhoro. 
Lateral lino, 96. 

Very ab undant a t  tho first station on the Greou 
liivor and commoii at tho second. ptttnus~i iiro closoly allied, :uid may bo 
identical, tho chiof difkronccs occurriug in  tho numbor of spines in tho dorsal and anal fills 
:md in the siao of tho scales. E. copcltcidi  hoe ilors:d XI-10; :mal 11-9; latoral lino, BG. 
E. putnarni has dorsd, X-11; anal, 11-8; lateral line, 44. I n  thirteen spccimous fiwm this 
locality the dorsal is X-11, X-12, XI-11, XI-10, X-11, X1-12, X-11, X-12, X-12, X-12, X-12, 
X-11, X-12; au:il, 114411-8, 11-9, 11-9, 11-8,11-8,11-8, 11-9, 11-9; lateral liiio, 51, 48, 51,49, 
52, 51, BO, 48, 51, 48, 50, 50, 54. I n  those spociuicns the latoral linc (Ioos not go as high :is 
tho averago givon for E. copdnntli, nor as low as in IC. putirtcati ,  wliilo the numbor of (in 
reyo sooms to  indicnto nothing. I \vas :dso unnblo to  find any coustant difforeuco in tho 
ro1:itivo proportion of hoad aud depth. 

46. Etheostoma caprodes (Rafincsq~re). Log p w c h ;  Jack minnow; Hickoolg. (U, D, LU, G, GE.) 
Not so a h i d a n t  as in tho westcni pLrt of tho Stnt80. 

47. Etheostoma macrocephaluiii (Copo). A large handsome dartor, but  
littlo hiown a i d  not widoly distributocl. ltethor plontiful in  tho Holatou; but nioro 
abundant probably in this region tliaii :my othor yot visited by tho collootor. The luoasuro- 
luouts of a few of tho largest epoeimens :ire as follows : 

44. Etheostoma asprellus (Jorclan). 

45. Etheostoma copelandi (Jordan). 

(G, GF.) 

(G, GE.) 
E. copclaiidi and 

(13, LII, 13, Uea, G, GE.) 

Throe of tho lorgost spocirnonb: out of twolve talcoii froin tho soaoid station on tho Groen 
ltivor 11io:muro DB follows : 

70 CliorliH with ii fowirrvg 
ullls plltollov of scalus. 

70 

. 48. Etheostoma aspro (Copo a i d  Jor(1ibii j .  Blnclc-sided &cv/cr. (I,, G.) Not abllndant. Soveral 
qvximens were talrou froin tho Uig Ihrroii River, :md only two lioiri tlio Groun. Lateral 
lino, 62, G8, G5. 

49. Etheostoma phoxocephalum Noltsou. (U, G, P.) Not oouimo~~. Ouly o w  small spooimoii taken 
from Pitman Crook. 



260 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

50. Etheostoma cymatotaenia Gilbert and Meek. (13, D, Ueii, LU, G, GE.) A very rare ditrter, 
A €ew of related to  E. macrocepl~alurn, never before h k o n  east of the Mississippi River. 

the largest specimens measure as follows: 
~ , . .- 

Length. Head. Doptii. Eyo. 
_ _ _ _ _ ~ -  

-~~ 
Latural 

line. 

G3 
GO 
62 
GI 

__ 

- 

Dorsal. 

XII-12 
XII-13 
XII-12 
XI-12  

~ 

51. Etheostoma scierum (Swain). 
52. Etheoatoma simoterum (Cope). 
53. Etheostoma evides Jordan and Copeland. 

(B.) Rare, only one specimen having b e e ~  obtained. 
Very rare, speciiucns :dl young. 

(C, G, GIG, P.) Common only a t  Pitmau Crook, 
where it was taken in :ibund:mce; most of the specimens, however, were small. Colrlpnrcd 
with specimens from White River, 1ndi:ina. they were not so deep in proportion to  their 
length; stripos more narrow and not so well ildined; back loss clcvatccl, :md scales sudler .  
Twelve specimens atforclod the following measurements : 58,63, 62,69,59,62,61,63,63, G2,60, 
61. 1’ector:ils unmarked. 

Commou whcrcver takeu; most abunikuit in 
the clear ripples of the larger streams. The dark-peen markings on the sides not arr:inged 
in  well-defined bars ; pectorals crossed by Pcint-green bars ; cheeks with irregular patches 
of scales; lateral lino from 56 to 62. 

(G, GE.) Neither distributed gonorally nor taken in large nnm- 
bers. Always found in  swift water. General color brown, with a iiuniber of faint, narrow, 
green lines running longitudinally, and broador ones running vertically ; 20 or 30 smidl 
orange spots, 5bOIlt one-half millimetor in  diameter, scattorod promiscuously ovcr the sidm, 
numerous on the caudal peduncle. Two specimens from the first station on Grocn River wero 
43 and 45 millimeters long; scales in 1ator:bl lines, 48 and 53. Two from the second station 
measured 45,47; sc:iles, 49,41. 

56. Etheostoma rufolineatum (Cope). (U.) Rare. Color, light olive, striped with brown and 
green, with a few orange spots on caudal peduncle and about mouth and cheeks; dorsal 
light, bordered with the samo orange color. 

54. Etheostoma zonale (Cope). (13, LB, Boa, G, GE.) 

55. Etheostoma camurum (Cope). 

57. Etheostoma flabellare (Rafinesque). (G, GE.) Not common. 
58. Etheostoma cceruleum Storm. Radnbozu ilal’ter. (U, Bea, LB, G, GE.) Common. 
59. Etheostoma atigmaeum (Jord:tn). Speck. (U, LE, D, G, GE.) Widely dktributed and very 

abundant at all the ststions. According to Dr. Gilbort, tho types of ~ t h c o s t o ~ ~ ~ a  etigmceum 
are identical with thosc of E. saxatile. 

60. Etheostoma virgatum (Jordan). Itare. 
61. Etheostoma microperca Jordm and Gilbert. Least darfcv. (LE)  Very rare. 
62. Stizoatedion vitreum (Mitehill). Jack; Jack salmoit; JVIiite-e?p. (G, GE, P.) Most common in  

A very excellent food-fish. 
63. Aplodinotus grunniena (Rafinesquu). ~~es lc- tuatcv  dv tm;  lV7tite perch; Campbollitc. (U, GE.) 

64. Cottus bairdi Girard. X l l d 8  thumb. (LB.) Ram. 

the Green River. 

Common in Big Barren River; much valued as food. 

- 
* A full description can be found in a paper entitled ‘‘ New and Little-known Etheostomoids,” 

by Dr. C. H. Gilbert; Proc. U. S. Nat. Mus. 1887,51. 
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TRADEWATER RIVER. 

Tradewater  rive^ rises in Christian County, Ey., aid flows in a northwesterly 
direction to the Ohio River, which stream it joiiis in Union Uouiity, GO miles above 
Padiicah. It is about 70 miles long, flowing for most of its length just inside of tlie 
western coal region. Damson Springs is probably 45 miles froni its mouth. The 
stream at this place is from 20 to 30 yards wide; the banks are lorn and steep, without 
sand or gravel. The bottom is composed almost entirely of mud, but there is ail out- 
crop of rook at  the iiiill affording a rocky bottom for a few yArds .  The river is warm 
and sluggish, and never very clear, apparently not receiving a very large supply of 
spring water, although several springs were noticed a t  the mill. It is well stocked 
with several varieties of' fishes, one of the most abundant Being the small-mouthed 
black bass, or L6troiit77, as it is commonly celled in Kentucky. This locality is not 
favorable for collectiiig, as the stream is full of logs, brush, and roots. The esaiiiination 
was made a t  the mill, one-half mile southeast of Dawson, and at tlie railroad bridge, 
three-quarters of a mile south of Dawson, July 2G j water temporature, 820 F. 

FISHES OF THE TRADEWATER RIVER. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

13. 

14. 
15. 
16. 

17. 
18. 
19. 
20. 

21. 

22. 

Lepisosteus osseus (Linnlcas). Vory abundant, as many as foiir, rnosuring 

Lepisosteus platystomus (Rafiiiosquo). Duck-billed gag.. Not so oommon; only 0110 spocimoii 

Carpiod-s  carpio (Rafinesquo). Carp sucker. Several specimens were token. 
Catostomus nigricans (Le Siieur). Hug suckw. Not coiiinion. Sc:iIes, 47. 
Erimyzon sucetta oblougus Mitohill. Stripcd sucker. Only olio specimen talcon. Lateral line, 47. 
Moxostoma duquesnei (Lo Suour). Con~moi~ suckct*, redhorse. Comiuoii. 
Campostoma anomalum (Rafiiiesquo). Dough-belly. Raro. Spcchcns :~11 small. 
Pimephales nota tus  (Rafincsquo). Blunt-nosed niinnozo. Abnni1:int. 
Notropis deliciosus (Girerd). Not coiiiinon. Tlireo epociniens wore I,aken, tho 1:irgrst moasuring 

A faint spot boforo dorsal; snoiit broad, with :I dark b:~ntl passing :irouud it;  

Cornnion garfish. 
from 2 to  3 feet long, bciiig talcon a t  o m  liaiil of tho soino. 

w as taken. 

641nillirneters. 
oyo, 22 in head; latcrnl lino, 34; 13 scales boforo dorsal. 

Notropis megalops (RaGnesque). Shiner. Rare; five spccinicns taken. 
Notropis umbratilis cyanocephalus Copolnnd. Qiiito coinnioii. Spot boforo dorsal indistinct. 
Notropis atherinoides (Rafinesqne). Silacry ?ninnoiu. Common. Tho largest ruoasarod as fol- 

lows: Length, 80 millimeters; head, 16; dopth, 15; u p ,  59; 1:itural line, 40. Silvory baud 
oxtonding above tho latoral line over 24 rows of sc:iles. 

Hybopsis amblops (Rafinesquo). Silver ckub. Not ooiui11on. Largest spocimon 56 millinietors 
in length. 

Zygonectes notatus  (Rafinosqno). Top minnoic. Rare; spocimons all small. 
Labidesthes sicculus Cope. Brook eilverside. One spocimon t:ikou. 
Anguilla chrysypa Rafinosqno. Common ecl. C O ~ U I U O ~ .  Sevur:Ll Npecilllolis monsuring a t  lo& 

Pomoxis aimularis Rsfinesqne. Crappie. Common. 
Lepomis megalotis (Rafinosque). Long-eat-ed sunjisl. Abundant. 
Lepomis pallidus (Mitchill). Blue s 7 q W ~ .  Rare. 
Lepomis macrochims Rafinrsquo. 

2 foot in  loiigth woro tnlron. 

Two specimens taken. Lon@, 67 ant1 63 uiillimoters ; depth, 
28 and 25; liead, 24 rtnil21. Dors:Ll qinos  high andrathor slonder; pectorals ronchil~g third 
ana1 spino. The bars of bright orengo spots WePo quite conspicuous in  Iifc, but fhding in  
spirits, so that  thoy i~ro  scrtrcoly visible. 

Micropterus dolomieu Lac6phdo. St,taZZ-mufhcd black base. probably t h o  most abundant of 1111 
tho spiny-rayed fishes. 

Micropterus salmoides (Lac6pido). Large-ncoutked black basa. Not so common (18 N. dolomnieu. 

Scales in letoral lino, 41 and 42. 
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23. Etheostoma nigrum (Rnfineaqiic). J o ~ n n y  dnvtcr. Common. Lateral line, 50, 48, 47, 49, 50. 
24. Etheostoma aspro (Copo nncl Jordan). BZac7c-sidrd davtcr. Common ; only small specimens takcn. 
25. Etheostoma phoxocephalum Nelson. Rare. 
26. Etheostoma fusiforme (Giraril). Lcngth, 20 millimetcrs; head, 8; 

depth, 5; Iatorelliue, 47; 21 scales with tubes; dorsal, X-11; c*audal podunclolo~lg aud slou- 
(lor j color light, ~not~tled with brown, :Lpparciitly without any regularity. 

Ouly one spccimen takcn. 

L O W E R  CUMBERLAND RIVER. 

This part of tlie Ciiiriberland River was examined 14 i d e s  south of tlic town of 
Kuttawa, Keiitnclcy, July 2G. At this 
point the river ruiis over a broad sandbaiilc half a mile loiig, that exteiids nearly 
across it. It was the oiily place in this part of the country where the river could be 
fished successfully with a sinall seine, the banks being generally precipitous and the 
w;i,tcr deep. The sand on tlie bar mas covered in the more quiet water with fine mud 
a few inches deep, but nowhere was any vegetation found in tlie stream. Uniok end 
cmyfishes were tak,?ii, but they were not abundaut. A few sunfishes and bass were 
obtained from a sinall artificial lalre west of the river, but as the river frequently 
overtlows into this lake I have inclucled these with the river species. 

The temperature of tlie water was 820 F. 

FISHES OF T H E  LOWER CUMBERLANU RIVER. 

1. Acipenser rubicundus Le Sneur. 
2. Lepisosteus osseus (Linumis). Cot i~v i~o i~  gals. Four specimons tnkon. 
3. Ictalurus punctatus (12ilfinesquc). Quito plcntiful, and onc of tho most 

4. Ictiobus bubalus (Rafinesque). Sn~all-vno~ct1icd bufaZo. Commou; specinion8 talccon 'Were sm:L11. 
5. Carpjodes difformis Cope. Common. 
6. Catostomus nigricaiis Lc Sueur. Dog sucker. Not abundant. 
7. Moxostoma duquesnei (Le Suenr). Redkorac; JVhilc suckcr. Quito common j 1ater:il line, 44. 
8. Cycleptus elongatus (Lo Sueur). 
8. Campostoma anomalum (RnAnesque). Uoug7~-beZZy. Not coninion. 

St~crgeon. Common ; several specimons talrcn. 

Cltniritel mt,  or Blue cat. 
valued food-fishes at this place. 

Black horse. Oue young specinion taken. 

10. Hybognathus nnchalis (Agassia). Silocry n&innow. A very coininon minnow. 
11. Pimephales notatus (Rafincsque). 
12. Cliola vigilax (Uaird am1 Girard). 12arc; latcral liuc, 43. 
13. Notropis whipplei (Girard). One of tho most :Lbundant of the  minnows, :ippar- 

eiitly preferring clear, running water. 
14. Notropis jejunus (Forbes). Colnlnon. Two of the largest specimcus talccu afford the following 

measurcmeuts: Length, 50 :tnd 52 millimeters; head, 12 and 12.5; dcpth, 12 and 12; 1:Lter:tl 
line, 32 and 33; s d c s  before (1orsa1, 13. Suout broatl :mtl dusky; back somewhat elevatocl, 
with dark vertebral stripe ; c:tu(hl p d u n c l c  wid0 ; sidc with a broad, silvory lateral b:~nd. 

Mcasuromeiits (in millimetors) of five of 

~ l I L l Z t - 9 k O S C d  nbinnow. 
Bc~ll-lteccd naiwnow. 

Only a few specimens taken. 

Blue iiainxow. 

15. Notropis megalops (Rafinesql1e). Slti~tcr. Quite conimou. 
16. Notropis atherinoides Rafi1lcs~l11o. Si/vcy minnow. 

the largest arc as follows : 

Making 11cod in 
pressed; color light. 
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17. Hybopsis storerianus (Kirtlancl). Spawn-eater. Common j tho spocimcns were largo. 
18. Opsopoeodus emilib IIiliy. Olio specimen was taken. It has :li clear, woll-defined, black lateral 

band, 1 milliiricter wido, which pssacs around tho snout and touches tho lowor lip, leaving 
two black spots, and passing back well ovor the ceuclal rays. Thoro is also ii well-defined 
vertebral band; dorsal dnsky, a i d  anal bl~c lc  at base. 

19. Hiodon alosoides (Rafinoscyue). Noon-eye. Ono spocimen talcon. Lcngth, 170 millimeters; 
dopth, 45; lateral line, GO; dorsal rays, 9. 

20. Dorosoma cepedianum (Lo Sueur). Mu$ slkad. Quito common, espccially iu tho laka. h n g t h  
from BO t o  70 millimeters. 

21. Zygonectes notatus (Rafi~icsqne). Top-ntiniiow. Not coinmoii, 
22. Fundulus catenatus (Storer). Sfzid$slt. Not oommoii. Tho largest spocirneii measuros 61 milli- 

23. Gambusia patruelis (Bairil and Girard). Not common; taken only in the lalro. 
24. Labidesthes sicculus Cope. Broolc sileemidc. Common. 
25. Lepomis megalotis (Rafinosquo). 

also takoh i n  tho river. 
26. Lepomis cyanellus Rafi~lcsquo. Gvccti st~n$sh. Found only in tho lakc. Lateral lino, 45. 
27. Lepomis pallidus (Mitchill). 

28. Micropterus dolomieu Lac6pbde. 
29. Micropterus salmoides (LaoEpbdo). 
30. Etheostoma pellucidum IJaird. Satid darlei.. 
31. Etheostoma shumardi (Girard). Not commou. 

32. Etheostoma phoxocephalum Nelsoii. Common. Spocimons small, light in color. 
33. Etheostoma caprodes (Rafinosquo). Log perch. Common. Lateral line, 90,91,89,00; specimens, 

34. Etheostoma aspro (cope m c 1  Jorclau). UZaok-sided duster. Ram; only thrce spocirno~ls taken 

35. Stizostedion vitreum (Mitohill). 
36. Roccus Chrysops (Rafincsque). n'ltite bass. Corninon. h t o m l  l im,  GO. 
37. Aplodinotus grunuiens Rafinosquo. Ir'l.esl~-ioatcr clrunb; Wvito $wrck. Coinmon. 

motors. 

Loq-eased sun$sW. Found very abundant iu tho lake, sild 

Blue suitjislt. Taken in  both the rivor aud tho lake; vcry abundant 
in the  latter; spccinicns vory dark. Lntornl lino, 38 t o  41. 

Sntull-nhouflied black bass. Common ; abundant in  the lake. 
Lar(/c-rnoutlied blaak buss. Loss oorniiioil than df. dololtliclL. 

Elevon dark bands on sides, and% (lark curved 
Conimou, but takon only iu tlie river. 

line back of operolo. Latcral line, 58. 

largo. 

from river. 
*Jack; Jack saZnton. Common in tho rivor. 

UPPER CUMBERLAND RIVER. 

Tho Upper Cumberland River was examined in Rockcastle, Laurel, and Rnox 
counties, just within tlie mountains, and consequeiitly in the eastern coal region. The 
streams in this part of the countxy Iiave cut deep through strata of sandstone, shale, 
arid slate, so that the baulrs ou either side rise high and steep, leaving, however, in 
some places, a narrow sti,ip of level land near the water. The streams are swift, 
flowiiig almost elltirely over rocky beds with, here and there, banks of small eroded 
stoiies and gravel, but in Rome of the more quiet places the bottom is muddy. The 
water is;cIear and cold, with considerable current at all times. Unios and crayfishes 
were sc;tl.ce; no alga were found, and but little vegetation of any kind was noticed in 
tho stream. A species of mint, however, was found :tlong the edges of the water and 
in the inore shallow ripples. No great variety of fishes mas noticed, the more active 
and aIert varieties being by far the most commoii. Small species, and especidly 
the soft-rayed fishes, were very scmco. ' Tlic sides of the mountains are covered with a 
heavy growth of hard-wood timber, such as ash, oak, beech, and tulip tree (Liriodew 
drolz ttdipi&era). fixaminations wore mado at the following localities : 
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1. Clear Creek, near Wildie, 1 mile west of the railroad station, which is 10 
111 iles northwest of Livingston, on the Kentucky Central Railroad; temperature of tlie 
water, 720 F. Clear Creek is tributary to Round Stone, and this again to the Rock- 
castle River. Round Stone receives Clear, Brush, and Crooked creeks above the 
'( Sinks,'7 and, after flowing under ground for a distance of 4 miles, joins tlie Rock- 
castle River at the '( Boils,7' near Livingston. Clear Creek is a smooth, open stream, 
offering a good opportunity for collecting. It is not more than 80 miles long, and 
tl~roughout its lower conrse is about 10 yards wide. The crooked valley through 
which it flows is narrow and low, the immediate bauks beiug but a few feet above 
the water, so that they are easily overflowed. The water is quite clear. Tho ripples 
are short and sliallo~v, flowing over piles of gravel, between which the depth isnearly 
iuiiform (about 3 feet) aiid the bottom bed of rorlr. Little or no vegetation was 
found growing i ,)  the bed of the creels; the baiilrx were liricd with willows, sycamores, 
and cottonwoods. The stream contains an :rbuiitlnnce of fishes, siicli as bass, sucFers, 
:urd Iiiiiinows, Cmnpostoma maomalum being the most abundant. Notropis mcgalops 
aiid Notropis uinbratilis were also very abunclnnt. 

2. Little Rockcastle River, 6 miles northeast of Livingston, August 12; water tem- 
perature, G20 P. Little Kockcastle ltivcr is a small, shallow, but comparatively wide 
stream, tributary to ltockcastle Biver; a number of coal shafts open into its vdlcy. 
The bed of tlie streani is covered in places with the slack coal froin the mines, to a 
clepth of 1 to 3 feet, and this in turn is sometime8 covered with sand, through which 
the collector makes his way with difficulty. The water has e decided bluish tinge, 
caused probably by the copperas (FeSO,) from the mines. The stream was seined in 
several places, but not a specimen of fish mas taken or seen, the stream seeniing to be 
devoid of both animal and vegetable life, due probably to  tlhe poisonous salts of iron. 

3. Rookcustle River, one-half mile above the mouth of the Little Rockcastle River, 
August 12; water temperature, 640 F. The Itockcastle Kiver rises in the mountains 
of Jackson County, flows southwesterly 50 or more miles to the Cumberland, and is 
tile largest northern tributary of that river corning from the mountains. It lias a11 
tlie characteristics of a mouutain stream, being swift, rocky, and in places deep. The 
liills on either side are coniposed principally of sariilstone, which, during heavy rains, 
split off hi large laud-slides and fall into the water. At this station the river is 25 or 
30 yards wide, and rushes over a very rocky ripple. The water was from 2 to 3 feet 
deep, being slightly swolleu by recent rains. Near the shore were a few sinall sand- 
banks, on which grew some wild grasses and mints. No unios or crayfishes were 
taken, and but few fishes. The stream is a favorite resort for the angler, black bass 
being tslmi in large numbers. 

4. Rockcnstle River, 2 miles from Livingston, August 13 ; water temperature, 630 F. 
The character of the stream was much the same as at the last station above described. 
It was not, however, a good place for collecting. More soft-rayed fishes were taken 
liere than a t  the former place, suckers (Mozostoma duqueslzei) being comparatively 
plentiful. 

5. Cumberland River at Barbourville, August 14; water temperature, 620 P. Col- 
lections were made just south of the town, both above and below the inill. The 
strcam a t  this point, 80 iniles above the falls, is more tliaii a hundred yards wide, 
rapid and rocky. The deeper places h w e  :I smooth rock bottom, with a greater or less 
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quantity of large, loose sandstones scattered over it. The ripples were very rocky 
and the water was very swift. Only a few species of fishes were taken, bass and sun. 
fishes being the most common. A few varieties of minnows were also comparatively 
pleiitiful. The soil is composed of a yellow clay; the bottom lands, where they are 
mideared, are covered with willows, birch (Betula nigra), elms, and cottonwoods (Popu- 
lus monilifera). 

6. Richland Creek, 18 miles west of Barbourville and near the mouth of Smoky 
Fork, August 14; watcr teinperature, GSO P. The creek is small, ouly about 15 miles 
long, and a t  this point about 25 feet wide. It is quite rapid, flowing over a rocky 
bottom which is covered with mud in places. The mater is from 1 to 4 feet in depth. 
But few species of fishes were taken. 

7. Smo7cy Pork, a Small tributary of Ricliland Creek, was fished half a mile fkom 
its mouth. This stream lins a sandy bottom, aiid the deeper water stood in small deep 
pools. Tlie chub (Eybopeis kentuc1c~e~asis) WAS the inost abundant species obtained. 

S. Cumberland River, Piiieville, August' 15; water temperature, 1350 F. The exam- 
ination was made just below the bridge between tho railroad station and the town. 
At  this place the river flows ovcr R fine ri1)ple more tlran a quarter of a mile long. The 
bottom o f  tlic ripple is comparativcly smooth, coinpoired of well-worn sandstones, pa,r- 
tially imbedded in gravel and shale, with a few small bars of sand near the shore. 
Tlie imbedded stories werc fringed with an alga and Pontinalis. The water was swift 
and of a unilorm depth, about 2 feet. This place offbred the best facilities for colIect~ 
iug that were fouiid in the river, but fish were very scnrce. Black bass and goggle1 
eye were the most common species, but cven these wereiiot plentiful. Haul a>fter h a d  
was made without securing a single soft-rayed fish, but a few specinlens of Ericymba 
buccccta were talcen. 

9. Straight Creek, Pineville, August 15; water temperature, 670 l?. Tlie collecting 
statio11 was 2 miles above the moutli of' the creek. Straight Creek is about 30 miles 
long, flowing jus t  at the foot of, and parallel with, the Pine Mountains, and joins the 
Cumberland Biver at Pineville. It is neither rapid nor deep, but very bronc1 alnd 
shallow for a mountain stream. The banks are low, but stccp; the bed of the creek is 
composed principally of sand, with large saiidstones lying loose in the stream. The 
deepcst water is not more than 5 feet, while in the more sliallow places sandbarf; 
rise to the surface. The stream is a good one for collecting in, and mas seined thor- 
onglily for nearly n mile, but with little success, Oiily a small iiuiiiber of species and 
but few specimens were taken. The only soft-rayed fish obtained in any umber  was 
Notropis whipp lei. 

It is noticeable that fishes were inore abuiidaiit in the Rockcastle River and its 
tributaries than in the Upper Cumberland and its tributaries. The reason for this is, 
probably, that the Rockcastle joins the Cumberland below the falls. 

In  the following list of fishes, Clear Creek is designated by the letters 01 j Rock- 
castle River, by R;  Richland Creek, by lti;  Sinoky Forb, by s; Cumberland Itiver 
a t  I3arbourville, by CB; 'Cumberlaiid Itiver a t  Pineville, by CP; and Straight Creek, 
by St. Species marked with ail &edslr (*) were collected in the Rockcastle River 
just below the rnilroad bridge, by Dr. Charles H. Gilbert, in 1554; those marlred 
with a dagger (t) were obtained iii the wme river near Livingston, by Drs. Jordan arid 
Qilbert, in 1876. 
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FISHES OF THE UPPER CUMBERLAND RIVER AND ITS TRIBUTARIES. 

1. Ameiurus nebulosns (Lo Sueur). Common bullhead. (CP.) 0110 large spccimeii taken. 
2. Leptops olivaris (Rafinesquo). t Mud cat;  YcZZow cut. ((213.) Not common. 
3. Catostomus nigricans (LO Sueur). ‘t Hog sucker. Taken at every station; abundant in  Clear 

4. Catostomus teres (%fitchill). t Fine-scald sucker. (R, S.) 12arc; only two speciineiis taken. 
5. Moxostoma duquesnei (Le Suour). *t Coninion suclce~. Taken at every stotioii and very abuii- 

6. Lagochila lacera (Jordan aud Brayton). Bare-Zip. (Cl, R.) Not widely distributed; abundant 

7. Erimyzon sucetta (Lacbpbde). t Chub such??*. 
8. Campostoma anomalum (Rafinesque). *t (Cl, R, CR, Ri, St.) Very sbiindant in  Clear Creek; 

eoiumon a t  most of the other stations oxcept Straight Creek. Oiie specimen Erom Str:tight 
Creek measured as follows: Lougth, 75 millimeters; head, 13; depth, 13; tooth, 1,4-4,1; ht- 
eral line, 1.52. Color dark, gradually shadiiig to  light below; a 
very dark line behind operclo and under oye. 

9. Pimephales iiotatus (Rafinesquo). t Blunt-nosed minnoza. (Cl, R, CB.) Common. Olio of the 
most conimon minnows at the stations named. 

10. Notropis deliciosus (Girard). ”t (R, CB, St.) Common a t  tho first dation on the Cumber- 
land; one specimen only was taken in Straight Croek. 

11. Notropis spectrunculus (Cope). (CI3.) Only five specimens taken. 
12. Notropis whipplei (Girard). 

Creek and Riohland Creek, but  rather rare in  other places. 

dnnt in Clear Creek. 

in Cloar Creek. 

Snout broad and blunt. 

* Blue minnow. Taken a t  every station except the Recoiid one on 
the Curnberland. Very abundant in Clear Creek. All the specinicns from them eloar n101111- 

18. 
19. 

20. 

21. 
22. 
23. 
24. 
25. 
26. 
2 7. 

28. 
29. 
30. 
31. 

32. 

tain streams were especially fine and brightly colored. 
13. Notropis galacturus (Cope). t i%filky-tailod skincr. (c1, R.) Not widely distribntcd, but ab11n. 

dant where taken. At Clcar Crock it was much more common than N. tuhipplei; :&o clltite 
common in Rockcastle River. 

14. Notropis megalops (Rafinesque). Taken a t  all st:ttious except the ~eeolltl 011 

tho Cumberland; corninoii in  Clear and Smoky crcelts. 
15. Notropis umbratilis cyanocephalus Copelanil. * t 1CcdfLn. (Cl, CB, CP, Ri, 8, St.) C O I ~ ~ I T I O I ~  

in Clear aiid Richland creeks. 
16. Notropis dilectus (Girard). * (R.) 
17. Notropis atherinoides Rsfinosque. * Silvery minnow. Rathor common. L., 59,62, G2,58,55,71. 

Ericymba buccata Cope. (CB, Iti, s, st.) Coilinion only at  tho iirHt fitation 011 the C 1 i 1 1 i b ~ ~ ] ~ ~ ~ ~ ~ ;  
8evor:il Mpccimens were talreu ill Richlaiid and Smoky crocks, but only two in Straigrlt 

Conimotz shine?. 

, Chrosomus erythrogaater (Rsfinosque). t Ilcd-bcllicd dace. 

Creek. Spccii~ions all small. 
Semotilus atromaculatus (Mitehill). “t Chub; norned dace. (CJ3, Ri, S.) Common only in Itioli- 

land and Smoky creeks, and much more abriiideiit in the httor, which is the iiioro diiggisli 
stream. L:iter:d line, 52 to  56. 

Hybopais amblops (RafincsWe). 8iZvev d m b .  (CB.) Cominoii. 
Hybopsis keiituckiensis (Rafinesq~e). ’ Chub; I€oniykead. (Cl, R, (713.) Common. 
Phenacobius uranops C o p .  * t (R.) Rare. Latcml linn, 58 t o  GO. 
bgui l la  chrysypa llafincsquo. t Ed. 
Fundulus catenatus (Storcr). J’tu(lfL81L. (St.) Only one spcciincn taken. 
Ambloplites rupestris (lt:~fillcs~l11~). Rock b(L88; Go!/gZc-c,t/c~. (C 13, CI’.) 1lol:ttivclg coniinoii. 
Lepomis megalotis (Rifinesq~ie). * t L o n g - c w d  aicii$rk. (c1, It, S, C13, Cp, St.) C ~ ~ I I I I O I I  ill 

Lepomis pallidus (Mitohill). t n1ue au?fLsh. 
Cepomis garmani Forbes. (CU.) R:irc. 
Lepomis cyanellus Rafinesque. G w e n  siinfLslr. (S.) Very rare. 
Micropterus dolomieu Loc6p3.de. ‘ I  ‘li.olLt;” ~Small-nLouthctl black bnst?. A1)undsnt at every 

Micropterua salmoides (LacOpPdo). La?*gc-ncouthed bZaclc bass. (CB.) Not nearly so coiiim~n 

Clwr Creek :iud :it tlic fiwt &ition 011 tho Cumberlanil. 

station except Straight Crock. 

as a. dolonLieu. 
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33. Etheostoma pellucidum Baird. 8and darter. (St.) Tho most comiuon dartor mhorovor taken. 
34. Etheostonia caprodes (12afinesquc). * t Aogpercli. (R, C1, CP, St.) Common in Cloar Crook 

35. Etheostoma aspro (Copo and Jor*m). * t J2Zaek-sided dartci-. (Cl, R, CB, St.) Not common. 

36. Etheostoma blennioides ltafiuosquo. * Grccti-sided darter. (It.) Not common j four fiiie spcci- 

37. Etheostonia zoiiale (Copo.) * 7R.)  Not coinmom 
38. Etheostoma ccaruleum Storor. ' A'aiiiboto durtw.  (12.) 01il\. :L few specimens taken. 
39. Etheostoma stigmaeuni Jordall. & ~ ~ c k .  (St.) Very coininon. 
40. Etheostoma camurum ( C o p ) .  BZr6c-brsnstcd dartti*. (R. 0110 fi110 1;~rgo Hpeoixuon taken. 
4;. Etheostoma maculatum I<ir thid.  
42. Etheostoma phoxocephalum N0lson. 
43. Etheostoma simoteruin (Cope). 
44. Etheostoma virgatum (Jordan). 

and relatively commoii in tho Cuiuberlaud. 

Spocimoiiv from Cle:~r and Straight cr~olcs woro 1:irge. 

mens talcon. 

* t 

* t 
+ t 

FISHES O F  CLINTON COUNTY. 

During tlie spring of 1889 and the afutuniii of 1890 Prof. Philip H. Kirsch made an 
interesting collection of fishes fro111 the streams of Oliiitoii County, Kcntucky. The 
-writ8er ha8s been permitted to examino this collection niitl to inake a list of the species 
i11 ~Civsl~cc of the pUbliCatioll of Prof. Kirsch's report. Severd forIris, abuudaiit in 
Clinton Uounty, were not obtained iii other parts of the State. A new species of 
Etlmstowm is the most common representative in that region of the fat:;tmily to  which 
it  belongs. The following list is iinportaut ak nf-fording the means of compriiig the 
f:,~uiias above mid below the falls of tlie Cuiuberland Xiver. Species marked S are 
fro111 Sinith Creek; those marlred Sp, fro111 Spring Creek; A, fro1n Albany 13rs1ieh; 
I, from Iudian Ureelc, a i d  E', from a pond nanr Albany. 
1. AmeiUrUS nebulosus (Lo SUeUr).  ConLinon bt~lZhcad. (sp.) on0 specimen tiikon. 
2. Catostomus nigricaiis IJU Suour. Xog 8IlCkW. (1, A.) 
3. pimephales notatus (Rafnosqnc). i!!~Ui/I-TtOSCd w h o i u .  (I.) Not; coimtori j qyaiittcus all largo. 
4. Campostoma aiiomaluni (ltafiuosquo). (S, Sp, A, P.) Co~nmon j iLbuitd:uit in Siriith Croolr. 
5. Notropis telescopus (Cope). (1.) Itarc. 
6. Notropis deliciosus (Girard). 
7. Notropis megalops (Rafinosquo), GomnzoiL skiizcr. (S, Sp, A, I?. ) Very coinnioii. 
8. Notropis uinbratilis cyanocephalus (Copolaud). (S, Sp, A, 1, P.) Common. Quito variablo; 

9. Notropis galacturus (Cope). -+filky-tailed cllbiizor. (S, Sp, A, I.) Espocially iibiiiidaut in Spring 

10. Chrosomue erythrogaster Ihf. Rod-bellicd dace. (S, Sp, A, I.) Common. Colors vory bright,. 
11. Hybopsis keiituckiensis (ltafinosque). C h b ;  Ilov~ryl~cud.  (S, Sp, A, I?.) Not abundant. 
12. Hybopsis amblops (IZnfinosquo). 8ilocr C W U B .  (I.) Itare. 
13. Rhiaichthys atronasus (Mitohill). Black-iroscd dace. (Sp, A, 1.) Couimoii. Spociiueiis vary . 

14. Seniotilus atromaculatus (Mitchill). C h d ~ ;  i !oi*ned dace. (Sp, A, P.) Common. 
15. Ambloplites rupestrie (1t:tfincsquo). Ilocl; basn; Go! l ! / l c -q~ .  (8, Si), A, I.) Co~lllrlon. 
16. Lepomis megalotis (12afinosquo). Lofig-caved S ~ C I ~ $ B I L .  (I.) Oulg three adult specilncns taken. 
17. Etheostoma bleanioides Itafinosquo. Gi-ec~-&Z~d da&+. (8, Sp, I. ) Comiuon j vary abun- 

18. Btheostonia flabellare (ltafinosque).' (Si A, I . )  Abundant in hlbady Branch. 
19. Etheostoma caruleum Storor. Raiw4otu darter. (A, I.) Common. Rliirkingq peCl1liar. 
20. Etheostoma, probably rufolineatum. 
21. Etheostoma sp. nov. 

22. Stizostedion oanadease (C. €1. Smith). Saiigci.. Ouo Hpooiincn talcon. 

(S, A.) 

colors very bright. 

Crcok. Specimeus very fiuo. 

variablo. 

dant in Spring Crook. Spocimeiis vory large. 

(S, Sp, A, I.) Vory abniidant. 8. obeyeizsc, described by Prof. IcirsUh in 
article No. 9, U. S. PiHli Coiiiiiiivsiou Bullvtin, 1890. 
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FISHES COLLECTED BY DR. DAVID S. JORDAN IN WHITLEY COUNTY. 

The following is a list of fishes collected by Dr. David S. Jordan, in 1883, in the 
Clear Fork of the Cumberland ltivor, Wolf Creek, and Briar Creek, near Yleesnrit View, 
Whitley County, Kentucky : 
1. Ameiurzca natalis (Le Sueur). 
2. Catostomus teres (Mitchill). 
3. Catostomus nigricans Le Sueur. 
4. Moxostoma velatum (Cope). 
5 .  Moxostoma duquesnei (Le Suenr). 
6.  CUnLp08tOmU anomalum (Rafinesqno). 
7. Chrosomns erythrogastw Rafincsqne. Very 

abundant in small strcarns. 
8. Pimep ldes  notatns (Rafinesqne). 
9. Xricynaha buccata Cope. Abundant. 
10. Notropia unc7)ratilis cyan0cq)halus Copcland. 

11. Notropia megalops Rafincsque. 
Common. 

12. ILhinicl~tkys aironasus (Mitchill). 

13. Ambloplites ruprstris (Rafinosquo). 
14. Lepomis n ie~~nlo t i s  (Ratinesque). 
15. Lepomis cyanellus Rafinosque. 
16. Lepoinis mawocliitvts Rafincsquc. 
17. Micropierus doloniien Lar6pbde. 
18. Etlwostonia nspro (Copc and .Jortlan). 
19. Xtheostoma blClllLiOide8 12atinesqnc. Taken only 

20. lCthcosionka s ~ m m i i :  Jordan. (Typo.)‘ 
21. Etkeostoma sn:/iftn Jordan. (Type.)* 
22. Etheoatoma cumberlam7icunt Jordan. (Type.)* 

Common ip 
clear cold streams. 

in river channel. 

LOWER TENNESSEE RIVER. 

Tennessee Riaer, about 3 miles up the river from Paducali, July 28; water tempor- 
ature, 8220 F. At this place the river is about three-quarters of ;I mile wide, and the 
current is very swift except near the Inrge sandbars. Some collecting was done on a 
verylarge sandbar, which sloped so gradually that one could easily wade 100 yards from 
the sliore. The bottom is of smooth, fine gravel, covered to e depth of 2 to 4 inches 
with ;I fine mud. A few species of minnows were very abundant, especially Ilybognu- 
thus Izuchalis. Very few specimens of any kind of food-fish mere taken. 

FISHES OF THE LOWER TENNESSEE RIVER. 

Shovel-$sh; Sturgeon. 1. Acipenaer rubicundus Lo Sueur. 
2. Lepisosteus osseus (Linnmus). Common or Nredle-nosed gar, Common. 
3. Lepisosteus platystomus (hfinesqu(’). ~hok-b i l l e f z  or 8’idr-nosed gar. Only ono Rpecimell taken. 
4. Ictalurus punctatus (Rafinesque). Blue, Spotted, or C7ianneZ C U I .  Very abundalit. OIIIY 8man 

5. Carpiodes velifer (Rafinesque). Quillback. Common. 
6. Moxostoma duquesnei (Le Sueur). &dhOl.He. Reportcd common, but few specimens were taken. 
7. Hybognathus nuchalis (Agassia). silvery minnow. Abniidant. Lateral line from 38 to 40. 
8. Notropis whipplei (Girarrd). uho minnow. Common. 
9. Notropis atheriiioides IjafinCsWe. IlOSY nhiW?OW. Common. Tlirce of tho lnrgest mrasure as 

follows: Length, 62 millimeters, 65, 64; head, 133, 14, 134; d+h, 12, 124, 11; oye, 4, 4, 4; 
lateral line, 46,46, 48; anal, 11,11,11. 

Very common in quiet water. 

sptvimons taken. 

Ihck compressed; no distinct vertebral tend.  
10. Hybopsis storerianus (Kirtland). Spawn-eater. Comnion. 
11. Dorosoma cepediaiium (Lo Sueur). Mud shad. Not very common. 
12. Labidesthes sicculus Cope. Brook 8 ~ h r a i d c .  Plentiful. 
13. Etheostoma nigrum (Rafiiiesque). Johnny dartw. Rare. 
14. Etheostoma caprodes (Rafillgsque). Log Pe7.c1~. Eight sperimcne t:ekcn. 
15. Stizosteaon vitreum Mitchill. J u c ~ .  Not corninon. 
16. Micropterus dolomieu Lac6pbdo. Sndl-nLouthed black bass; ‘6 Trout.” Common ; reported vpry 

17. Aplodinotus grunniens Rafincswo. B d ~ - u l a t e * s  drum; Grunter; White pcrali. Common, and 

18. Roccus Chrysops (Rafincsqne). Vhi te  bass. Quite common. 

a b i l ~ ~ d a ~ l t  in several fine lakes near this placc~ 

much used for food. 

-. . - -. - - __ .- __ - 
”For the original deeoriptiom of thoso species, 800 h o c .  u, S. Nat.  Mils., 1883, 249-251. 
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UPPER TENNESSEE RIVER. 

Powcll River, 8 miles south of Culuberlaud Gail, Tennessee, August 1G; mater 
temperature, (iUo F. Powell liiver is a fine mountain strea~ln, floming to the southwest, 
aud parallel with the Cumberland Mountains for 100 miles or more. At  the seining 
station, which was 8ome 25 niiles from its month, it is about 150 yards wide, with 8 
rock bottom. At intervals there are large banlis OS sand jutting out illto the river, 
making the landing of the seine oomparatively easy. The \+rater is clear, with a swift 
curreiit; it varied in depth in the channel from 4 to s feet, but the streani \vas soinc- 
what swollen from recent rains. Crnyfiahes aiicl tiirtles (Aromocldys carinatus, 
Asjidoncctes spinvcr, Malacleni?nys gcogmph icus) were abundant, the li~~t-na1111Cd spe- 
cies being very conimoii. A Sew unios were also t;z~rell; U. plicatus, U. gracilis, and 
U. tuberczclatzcs were lllost commoii. No plallt life W R ~  noticed i i r  the bed of the river. 
This stream was very much better stocked with fislles t11a11 those 011 the north side of 
the mountains. Blaclr bass, goggle-eye, sunfi&l~es, alld a few species of minnows and 
darters were common. Among the last mentioned the sand darter’ was the lllost 
abundant. 

The stream is an excellent one for the inore gamy or predatory species, :md trout, 
presumably #alvelinus foiatinalis, ~ ~ r e g u ~ a r  spotted brook trout”, were reported t o  
have been Sormerly abundant, but no specimens were observed. 

FISHES OF THE UPPER TENNESSEE RIVER. 

1. Lepisosteus OSBCUS (Linnrcua). 
2. Ictiobus bubalus (Rsfinosque). Bu&Zo. Not COIIII~IOII. 

3. Catostomus nigncans Lo Suour. Hog stmkcr. Quito coininon. 
4. Moxostoma duquesnei (Lo Suenr). 

but these were quito coinmon. 
5. Campostoma anomaluni (Rafinosquo). Douqk-belly. Not coininon. 
6. Pimephales notatus (Rafinosquo). Ultint-~tosed 7JLi?l?LOl(l. Only :hbout :L doxoii speciliiells talwu. 
7. Notropis whipplei (Girard). Blue min?iozu. Tho most, abundwt of all tho minnows. SpocilIicns 

lthrgo and highly colored. 
8. Notropis dilectus (Girard). Not common. 
9. Notropis deliciosus (Girard). Raro; color light. 

Common gar-pike. Common ; sovoral specimens taken. 

Iledhovse; Coniiiroii sucker. Only vory small spooios tillton, 

10. Notropis megalops (Rafinesquo). SLi~tar. Not coninion. 
11. Hybopsis amblops (Rafincsque). s’ilacr drub. Compra,tively plentiful. 
12. Hybopsis wataum Jordau and l ‘ : ~ r r m : ~ m ~ .  
13.  Hybopsis keiituckiensis (Rafinosquo). 
14. Fundulus catenatus (Storor). Raro. 
15. Labidesthes sicculus Copo. Brook silverside. Only ono spocimon takon. 
16. AmbIoplites rupestris (Rnfincsquo). G o g g k - e y ;  ],?ock baas. Comn~ou, not ltcrgc 
17. Lepomis megalotis (Rafinosquo). Long-caved sltttjslt. Quito common. 
18. Microptems dolomieu Laccipbdo. 
19. Etheostoma pellucidum 13:iird. Sand dartor. Tho most common of tllo darters. 
20. Etheostoma caprodes (Rafinosquo). LTickovy. Common. 
21. Etheostoma aspro (Copo and Jordan). Black-sided davler. Not collllllon. 

Oll]y a fow siiiall tipooiniwa taken. 
C l d  ; Ilivcr c711cb. 

Ulaclc or Green bass; ‘( Trout.” Plontif111. 
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MAYFIELD CREEK. 

Jfuy$eZd Creek ; b t  Iliclrory Grove, July 28; water temperature, 750 F. The col- 
lecting station wiks i Jnik? Cast aiid 9 iiiiles south of tlie railroad station, a t  i< The Old 
Mill arid The Basiii.” Mayfield Creek rises iiear the southcrii boundery of 
the State, in Calloway County. It is about 60 miles long, floms iii a northwesterly and 
tlieii in a westerly direction to the Mississippi River, which i t  joins i l l  Carlisle County. 
The place examined is about 20 miles from its source. Here the stream is not more 
tlian 20 yards wide. The banks are low and steep, mid the bottom is cornposed of 
salic1 aiid gravel, with alight coat of mud in places. Tlie mater, at  the time the stream 
was visited, was very low a~ id  turbid, there having been no rziin in that locality for 
eight wceks. Crayfishes were abundant, and a few unios were also fouiid, but there 
was no plant life of any kind in the bed of the stream. The creek is well provi&d 
with a good variety of fishes, but no large food species were obtained, the places 
fished haviug recently been seined. The stream is said to be quite well stocked, coii8id- 
eririg its size. The soil is of a recent geological formihtion (Qu;hxnary), consistiiig of 
a poor wliite clay mixed with fine sand. The low, level couiitry is densely covered 
with forest trees, the most coninion of which are hickory, oaks, ash, sweet gum, and 
birch, with some cypress, tulip trees, and cherry. 

FISHES OF MAYFIELD CREEK. 

I~’ork-taiZcd cat; B ~ U C  cat. 1. Ictalurus punctatus (Rafinesqiio). 
tnlteii were :ill sm:t11. 

2. Ameiurus nebulosus (Lo Sueur). Conmon bullhead. Not com~iion. 
3. Ameiurus natalis (Le Sucur). YclZozu cat. Five xpeeirrrei~s taken. 
4. Noturus gyrinus (Mitcliill). 
5. Noturus miurus .Jord:in. 
6. Catostomus nigricaiis Le Suour. Spotted or Hog 8uckcl’. 
7. Catostomus teres (Mitehill). IGnc-8calcd aucker ; i%OOk 8UckC1‘. Quito :hbunc1:iut. Later:hl line 

Altliougli widely distributed and geuer;illy very eo1rimo11 this is tho only 

Very abundant, but  tho specimons 

Tho most eommoii variety tnben. 
Only three spcciinei~s takon. 

Rare; one speeimoii taken. 

68, 67, and 71. 
phce in thio par t  of tho country where this Rpocios wits taken ill 1:irgo numbers. 

8. Carpiodes velifer (Rafiuosque). QuiZIbacl;; Bouy cavy. Olio specimen taken. 
9. Moxostoma duquesnei (Le Sueur). 

species of this f:imily. 

locality. 

line, 40 or 41. 

Conbnkon radlwrso; White sucker. By far tho ulost common 

Common; but  not fouiid in otbcsjjtro:ims in this 

h’ilvery n~innow. Vory abundant ; spooimons largo; latofill 

10. Erimyzoii sucetta (LLiC6pbde). 

11. Hybognathus iiuchalis (Ag:wsie). 

12. Pimephales notatus (Rnfinesquo). BlUnt-?LO8Cd nkiunozu. Co~nmoii. 
13. Notropis umbratilis cyanocephalus copel:ml. Bedfin. Coiiimon j tho only spoeics of this genll~ 

taken. The opochncns :tver:ged 88 IIlillimoters long; color rather light for this species; spot 
bcforo the  dorsal w r y  p:ile; lotoral h e ,  46 to  48. 

14. Hybopsis amblops (Rafilicsqm). h’dqw d w b .  Ram; three specimens talcen. Plumboous baild 
oii sides pale; lateral line, 38. 

15. Semotilus atromaculatus (Mitehill). C ~ c k  chub. Not commou. Lateral lino, 55. 

C h b  8ucker. 
L:bteral h e  43, Crowded mtoriorly ; back :tiid slioulders broad an3 hcnvy. 
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16. Opsopu?odus e m i l k  1I:iy. Ono largo spocimoii t : ik ta i i .  Lougth, 50 milliiuotcrs ; lio:td, 11 ; dupth, 
11 ; 1iLtor:tl linu, 40, littlo ilociirvod, 110 wry distinct 1:hmtl baud, no vortobral l imnor dark 
uarkiugs 011 tho dors:il. Olio 
spociinori froin New Harinoiiy, Iuclian:i, show8 :I light lntoral bond, caused by each scale 
h:tviiig a dark otlgu; la tord lino, 38. Auothor spocimon from tho s:imo locality shows :t 
well-doiinotI 1ator:Ll Iiiio, with 110 vertobr:LI liuo nor b ~ a c ~ c  marliings O I I  tho fins. Length; 38 
iuillirriotors; 39 sidos. A spociiuoii froin Mount Voriion, Indiaua, h:is no chrk iiiarlriugs 
along tho lateral line, but has a \wry tlnrlt vertobrnl baud, with first r:ays of tho dorsal and 
b:iso of sua1 dusky. Throe spccimcns from P o d  
lCivor, Missouri, oc~ch 30 niillimoters long, have n woll-doliuod latoral baud, ouo scale in  
width, but no d:mk m:diinys on liiis. h t o r a l  h o ,  36. Two spociiiions from tho Mmmoo 
llivor, Ohio, tho iiorthorumost locality for this specios, o:tch 45 millimotors iii longtb, linvo 
a vory iiidistiuct 1:Ltoral b:ilid, 110 vortebrnl liuo, biit it largo blncli spot on the first reye of 
tho dorsal. 

Tho color of this speoios scouis to  be ostrumoly variable. 

Latorn1 liuo complote, wit,h 34 sc:~lcs. 

(So0 P h t o  LI, Fig. 1.) Othor specimens in tho Musouu monsurcd: 

17. 
18. 
19. 

20. 
21. 
22. 
23. 

24. 
25. 

26. 

2 7. 

28. 

29. 
30. 

Lucius vermiculatus (Lo Suour). Pike; Pickerel.  Oiily t,wo spooimous takon. 
Notemigonus chrysoleucu~ (Mitchill). Bouck. Qnito coiuuoii. Aiiol r:~ys, 13, 13, 14, 14. 
Zygonectes notatus  (llaiiuosquo). Ilbp-mintioto. Quito commoii. Largost sPoi1uou 61 millimo- 

Labidesthes sicculus C o p .  Bu~ok siZtmrsidc. Ouly ouo spccimeu t:%lrcu. 
Aphredoderus sayaiius (Gilliaius). Pirato perell. Very abuuilant. Lhtor:tl lilio, 50. 
Centrarchus macropterus ( lJe06phdo). 
Pomoxis annulans  RoGnosquo. 

Chaeiiobryttus gulosus (Cuv. tk Vel. ). 
Lepomie megalotis (Rafinesquc). l’lon tiful; tho iuost com~iio~i spcoics of 

Lepomis cyanellus 12afiiiosquo. Green suitJivli, Not C ~ I I I I U O U  ; ouly throo hpcciu~oiis t:kltoli. Lat- 

Etheostoma aspro ( C o p  :tu11 Jort1:ui). I~Zacl~-sidcd darter. Tho most coiiiiuoii d:Lrter at this pl:i(:e. 
Tho 

Not common; oiily :i few sm:Lll spooimens 

tors long. 

C a h ~  bass; Strazubewy Bass. 

JI’ar-muuU~. 

Columoll ; suvural loI’yu spooimens 
takcn. 

Comuion ; soveral spociiiiciis t:tlteu. 
.Loiipoto.ctZ 8t~)tji~h. 

this family. 

oral line, 48. 

Spocimous vory 1:trgo :tiid stont; dopth i n  loiigth (four spooiiuous) 44, 56, 52, :tiid 54. 
black blotclios on thusitlos re:Lch moll iuidor the belly; htor:tl liuos froiii G3 to  ti5 

takon. 
Etheostonfa nigrum (llalinosquo). 

Etheostoina phoxocephalum Nolsou. l h r o .  Rpccimoiis siunll. 
Etheostoma fusiforine (Girard). 

Jolt tbny darter. 

Ouo ~ p ( ~ i i i i o u  t d m i .  Lurigtli 30 ~ i~ i l l i~ i~otors ;  Iiontl in luxigth, 
3%; dopth, 3%; latord liiio, 46 (15 poro~) .  Color light, iuottlcd abovo with bro\%w. 



272 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

OBION RIVER. 

Obion River, near Cypress, July 30; water temperaLiire, 760 P. The examination 
was made 12 miles northeast of Moscow and about 20 miles from the mouth of the 
stream. Obion liiver rises in Graves County, and flows north and then west to the 
Mississippi River. The stream is narrow aud deep and about ti5 miles long. It is 
much larger than the “Bayou’7, but of very much the same character. The bottom 
is of mud, from 2 to 4 feet deep, resting on a stratum of quiclrsaiid, and i t  is therefore 
nearly impossible to wade over it. Numerous springs aloiig the baiiks of tlie river 
keep the iuud always soft and miry, so that it is very dangerous for cattle to approach 
the wator. There is but one place in its entire course whore gravel is found in the bed 
of the stream; this is known as the “Gravel Ford7’, and is at the foot of‘ McLeod’s 
BluK The bluff rises to a height of more than 100 feet above the stream, whild. 30 
feet above the water there is a layer of gravel, 18 inches thick, ruuriing horizoi1t:illy 
through the hill. As the face of the bluff wears away, the gravel drops down niid 
is washed into the water, but does not extend entirely across the stream. The gravel 
is coarse and well worn. The stream is reported, by those living near it, to coiitain 
an abundance of fishes, but, owing to the depth of the mud arid the great cyuantitics 
o f  drift that are everywhere present, i t  was impossible to  make a sntishctory collection. 
Turtles (Il.fclucbcmnys geographicus and Aspidonectes spinijer) were common, but no 
unios were taken. 

FISHES OF OBION RIVER. 

1. Lepisosteus osseus (Linnaous). Gar; Garpike. Quito common. 
2. Ictalurus punctatus (RaGnusquo). Spotted or Chanmcl cal. Rcportcd as being common, but voiy 

3. Carpiodes difformis Cope. Bu,faZo sucker. Common j spbci~~icus sm:~11. 
4. Carpiodes velifer (Rafincsque). Qi~iZZDtcck; Bony carp. Quite coniinon. 
5. Hybognathus uuchalis (Agassiz). Silver?/ minnow. Vcry coIn1uoii. 
6. Pimephales notatus (%fineSqiiu). 13Li~1~1-?losed mint~oto. ltare. 
7. Notropis megalops (R:ifinesque). Con~nbo7b shincr. Very comxion. 
8. Notropis deliciosus ( G i r d ) .  Chunon. Speciinens wihhout dsrli uicirkings. 
9. Notropis jejuiius (Forbes). 

in the B:iyou de Chien. 

few specimens were takcn. 

Not coinmon. 
10. Notropis umbratilis cyanocephalus Copeland. 

11. Notropis atherinoides Rafinesque. Rosy minnow. But fcw Rpocimens takon, a11 small. 
12. Opsopoeodus bollmani Gilbert. Three spcciiricns worc tiLkcii, two malcs and  ne female. This 

Sp8CiCb has been obtained in o1ll.y two localities, namely : in the 8ati11a Itivcr, Waycross, 
Gcorgio, in 1889, by Mr. Charles 1%. Bollman,* arid a t  this place. Tliu specimens from Obion 
River ngree pcrfeotly with tho doseription of Dr. Gilbert. 

Bedfcn. Not common j much lctis abundant than 

(See Plate LI, Fig. 2.) 

* C. 13. Gilbert, seo Notee on Fishes from tho Lowlands of Georgia, Bull. U. S. Fish Commission, 1888, 
pago 226. 
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13. Dorosoma cepediaiium (Le Sucnr). Nicd shad; Bickory shad. Abundant in tho slnggis?~ waters 

14. Zygonectes iiotatus (12:rfiucsquc). Top-ntbrrolo. Collllnon. 
15. Gambusia patruelis (Raird :~nd  Girrird). Top-mintlow. Plentiful. 
16. Lucius vermiculatus (Lo Siioiir). Pickerel. Not colnmoIl. 
17. Labidesthes sicculus Cope. Brook 8ilvcrsidc. O d y  five speci~llons t:hkon. 
18. Aphredoderus sayanus (Gilliams). Pirate perch. Only one specimen taken. Scales, 46. 
19. Pomoxis annularis RaAuesque. Calico ba&. CoInluon. 
20. Pomoxis sparoides (LacOpBdo). Crappie; Calico Baaa. Common. 
21. Chaenobryttus gulosus (CUV.  &z Val.). 
22. Lepomis megalotis (Rafinosque). Lorig-eared 81Llifcsh. Very COUIUIOI~.  

23. Lepolpis niacrochira (Rnfincsqiie). 
the Tradewater Itivcr. 

24, Micropterus dolomieu Lso6pBELe. 7bout.” Common. 
25. Micropteivs salmoides (Ladpbde). Big-moutked tro~ct .  
26. Etheostoma shumardi (Girard). 
27. Etheostoma caprodes (Rafiuosquo). Log perch. liaro. 
28. Etheostoma aspro (Copt: illid Jordan). 
29. Etheostoma ouachitae Jordan and Gilbert (I). One speciuieu, too sniall to be positively idon- 

30. Aplodinotus gruiiiliens (Rdfinesquo). White  perch; Drum. A common and ril11oh food-fish. 

of this Htrearn. 

R’w-mozclh. l’lentiful j spociuioils :ill Emall. 

Sevoral .qccilnenR wore taken, all smaller than those from 
Length, 30 ~riillii~~etors. 

LCSV eolumon than M. dolomieu. 
Not common. 

Black-xided davfer. Only tllrco slnnll specimens takcn. 

tifiocl. 

BAYOU DE-CHIEN. 

Bayou de Clvha, near MOSCOW, July 29; mater temperature, 680 F. Olio collectiug 
statioii was just north of MOSCOW, and another about 3 miles west of that place. Bayou 
de Chien is a large, sluggish stream, rising in thc southerri part of G1.eves County, 
and flowing in a westerly direction for about 20 miles, t o  tho Mississippi River. Mos- 
cow is about inidway of its coiirse, aiid it is there about 15 yards wide, with low, pre- 
cipitous banks. Tlie stream is very crooked, aiid is allnost filled with logs, brush, and 
roots. The bot,toni consists of ilt fino soft mud, vilryirig froiii a few iuches to  a few feet 
in depth. No vegetable lifc! whatever was found growing hi it. Tlie low temperature 
of the wilter can be accounted for by the facts that’the streihnl flows for nearly its 
entire length through moods aud that it is fed chiefly by cold springs. The depth 
of the water varies from 3 to 5 feet between the ripples. Ou ei tlier side of the stre:m, 
from a quarter to a half mile, the country is very ]OW, overflowil~g in the winter aiid 
spring witli hack water froiii the Mississippi Bivor. This tract is covered with a douse 
growth of oaks, hickories, cypress, and water-birc1i. I ts  soil is a hnrd white clay, unfit 
for &tivation. Beyond thi8 strip of lowhnd the country is undulatling and h:hS :L 
rich soil, well adapted t o  agriculture, and producing fine crops of corll, Ivheat, Clover, 
tobacco, and, formerly, cotton. . 

The stream is well stocked with fislics, but is niucli better adwted to the more 
sluggish varieties, such as suckers, carp, cntfish, etc. Suiifislios wore also found ill 
abundance; black bass were pleutiful but t l q  lacked the alertness and activity of 
those living in clear srviff streams. I wish to ;~lrnomledge my indebtedness to *be 
citizens of Moscow for their kindness and assistance wliilu workiw there. 

E’. C. B. 18900-18 
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FISHES OF T H E  BAYOU DE CHIEN. 

1. Amia calva Linnrous. Uogjkh; Grinnel. ltcportetl to be very abundant. No specimens were 
obtained, but ii very large one was aeon that  had boon taken by some fishermoil. Said 
to  tako a minnow the same iis :L bass aud to  be oqually difficult to land, jumping from tho 
water aid  fightirig vigorously for eovera1 minutes; frequently roaches a weight of 10 or 12 
pounds, : ~ n d  furnishes iriuch sport for the angler, but is seldom used for food. 

2. Lepisosteus platystomus (Rafinesquo). Car. Quito couimon, and said to be very destrnctivo to  
other fish. 

3. Ictalurus punctatus (Rafinesyua). CBumel or Spotted ca1. Not comii~oii. Members or this faniily 
were reported to be especially ;ibuirdaiit tluriug the spring inonths, but  at this time of the 
year much difliculty was experienced in fiiidiug specimens. 

4. Ameiurus nebulosus (Le Suenr). Bttllltead. 
5. Noturus gyrinus (Mitchill). Not coInrnou. 
6. Ictiobus bubalus (Rafinesque). BtL$alo ; Small-mouthci bufalo. Very abundaut. 
7. Moxostoma duquesilei (Le Sueur). Redhorse; White sucker. Not abundant; spocimeue sm:~ll. 
8. Hybognathus nuchalis (Agassiz). Silvery minnow. Very abundant; found in the duoper water. 

9. Pimephales notatus (Itafiuesque). UZunt-nosed minnow. lZarc ; about five specimens wcro t:~keii. 
10. Notropis whipplei (Girard). Blzce ntinnoiu. One specimen taken. 
11. Notropis athennoides Rafinesque. 1 h y  minnow. Not abundant. Head 111 length, 4.2 ; depth 

in length, 4.8; eye, 3 in  head; back compressed; color very light. 
12. Hybopsis storerianus (Rirtleud). Spawn-eatcr. Quite common. Specimens large; suales in 

lateral line, 41 to  44. 
13. Opsopceodus emiliae Hay. One large specimen takeii. Length, 39 mm. ; depth, 9; head, 9;  eye, 

3; a faint lateral band; domal with a small black spot 011 first rays; scales inlateral line, 38. 
14. Dorosoma cepedianum (Lo Sueur). Hickory shad; Gizzawl shad. The stagnant waters in  this 

region swarm with this species, espucially the bayous a11c1 lagoons. 
15. Zygonectes notatus (Itafiuesque). Topmimow.  Not nearly so abundant as tho procedirig 

species; but  few taken. 
16. Lucius vermiculatus (Le Sueur). Pike; Pickerel. Very plentiful. 
17. Gabidesthes sicculus Cope. Brook silverside. Rare ; specimens young. 
18. hguil la  chrysypa Rafinesque. EcZ. 
19. Aphredoderus sayanus (GilhmS). Pirate perch. eommoii ; specimens takeu were all small. 
20. Notemigonus chrysoleucus (Mitchill). Very abundant. Anal rays, 14. 
21. Chaenobryttus gulosus (CUT. & Yale). Uipnoicthed ~ ~ n j i i s k .  Abuildailt. 
22. pomoxis annularis Rafinesque. Crappie. 
23. Pomoxis sparoides (LacoPede). Calico bass. 
24. Lepomis megalotis (1tafinQWue). 
25. Lepomis pallidus (Mitchillh .Blue eun$sk. Abundant and large. Spot on dorsal frequently 

indistinct. 
26. Lepomis garmani Forbes. 
27. Lepomis heros (Baird and Girard). Only ono specimen taken. Lateral liiio, 34. 
28. Micropterus dolomieu LaoWde. *out; Jumper; Green tvout.  Abundant in the deeper wjtcrs. 
29. Micropterus salnioides (LaoBpbde). Less coinmoil than the preceding. 
30. Etheostoma nigrum (Rafinesque). Johnny darfer.  Quito plentiful, consideriug tho character 

31. ntheostoma caprodes (Rafinesque). Log perch; Hickory; Striped 21crelt. Not eoinmon. 
32. Etheostoma aspro (Cope and'Jordan). Black4ded  darter. Rare; specimens small. 
33. Etheostoma fusiforme (Girard). 
34. Aplodinotus grunniens l~afiuesq1le. JVllite perch; Silvery perch; Drum; Croakcr. Vory com- 

Bot few specimens wero taken. 

Anal rays, 7. 

Reported very common; 3 specilneus wcro taken. 

Common. 
Quite common, and a good fish for the table. 

Common eunfislt. Very abundaut ; spocimuns large. 

Only O u e  specimen taken. 

Big-nhouthed trout. 

of the stream, but v:miable. 

ollly one specimen taken. 

mon j and extensively used for food. 



REPORT UPON THE FISHES OF KENTUCKY. 275 

UPPER KENTUCKY RIVER. 

Tlie Upper Keiituoky ltiver is formed by the unioii of three strea,ms, namoly: the 
South, Middle, and North Forks, and their tributaries. Tllese braiiclios all rise on the 
imtherii slope of tlie Piue Mountains, flow in a northwest,crly directiou, aiid unite in 
LOO Coiui ty. The couutry is mountairlous throughout. The steep hills are composed 
chiefly of suiidstone, and contain great quantities of coal; veiiis from a few inclies 
to a few feet iu thickuess cim be seen everywhere along the streams and mouutain 
sides. Tho slopes of tho Inountilins aro covered with a lieavy growth of timber; small 
yollow piiie, beech, maple, oak, walnut, birch, and tulil) tree are the most conmon. 
Among the sllrubs are the cucumber (A!!ag?80lia naocropl~!/lla), dogwood, papaw, wild 
pluiu, and two or three species of hadhorns; while wst,er birch, sycamore, elm, and 
oottoiiwood grow along the streams. Collections were made in Clay, Leslie, Perry, and 
Knott counties. 

1'1117i SOUTH PORK. 

1. Horse  Creek, Garratsvillo, August 80 ; mater teinporature, 720 F. Horse Creek 
is a, long, narrow stream, tributary to Goose Creek, in which collections were made 
about 2 miles from its mouth. At the collecting statio11 tlie stream is only about 25 
feet wide, shallow, and with but little current. It is composed of a series of short 
ponds, varying from 2 to 4 feet in depth, and coiiiiected by shallow ripples. The bot- 
torn is of sand and mud, the baiiks are low aud steep, and the water is overliuug with 
willows, sedges, and grasses. The station was not H good one for collecting, and but 
few species of fishes were taken. 

2. Goose Creek, Garratsville, August 20; water temperature, 700 I?. Goose Creek 
is the 1:brgest western tributary of South Fork, sild flows alinost parallel with that 
river for 40 miles. At  the point visited, which is about 15 miles from its mouth, the 
stream is from 15 to 20 yards wide. The bottom consists of shale and slate, with mud 
and sand in places. The ripples are short, swift, aiid rough. No plant life was dis- 
covered in the stream; no unios and only a few crayfishes and smaller crustaceans 
were taken. The creek was well stocked with fishes; suckers (Afosostoma duquesizei 
and Catostomus Izigricans) being especially abuudant. 

3. Hector Creek, 5 miles west of Big Creek post-office; water temperature, 73O F. 
Hector Creek is a southerii tributary of South Fork, or Bedbird, as its upper course is 
called. The creek is narrow and rocky, nowhere rcachiiig a width of more than 25 
feet or a depth of niore theii 4 feet. The bottoln consists eitlier of smooth flat rock 
or of broken stones end gravel. Tho stream, sinal1 2 % ~  it is, contains an abundaiice of 
small fishes, m c l  i ii no plme were the cominouer species more pleiitiful. Canqoslonta 
anomalum, Ericymbo buccata, Catostomus nigricam, two or three species of ATotro&, 
and Pimqhales lzotntzcs were especially abundant. Darters were also qiiite COm111011, 
end some fiue specimens o€ Etheostoma s@otum were taken, these being tlie second 
specimens that, have beeii found. 

4. Redbird CreeL (South Pork), 1 milo west of Big Creek, August 22; water tom- 
perature 750 F. Collections wore made at  the crossing of the London road, and also 
about a mile fitrther down the stream. At  the crossing there is a very long, Slldlow 
ripple, where most of the collecting W B S  done. ltodbird Creek is 75 or 80 miles long. 
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It is 35 or 40 yards wide at  this statiou, wliicli is 35 miles from its source. Tlie bottom 
consists of rock, and the average depth of water is from 3 to 5 feet, with occasioiinl 
deeper places, which generally liave a inuddy bottom. Several very large smooth 
sandbars were noticed, but they were riot coinmo~i. The ripples are shallow aiid smooth 
enough to make seiuirig easy. Tlie stream is \vel1 stocked with fislies, 25 specks hav- 
ing been obtitined. The oommouer varieties of food-fishes n w e  abundant. Darters 
were quite numerous on the ripples, esl)ecialIy 13'. variatum, :t rare species iu other locali- 
ties. Ten speciinens of E. spilotum mere also taken, and E. pcllucidzcm was co1iiiiion 
011 the sandbars. The favorite metliod of fishing here is by means of the spear at  
night with the aid of n torch, while the fish tme spawning i i i  the shallow waters. 

5. Big Oreek, at Big Creek post-office, August 28; water temperature, 740 I?. 
Big Creek is a sins11 eastern tributmy of Bedbird, shellow tuid very rocky. For its 
entire length, about 15 miles, the bottoiri of the stream is one coutiiiiions bed of stoiies, 
containiug no plant life and but few fishes. Collections were u i m k  one iiiile from the 
mouth of the stream. Very few speciuiens \vert: obtaiiied, Notropis sicgrclops ~ aiid 
Catostonzus nigricans being about the oi,ly species that were coiiiiuon. 

THE XIDDLE FORK. 

6. BUZZ Creek, 4 miles west of Hyden, August 23;  tlie water ten1per:ttiire \vas 
680 F. This is a small western tributary of Middle Fork, a h n t  tlic same s ize  as Big 
Creek, but of it different cliilracter. It i n  n:trrower and deeper aiid less r:ipid antl 
stony. The bottom is of slate antl stone, with short interspaces of gravel. Collections 
were made at  the crossing of the Hazard road. Tlie creek contaius mi abundance of 
small fishes, 18 species liaviug beeu h k e u  from the stretuii iLiid from a siiiell ba8yon. 
The bayou contained great numbers of miuuoms, Cliolic vigilaz, Pimephales notutw, 
and Camnpostoma anonzaluab. 

The collecting st:Ltioii was 
4 miles north of Hydcn aud three-quarters of w iriile below tlie crossing of the 1Lae;~rcl 
road. Middle Fork is larger aud deeper than Eedbird, with less frequent ripples. At 
the seining shtion, about 40 miles from its moatli, tlie streaiii is 50 yards wide and 
very swift on the ripples. The ripple where the collecting was doue is about half a mile 
long, and the upper part has a smooth stone bottom, thickly strewn with l a r g ~  loose 
stones. The entire bed of the stream and surface of the stones, where covered w i t h  
water, am thickly overgrown arith a fipecies of Potamagetoia. TIiding :mong these wec!tls 
were great riunibers of small catfishes (Noturus i i z i u m s ) ,  sinall darters ( Etheostoma 
zonale), aid the young of E. jlabellare. Several huiidred spi~cimoris of tlie catfish ;iiid 
of E. zonate were taketi in a few hauls of the seine. Nearer the middle of the ripple 
the bottom was composed of coarse gravel aut1 broken stones, t h e  weds growing 
there only in small isolated bunches. Here tlie most coiiziiioii species ol)t:Liiied were 
black buss, ininuows (especially Notropis wl~ipplei), : i i d  darters (a. aspro, E. vccriafnm, 
E. .@lotun$, arid a few E. nigrum and blennioides). The gravel next gave wtty to a 
smooth sand bottom with deeper wibter, where E. pellucidum was takeii in abuncl;~nce, 
and several species of Notropis, especially N. urge and other soft-rayed fishes, W C ~ O  

common. Twentynine species in all were obtniwd. The streain is aii excellent o m  
for many varieties of food-fishes, but fisliing is reported to be carried on exteusively by 
ineans of seines and spear#, arid also by the use of dynamite. 

7. M i d d b  Pork, August 93; water temperature, 700 P. 
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8. Cutshin Greek, August 94; water temperature, GSO F. The collecting station 
was 4 miles east of Hyden and 3 iniles from the point where this creek flows into the 
Middle Fork. Cutsliin Creek is probably the largest eastern tributary of the Middle 
Fork, arid is 25 or 30 miles long. The stream is rocky and swift, but quite deep in 
places; the bottom is of rock, with low stccp banks and with fi.equent sandbars. 
Tlie ripples arc? broad and shallow and devoid of vegetation. The strcaiii is well 
stocked with fishes. Ulaoli bass (31. dolomieu), IninIioms, and derters are common, the 
bass beiiig especially abundant, and Bthcostoina spilotuna and E. variatum were also 
obtained. Twenty species in all were taken. 

!L'IzE NORTH FORIi. 

9. North Forlc, just south of' Hazard, August 26; water temperature, 7G0 F. 
North Fork is the largest of the three rivers that unite to forni the Kentucky. It is 
more open t,linn either the South Fork or the Middle Forlr, the valley being wicler and 
the bed more Si%ndy. It :blsO contains liiany long wndbars sild stretches of mud bottom. 
The water is oleor m c l  has cousideroble currer;t. Crawfishes were more iiumeroiis than 
in the otlier streams, :MI uuios were d)niidnnt, the inost common species being U. 
multiplicatiLs, U. ligamentinus, i%lltl U. nnodontotdcs. Fishes were riot 80 plentiful as 
in tlie South and Middle FOPBH, nor were so m;tiq species talien. The station was not 
a good one for obtaiiiing darters, :is the ripple was fd l  of rocks. Catfislies (Ictalurus 
pwzctatus) a i d  suckei~s (lMoxostoni(h duqnmwei) were secured in large qumtities by 
nieans oftrap8 and trot lilies. Tlie writer was indebted to Mrs. Elhannen Combs, of 
Hazard, Kentucky, for assistaiice between Hazard and Pikeville. 

This creek was 
esa~nined 2 miles vest of Hazard aucl 1 mile from its mouth. Lot Creek is a small 
eastern tributary of the North Fork, about 16 iniles loilg and froin G to  8 yards mfde. 
The banks are low and steep, tlie bed is of sand and innd, with very little rock ex- 
posed. The strrsin is ooiiiposed of' a series of poiitis, froin 2 t o  4 feet in depth, con- 
nected by short ripples rniiniiig OWI- fine gmvel. Tho valley througli which it flows 
is of loose soil; it i H  from a quorter to half a inile wide; willows, elnis, and water birch 
overhang tlie stream Bass, goggle-eyes, and sunfishes were very abundant; niinuows, 
suckers, :tiid dilrters were plentiful. 

11. Troublesome Creek, Dwarf, August 97 ; water teniperwture, '760 F. The collect- 
ing station was at  the crossing of the Hazard and I3indniaii road, 12 miles iiortlieast 
of Hazard and 9 iniles west of Hindman. Tronblesorne Creek, tlre largest eastern 
tributary of the North Fork, rises in the castern pwt of Hnott County aud flows 
iiortliwest for more tliaii 100 miles before ,joining tlie North Pork. The stream is 
swift and rocky, with an occasioiial xandbank. Tliere ;we iiumerous deeper places, the 
bottoms of which are covcreil with large sandstones. The water is clear, cool, and 
titavoid of plant life, except :t few scattered bi1nc11es of water moss (Foqztinalis). COI- 
lecting mas restrictetl entirely to tlie ripples on account of the great number of 'stones 
ill tlic deeper water. Bass, sunfish, and diirters mere the most co1nnio11 species. 

12. Lcft Troublesoinc Creek, a t  Hiiiclnia,~i, August 88; wster tempcrntnre, 6 8 O  I?. 
This is :I snisll streitti1 with ;L study bottom, low doping shores, and shd1Ow water. 
But very few species of fislics were taken, Pinaephales notatus, Xricyfizba buccata, and 
Notyopis deliciostu being the most common. Tho darters were represellted by only 
three species, the most abundant being Eticostomri caerulewiz. 

10. Lot Creek, I3azard, August 26; mater ternperature, 740 F. 

The total nnmber of species obtained was 21. 
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FISHES OF T H E  UPPER KENTUCKY RIVER. 

1. Lepisosteus osseus (Linnrous). C o n ~ n ~ o n  gar. liorsc, Big, Lot, and Troublesomc crceks. Nowhere 
abundant in the Uppcr Rcwtucky, four being thc greatest niimber taken :It any one station. 

2. Ictalurus punctatus (IZafincsquc). Spotted, Elice, or CLai~neZ cut. North Fork. The most widely 
distributcd spccics of this Binily ; reportcd from every stream, but scarcc a t  this S C ~ H O ~  of' 
thc year. 

3. Noturus miurus Jortl:in. Scvcral of this specics wcrc takcn in Horsc Creek, but  i t  was n1)iiiitlant 
only in  Middlc Fork. 

4. Carpiodes velifer (R;Lfiiiesqucj. Quillbnck. Rrtlbirtl, Miclcllc Fork, aiid North Fork. Plciitifiil iu 
the Xorth Fork, tho onlg stream in which it w:is foiiiid abundant. Only young specimens 
werc taken, and time came from shallow water, over sniiilbars. 

5. Catostomus teres (Mitohill). l%ne-scuZed or Brook sucker. Hcctor, Goose, and Bull crerks. 
Nowherc c o n i m o ~  Sc:iles much crowiled in front, with a black spot on the  side under dorsal 
and bcforc caudal; scales in lateral linc, 71. 

6. Catostomus iiigricans Le Siiciir. Abundant a t  cvcry station except GOOHC Crock. 
Spccimcns with little variation, oxccpt ill color, throughout the rivrr system. 

7. Moxostoma duquesnei (Lo Suourj. Conmoii aztckcr. Taken at  cvcry station, except in Hector 
Crock and Left Troublesomc Creek. Horsc Crcck aiid Cutahin Crock were :Lbundmtly 
lrtockcd with this specics, and large Rpcciineiis were obtained in  both. 

Common a t  cvcry station 
except tho first, wherc it was not taken. This spccics seems to prefcr small and sliallow 
streams, such 0s Hector Crock, where it was obtaincd in great numbcrs, but i t  was not h o  

oommon in Redbird Creek or in Middle and North Forks. 
9. Pimephalee notatus (Rafincsquc j. Blunt-no8~d minnow. Obtained at cvory station. This spccies 

was also more abundant in the smaller stronms. I n  an offshoot of' Bull Creek some vcry 
largo spccimcns wore taken; tho Iargcst measiircd 80 milliinrtors long, and was very dark 
in  color; lateral band cspcciellg Iwoad and dark, passing ovcr opercle and around snout; 
scales in thc latcral linc, 40. 

10. Notropis deliciosus (Girard). Bull Creek, Middle Fork, Cutshin Creek, North Fork, and Trou- 
blesomc Creek. Found priucipally in t& larger streams, such as ltcdbird Crcck, Middle 
and North Forks; nevcr largely taken in  small streams. This species was gcnerally much 
morc common here than in the western par t  of the State, especially than in th8 Green ltivor 
system. Compared with speoimens from other parts of tho State and the  Mississippi Vallcy, 
thoro is but littlc variation; theprincip:il diti'erence is in color and intho relativc siec of tile 
eyc. 

Specimons dark, almost black abovc, shading to light below. 

I€og sucker. 

8. Campostoma anomalum (Rafincsquc). Dough-belly ; Stone-licgger. 

Eight qmcimens from tho North Fork mciihiirc as follows : 

52 
49 
49 
49 
47 
47 
45 
46 

13- 
12- 
12 

11- 
11 
10 
10 
9 

88 

4 
4 
4 
4 
4- 
4- 

36 
30 
96 
33 
3 5 
35 
35 
:J5 
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LOIIgth. 
--. __ 

a0 

02 

Bond. Depth. Eye. Lnterd 

13 10+ 4 41 

12.5 10 4- 41 

lino. --__- _- .. - __- 

One spociiiien from Redbird incasnrcs, 90; 20.5; 15.8; 6.5;  11; 42. Thoso from Redbird mare 
smaller, but with the same markings, and the sarilo ho:tvy back ani1 shoulders: 

00 12 

59 I 11.5 
C1 I 12 
58.5 1 11.8 
58.5 1 11. 5 
Bi 11 

12- E j 11- 

___- 

9 3.5 1 41 

8 3. 5 41 
n. j 4- 40 
9 3.5 41 
8.6 3. 6 40 
8 .5  3. B 41 
8 a. B 41 
n a. 5 41 

19. Ericymba buccata  (Cope). Tiikon a t  ovcry station. Much more plelitiftll iu tho eastern than 
tho westcrii p i~r t  of the State, and more ablllld:int in tho tributarics of the North Fork 
than in those of the Bliddlo Fork. 

20. Hybopsis amblops (R:hfinesque). SiZvqy d u b .  Obtained a t  all stations oscept in H01'80, Big, 
arid Bull creeks. 

21. Hybopsis kentuckiensis  (RnGncsque). Taken at a11 stations except in Goose and Loft 
Troublosomo creeks. Not nbmid:int : I t  : ~ 1 $  place, but  rather coiiiiiion in Redbird and Big 
creekd, Middlc Fork, and North Fork. 

Widely distributcd, but nowherc very abundant. 
Chub. 

22. Hybopsis watauga  Jordan and Everinaim. IZedbird. Very rare. 
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23. Semotilus atromaculatus (Mitrhill). Clrztb ; Homed dace. Goose, Redbird, and Left Troiible- 
some creeks. Abundant in an old bayoil of Rnll Creek, biit rare a t  other places. Latrr:il 
linc from 52 to 5G. 

24. Labidesthes sicculus Cope. Horse ant1 Goose creeks, Redbird and Big Creek. 
Neither very generally distributed nor plentiful where taken. 

25. Ambloplites rupestris (Rafiuesque). Rock bass ; Goyyle-e!/c. Goose Creek, Redbird, Big Creek, 
and Middle Fork. Not common in any stream except Lot Creek. 

26. Lepomis megalotis (Rafinesque). Long-eared szc?1$8h. T:ikcii a t  every station and abundant in 
Troublesome Creok. This is the ouly species of Lepomis found hi these mountain streams. 

27. Micropterus dolomieu Lac6p8de. Small-morrtkad black bass. Taken a t  every station, and geu- 
erally quite common. 

28. Micropterus SalmOideS (Lac6phdej. LarpniofLthed bluc7c bass. Goose Creek, Redbird, Bull 
Creek, Middle Fork, anit North Fork. Neither so widely distributed nor so common as M. 
dolonkieu, arid preferring more quiet water. 

Found most frequcntly in the larger stream8, and 
most abundant on the r;andbars of Redbird. 

Widely distributed; taken in every sCream 
except Goose Creek, but  roinmon only in  Horsc Creek :ind Redbird. Specirucns all small. 

IIorse and Goose creeks, Redbird, Big 
Creek, Middle Fork, Cutshiu, Lot, and Troublcsomr rrecks. More common than E. nigruwa, 
and larger and finer specimens were obtained. 

Redbird, Middle Fork, Catshin and Troublesome creeks. 
A very h?ndsome darter taken at only a few places, bnt found in great quantities a t  solno 
of them. A t  Redbird about 100 specimens were obtained from the long, gentle ripple at 
the crossing of the Hazard road. This species is not generally distributed, nor ha& it been 
taken previously in  largc numbers. It has been recortled only from a tributary of the Little 
Miami (Ohio), Brooltville (Indiana), and the falls of the Ohio River at Jeffersonville (Indiana). 
Six of the largest specimens measured as follows : 

&'ook sihiersidc. 

29. Etheostoma pellucidum Baird. 

30. Etheostoma nigrum (Rafinesque). 

31. Etheostoma blennioides Rafinesque. 

Sand d w t e r .  

Johiriiy darter. 

Gree?~-sided d a r t n .  

32. Etheostoma variatum ( Kirtlmd). 

58 ~ 

56 XIII-12 
57 
59 XIII -13  

58 , XIV-I2  

11-7 62 
65 
63 

58 55 I XIII-11 ' 57 a. 5 

33. EtheoetOma spilotum (Gilbert). Hector Creek, Redbird, Big Creek, Middle Fork, Cgtshin. 
Lot, and Troublesome creeks. This specics (or varicty of 3, niangrcm) has never been talien 
exccpt from the waters of the Ikmtuclty River. It was first obtained by Dr. Gilbert in 
Sturgeon Creek, Owsley County, Ky., in  1889. We did not find i t  common at any station, 
six specimens from the Redbird being the greatest number from any one place. Two of the 
largcst specimens measure as follows: Length, 71,80; head, 21,23; depth, 13,16; eye, 4,4; 
btera l  line, 58,59; dorsal, XI-13, XI-13; anal, 11-10, 11-11. For a 
detailed description referelm should bo made to Proc. lJ. S. Nat. Mus. 1887,53. 

Not 

(Sou Plate LI, Fig. 3.) 

34. Etheostoma simoterum (Cope). Reclbir(1, h l l  Creek, Middle Fork, Troublcsonie Creek. 
common. 

45 
45 11 10.5 1 52 Xi-11 11-7 
45 11 Ill. 5 
40 lo ' 1 53 XI-11 11-7 
40 1 50 1 XI-11 11-7 
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35. Etheostoma aspro (Cop0 ant1 Jorilan). Black-sided darfw. Gooso and Big creeks, Middle Fork, 
aud Troiiblesome Creok, vcry rare; only one specimen taken in each o f  the threc streams 
first.rnentioned. 

36. Etheostoma zonale (Cope). Takon in evory etream except Hector, Troublesome, and Left Trouble- 
8orne creeks, and very abundant in sover:rl of them. About 280 ripecirnens were taken in OUQ 

ripple of Middle Fork. 
37. Etheostoma flabellare (Rafinesqno). Gooso and IIector creeks, Redbird, Middlo Fork, Cutshin, 

Troublesome, and Left l'roublesome creeks. Abundant 011ly in Middle Fork, where 26 or 30 
young speciineus were taken. 

Takon ill all tllo streams except Horse and 
Gooso creeks. Common whero foulld. 

Gonordly common wherever found. 

38. Etheostoma coeruleum (Storey). Baiiiboio dwtor. 

BIG S A N D Y  RIVER. 

Eigllt miles east of Hindmnn, beyond tho ridge that divides the Kentucky River 
system from that of the Big Sandy, a dift'erence in *lie chtnacter of the country and 
of the streams is quite noticeable. The valleys grow wider, giving room for good 
farm lands between the hills. The soil produces good crops of' corn and vegetables. 
Pastures of timothy and clover, which were not seen throughout the mo~i i  tainons 
part of Kentucky, were here quite common. Fruits, apples especi,zlly, do well; inany 
very large trees, apparently of great age, being still in bearing condition. The head- 
waters of the streams liave much t,he same cliaracter as those of the Kentucky River, 
being rocky and swift; but as the va,Iley widens the sand increases in the bed of the 
streams and the alluvia,l banks grow higher. Throughout their lower courses the 
water is less rapid and forms deeper ponds or pools. 

1. Right Pork of Beaver Cveek, Lackey, August 29; water temperature, 680 F. 
Beaver Creek is one of the largest wefitern tributaries of the West or (Levisa) Fork 01 
of the Big Sandy River. It is about 75 or 80 miles long, and is navigable for 10 or 
more miles. LiIClCey is near the middle of its course, and a t  that place the stream is 
30 or more yards in width, with an average depth between the ripples of about' 4 feet. 
The course of the stream is interrupted by frequent ripples, having a depth of only 8 
few inches. The bed is of sand, with rock or inud a t  intervals. A few crayfishes mere 
taken, but no water plants, except mint, were fourid in the stream. The creek was 
well stocked with fishes, the soft-rayed specks beilig iimst ;rbuudant. Suckers (Moz-  
ostornu daquesnei), sunfish, and bass were the inost comiiion food species. The suckers 
were especially abundmt, :uid minnows and darters were allso coiniuon. 

2.  L7SheZby Creek, liobinson, August 30 ; water temperature, 70° I?. Shelby Creek 
is a small tributary of Robinson Creek, about 6 i~ i l e s  long, and is @hallow a d  rocky 
throughout its entire length, except for about half a lnile it1 its lower course, ml~ere 
the bed is of sand. Collections were mtde near i t s  mouth. 

3. Robinsolz Creek, Robinson, August 30; water temperatnre, (i8O F. Robinson 
Creek is zt stream of considerable importance, being about 40 miles long and 26 01' 30 
yards wide, with a depth of 2 to 5 feet a t  the place where it was visited. The bed is 
of rock and sand, the former occurring most frequently. The valley Of the &roam is 
narrow and the current quite swift. ' Collections were made at  tho mouth of Shelby 
Creek, on a long, deep ripple. Twenty-one species in all were obtained. Quillbwk 
(Curpiodes wetveer), two or three species of Notropis, and E t l w s t o m a  v a r i a t ~ l .  w@m 
quite common. 
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4. Island Creek, Pilieville, September 1 ; water temperature, 690 F. The collecting 
station \vas 2 miles east of Pilieville and 1 mile from the mouth of the creek. Island 
Creek is a small southern tributary of the Levisa Fork of the Big Sandy River, and 
is only a few miles long. The creek consists of a number of pools, connected by 
gravelly ripples. Nineteen species of fishes were obtained, minnows and suckers 
being most abundant. 

5. Levisu Pork of the Big 8andy River, Pikeville, September 2 ;  water temperature, 
720 I?. The river a t  Pil~eville is broa8d and shallow, and yet with sufficient depth to 
be navigable for small boats during low water. The bed, except a t  the ripples, which 
are not numerous, is of light, fine sand, constantly changing its position, and forming 
large sandbars at intervals. There are long stretches of deep water, but these are 
the exception, and in such places the bottom is covered with large sandstones. The 
bottom of the ripples is of stone, on which grow species of Potamogelon, both the sub- 
merged and floating kinds, but in no great quantities. The stream was seined at  the 
town, but the station was not a good one, and only nineteen species mere obtained. 9 
great many fish were brought to town by fishermen, Ietalurus punctatus, Carpiodes 
velifer, and C. carpi0 being the most common. Our stay in Pikeville mas made 
pIeasant and the work more eeective by the kindness and help received from Mr. 
Parsons and Mr. Conally, of that place. 

John Creek, the 
largest eastern tributary of the Levisa Fork, is about SO miles long, and at  the place 
visited, which is only about 20 miles from its source, it is 20 or 25 yards wide, crooked, 
very rocky, and swift. The greater part of the stream is composed of ripples, which 
are separated by short ponds with sandy bottoms. Darters (Ethcostoma cmruleunb, E. 
blennioides, E. xorwle) were common, while nmong the minnows Notropis whipplei, 
Ericymba buccutn, and Hybopsis kentuckiensis were the most abundant. 

7. Coon Creek, Zebulon, September 5 ;  water temperature, 710 F. This small 
tributary of John Creek has a sandy bottom, not reaching bed rock a t  any place. 
From it were taken 16 species of fishes, Lepomis megalotis and Xricymba buecatn being 
quite common. 

8. Blaine Creek, Catalpa, September 8 ;  mater temperature, 730 F. The collecting 
station was 2 miles mest of the railroad bridge. Blaine Creek has about the same 
length and width as John Creek, but is quite different in character, being very sandy, 
no rocks appearing a t  auy place in its lower course. The stream seems to be almost 
devoid of animal ancl vegetable life, and only a very few fishes were secured. Spring 
Creek, a small muddy tributary of Blaine Creek, was fished, but only a few minnows 
were found in it. 

In the following list tlie different streams are designated by letters, as follows : 
Be:Lver Creek by Bea; Robinsoii Creek by R; Slielby Creek by S; Island Creek by 
I; Levisa Fork of the Big Sandy River by L; John Creek by J ;  Coon Creek by C; 
Blaine Creek by B. Some seining was done near the month of the Big Sandy River 

Species that 
were taben by them are included in the list, and are indicated by an iutcrislr (*). 

6. John Greek, Zebulon, September 5 ;  water temperature, 690. 

September, 1888, by Dr. C. E. Gilbert and Dr. James A. Henshall. 
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FISHES OF T H E  BIG SANDY RIVER. 

1. Noturus miurus Jordan. (Be) One Emall specilllon \vas obtdined. It had the usual markings 
across tho back, but with the rest of tho body covcred with sluall black spots; upper third 
of dorsal black. 

2. Carpiodes velifer (Rafinesque). Quillback. (R, L, J ,  C.) Common wherever takeii; most 
abundant in  the Big Sandy. 

3. Carpiodes difformis (Cope). 
4. Catostomus ni&caus Le Sueur. 

Carp suclco-. 
Hog S U C k w .  (Rea, R, 8, I, L, C, B.) Quite cominon in Island, 

Coon, and Blaine creeks; most abundant in Island Creek, the specimeus froin which place 
wore somewhat lighter in color than the average. 

5. Moxostoma duquesnei (Le SLmur). Redhorse. (Boa, 12, I, L, C, B*.) Cominon, except iii Coon 
and Blaine creeks. 

6. Campostoma anomalum (Rafinesque). Dough-belly. (Boa, R, S, I, L, J, C*.) Rare except in 
Island and John Creeks, preferring clcar streams with pebbly bottoms. Lateral lille, 47, 
48,50. 

7. Pimephales notatus (Rafinesque). Take11 a t  every Htation ill this basin. 
Rare only i n  Robinson Creek. 

8. Cliola vigilax (Baird and Girard). Bull-headed ?t&tiow. ( B . )  Tdmo at  uuly ono station ; very 
rare. Lateral line, 43. 

9. Hybognathus nuchalis (hgassiz).' 

Lateral line, 47,49,46,45,47,46,46. 

Lateral line, 41. 

l3Zunt-nosed minnolu. 

Silvery wainnow. 
10. Notropis aeliciosus (Girarcl). (Bea, I, L, J, C.) Common, except in Lovise Fork. Five of the 

large& spccimens frori-r Id:intl Creok ~ m m u r e  11s follows : 

11. 

12. 

13. 
14. 

Compared with spocimem from t h o  more sluggish streams of Kentucky and otltcr States 
thosc ~~,roi~~orodontlrr ; the caudal pedtniclo ospocially is loss cleep ; tho lateral band is distinct 
from the dorsal to tho caudal; vertebral line well marked. Specimens from John Creek 
have a dark spot before caudal and dorsal. 

Notropis whipplei (Girard). Blue minnow. Commou at evory station; tho 011ly minnow that  
was abundant in Blaine Creek. 

Notropis megalops (Rafinesque). Taken at every station, Init 11ot commoii ip 
the Big Sandy Rivor or Blaiuo Crook. 

Notropis ariommus (Copo). (L.) Rime. Eye 2.5 in head; lateral line, 34. 
Notropis dilectus (Qirerd). 

Scales before dorsal, 13, 15, 14, 15. 

Common shiner. 
Lateral line, 40 to 48. 

(Boa, R, S, I, 2, J, B.*) Rare oiily in tho Big Sandy E v e r  and 
Sperimcus from Island C r d c  :wo OvCii darker than those from the GreenRiver Blaine Creek. 

system, ani1 arc more sluiitler from tho clorsd to t l w  caudal. Six fipecimens I I I ~ ~ R I I I ' ~  : 

51 12f 10.5 4- 30 

65 13 4 38 l3 63 

64 12.6 12 .4 
1'2.5 11.5 4 

55 13 12 4 
54 

' 
11 4- 38 4.40 

3. 25 

__ - ._- 

Specimens from the Big Sandy River much lighter in  color. Those from John Creek 

were Iargc, froxu 61 to 62 niillimeters long, but with all the truo charactjcrs of tfhe species. 
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15. Notropis coccogenis (Cope). (R. )  Rarc. Length, 74; head, 17t; depth, 15; lateral line, 41; 

16. Notropis jejunus (Forbes)." 
17. Notropis atherinoides Rnfincsque. IZosy minnou. (L, J, B.") One specimen from Blaine Creek 

a d  several from thc Big Saudy River and John Creek. All hove the short snout and com- 
pressed back. 

18. Hybopsis amblops (R~finesque). Silarr chub. (Beo, R, L, I, J . )  Not  abuudaut; common in 
Robinson and John eroeks. Length, from 37 t o  39 millimeters; lateral line, 38,37,37,36,36; 
12 scales before dorsal. 

scales before dorsal, 19; teeth, 2,4-4,2. 

Vertebral line not distinct; latcral line, 40; 17 scales before dorsal. 

19. Hybopsis hyostomus Gilbert. (B.) Itare. 
20. Hybopsis kentuckiensis (Rnfincsque). Chub; Hornyhead. (Bea, R, I, L, J, C.) Not pleutiful; 

21. Semotilus atromaculatus (Mitchill). Creek: chub. (B.) Not common. 
22. Dorosoma cepedianum (Le Sueur)." Mud shad. 
23. Ericymba buccata Cope. 

24. Labidesthes sicculus Cope. Brook silverside. (R, L.) Not common. 
25. Ambloplites rupestris (RafinesqSe). Goggle-eye; Boclz bum. (B.) Common in the dceper and more 

26. Lepomis megalotis (R esque). Lonpeared 8t~nfish. Taken ot every station, aud the only sun- 

27. Lepomis pallidus (Mitchill). Mue sun$sh. (I.) Rare. Specimeus young. 
28. Lepomis cyanellus Refinesque. Green suii$slb. (U.) Only one specimen taken. 
29. Micropterus dolomieu Lac6pide. S7nnll-mouthed black baas. Common a t  every station. 
30. Micropterus salmoides (Lnc6pbde). Large-mouthed black bass. (Be@, I, J, C, U.) Much less 

31. Etheostoma pellucidum Uaird. Sand darter. (L, B.) Common in the Big Sandy ltiver, but 

32. Etheostoma nigrum (Bafinesque). .Johnny darter. (R, S.) Rare. 
33. Etheostoma blennioides Refinesque. Green-sided darter. (Boa, R, S, I, J.) Much morc common 

Many of the specimens are dark green, with the markings very d:mk or 
Dorsal, XIII-13, XII-13, XZII-13, 

few specimens talrcn at auy station. 

Taken a t  every Btation, aud quite common in Big Sandy Rivor and 
Blaine Creek. 

quiet places. 

fish that  was common. 

common than M. iloloniiau. 

very rare iu Blaine Creek. 

than E. nigrnni. 
black. Species common only i n  Isloud and John creeks. 
XIII-13. Lateral line, 64, 69, 68, 69, 65,64, 68, 61, 66, 64. 

34. Etheostoma macrocephaluln (Cope). 
35. Etheostoma aspro (Cope and Jordan). Black-sided darter. (L.) Not comnion; only four young 

36. Etheostoma phoxocephahm Nelson. (L.) One small specimen takun. 
37. Etheostoma zonale (cope). Common, except in the Big Sandy River. 

Very common in John Creek. Length of five specimens: 45,48,47,50,45 inilliineters. Lateral 
line, 45 to  50. 

38. Etheostoma coeruleum Starer. Rainbow darter. (Ben, R, S, I, J, C.)  Quite common at every 
station where foilud. Lateral line, 37, 38,43,48, 47, 40,41-, 44, 46; 26 to 28 scales, with P O I ~ S .  

39. Etheostoma flabellare (Rafinesve). Most com~uon in Coon Creek, where 
five spooiniens were token. . 

40. Stieostedion vitreum (Mitchill). Jack aalmon; Wall-eye. (L.) Common. 
41. Stizostedion canadense (J. B. Smith).* S a u g ~ ~ .  

(L.) Rare; only two small specimeus taken. 

specimens taken. 

(Bea, R, 8, L, J ,  C.) 

(Be&, 1, L, C, B.) 
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LICKING RIVER. 

Licking River is a large southern tributary of tlic Ohio River. It rises in the 
niouiit:~ins of esstern Kentuolry, in Magoffin County, flows in a northwesterly direction, 
aiid joins the Ohio opposite Cincinnati. I t  w;is visited at  Farmer, nowan County, on 
the Newport News and Mississippi Valley Railroad. At  this place the bottom is of 
smooth Devonian limestone, interrupted occasionally by ripples and sandbars. The 
surrounding country is rolling and well suited for farming, the soil prodwing good 
crops of grain, vegetables, aud fruit. The river at  this point is 35 or 40 yards wide, 
and varies in depth from 3 to 5 feet. The examination was made a t  a deep ripple 2 
miles east of the railroad station. Very fern species mere obtained. 

Triplet Creek, Fariner, September 9 j water temperature, 710 I?. Triplet Crcek 
is a tributary o f  the Licking, and is about 20 llliles long, and 20 yards wide near its 
mouth. The bed is of  stone, sand, and gravel. TI10 ripples are shallow, smooth, aud 
swift. Collections were made one-half mile west of the railroad station and about 
the sane distance from the mouth of the creek. The locality was a good one, twenty- 
seven species being taken. There is a sinal1 collection in the museum of the Universit’y 
of Indiana, made at Cynthiana, Harrison County, Kentucky, by Dr. Jams A. Hen- 
shall. These species are marked by au asterisk (*). In the followii%’ list “ L ”  
denotes the Licking 12iver and ‘‘ T ” Triplet Creek ; 

1. 

2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 
10. 
11. 

FISHES OF THE LICKING RIVER. 

Ictalurus puuctatus (Rnfinesquo). Pork-faized oat. Coninton in Triplot Crook ; two q)coimona 
talcen from tho Licking River. 

Noturus flavus Itafinoeque. G t o ~  cat. (T.) Rare. 
Catostomus iiigricaiis Lo Siieur. None-roller. (T . )  Quito common. 
Moxostoma duquesnei (Lo Siioiir). Jl*kitc, sctcl;rr. Not connuon. 
Campostoma anomalum (Ralineque). Douyh-bd/,y. (T.) Ram. 
Pimephales notatus (Refinesquo). Blunt-iioeed i lhi~wm~. 

Notropis whipplei (Girard). Blue mianow. (J+ T.)  Abundant only in l’riplot Crook. 
Notropis megalops (Rafinesqne). Con~moic shiiwr. (L, T.) Not common. 
Notropis atherinoides hfiuosqiie. Rosg nii)b?lOlLI. (I,, T.) Not very oonimOI1. 
Notropis dilectus (Girmd). (T.) Very rare. 
Notropis deliciosus (Girard). (T.) 

Chniuon in Triplot Crook, but rare in 
Licking River. 
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23. Etheostoma nigrurn (12afinesqiie). . loWi~i~y darter. (T, L.) Quito plontifd in Triplet Creek. 
24. Etheostoma zonale (Cope). (L, T.) The most commoii darter at these stations. 
25. Etheostoma variatum (Kirtland). (T.) Common. 
26. Etheostoma ccBruleum Storer. Rainbow darter. (T".) Quite plentiful. Lateral lino from 44 

27. Etheostoma flabellare (Rafinesque). (L, T*.) Common. Scales, 51,53,48; pore'oL(, 26,21,20. 
28. Etheostoma blennioides. * Green-sided darter. 
29. Etheostoma maculatum.* 

to 47; from 20 to 24 scales, with pores. 

LITTLE SANDY RIVER. 

The following is ;I list of the species colleotod in the Littlu Sandy Biver by Dr. 
Chilrles H. Gilbert and Dr. James A. Henshall, iu 1888: 

1. L q i 8 0 8 h 8  0888118 LiIlUa?US. 
2. Ictalurus punotatus (Rafinesque). 
3. Noturus miurue Jordan. 
4. Carpiodes difornbis Cope. 
5.  Moxoatoma duquesnei (Le Suehr). 
6. Moxoatoma adwurn (Rafinesque). 
7 .  Moxoatoaba breviccps (Cope). 
8. Cliola cigilax (Baird and Girard). 
9. Hybognathus wtchalis (Agassix). 

10. Zricyrnba buccula Cope. 
11. Clupea chrysocldor~a ltafinesquo. 
12. Campostoma anomalum (Rafinesque). 
13. Pimqhalea notatus (Rafinosqne). 
14. Nolropis tuhipplei (Girard). 
15. Notropia deliciosus (Girard). 
16. Nolropis jojunus (Forbes). 

17. Notvopia atheri?~oides Rafinesquo. 
18. Byhopsis etorerianl~s (Kirtland). 
19. Labidesthes sioculus Cope. 
20. Uovoaoma oepediauum (Le Sueur). 
21. Ambloplflea rupeatris (Rafiuesquo). 
22. Lepomio m e p l o t i s  (Rafinesquo). 
23. Lqoinispal l idi ta  (Mitchill). 
24. Pomoxis annulnris Eafiuesquo. 
25. Mioroptertrs dalontieu LacBpbde. 
26. Micropterus salmoides ( LaoOpBdo). 
27. ~Ttheostoma zoualc (Cope). 
28. Etheoatomn ?zi$1'26m (Raiinesquo). 
29. Etheostoma scierum (Swain). 
30. Etheoetoma pellibcidunh 13aird. 
31. Stizosteddion vitreum (Mitchill). 
32. Stizostediorc oanadonae (C. H. Smith). 
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Tablc of dialributiou oJ'.filislica of Eentucky rcoot8t7ud in  tliia veport. 

[The nurubors i.ofbr lo tho p:igc.s whoro tho agocios nro rocordod.] 

8 2  

Aoipousor rubicundus ..... 
LC3l)lEOStOllE ORH0118.. ....... 

plntystoiuou . . 

niiurus ........... 
oloutliernn ........ 
flnV1lH.. ........... 

Loptops olivnri8 ............ 
Amoiurus nobulosii~ ....... 

natnlin ........... 
Iotnlurus punctntus ......... 
IctiobuR bubnlus ............ 
Carpiodes ourpio.. .......... 

volifor ........... 
difformis. ........ 

Cycloptus olongatus ........ 
Cntoatomus torus.. ......... 
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1. OPSOPCEODUS E M I L K  Hay. 

PLATE LI. 

2. OPSOPCEODUS BOLLMANI Gilbert. 

3. ETHEOSTOMA SPILOTUM (CJi1lii:rL). 



9.-NOTES ON THE STREAMS AND FISHES OF CLIN’I‘ON COUNTY, KENTUCKY, 
WITH A DESCRIPTION OF A NEW DARTER. 

BY PHILIP H. KIRSCH. 

Clinton County is one of the smallest counties in Eentucky, having au arm of 
only about 206 squ:ire miles. It lies between the Cumberland Biver (to which all of 
its streams are tributary) and the Tcnnessee State line, and between the counties of 
Wayne on the east and Cumberlaid on the west. 

The suriace is hilly and much broken by the deeply cut valleys of the water 
courses. The central Poplar Mountain range, together with a series of much lower 
elevations, form a watershed extending in a general northmest and southeast direction, 
dividing tlic couiity into two nearly equal areas. On the north of this watershed the 
drainage is by means of Indian and Willis creeks directly into the Uumberland River; 
on the south by means of Spring and Ill-mill creeks iuto Wolf River, thence through 
Obeys River into the Cumberland, a t  Celina, Tennessee. 

Albany is the county seat. 

PRINCIPAL STREAMS OF THE NORTHERN WATER SYSTEM. 

Indian Creek rises at  the foot of Poplar Mountain, 4 miles northeast of Alhny,  
flows 9 miles in a northerly direction, and empties into the Cumberland River in Bus- 
sell County. It receives iiuinerous tributaries and, in connection with Willis Creek, 
drains nearly the whole of tlie northern half of the county. The bottom lands in the 
upper courses are narrow and densely wooded, while in the middle and lower cou1’ses 
they are wider and wider cultivation, aud are bordered by high sloping bluffs. Thechan- 
nels of the tributaries are mostly through solid limestone, covered with loose, irregular 
rock and bowlders which have fallen froin t,lio bluffs. The channel of the main stream 
has a bottom of gravel, with 0ccasion:Ll liinestone shoals. Collections were made from 
the lower course of the main streani, :uid in the deep gorge below Seventy-Six Falls, 
in the principal western branch. At  the latter point the st8ream has a width of 20 
feet and a vertical fa11 of 8G feet into 8 deep gorge, from whicli the mist rises high into 
the air, presentiig variod rainbow tints. The deptli of this gorge is iie:%rly 200 feet 
below the bordering hills. The bottoni of the cliauiicl is coniposed of slate. Inves- 
tigations inado 2 miles above the fdls resulted j i i  the collection of only two species, 
Rhiniohthys ntromsus (Mitchill) and Rmeiurus I ~ ~ ~ Y U E O ~ U S  (La 8ueur). Tho latter found 
its way into the stremi from Capt. Hurt’s fish pond. 

289 
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Willis Greek rises S miles northwest of Albany, flows 7 miles in a northwest direc- 
tion, and empties into the Cumberland River in Cumberlaiid County. The bottoiii 
land is narrow and bordered by high, steep bluff’s. The bottom of the c1i:Lnnel is solid 
limestone; thcwster is shallow and swift. This stream was investigated from the “three 
forks” to its mouth, a distance of about 5 miles. 

PRINCIPAL STREAMS OF THE SOUTHERN WATER SYSTEM. 

Wolf River enters the couuty from Tennessee and, with a geiieral westerly course, 
crosses and recrosses the State line, and fiuaIly empties into Obeys Xiver in Tennessee. 
only a few specimens from this stream were observed. I ts  principal tributaries are 
IlI-will and Spring creeks. 

Ill-will Creek rises 8 miles northwest of Albany, flows south 10 miles, and empties 
into Wolf River. The specimens from this stream were talien by local fishermen. 

Spring Creek is 34 miles south of Albany. The three creeks forming its head 
waters rise, respectively, in Duval, Hog Thief, md Kogar valleys, in the southeastern 
part of the county. It flows in a southwest direction 104 miles, and einpties into Wolf 
River. The bottom lands along its course are narrow and mostly wooded. The stream 
ixns  for the most part over rough limestone, everywhere covered with loose, irregular 
rocks of all shdpes and sixes. It is exceedingly hard to work. Collections were made 
from the middle course, from the mouth of Albany Branch to that of Smith Creek, a 
distance of 2 miles. 

Smith Creek rises a t  the foot of Poplar Mountain, 38 miles northeast of Albany, 
flows south about 5 miles, and empties into Spring Creek. I t a  banks are ~ ~ ~ o x t l y  
wooded, and the bottom of the channel is of rather smooth limestone. Like most of 
the streams in this region, it is fed by inany springs along its course. This stream 
was investigated throughout its entire length. 

Albany Branch issues from the ground a t  Albany in a clear, sparkling stream 15 
feet wide, flows south 38 miles, and empties into Spring Creek. Much of the upper 
course is through cleared land; the bottom of the chgnnel is liinestone, mostly covered 
with loose rocks and gravel. It contains an abundance of fish and is easily worked. 
The specimens noted were from the upper and middle courses. 

Nearly all the specimens on which the following list of fishes has been based were 
collected by the writer during the autumn of 1889 and the spring of 1890. In the 
notes and descriptions the following abbreviations have been employed : In  denotes 
Indian Creek; W1, Willis Creek; Wf, Wolf River; TI, Ill-will Creek; Sp, Spring 
Creek; S, Smith’s Creek; and A, Albaiiy Branch. 

Its principal tributaries are Sinitli Creek and Albany Bran&. 
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T H E  FISHES OF CLINTON COUNTY, KENTUCKY. 

1. Polyodon spathula (Walbaum). Spoonbill cat. (In, Wf.) 
2. Lepisosteus osseus (L.). Gar-pike. (In, W1, 11.) 
3. Ictalurus punctatus (Raf.). Spotted oat. (In, Wl.) 
4. Ameiurus nebulosus (Le Sueur). Catjie74. (In, S, A,) Very abundant on muddy bottom in 

Color, dark brown, not mottled; vcntral portion light yollow. 
5. Ictiobus cyprinella (Cuv. & Val.). Bnfalofc8h. (In.) 
6. Catostomus teres (Mitchill). While sucker. (In, W1, Wf.) 
7. Catostomus nigricans (Lo Sueur). Hog suoker. (In, W1, Sp, A,) Abuudant in  swift water in all 

the streams. 
8. Campostoma anomalum (Raf.). “Lit t le  brown suek~~ .”  (Wl, Sp, S, A.) Rather common; the 

largest specimen taken 4 iuches in  length. Fins plain, the dark vertical bar behind opercle 
not conspicuous. 

9. Chrosomus erythrogaster Raf. Red-bellied minnow. (In, S, A,) Generally common, and very 
abundant i n  Albany Branch. In  far the greater number the upper dark lateral band is 
broken up throughout its whole length into irregular spots. D. 7; A. 8. 

10. Pimephales notatus (Raf.). Blunt-nosed minnow. (In, S, A.) Largest, 34 inches! The smaller 
spccimeus have no black spot ou front of dorsal. 

11. Notropis whipplei (Girard,. (In.) Rare. Largost spccimen taken, 8 inches long. 
12. Notropis galacturus (Cope). D. 8; 

13. Notropis megalope (Raf.). Common slkiner. (In, W1, Sp, S, A.) Equally common. Eighteen 

14. Notropis leuciodus (Cope). (S.) Five spccimens taken, 2 to  24 inches in length. 
15. Notropis umbratilis cyanocephalue (Copeland). 

Long’s mill pond a t  Albany. 

Espccially numerous in tho lowcr courscs of Indian Creek. 

D. 8; A. 8. 

(In, W1, Sp, S.) Verycormuon in Spring and Smith creeks. 
A. 8 to  9. 

scdes before tho dorsal. 

(In, W1, Sp, S, A.) Abundant in  a11 the  
Others streams. 

with dark crossbars on tho sidcs. 
Spncimcns variable in color, from almost whitc to  a deep metallic luster. 

16. Notropis telescopue (Copc). 
17. Rhinichthys atronasus (Mitchill). Black-nosed daee. (In, W1, S, A.) Common in the upper 

18. Hybopsis amblops (Raf.). (In.) Very rare. Only onc specimen takcn, 2% inahes long. Four- 

19. Hybopsis kentuckiensis (Raf.). Chub. (Sp, S, A.) Not abundant. Dark bar bshiud opercle 

20. Semotilue atromaculatus (Mitchill). CAub. (In, Sp, S, A.) Espcoially abundant in Albany 

21. Clupea chrysochloris (Raf.). (Wl.) Six small specimens were takon noarthemouth of Willis 

22. Fundulus catenatus (Storer). (In, Wl.) Abundant in  Willis Creek. Those from Indian Creek 

23. Anguilla chryaypa (Raf.). Eel. (11, Wf.) 
24. Ambloplites rupestris (Raf.). Goggle-eye. (In, Sp, S, 8 . )  Common. 
25. Lepomis cyanellus (Raf.). Cvceir snn$s71. (In, W1, Sp, S.) 
26. Lepomis megalotis (Raf.). Long-cared stmu$eh. (In.) Common in the  lower oourseof Indian 

27. Etheostoma blennioides Raf. Hogfcsh. (In, Sp, S.) Very abundant in swift ourrents in Spring 

28. Etheostoma caprodes (Raf.). (Wl.) One spocirncu taken. 
29. Etheostoma rufolineatum (Copc). 
30. Etheostoma flabellare Itaf. 
31. Etheostoma cceruleum Storer. 

dorsal, 12 to  13. 

(In.) The single spocimcu. taken is  29 inchcs long. 

coi~rscs of a11 the strcams. Spccimens 2 to  34 inches long. D. 7 to  8; A. 7 to 8. 

teen scalcsbeforc dorsal. 

indistincc. 

Branch. Largest takcn, 11 iuchcs long. D. 8. 

Creek. 

highly colorcd. D. 13; A. 15. 

Crcek. D. 10-13; A. 10. 

Crcek. Specimen8 3 to  6 inches long. D. XIII-12. 

(In.) A single specimen, 1& inches long; highly colored. 
(In, S, A) Rathor comriion in  clcar, shallow water. 

(In, WI, Sp, S, A,) Equally commonin a11 tho streams. Sccond 
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32. Etheostoma obeyense sp. nov. 1Zcbted t o  Bthcoaioma jlnhcllum leaf., but with thicker and 
blunterhead :md different coloration. Head, 38; depth, 5& (4+ to  6). U. VIII-X, 12-13. A. 
11, 8 (7-9). Lateral line, 44 (42-45). Length, 2% inchcs. 

ETHIZOSTOMA OIIEYENSE. 

Body riithor sleiiiler, somewhat conipressed, the back riot elovated i n  adults, more so in  
the young. Head moderate, heavier, and less pointed than in X. jZabcZZn?v. Interorbital 
8pOCO narrow; oye about 88 long as snout, 4 in  head, the maxillary extending nearly t o  
below its middle. Jaws subequal, premaxillarios riot 
protractile, the skin on middle of forehead continuous with tliat on tip of snout; teeth 
rather strong. Margin of first dorsal rounded, its Iongost 
spine 2 in base; second dorsal larger than first, its margin nearly straight, the anterior ray 
about 1+ in  base; caudal moderate, equal in  longth to  caudal peduncle, also to base of first 
dorsal, its margin subtrunoatc; an-a1 snialler thau second dorsal and placuil opposite or 
slightly behind that fin; pectorals equal in length to  base of second’dorsal; ventrals equal 
in length to  base of anal. Lateral line almost straight, beginning :It upper edge of pre- 
opercle and extending backward, slightly descending, to  past middle of firtit dorsal, developed 
on about 12 scales. 

Color of adult male light-olive; dorsal region me,rked with seven dark cro8sbars, the 
first being on the nape and the  last on the end of tho caudal peduncle; on the  aides are 
10 or 11 irregularly shaped dark spots. Top of head dusky or black. Fins of adult males 
a dusky white. Black spot on membrane of first 3 or 4 dorsal spines, vanishing posteriorly; 
secontl dorsa1 with faint traces of bars; caudal plain; margin of anal je t  black; pectorals 
faintly barred; ventral8 dusky or black. The female arid younger specimens are similarly, 
but more deoply, colored. Black hurnor:d scale very Iargc and distinct, as in  E. jlalaliollnlz 
The anal, pectorals, and ventral8 of tho feruale and younger specimens are plain white, 
while the dorsals and caudal :Lie distinctly barred. 011 tho check is a Bmooth, light-eoIorec1 
area, extending from below the eye obliquely upward mid backward to  a distance twice the 
length of eye, and termiiiating a t  upper edge of preopcrcle. [This characteristic was by 
mistake not shown in the above cut.] This area is constriotod into two parts, the  anterior 
somewhat tho larger, and everywhere bounded by a silvery band. 

Very abundant in  a11 the streams. In  Indian Creek 21 specimens were taken; Spring 
Creek, 36; Smith Creek, 23; Albany Branch, 130. In all, 210 specimens were secured. 

33. Stizostedion canadense (C. H. Smith). “~Y’otted trout.” (In.) Conimon in the lower course 
of this stream. 

Mouth rather small, little oblique. 

Head, nape, and breast naked. 

COLUMBIA OITY, INDIANA, November 4,1891, 



10.-A REPORT UPON THE RIVERS.OF CENTRAL FLORIDA TRIBUTARY TO 
THE GULF OF MEXICO, WITH LISTS OF FISHES INHABITING THEM. 

INTRODUCTION. 

During December, lS90. and January, 1891, the writer, accompanied by Prof. 
Louis J. Rettger, of Huiitingburg, Indiana, made ai1 examination of several of the larger 
rivers which empty into the Gulf of Mexico on the west side of Florida. The work 
was conducted under the direction of the U. 8. Commissioner of Fish and Fisheries. 
It began in tlie vicinity of Punt& Gorda, 011 Charlotte Harbor (the most southern 
poiiit that could conveniently be reached), and was carried northward through the 
central part of the State to the tributaries of the Suwanee, in Bradford County. The 
fishrs colIected werc subsequently studied at tlia University of Iiidiana, Blooinington,, 
Indiana; annotated lists of them follow the description of each stream or river basin. 

The streams examined wore as follows : 
1. Alligator Rivor: Tho iiiiliri rivor :md tho ponds aiitl clitclmq near Punts Gorcla. 
2. Paare Rivor : .Jorihu:i Creok, Charlie Apopko, Onlc Crodc, :t l id Alligator Creek. 
3. Hillsboro IZivor : Poinberton Creek, Galliger Drain, aut1 Mill Crook. 
4.  Witlilticooche River : Littlo Withlacoocho Rivor :ind Politl Crook. 
5. Ssnto Fo Rivor : The main river, Sampson Crook, and Now River. 

ALLIGATOR RIVER. 

Emptying into Charlotte Hikrbor, about 5 miles helow Puiits Gorda, is a sma11 
dtreain called Alligatm River. Its proportions, however, would iiot eutitle it to be 
regarded as more thati a creek, except, perhaps, near its Inoutli, wliere for a mile or 
more small boats may ascend it without being impeded by sandbars or overhanging 
vegetation. Tlie stream was visited about 5 miles from its mouth, wliero it was slial- 
lorn enough to pennit seining. Here i t  lins cut a, liarrow, deep chaitiiel with very steep 
banks, niostly tliroiigh tlie smd, but iii places through :L loose limestoiie. The banks 
are composed of fine white sand, inixed to a greater or less extent with the debris of 
niollusk shells. The bottom of t8he stream, in most places, is smooth mid sandy, and quite 
suitable for seining. At  intervals, liowever, there :we deep basins in which the accu- 
111iilatetl deposits of organic matter, together with :I few inches of a fiiie bhck m ~ d ,  
combiiic to form :I t,rr:iclieroiis bottom for the collector. The steel) b:~i ik~ are lined 
with a subtropical vegetation which overhangs the strearii and makes access to it 
allnost impossible. The averatgo width of the stream wliere visited was i h u t  15 feet, 
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and the average depth 4 or 5 feet. Its proximity to the  harbor makes it subject t o  
the rise and fa11 of the tide, which daily changes the depth of water by about 2 feet. 
Several species of alga were found growing in great abundance. The predominating 
trees on the banks are palmettos, small live oaks, and small yellow pines. The surface 
of the surrounding couiitry is level, and is dotted with small lslres arid ponds. T b o  
stream flows mostly through a light woodland of yellow pines. Pew species of fish 
were taken, the predominant forms belonging to the Cyprinodomtidct? and the Cen- 
tmrchidcc. 

A number of ponds and large ditches in the neighborhood of Punta Gorda were 
also visited. They geiieralIy swarm with cyprinodonts. 

In the following list the Alligator 1Ziver is designated by the letter R, while the 
ponds and ditches near Punta Gorda are denoted by the letter P. All measurepents 
are in millimeters unless otherwise stated. 

FISHES OF THE ALLIGATOR RIVER. 

1, Notropis roseus Jardim. (R, P.) Common. The specimens token are smaller than the origiiial 
types, and smaller than specimcns obtaincd by Mr. 13ollmati at Way Cross, Georgia, in 1889; 
pharyngeal bones very heavy; teeth, 2, 4-4, 2; scalcs in lateral line, 38. 

2. Notemigonus chrysoleucus bosci (Cuv. & Val.). (It, P.) Common. Only young specimens 
were secured; dark above; fins tinged with red; silver scales on siilcs esteudiiig to within 
two rows of scales of the dorsal. 

3. Opsopwodus bollmani Gilbert. (R.) Very common. Agreeing with the original iloseript,ion,* 
except in  the general color, which is somewhat darkcr. Tlicro i H  a bright, carminit-red, 
U-shaped mark on the snout, tho arms of which reach just  beyond tho nostrils, the ourvotl 
part jrrst touching the premaxillary; a short line of' the samo color on eitlier side of tho 
black caudal spot; fins and sides of many of the specimens washed with red; without black 
cdging on dorsa1 and anal, and without black spot on the first ray8 of tho dorsal. TI10 
lengths of six specimens ranged from 35 to  41; scales in tho lateral linc, 36,34,35,38,36,34. 

4. Lucania goodei Jordan. (R.) Common. This is averyhandson~! little fish, about an inch lo~lg. 
The spccies was described by Dr. David S. Jordan in 1879, and lias not siiice been tako11 
until the  present research. The specimens obtoined a t  this tirne agrcc with t h o  original 
dcscripti0n.t 

5. Gambusia patruelis (Baird and Chard,. (R, P.) Vcry abiindmt. Found in tho  ina all hooks, 
lakes, and ditches, wherevcr thcre were a few inchos of watcr. Sonic spociiiicils IKLVO a d:trlc 
blotch below the cyc, while others arc without it. 

6. Jordanella fforidse Goode and Bern. Not cormnoti; only two smaJI spccimons ol)t:iinocl. 
7. Achirus fasciatus Lac6pEdc. (E, P.) Abundant. The spcciinciis takcii do not exceed 24 inchcs 

8. Labidesthes sicculus Cope. Brook si~v(w8ide. (R, P.) Common. Color, dark grccti ; latoral 

9. Chaenobryttus gulosus (Cuv. & Val.). 7Var-rnoutlL. (R, P.) Common, cspecially i n  ponils and 

(See Plate LIII, Fig. 2 . )  

(12, P.) 

in  lcngth, and are cxcecdingly v:wiablc in  color. 

stripe bright, with iippcr odge very dark. 

lakes, Specimens small and vcry dark. 
10. Lepomis punctatus (CUV. & Val.). (R, P.) Not common. 
11. Gerres gula (Cuv. & Val.). (R.) Not common. Only young spociinen~ taken. It probably 

12. Etheostoma quiescens Jord:Ln. (R.) Common. Lateral linc, 48,53,53 or 52; males with porcs, 
follows the tido :is i t  ascends the river, 

22, 26, 25 or 26. (See Plate 1,111, Fig. 3.) 

*Bull. U. S. Fish Cornu., VIII, 1888, 226. tl'roc. U. S. Nat. Mile., 1879, 240. 
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PEACE RIVER. 

Peam Riuer, one of the largest rivers of southern Florida, rises in Polk County, 
wlierc i t  drains a number of lakes of considerable size; thence flowing iu a southerly 
direction for 75 miles, it empties into Charlotte Harbor. nuring the rainy seas011 tho 
water is deep and the river navigable for its entire length, but in May and June the 
water becomes low, and the river is fordable at  many places. In December there was 
too much water in the channel for successful seining, and although several localities 
were visited, no spot was fomd where the net could be hauled to good advantage. 
The bauks are low everywhere, and there is but little vegetation in the stream, except 
near its mouth, where it spreads out to form a large swampy tract, filled with rushes, 
sedges, and wild grasses. Examinations were made at Zolfo Springs, December 25, and 
a t  Wauchula and Bartow. At the first-mentioned place the river flows through a 
broad, low valley; its banks are precipitous and the water deep. The temperature was 
630 P. Much phosphate rock occurs in that locality. 

Joshua Creek is a mal l  eastern tributary of Peace River, 12 or 15 miles long, and 
with an average width of 25 feet at the crossing of the South Florida Railroad, where 
i t  was examined. As in many of the Florida streams, the water appears dark.colored, 
owing to the decayingvegetation in the bottom of the stream, which forms a thin layer 
of very black sediment over the saudy bottom. Tlie alverage depth of tlie water is, 
perhaps, 4 feet, although at  short intervals there are '' holes " which far exceed this 
depth. The sandy bottoin is swept clean in the swifter parts of the channel, but in 
tho inore sluggish places the vegetable debris has collected to a t'hickness of severatl 
feet, forming a miry bottom, remarkable for the amount of marsh gas given off when- 
ever it is disturbed. There are few ripples, but the collections of drift make it impos- 
siblo for boats to ascend the strcam. The banks are lined with a subtropical vegeta- 
tion, and jungles of palmettos end live oaks inake access to the stream especialIy 
difficult; while, owing to the steepness of the banks and the absence of sandbars, 
good lmdiugplaces for the seine are riot numerous. Outcrops of phosphate occur in 
some plaoes in the bed of the stream. This deposit seems to underlie much of the sur- 
r ~ u u d i ~ i g  country, and is extensively mined, and shipped away for fertilizing purposes. 
The material resembles somewhat small water-worn pebbles of flint, but it is readily 
&stingidshed by its softriess and lightness. Shark teeth and bones of othcr vertebrates 
are abundant in the phosphate rock. Spirogyra and other forms of alga are conimoii, 
Tho creek was examiiied at the crossing of tho South Florida Railroad, about 3 miles 
from its inouth and near Nocatee, December 2 I, 1890. 

It rises 
near tlie nortliern boundary of De Soto County, and flows southwesterly a distance of 
25 miles. The stream has cut its channel through the sandy soil, which in places 
approaches a saudstone in consistency, to a depth of from 12 to 20 feet, piling up large 
bantn$s of clean white sand a t  every curve in its course. The current is quite swift, 
and the depth O S  water ranges from 3 to  6 feet. The bottom of the stream is composed 
of sand, together with coarse gravel of very soft, dark sandstoiie and some phosphate. 
No alga were observed. Fishes were very scarce, Puitdulus seiniitolis being the only 
abundant species, The examillations were innde at  Charlie Apopka Station. 

Temperature of water, 600 F. 
oharlie Apopka is one of the largest eastern tributaries of Peace River. 
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Oak Creek is a sm:d e:bstern tributary of Charlie Apopka, only a few miles in 
length, and having about the same characteristics as the indn stremi. PurMlulus semi- 
nolis and black bass were the inost common fishes. The collections were made near 
Charlie Apopka Station, December 25, 1890. 

Alligator Creek empties iuto Peace River, and is the outlet of a small ineadow 
lake. It is peculiar in having, for the most part, the characteristics of a prairie stream, 
there being no vegetation along its banks except a coarse, mild grass. The bottom is 
of sand, blackened by the usual vegetable mold. Its average width is about 15 feet, 
and its depth from 1 to 5 feet. The stream is small, but swariiis with fishes, and is a 
good one in which to iiiake collections. It was examined 1 mile south of Zolfo Springs, 
December 26, 1890; temperature of the water, G50 P. 

In the accomppying list the different places visited are designated by letters as 
follows: Joshua Creek, J; Cliarlie Apoplra, C; Oak Creek, 0; Peace ltiver at  Zolfo 
Springs, P; Alligator Branoh, A; Peace ltiver at  Waucllul:b, W; at  Bartow, 13. 

FISHES OF PEACE RIVER. 

1. Ameiurus nebulosus (LO Sueur). Bullhead. (J, A.) Not common. Very dark; almost black 
above; sidos marbled with white. 

2. Erimyzon sucetta (LacBpbde). Very dark or black above, with a dark 
lateral band, two scales in width; somowhat lighter bolow, with a rose t int  on breast; 
head, 4& in length; depth, 34; eye small, nearly 5 in liead; dorsal rays, 12, the longest 
nearly as long as basc of fin; number of scales, 39. 

Spociincns very (lark, with a light line above t h o  
plnmbeoiis lateral bancl, and a pale line below; no vcrtobral lino; base of caudal (lark. 
The moasuroments of' five specimens wore :LS follows: Length, 59, 55,55,54,54 millimoters; 
head, llg 11,11,10&, 104 millimeters; depth, 11,9,9, 84, 84 millimeters; latorrtl line, 38, 38, 
38,37, or 38. 

4. Notemigonus chrysoleucus bosci (Cuv. Cyr. Val.). (J, C, A, W, B.) Vory common in Joshua 
and Alligator crooks. Specimens very large :burl fino; fins washed with red; anal e(1god 
with black; silver band very broad; scalcs in lateral lino, 46 to 50; scales bofore dorsal, 25; 
anal rays, 16. 

5. ~psopaeodus  bollmani Gilbert. (J, p, A.) Common only in Josliua Creek. Specimens taken 
from this stream were all large, tho largest measiiring a9 follows: Length, 60; ]load, 11; 
depth, lo+ ; scales in lateral line. 36; no tlnrlr tipot on dorsal; body washed with red :hbove 
the plumbeous latcral band ; lower lip dark, almost black. 

(.J, C, 0, P, A, W, B.) Coinnion a t  every station. The 
three largest specimens measured respectircly 40,45, and 46 niillin~ctors in  total length. 

Only :I very few specimens were 
taken in this river basin. 

(J, P, h.) Not commoii. Two specimens were taken in 
Joshua Creek and tliroc in I'(x~co River, at Zolfo Springs. The largest measurod: Longth, 

9. Zygonectes chrysotus (Giiuther). (J, P, A, W, 13.) Quito coiumou. Spccimens with or  without 
pearly spots; dark spots 011 (brsal :lnd caudal of a fcw speciilnons; cheoks iriitesocnt; oxlo 
specimen had sides marlred wit11 sinall b1:Lclc dots ; sc&s before dorsal, 22; ~rieas~irorri~~~its 
as follows: Length, 53,53.46,37,37,37 1Tiilliriieters; licul, 12, la+, 11,9,9,9; depth, io$, 104, 
9,7,7,7; eye, 39,34,3,24,24,29; l a t ( ~ a 1  line, 36,35,38,35,35,35. 

(J, P.) Not common. 

3. Notropis roseus (Jortlnn). (.J, C, 0, P, W, B.) 

6. Gambusia patruelie (Baird :md Gir:Lrd). 

7. Mollienesia latipinna LO Suciir. 

8. Jordanella floridae R GOO^^ :md Bean). 

33; head, 8; depth, lot .  

(C, 0, P, A.)  Not common. 

(St% Plat0 1.11, Fig. 4.) 

(Sco Plate LIII, Fig. 1.) 
10. Lucania goodei Jordan. (w.) only 0110 SpCcimeu was taken; length, 31. 
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11. Fundulus seminolis Girard. Common, especially in Charlie Apopka and Oak 
?reeks. Somewhat variable in color, and differing otherwise from the original :~ntl other 
descriptions.* 

Body slenrler, not coinpressctl ; b:icli not elevated; caudal petliinclc clcep ; depth tho 
s:iinc as tho height of clorsel, and also eqiial to the distance from the end of the snout to  
iniddle of pupil; 11o:itL long and pointed, somewhat pyramidal, 49 to 4) in total length; 
doptli of body 58 to 6& in length, or qqual to the distance from end of‘ snout to  the liinder 
1ii:irgin of the preopcrcle; eye medium size, about 4 in Iicad or two-thirds tho intororbital 
space; c1ors:rl fin longer th:hnanal, the rays growing grodnally shorter from the fifth to  tlic 
last, giving the top of the fin a gentle convex curve; origiii of dorsal above the tor1nin:Ltion 
of the vcntrals; aual short, length of‘ longest rays, Iff that  of base of fin, tho fourth ray 
longest, growing rapidly shortcr to the last; posterior margin below posterior uiargin of the 
dorsal; ventrills sniall and short, not reaching vent ; pectoralsbroad, barely reaching vcntrals. 

Ground color, olive green in tho larger specimens, brighter in tho niiLles, or of a somc- 
what yello\-vishJrown, cmisetl by the scales having dark ctlgea. Some specimens have several 
longitiidinal stripes resulting from dark spots in tlic ccnter of the scales, but the majority of 
8 1 0  spccinicns talcell have no siicli ni:irlring. All of the young, and the older feni:tlcs, arc 
crossed by 12 or 14 faint dark bars. Tho fins aro generally plaiu, biit in a few speeiinens 
the dorsal and randnl have dtirker spots, which in soiue instances are arranged on bars. 
Tho teeth are arranged in two rows, those of tho ontor row in the lower jaw miieh enlarged; 
a11 arc pointed, movable, and curve inward. Dorsal, 17; anal, 13. 

Following are given the me:isnrcments and other details of a few specimens talreu in 
differcnt localities : Three specimens from Joshua Creek, Nooatee : Length, 108,100,94 milli- 
metcrs; head, 22, 22-, 21 iiiillimotcrs; depth, 16, 16, 154 millimeters; scales in  h te ra l  linc 
54, 50, 52; some specimens with faint crossbars. Charlie Apoplm: Very cornlnon; color 
light; fins withont iiirarlcings; lines prodiiced by the dote at tho iiitersection of the sc:iles 
very faint. Alligator Urancli : Coirimon ; color very dark ; Irngth, 112, 104 ; hcad, 27, 23 ; 
depth, 20, 19; distitnce froiii end of snout to origin of dorsal an, 48, from origin of dorsal to 
end of caudal fin, 3?; three biirs itcross tho dors:il; 1:Ltcral line, 54. 

12. Achirus fasciatus (Lac6pBde). (J, C, 0, A, W.) Common, except in Al1ig:itor Creek. Color 
very variable. 

13. Labidesthes sicculus Copc. 
14. Chaeiiobryttus gulosus (Cuv. & V a l . ) .  Ji’av-~iiottth. (J, C, 0, A,W,  B.) Common. Very dark; 

many specimens with the body I)clow tlio 1ntcr:il lilio decoratctl with copper-colored dots. 
15. Lepomis punctatus (Cuv. Ji Val.). ( J ,  C, 0.) Not common. Spociiiims :ilmost blaolr ; scales iii 

lnteral line, 39 to 41. 
16. Lepomis pallidus (Mitchill). (J, P, A, W, B.) Not common. Opcrolc oriianioiited mitli it red 

spot on the posterior margin; 13 d:brlc crossbars across the body; lateral line, 4.2. 
17. Lepomia holbrooki (Cuv. &, Val.). Much more abiindaiit thmi L. 

pallidus. 
18. Lepomis megalotis (ltaiiuesque). Lonpeanxl su?t$iak. (C, P, W, 13.) Ahundaiit wherever foiiiitl. 
19. Micropterus salmoides (L:ic6pbde). Lavgs-tiioutlted blualc bass. TalC~i nt cvery station. Com- 

mon in tho Ialces and ponds, wlicro i t  is reported to  grow to i i  great sizo. 
20. Etheostoma quiescens Jorcleii. (.J, A,) This species is doscribed iu t,hc Proccedirigs of the IT. 

S. National Mnsenm, 1884, 479. Color, dorlr bromn, with very dark green between tho 
darker spots on the body. Imigth, 34+, 34+, 48, 53, 46, :ind 47 millimeters; hc:iil, 9, 9, 10, 
IO+, 94, 9+niilliirieters; depth, G+, G+, 7, ‘i+, 7, 7- niilliinoters; lateral line, Sa, 49,49,50, V3, 50; 
scales with porcs, 27, 21, 24, 27, 2G, 22; dorsd, IX-9, IX-11, X-12, IX-10, IX-11, IX-11; a i d ,  
11-7; tho spiiies about equal in lougth. 

(J, C, 0, A, P.) 

(See Plate IX, Fig. 3.) 

Coiniiion :it evcry station. 

(J, C, 0, l’, A.) Common. 

(See Pleto 1.111, Fig. 3.) 
- -- 

* I’roc. Acad. Nat. Sei. Philo. 1859, p. 59. Gunther, vol. VI, p. 325. Syn. N. A. I W I ~ ~ ,  p. 334. I’roc. 
U. S. Nat. Mus., 1884, p. 322. 
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HILLSBORO RIVER. 

The Hillsboro River, one of the larger rivcrs of tho western slope of Florida, rises 
in the western part of Polk Coiinty, in a low watershed that separates the rivers flow- 

-ing into Lske Okeechobee from those which enipty into the Gulf. It is about 45 miles 
long and very sluggish, but of sufficient depth to be navigable for small boats to a 
dibtance of several miles above itfs mouth. The country which it drains is low except 
about its headwaters, where it is more or less rolling. Only throe places werc visited 
on this river and its tributaries, as follows: Pemberton Oreek, Galliger Draiii near 
Seffner, end Mill Creek a t  Kathleen. 

Pemberton Creek is a small tributary of the Little Hillsboro River, draining sev- 
eral small lakes and flowing for the most part through an open country. Its b:~uks 
are low, the bottom is covered with a few inches of mud, and in some places with a 
heavy growth of a81ga Fishes were scarce, the few taken being found among the 
algre and other vegetation growing in the stream. The examination was inado a t  
Sefber, December 27,1890 j water temperature, 560 F. 

(falliger Drain is a Iarge ditch-like stream, which drains several lakes and m:l;rshy 
prairies, and empties into Pemberton Creek. I ts  banks are steep and low, and the 
stream is narrow and deep, looking very inuch like an artificial waterway. It is filled 
in places with alge, grass, and other vegetation. Fishes we‘re riot abundant. The 
Drain was examined a t  Seffner, December 27,1890 ; water temperature, 550 F. 

MiEZ Ureek, a tributary of Hillsboro River, is a small stream, oiily 12 or 15 feet 
wide, and 2 to 4 feet deep. It was seined one-half mile southeast of Eathleeu, at  the 
“Old Mill,” December 29, 1890. The stream contained much vegetation arid an 
abundance of fishes. The water temperature was 520 F. 

In the following list P denotes Pcmberton Creek; G, Galliger Drain; and M, Mill 
Creek : 

FISHES OF HILLSBORO RIVER. 

1. Lepisosteus platystomus Rafinesqiie. Gar-pike. (M.)  One large spccimcn wae talrcn. Color 
dirk brown :~bove, decorated with darker spots, from 4 to 10 Iiiilliructers in diomcter, sc :h  
tered irregularly ovcr the body and head; lighter below, but with the saine black spots; 
operolcs with a very heavy silvery pigment showiiig :tt intervde. 

2. Erimyzon sucetta Ltic6pbde. (M.) Rare. Black jatcral baud very distinct; specimciis large. 
3. Ameiurus natalis (Le Sueur). 

4, Notropis roseus Jordan. Not common. Speoimens all young. 
5. Gambusia patruelis (Baird and Girard). (P, G, M.) Abundant. Total length of litrgcst speci- 

6. Jordanella florid= Goode and Bean. 
7. Labidesthes sicculus Cope. Brook silveraide. (P, G.) Very abundnnt. 
8. Chsnobryttus gulosus (CUV. & Val.). W a ~ - n ~ o u l h .  (P, G, M.)  Not conimoii. Sever:tl ~ i t i i t l l  

specimens were talceu in Mill Creek. 
9. Lepomis pallidus (Mitchill). Blue surcjiah. (l’, G, W.) Common. Severd very large spocinieiin 

were obtained; the specimens from Mill Creek sliow eight well-detiiied crossbtrrs, four ac:rlcn 
in width. 

(P.) Rare. Color very light for :I specimen coming froiri those 
waters. 

men~,  50, 49, 45, 44, 44 millimeters. 
(P.) Very rare. Length, 35; depth, 11; 1ater:Ll line, 27. 

10. Lepomis holbrooki (Cuv. & Val.). (M.) Rare. 
11. Lepomis megalotis (Rsfinesc]uo). Long-earcd acm$ah. (P, G,. &I,) Common. 
12. Microptens salmoides (La06118d0). Larp-moutl~ed b2aak b u ~ .  (l’, G.) Quito comnion. 
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13. Elassoma evergladei Jordan. (P, M.) Two wry  fine specimens were takcn in Pembortoii Creok, 
which differ in several particulars from the types of this spccics.” Total longth of spoci- 
nicns, 25 and 27; length to caudal fin, 22&, 23; grcatcst Iioight of‘ body, 6, 7; depth of cnudsl 
pedunclo, 3-, 3; length of head 6+, 7; interorbital arm, 2-, 2-; cyo, 2 ,2 ;  distalloo from 
tip of sriout to front of dorsal, lo-, 10; numbor of dorsal spines and rays, 111-8, 111-8; 
lcngth of base of dorsd, 7-, 7; longest dorsal spine, 3-, 3 ;  longost ilorsnl my, 5 , 5 ;  anal, 
IV-5, IV-5; vontrals roaching to  anal; number of scales, 28, 28. Ground color, very &irk 
brown, iie:wly black, with three crossbars bchiiid dorsal, between which tlicre is a dark 
metallic bliio; spot 011 operole o f  a dull carmine color; two sillall spot6 of thc ~aiiic color a t  
baso of caudal; spots of bluo on other parts of‘ tho body, notably aloiig tho lateral lino; fins 
dark; upper half of doreal, black; two lighter spots 011 the last rays of tlorsal. (See Plate 
LIII, Fig. 4.) 

Several specimons werc obtained iu Mill Creek which correspond moro closely with the  
origixtls. The measurements of three of these are as follon~s: Longth, 25, 25, 23; length to 
base of cnudsl, 21, 21, 19; grootest dopth, 6,7,5; dopth of raiid:rl pctliinclc, 3, 3, 3-; length 
of head, 6, G+, 6-; eye, la, I&, l&; distiinco from end of snout to origiii of dorsal, 9,9+, 
8; dorm1 rays, IV-8, IV-9, IV-9; anal rays, 111-5, 111-5, 111-5; iiiiiubcr of scales, 27,28,27. 
Grouutl color dark brown, thickly covered with darker spots Iiaviiig no definite arrange- 
ment; a fow deep lustroils blue scales 011 body; dorm1 di~rk, showing in  sonlo speairnons a 
double row of dark-red spots, forming two stripos parallel with the  edge of tho fin. Thoro 
seems to  bo somo variation in tlio size of the eye and the width of the illtororbital space. 

14. Etheostoma quieecens Jordan. (P, M.) Common only in Mill Creek. These fjpecimcns wero 
much lighter than specimens of the  some species talten in other localities. Xight cross- 
bars pass over tho back from the  lateral line on one sidc to that  011 the  other; a row of 
irregular spots below the  1ater:d line; light spot on chock, with irrrgulnr black spots 
aronnd i t ;  lower lip with a narrow black line on edge. Length, 47,47,47,43,43,42,57 iiiilli- 

; liend, 9,0,9,8,8,8-, 11; depth, 11, 11, 11, lo-, lo-, 10, 104; lotoral line, 62, 53,51, 
52, 50, 52, 52; poros, 28, 24, 27, 25, 24, 22, 22; hoad full-sonletl, with siiinll roiigh scales. 
(See Plate LIII, Fig. 3.) 

WITHLACOOCHEE RIVER. 

The Witldacoockee River drains a large iiuinber of lakes aiid lorn prairies in Lake 
County and the eastern part of Pollz Ooniity. It flows in it general northwesterly 
direction a distance o f  75 or 80 miles, sild ciiipties iuto the Gulf of Mexico aboat~ 20 
rriiles south of Oedar Keys. Tlirco 
iniles east of Eichland the river turns nearly i b t  riglit angles, changing its course 
froin a soutliwest to  a northwest direction; liere it is about 10 yards in midtli, with 
steep banks alid a swift current. The water is clear, although appearing soinewliat 
itark, and flows over a sandy bottoiii. The stream at  this place is almost devoid of 
vegekition; no crustaceans or mollusks were taken, and but few fishes. The stream 
was sciiied December 31, 1590, the water temperature being 500 I?. 

The Little TVithlacoockee River was fished January 1, 1891, about 2 i d e s  north 
of tlie station of  Withlacoochee, at the crossirig of the Florida Central and Peninsulab 
Railroad. The stream at this place flows in several channels through a dense cyp’ess 
swaiiip. The inah chamiel is 20 feet wide, and too deep for. seining. The strealu was 
full of cypress trees and cypress knees; several species of alga? were noticed, niitl 
clinging to tlie logs aiid roots were large, brown, $eletinou8-;tpl)e:irinS miLSSeS. The 
surfiice of the oountry is soiiiow1i:Lt rolling, and large ledges of coral liinesto~ii~ were 
jutting from tho surface, the remains of an old cord reef. Water teiqeratture, 480 P. 

*Proc. U. S. Nat. M U S . ,  1884, 323. 

Its lieadwaters were examined in three places. 

. ___ ._ _--- - ___ ~ _ _ - _  - 
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Pond Creek is a small prairie or meadow creek, flowing through open country. 
The banks are low and mossy, the water clear and shallow, and the bottom of fine 
mud. Tlie stream swarms with small fishes, several species of cyprinodonts being 
especially abundant. The examination was made a t  Dragem Junction, January 2, 
1891 j water temperature, 520 3'. 

In the following list species taken in the Withlacoochee River are marked W; 
those from the Little Withlacoochee, L; and those from Pond Creek, P: 

FISHES OF THE WITHLACOOCHEE RIVER. 

1. Ameiurus natalis (Le Sueur). (W, L.) Not common. Sevcral young specimens werc taken in 

2. Erimyzou sucetta LacBpDde. (L.) Common. Jot  black above; fins all black. 
3. Notropis roseus Jordan. (W, L.) Not commou. Six specimens mcrc obtained. 
4. Notropis metallicus Jordan and Mock. 

both streams. 

Four specimens were takcu, two adult and two young. 
The adults measurc as follows: Leugth, 39, 40; hoad, lo-, 10; depth, 9-, 9; anal rays, 11, 
11; scales in lateral h e ,  35, 34. For a full description see Proc. U. S. N:itional MU~CUIII, 
1884, p. 475. These specimens differ from the description in being somewhat darker in color; 
in having two very small red spots a t  the base of the caudal fin, o m  on the upper and one 
on the lower edge of the termination of tho broad lateral band; in having the pcctoral and 
ventral fins very dark; and in  the absence of a distinct black caudal spot. (See Plate 
LII, Fig. 1.) 

5. Opsopaeodus bollmani Gilbert. (L.) One vcry large spccimen taken; color vcry light, about 
the same as specimcns of this species obtained in Kentucky. Lcngth, 50; h o d ,  103; depth, 
11; eye, 3; liiteral line, 34; lateral band not distinct; no markiugs on fins. 

6. Gambusia patruelis (Baird and Girard). 
7. Zygonectes ohrysotus (Giinther). (\Ir, L, P.) Common. Variable in  color; largcst specimen 

from Little Withlacoochec River moasarcd, length, 66; head, 18; deptli, 15; scales in lateral 
linc, 33, without pores. Scvcral specirncus from Withlacoochcc and Pond Creek mcasurcd 
as follows: Lougtli, 62, 58, 56, 54, 49; h c d ,  16,14,139,12,11; depth, 13,13,12,11+, 9; lateral 
line, 33,31,31,33,32. Pcarly mark- 
ings obloug ; many scales in lateral line with pores; chocks iridescent; eleven distinct cross- 
bars on body; showing crossbars; color plain; two rows of pcarly dots on sides. (See 
Plate LIII, Pig. 1.) 

(W, L, I?.) Commou cverywhcrs. 

Color plain, no bar8 or pearly dots except on cheeks. 

8. Mollienesia latipinna Lo SuCur. ( w ,  L, P.) Common. Dorsal rays as long as hood. 
9. Jordanella floridae Goode and Roan. (W, L, P.) Common. Thcsc specimens agree with the 

original description, * cspecially in regard to  the generic characters. Many specimcus have 
more than a trace of :L latcral line; in the row of ~ C : L ~ C B  along tho axis of tho body :L few 
of the scales are provideit with pore8 ; the first arid second row above have :L greater numbcr, 
and in some casos almost all the scales in tliosc rows have pores. Length, 50,49, 49, 46, 43; 
h a d ,  13, 12,12, la-, 10; depth, Is+, 19, 19, 19, 17; dorsal, 1-14, 1-15,I-15,I-15,I-15; lateral 
line, 26, 24, 26,26,25. (Scc Platc LII, Fig. 4.) 

10. Lucania goodei Jordan. 
11. Fundulus  ocellaris Jordan aud Gilbert. Not common. 

Very abundant. 
General color dark olive; body crosscd 

by 14 dark crossbars, not as wide as the interspaces; sides above middle line covered with 
small spots, below dusted with minute spots. The 1:irgcst spccimen mcas~~rcd,  length, 38; 
head, 16; depth, 11; scales, 36, of which many from the dorsal fin to  tho caudal arc porc(1.t 
(Sec Plate LII, Fig. 2.) 

12. Chaenobryttus gulosus (Cuv. 6t Val.). Wa~-rnouth. (W, L, P.) Common. 
13. Elassoma evergladei Jordan. 
14. Lepomis pallidus (Mitchill). Lllzla SU14fLS1L. (w. )  Not common. 
15. Lepomis holbrooki (Cuv. & Val.). (P.) Common. Tho specimmR obt:~inod wcre all yonng. 
16. Etheostoma quiesceiis Jordau. 

Scvcral spcciIncns taken ; very variable. 

(w, L, P.) 

* Proc. U. S. Nat. Mus., 11, 1879, p. 117. 

Common in tho Little Withlac~)oehee. 
- - _ _ _  -- __ __ .  - 

t Proc. IJ.  S. Nnt. Mus., 1882, 254. 
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SANTA FE RIVER. 

The Santa FA River is an eastern, and one of the largest, tributaries of the Suwanee 
River. Collections were made at  three places on this river and its tributaries, in Brad- 
ford County. 

l ’he iSawta Pb River is the outlet of .a lake having the same name, situated in the 
southeastern part of Bradford County. This lake is about 11 miles long, 5 miles wide, 
And very deep. Three miles southwest of‘ Hampton, a station at the crossing of the 
Georgia and Southern Florida and the Florida Central and Peninsula Railroad, the 
river is only about 20 feet wide, with an average depth of about 4 feet. Here the river 
flows through woodland, and is full of cypress trees, coarse grass, and alga. A red 
alga, Batrachospermum, was found in such abundance at this plece as to hinder the 
use of the seine. The examination was made January 3,1191; water temperature, 510 17. 

Xctn~psoiz Creek is a sinal1 northern tributai-y of the Santa FO, and is very shallow. 
It aEorded very few fishes. It was examined at’ Sampson, January ti, 1891; water 
temperature, 490 F. 

New River. is a largo northern tributary of the Santa FB, and at the place where 
it was visited, New River Station, was of about the smne size and character as tho 
Senha 3’6, but the water was more shallow. The bottom is sandy and black, the banks 
are low, and vegetation extends down to  and into the water. Fishes were not abun- 
dant. Examined January Ti, 1591 j water temperature, 500 F. 

In the following list, the Santa FO River is designated (‘ SF,” Sampson Creek, 
by the letter 8, and New ltiver by the letter N. 

FISHES OF THE SANTA FG RIVER. 

1. Ameiurus natafiS (Le Sucur). (SF, s.) h’ot common. Largest spccimcn only 3+ inclies long. 
2. Noturus gyrinus (Mitchill). Sfono cat. (SF, 8.) 12nro. 
3. Noturus leptacanthus Jordan. (N.) Three smnll specimens were taken, the largest inuasuriiig 

length, 62; head, 13; width oflic:~d, 10; dupth, 10; uppcr jaw, projccting; color, 8 miiform 
dark brown above, lightor 011 1)elly. 

(SF, S, N.) 4. Erimyzon sucetta LacEpbde. 
5. Notropis roseus Jorcl:in. 
6. Gambusia patruelis (Baird. and Girard). (SF, S, N.) Common. Most of tho spcci~nens havc a 

spot below the eye. 
7. Zygonectes chrysotus (Giiiithcr). (SF, S, N.) Common. Spociiiiciis large, with body barrod; 

young with pcorly dots. 
8. Zygonectes notti Agossiz. (SF, 8, N.) Cornmuon. Not foiiiid fxt,hor south. Malos with twelve, 

vertical bars; longitndiuul ropo-liku stripos vcry bright. Longth, 55; hoad, 12; depth, 7; 
scales in lateral lino, 35. 

Young spccimons quitc coinmoil in tho Santa F6. 
(SF. ) Rare, sucl becorning loss abiindnnt fimthcr north. 
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25 
20 
24 
23 

24 
23.5 

9. Reteraiidria ommata Jordan. (SF, 8, N.) Not common. Tho origiual doscription of this 
specios was published in the Proccedings of tho U. S. National Museum,- 1884, p. 323. Tlic 
females only liave the black ocollus on tho upper part of the base of caudal, tho males baing 
crossocl by from 5 to 7 dark b:m.  Fivc speci- 
mons, two malus and tliroo fcmalos, gave the following measurements (in niillimeturs) : 

Tho mouth varies; tho teeth are movablo. 

22 G. 5 0.5 IV-12 IV-7 28 
21.5 7 6 IV-11 111-5 27 
20.5 6 6 IV-11 111-6 20 
20 G. 5 G IV-11 III-G 28 

21 6 6 IV-10 111-5 27 
20.5 G e IV- D 111-5 28 

Tho gcnerio characteristics of this genus are not wcll ostablishcd, as it  has afinitios 
with both Eotevandvia (sce Proc. U. S. Nat. Mus., 1884, 233; Giinthor, vol. VI, 351; Proc. 
Acod. Nat. Sci. Phila. 1859, G2), and llivulus (see Giinthcr, vol. vi, 227). Tho spceiu~a~is I 
have cx:tmincd have more in common with Heterandria, but havc not the anal fin moclilicd 
iuto an intromittent orgau. 

(SF.) Ono~pecimen taken; length, 50; hoed, 18; depth, 1G4; 
number of scales, 48; dorsal, 111-12; anal, 11-8; vont below hinder margin of opercle. 

10. Aphredoderus sayanus (Gilliams). 

11. Chaenobryttus gulosus (Cuv. & Val,). (SF, S, N.) Common. . 
12.  Lepomis punctatus (Cuv. & Val.). (SF, S, N.) Common. Speoimons largo; soalos in lateral 

13. Lepomis pallidus (Mitchill). Blue sanjish. (S, N. ) Rare. Only three specimcns obtained. 
14. Lepomis megalotis (Rafinosque). Long-oared crun$sh. (N.) Not common. 
16. Etheostoma quiescens Jordan. (SF, S, N.) Not abundant. Several specimens were obtainod 

in each locality. 
17. Elassoma evergladei Jordan. (SF, S, N.) Tho color of these little fishes is oxcccdingly v:briable. 

The ground may vary froiii a light olive to  a dark brown, or thoy may bo iiiottlcd, striprd, 
or b:irrod with rcddish brown, a dark brown, or a very dark green. Dorsal arid :mil fills 
odged with black. Sover:d spocimens had the body orossotl by from 5 to 8 reddish-brown 
bars, which exteiided t o  tho iippor odge of tho dorsal. (800 Plato LIII, Fig. 4.) Six speoi- 
mens from the Sante F6 nicasiiro as followcl: 

line, 43. 

INDIANA UNIVERSITY, Bloomington, In&, June 6, 1891. 
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2. FUNDULUS OCELLARIS Jordan and Gilbert. 

3. FUNDULUS SEMlNOLlS Oirard. 

4. JORDANELLA FLORID& Goodo and B R ~ I I .  
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1. ZYGONECTES CHRYSOTUS (Guinther). 

2, LUCANIA GOODEI Jordan. 

3. ETHEOSTOMA QUIESCENS Jordan. 

4. ELASSOMA EVERGLADE1 Jordan. 



11.-AN INVESTIGATION OF T H E  COAST WATERS OF SOUTH CAROLINA 
WITH ICEFERENCE 'I'O OYSTER-CULTURE. 

BY JOHN D. BATTLE. 

INTRODUCTORY NOTE. 

[By Richard Rathbuu, Assistant in chergu of Scientific Inquiry.] 

During the winter of 1890-91, the Fish Commission steamer Pisk Hawk, Lieut. 
Robert Pltltt, U. S. Navy, commanding, m as detailed to investigate the coast waters 
of South Carolina, with the object of determining the position, extent, and character- 
istics of the natural oyster beds, and also of the bottom areas not now producing oys- 
ters, but suitable for their cultivation. Similar surveys of the coasts of North Caroliua 
and Georgia had previously been made by the U. S. Coast and Geodetic Survey, aud  
thg impetus thereby given to the oyster industry in those States was considered to 
warrant the same attention to the requirements of the intervening district. In arraug- 
ing for this undertaking it was deemed advisable to add several new features to the 
examination, namely, a careful study of the biological characteristics of the region 
with special reference to the feediiig of the oyster, chemical andyscs of the water, aud 
a more deta'iled iuquiry than has been customary respecting its physical condition. 

The hydrographic work, includiug the delineation of the natural oyster beds, the 
determination of suitable bottoms for oyster-planting, and the specific-gravity obser- 
vations, was placed in charge of Mr. John D. Battle, formerly associated with Lieut. 
Francis Winslow, U. S. Navy, in the oyster survey of North Carolina, and with Ensigu 
J. C. Drake, U. S. Navy, in that of Georgia. The services of Dr. Bnshford Dean, tutor 
in biology in the College of the City of New York, mere secured for the more special 
biological researches respecting the oyster aud its food and the chemical and physical 
considerations, subjects to which he had previously given much attention in connec- 
tion with the investigations of tho oyster grounds of New York State. Tho general 
natural history of tho maters was attended to by Mr. Jaines E. Benedict, of the U. 8. 
NationaJ Museum, aiid Mr. W, C. Kendall, the former, however, remaining with the 
steamer onIy about two months. The officers of the Fish Bawk participated in all the 
branches of the work, and their hearty cotjperatiou, especially in regard to the hydro- 
graphic survey, was essential to its success. 

303 
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Operations were begun December 23,1800, in tlie neighborhood of Winyah Bay, 
in the northeastern part of the State. The creeks in that vicinity had already been 
examined by Mr. Battle in the interest of an oyster company, and the privilege of 
using his results being obtained, but little time was spent there. The steamer tlieu 
proceeded to the Savannltli River and worked thence northward to the northern part 
of Bull Bay, near Cape Roinain, completing the survey March 30, 1891. 

The coast region of South Carolina consists chiefly of very low land, marshy to a 
great. extent, which in many places extends inland a considerable distance. It is 
indented or cut througli by a number of souIids, bays, and river mouths, which are 
connected by an iiitricate system of winding creeks and rivers, separating the sea 
islands from oue another and from tlie maiiilaud. Oysters are found iii most of the 
creeks aiid rivers which w e  suited to their growth, but they occur mainly as fringing 
ledges along the borders between the levels of high and low tide. In  only a few locoli- 
ties do they grow naturally iii the stream bed, and their cultivation or improvement 
by transplan tiug has not hitherto been attempted, except upoii a very limited scale. 

The water that circulates througli these oyster-besring channels is derived from 
several sources, the sea on the one side, the rivers from the interior, neighboring springs, 
and land seepage on the other. That coming from the sea has tlie high salinity or 
density of the ocean, while tlis rest is fresh. As is naturally to be expected from tlie 
positions and relations of these iiuinerous bodies, their contents, resulting from the 
mixture of different waters, present a great diversity as regards their saltness, aud 
tlie density in each is subject t o  great and frequent variations through the tides mid 
seasonal changes. Moreover, the larger rivers bring down an immense quantity of 
sediment, which, becoming widely disseminated, fills many of the channels with highly 
discolored water, especially during times of freshets. From this source and probably 
from others also the channels have derived, over a large part of their extent, a very 
soft, muddy bottom, not capable of supporting heavy objects of any character. 

The reason for the peculiar distribution of the oysters, above referred to, which 
obtains also in Georgia, in some parts of North Carolina, and on the outer coast df 
Virginia, has not positively been determined, but the most plausible explanation yet 
given to account for i t  would make it depeaclent upon the high specific gravity of the 
water. The heavy sediment and tlie soft character of the bottom may also have some 
influence in that respect. The solution of this question is of great practical importance, 
as the result will have much weight in determining the methods of oyster-culture 
best suited to the State, and it is proposed to give furtlier attention to the matter a t  
the first conveuieiit opportunity. Tlie problem involved is as to whether the spat 
derive6 from mature oysters planted on the bottom will attach themselves in similar 
situations; in  fact, as to whether such beds would be self-sustaining, as they are in 
a11 t ~ i e  priiieipal oyster regious farther nortli. Tlio present iiiciicatioris are tliat, in tl;e 
South Carolina waters whose salinity is above a certain standard, tlio spat or embryos, 
whioh are free-swimming during the earlier part of their existence, float only a t  tlie 
surface, and, therefore, have tlic means of attacliing themselves oiily between tho 
levels of high and low tide. In m y  case, however, 21, very simplc: and eEective means 
of cultivat'ioii is presented in the tronsplaiiting of tho raccoon oysters from the tide 
ledges to suitable bottoins hi deeper water, where tliey rapidly ibtttsin a better shape 
and quality. The raccoon ledges are 8 source of seed, which, if properly protected, 
cau bo made the basis of an oxtansive industry, slid one probably of grwat profit, 
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The total water area surveyed aniounts to about S1,2SO acres, or 127 square miles, 
of which it is estimated that about one-fourth, iu its present condition, is suitable for 
eyster-planting. The exteut of the iiatural oyster beds in the same area is placed :it 
about 775 acres. Other territory, which was iiot es:unined from the lack of time, mould 
greatly increase these figures, and much of the bottom not now regarded as favorablu 
might be rendered so by proper treatmelit. Furthermore, it is believed that the 
marshes and flats along the coast uhannols are well adapted for the establishment of 
tidal ponds, which could readily be constructed by excavating the soft material to  
a slight depth, or in some places by building dikes. In this inanner the oyster- 
produciug territory could be greatly esteuded, and the plan suggested would give the 
oysterman complete control over his stock. This system of oyster-culture, however, 
has not yet beeu introduced into this country, and until experiments have beeu made 
which shall determine the best and most economical methods it is deemed inexpedipnt 
to enlarge upon the subject. 

In the present report, by Mr. John D. Battle, will be found a, detailed account of 
the hydrographic survey, includiiig the density observations a t  all the localities vis- 
ited. It is accompanied by seveu charts sliowing the topography of tho coast region, 
the location and extent of ad1 the natural oyster beds discovered, and the specific 
gravity of the water in each stream. These charts are based upon the field sheets of 
the U. S. Coast and Geodetic Survey, the use of which for this purpose was freely 
granted by the Superintendent, Dr. T. 0. Mendenhall. I n  fact, the only additions 
actually made to them by the Fish Commissioii have been the indications of the oyster 
beds, the specific gravities, the delineation of it few streams riot previously surveyed, 
and some references to the depths and character of the bottom. 

The report of Dr. Uasliford Dean mill treat especially of the character and con- 
ditions of the natural oyster beds aud their environmeut; the food of the oyster, its 
character, distribution, and abundance in tho region examined; and the chemical 
composition and physical charactepistics of the mater upon the oyster groundH. The 
account of the general urtturd liistory of the region has not yet been completed. 

P. u. 1%. 1890-20 



306 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

REPORT O F  THE INVESTIGATION. 

The oyater-bearing waters o f  South Carolina present the same characteristic fea- 
tures fouid  in Georgia, consisting of small opeu sounds connected by a number of wind- 
ing rivers and creeks which separate the sea isleiids from each other and from the 
ijiuirt1:tiid. The tides ebb arid flow Swiftly throiigli tliese streams with a, curreiit rang- 
iiigfrom 1 to 2 miles an hour. It was decided to conduct the hydrographic survey of this 
State in the same mairner and by the s&me methods that mere employed in Georgia, 
with tlie ob,ject riot only of fixiug tlie positioii sild extent of the natural oyster bedti, 
but also of deterniiuiug the gctieral coirditions of the streams, the charirctor of the 
bottom, siiid the specific gravity of the -water. 

With very few esceptious, the iratnral oyster beds lie dong the dmw iir n a r r o ~ ~  
strips, the greater part being lefL I,are at low water. Csro was t a b u  that the observa- 
tions, \&onever practicable, sliould be mniic froin half ebb to half flood, wheii the outer 
limits of the oyster beds are visible. This, coupled with the detailed topogr:tphy of 
the Coast Survey ehttrts, on wliicli the work was platted iu the field, cuabled lis to 
loca,te their. positions mith considerable accur:wy. It would lisve tukeii several yearrs 
to make a, complete survey of all the stream cmbi-nced within tho territory examined, 
but it is believed that sufficient data have been coIIectecZ and are presented in this 
report to enable anyone who is iutercsted in the subject to recognize without iuuch 
trouble at least the majority o f  Iociilities that are adapted to oyster rxltivation, Pains 
were taken to obtain as much inform:ttion as possible frotn the more iritelligurit ijsher- 
men and oystermen with wlioiri we cuine in contact, especially as regards the strc2anis 
not visited by the patrty. 

The present State laws are entirely inaclequatte to meet tho requirements of oyster- 
p1;enting. A penalty is prescribed fix stealing oysters froin planted grounds, but 
tllere is no provision for taking and holding grounds for that purpose, and the right 
to such possession can only be obtained by special legislation. It is hoped tha t  oiie 
of the results of tho present survey will be to influence liberal actio11 on the  part of 
$lie State legislatiwe to the extent of affording every legitimate means for the promo- 
tion of this important industry. Sitice tho completion of the oyster survey of Geor- 
gia several large cornpallies have been formed, which are now operating extensively 
0 1 1  the coast of that State, and much ground has been leased or taken up by thein. 
The territory which they occupy is similar iit character to t11:bt occurring in South 
Carolina, xnd their experiments are beiug watched wjtli umoh interest. Nom of 
tliese companies succeeded during last year in catdiing a set of spat on the shells or 
cnltch thrown over in deep water, the cause of wliicli is still subject to inquiry, but 
good success has been liacl froiii the IWB of the raccoon oyster from the ledges as a 
seed for plait ting iu deep water. 

The steam 1:iunches :tftached to the steamer Pi& Huicik were generally employed 
in making the exstmiiiatjons, especially in the sinttller streams. Soundings were madc 
continnously dnring the survey, and tlie dredge was used occasionally :tlong the same 
lines. Density observations were taken af frequent intervals both at the siirfaoe and 
at the bottom, tho stage of the tide being carefully noted in each iirstmce. All the 
data were immediately plotted on Coast Survey charts titken oil the lauiiches for that 
purpose, the same being sd)se(luelltly tYi\llsferrcd to clean sheets on board the FidL 
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Hawk. The presence of raccoon oyster ledges was readily detected a t  nearly all 
times of the tide, and their leiigth and width were easily determined. The positioiis 
of submerged oyst,er beds were ascertaiued by the use of sounding or dredgiug appa- 
ratus or from information given by the fishermen. The territory exainiried extends 
froiii the Savannah River in the south to Nortli Inlet in the ~iortli, omitting the region 
between Wiuyah aiid Bull bays, and a few smaller areas farther so~ttli. On tlie 
accompanying charts the iistural oyster beds and tlie density observations are iiidi- 
cated in red. Four degrees ceiitigrade has been used as the standard for the density 
ohservations, which are in all cases reduced to a temperature of 150 C. (approximately 
GOO 17.). 

DESCRIPTION O F  AREAS EXAMINED. 

IVriqht River is a narrow, tortuous stream, about 13 miles iii length, with an 
average widtli of iiot more than 200 yards. It rises in the inarshes 11ear the Savaiinah 
River, aiid, flowing in :I southerly direction, empties iiito tlie same river opposite 
Long 1sl;~iid. The \vater is thick with mud in suspeiision received from the Savan~inli 
liiver, aiid it becoines practically fi-esh 3 miles above its juiiction with tlie latter. 
Tho specific gravity of the mater a t  the month, a t  hig.11 tide, was 1.0121 surface and 
1.0133 bottom; 1 mile above the mouth at  the same time of tide, 1.0104 surface 
m d  1.0112 bottonl; and at tlie mouth of Walls Cut, 1.00GO surface and 1.0146 bot- 
tom. Above this point the water is practically fresh, both at  the surface aiid a t  the 
bottom. No oysters are found in this river, and the general conditions existing there 
preclude tlie possibility of successful cultivation. It deserves meii tioil, however, by 
re;isoii of its beiiig the most southern stream within the jurisclictioi~ of the Statc. 
The oiily source of salt watcr is the last of the flood, and even this small quantity is 
influenced by the freshets of the Savani& River, for in time of freshets little or 110 

salt, watei. could reach it. 
New River is B narrow, winding stream 1 G  milcs loiig, which also has ;L geiieral 

southerly direction, a i d  enters Tybee Roads 2& miles north of the mouth of Wright 
River. It has an average widtli of 200 yards, aiid ranges in depth from 5 to 20 feet. 
The character of tlie bottom correspoiicls favorably with that indicated on the Coast 
Siirvey charts, being generally liard iiind or saiid, or sticky, with occasioiial soft spots. 
This river presents many favorable coiiditioiis for oyster-culture. The greatest dram- 
back, perhaps, is the mud in suspeiisio~i in its waters, received from the Savannah 
lZiver through Walls Cut, and from its inouth 011 the flood tides, when the outflowiiig 
mater from this river is thrust back up New River and discolors its maters to a point 
about G miles above tlie mouth, wliere i t  becomes clear aIg:ii~i. This is due, no doubt, 
to the salt-water circulation through the Cool)er River :it its junction with New River, 
and through Rams-horn Creek, as the division of tlie tides occurs ii i  New River about 
1 mil(? below this junction. 

The observations were made on the last of the flood and throughout the entire 
ebb tide, and it will be observed that the changes in the specific gravity of the water 
is marked. Commencing a t  its mouth with 1.0176, i t  declines until it reaches a min- 
h u m  of 1.0107 at the surface and 1.0113 at the bottom, a t  a point about one-half mile 
above the lower mouth of Rams-lioi*ii Creek, when it begins to rise again, caused by 
the salt water from the Cooper Tjdvor, and re:whs :I i~i~xiinu~xi, a t  the higliest point 
examined, of 1.0157 a t  t,Iie bottoiii. 
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An area of scattered oysters iii the bed OS the river is found between the mouth 
of R Creek and a point a mile below, where the river divides to make a junc- 
tion its mouth. These oysters are large, have deep shells, and Were iii good 
condition, but they were covered with bariiacles, like those found in the iuouth of the 
Savannah River mid a t  Winyah Bay, and, indeed, everywhere where the same 0011- 

ditions have been found. I have observed, too, that while tliese barnacles are found 
in large quantities on oysters talceu^fi.oni deep and muddy water of low density, they 
are not found 011 the raccoon oysters contiguous, which are left bare by the ebb tide for 
several hours. It would seem from this that, unlike the racdoon oyster, they require 
constant submersion to sustain life. 

The only raccoon oysters observed tilo~ig the shores are found between Rams- 
horn Creek and the mouth of the river, inaiiily on the western shore, in narrow 
patches about 10 feet wide of deed shells and living oysters, the former largely in 
excess, due in a, ineasure to overfishing in this limited area. Several boats were found 
picliing up these oysters a t  low water. Oyster boats were also seen tonging the 
si rigle oysters in deeper mater, which have also been reduced in iiunibers from the 
siime cause. The greatest density observed was 1.017G’at the mouth, at  lialf flood; 
the least, 1.0113 one-half mile above Rams-horn Creek, at one-third ebb. The current 
is very swift. The total area examined was 830 acres; area of natural oyster beds, 
about 21.4 acres. 

C o o p e ~  8ICiver has a leiigtli of 10 miles froin its lower mouth or junction with New 
liiver to its upper mouth at Calibogue Sound. It is a winding, narrow stream for the 
first 6 miles, of an average width of 180 yards, when it becomes a bold stream with a rapid 
current, and with an average width of 400 yards. Bemoved from the source of fresh 
water from the Savannah River, it receives oiily a limited amount from tlie draiuage 
of the surrounding marshes and woods, aiid presents entirely different features froiii 
those of Wright arid New Rivers, having, in consequeiice, a much greater specific 
gravity, which ranges from 1.0143 at its lowest moutli to 1.0847 at its upper mouth 
at Calibogue Sound. Little or no variation was found between tlie surface and bot- 
tom observations. The character of tlie bottoni is generally favorable, being liard or 
sticky from its mouth to I’age Island. Above this island the bottom is a very soft 
mud. No oysters are found in this river below low- water mark j but, along the shores 
on both the north arid south sides, raccooii oysters occur in considerable quantities, 
forniirig a series of narrow ledges extending from high to low mater mark, m d  not 
more than 10 feet wide. These ledges reach from the iiiouth at  Calibogne Souud to ib 

distance of 3 miles above, or to the first :Lbrnpt bend of the river. Tlie depth of the 
water varies from 5 to  30 feet. The total area of the river is 060 itcres; ;VO;L of natural 
oyster beds, about 5.4 acres. 

Culibogue Sound IMS a iiorthward treiitl, aiitl tlirougli its tributiiries coiiiiects 
Tybee Roads with Port 1i0yal sound, the ‘6 divide” of the tides occurring mar tho 
mouth of Skull Creek. From its mouth a t  Braddock’s Poilit, to  its liead a t  the mouth 
of the May River, i t  has a lerigtli of G miles aud an average width of 1 mile. The 
examiuatioii was made on the flood tide. Tlie specific gravity near the mouth w i s  
1.0206 at the surfhce and 1.0216 a t  the bottom; near Marsh Island, it w&s 1.0208 a t  
the surface and 1.0207 at the bottom; at  the hmd, or mouth of the May ltiver, 1.0206 
at the surface and 1.0207 at the bottom. 111  0 fathoms of water at the last locality 
(station No. 1651) the dredge brought up a considerable quantity of small single 
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oysters. They were small, but of good shape, yet they had the appearance o€ being 
stunted, and werc foul with sponge. The fact is a noticeable one, for it is the first and 
only instance 011 the cruise when oysters have been found in deep water of this den- 
sity. The chamcter of the bottom is favorable, and corresponds with tlie intlications 
on tlie Coast Survey charts. Raccoon oysters exteiid in a narrow ledge, 10 feet wide, 
along the west shore from the mouth of Cooper River t o  the mouth of May River, but 
only a fern are found b11 the east shore: The total area of the sound is about 3,944 
acres; area of iiatural oyster betis, about 4.5 acres. 

Broad Oreek rises iii the mardies of Hilton Heed Islaiid and, flowing westerly 7 
miles, enters Calibogue Sound opposite the mouth of the Cooper River. No density 
observations were made in the creek, but from information received the same forma- 
tion of raccooii oysters exists along tlie shores ill ledges which were located approxi- 
iiiately. Total area of creek, about 496 acres; approximate area of natural oyster 
beds, 6.5 acres. 

il4ay Ricier, the principal tributary of Calibogue Sound, was examined from its 
mouth a, distance of 12 miles. The topography of the Coast Survey charts had only 
beeii completed to  a point 1 mile above Bluffton, and the additional part surveyed was 
sketched as accurately a s  possible. The general trend of this river is southeast, mid 
it has an average width of three-eighths of EL mile. Urlonging throughout to the same 
system of salt-water circulation, uo iiiarlced cltaiiges arc iioticeable at difit'erent times 
of tho tides. The spccific gravity at the mouth was 1.0206 a t  the surfkcc! and 1.0207 
at the bottom; at  the liighest poiiit readied i t  was 1.0205 : L t  the siirfiace aud the same a t  
&lie bottom. The character of tlie bottoiii fro111 its mouth to Bluffton is favorable from 
inid channel to  the south shore. On the north shore a softer bottom is found. The 
soundings corresponded fairly with the chara8cteristio souiidings of the Coast Survey 
&arts. The sanie type of raccoon oysters are found on both shores from the mouth 
to, and  even above, Blufftou, but 3 miles above tliere they disappear ent,irely. No 
oysters are found below low-water mark, except tlie droppings from tlie par& ledges, 
and this limited area is over-fislied. I see no reason why art can not assist nature and 
extend this area by removing the young oysters from the ledges to deeper water and 
a suitable bottom. The total area of the river is about 2,000 acres; area of the natural 
oyster beds, about 13.1 acres. 

Bull Creek is a narrow, winding streani, coiinectiting the Cooper River mith May 
River, and separating Bull Island from the mainland. It is about 5 miles in length, 
and has an average width of 150 yards. Starting with a specific gravity of 1.0210 at 
the surface and bottom at its lower mouth, it reaches :t maxiiuuni of 1.0213 at tlie 
surface and 1.0218 :it the bottom at its upper mouth. The least density observed was 
at, a point 2 miles above the lower mouth, being 1.0206 a t  surface and bottom, at  half 
flood. The bottom is favor:ible, being generally hard, and the soundings correspond 
.wit11 those given on tlic Coast Survey charts. The same characteristic growth of 
raccoon oysters occurs iilong the shores in n;irrom strips about 10 feet wide, but uo 
oyster beds are found in deep water, Total area of creek, atbout 340 ticres; area of 
natural oyster beds, about 7.6 acres. 

Nao7cay Creek connects Port Royal with Unlibogue Sound, and may be said to be 
a coiltinuation of tlie latter. It is about G iiiiles iii length, and consists for tlie first 5 
miles o f a  series of flats or bays of shallow W R  r, with an average width of a quarter 
of n inile. C;ommeiicing with a density of 1.0214 a t  snrfiace aiid bottom at its lower 

I 
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mouth during low water, i t  reaches a maximum at its upper mouth, during high water, 
of 1.0225 a t  surface and bottoni. No differeuce between surface and bottom density 
was observed anywhere in  this crcek. Raccoon oysters not only extend dong the 
shores but are found also in patclies o i l  tlie mud flats. The character of the bottoni 
for t h e  first 3 miles above the lower ~iiouth is favorable, being generally hard a i ~ r l  
sticky, when i t  becomes very soft for 2 miles, and then hard and sticky again to the 
upper mouth. The total area of the creek is about 904 acres; aiea of natural oyster 
beds, about 14.5 acres. 

AS'kull Creek is a series of sballow flats, through which runs a winding channel. I t  
separates Pinckney Island from Hilton Head lslaud and enters Port ltoyal Sound 14 
miles below the upper mouth of Mackay Creek, while tlie lower mouth enters this 
creek near its lower mouth (Mackay) and completes the circulation of the creeks 
between Port Royal a'nd Calibogue Sound. The bottom is favorable aud agrees closely 
with the Coast Survey soundings. No natural oyster beds occur in the channel, but 
raccoon oysters of a fine type are found not only along the shores but around the 
numerous islands and on the mud Bats. The ledges are :ebont 10 feet wide and are 
exposed a t  low water. At  the outer edge of these ledges some fair single oysters 
which have fallen away from them may be talcen, but local oystermen glean this nap 
row strip, the demand being greater than nature can supply in her slow way. The 
possibilities for ,oyster cultivation Iiere, and in other localities of the same character 
and conditions, where tlie oysters are not subject to rapid and radical changes of den- 
sity, seem good, and I know of no better plan than removing the best of these raccoon 
oysters, which are left bare at low tide, to deeper water and more favorable environ- 
ments. The specific gravity of the water at  the lower mouth a t  one-sixth flood was 
1.0213 surface and 1.0219 bottom; 2 miles above the lower mouth it was 1.0219 at both 
the surface and bottom; and one-half mile below t h e  upper mouth a t  the first of the 
flood tide, 1.0221 a t  both su~face and bottoni. The totall are:% of the creek is about 720 
:Lcres; area of natural oyster beds, about 13.4 acres. 

Port B o y d  AS'oud separates St. Helena Island on tlie north from Hilton Head 
Island on the south. It has an average width of 28 nriles, :md, from its mouth to  its 
head, at  Daws Islaaid, a length of 6 miles. It is formed by the confluence of three 
large tributaries, the Chechessee, Broad, and Beaufort rivers. The inlet is broad and 
open, and the density of the mater high: being 1.0231 SUI face and 1.0233 bottom at tllc. 
mouth of Beaufort Biver, two-thirds ebb; 1.0234 surface and 1.0226 bottom a t  the mouth 
of Broad Itiver, early flood; and 1.0224 surface, 1.0227 bottom, one-half ebb, at the mouth 
of the Chechessee Itiver. The bottom is generally hard and the depth ranges from 17 
to 40 feet, but a strong current and exposure to  the opxi sea, with shifting sands, 
render the sound unsuitable for oyster-culture. On the west shore, between the moutli 
of Skull and Mackay creeks, and on the east shore from Paris 1sl:ind Spit to a point 
2 miles above, narrow ledges of raccoon oysters are found, but no oysters are found in 
deep water. 

G%echessee Xiver takes its rise near tlie nortliern point of Lemon Island, and flojv- 
ing in a southeasterly directioii a distance of 0 niiles enters Port Royal Sound at tlie 
southern end of Daws Island. For the first 4 miles it has an average width of one- 
fourth mile, when i t  becomes a broad, bold stream, seven-eighths of a mile wide. The 
specific gravity a t  the mouth during tlie last of the ebb tide was 1.0224 surface atrid 
1.0227 bottom; and near the nlonth of the Colleton .River, early flood, 1.0221 surface 

Area of natural oyster beds, about 3.6 acres. 
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and 1.0224 bottom. The depths correspond with the Co:ist Survey soundings, and 
there is a strong tidarl current. While no oysters were found in deep water the char. 
acteristic growth was found along the shores, extending in narrow ledges from near its 
head to the mouth. The upper part of the river was not esamined, but reliable 
information was had from the natives of the conditions existting above the mouth of 
the Colleton River. The total area of the river is 2,810 acres; approximate area of 
natural oyster beds, 14.5 acres. 

Gollefon River has its rise near the west end of Callawassie Island, where it is a 
broad bay or flat dotted with marsh islands. Its general trend for the first 5 miles is 
southeast, when it makes an abrupt bend to the north, and 2 miles farther forms a 
juniction with the Chechessee opposite the upper end of Daws Island. The specific 
gravity near the mouth a t  early flood was 1.0221 surface and 1.0224 bottom. At tlie 
head, at  the same time of the tide, the specific gravity was 1.0216 surface and 1.0317 
bottom. Having 110 large source of fresh water, the variations in density at different, 
stages of the tide are not great. The cliaracter of the bottom is very favorable, beiiig 
hard aiid sticky for the most part, and the depths correspond with the Coast Surrey 
souudings. While this river wa’s thoronglrly dredged, no oysters were discovered ~II 

deep water, but i t  presents a good Geld fiw tlie transplanting of the oysters growiug 
:ilong the shores between high and low tide mark, to deeper water where the bottom is 
favorable. The total area of the river is about 1,640 acres; area of iitttural oyster 
beds, about 12.4 acres. 

Okeeteet River is properly 8 continnation of the Colleton River mid joins it at the 
liead of the bay. The topography of the charts had not been completed beyond its 
iiiouth, but an examination was made 2 niiles above aiid the shore line sketched in. 
Tlic bottom is favorable, being hard arid sticky. The specific gravity at the mouth 
during the early flood was 1.0212 surface and 1.0213 bottom. At  tho highest point 
reached i t  was 1.0215 at both surface and bottom. Total area examined, 256 acres; 
area of’ natural oyster beds, 2.2 acres. 

Bvoud Biwec..-Tliis large stream, a continuation of Port Royal Sound, lirads a t  
tlie juiiction of the Coosawliatcliie and Pocotaligo rivers near Hall Island, and, flowing 
iu a southeasterly direction, enters Port Royal Sound 17 miles below this junction at 
the soutli elid of Dams Island. As its name would indicate, i t  is a bold, broad strecam, 
some 2 miles wide ;it the inoutli m r l  with an average width of 1& miles. The tides 
run very swift and strong, and a part of its bottom is covered with quick and shifting 
sands, which would malie tlie cultivation of oysters in the lower part of tlie river 
unsafe. This shifting character of bottom was noted by the discrepancy between our 
souiidings and those of the Coast Survey charts in places. The specific gravity of the 
water near the mouth at  early flood was 1.0224 surface and 1.0226 bottom; a t  the 
mouth of Whale Branch during first of ebb it wals 1.0212 at both surface and bott,oin; 
end a t  the head or mouth of the Pocotaligo River during half ebb, 1.0172 surfwe aud 
1.0179 bottom. It will be observed that the specific gravity o f  tlie water at the head 
is much less tlian at the mouth. This is due to the fresh water from tlie Coosawhatcliie 
auc l  Pocotaligo rivers, which drain a large area of fresh-water swamps and give the 
water here a dark color like that from the juniper swamps. Neither dredging 1101’ 

souuding discovered oysters in deep water in the river, but the usuaI accoiupaiiiment of 
raccoon oysters is found along tbe shore from the mouth to the head, the ledges 
becoming less frequent and the oysters (if poorer type its yon a,pproach the head. 



The entire :treu of the river is about 12,274 acres: ami1 of natural oyster beds, 
tibout 22.S acres. 

Poeotl~ligo Riaer, the eastern branch of Broad ltiver, was examined at  its moutlt to 
:L point a mile above where the topograpliy of the chart ceases, and which is a distancc 
of34 miles. Its general course is south :tiid its average width about 200 yards. The 
water is very darkly discolored, like swtinp water, from its mouth to the highest 
point examined. The bottom is favorable, being hard aiid sticky for the gre;i ter pibrt, 
and the depth ranges from 3 to 17 feet. The siwcific gravity at  the mouth at  half 
ebb was 1.0172 surface iLnd 1.0179 bottom; a t  tlie mouth of Ilanlover Creek it  T V ~ ~ S  

1.0145 surface and 1.0149 bottom, and at  the highest point exairlined 1.0145 sixrfrioc 
and 1.0144 bottom. As one ;bscentls the river tlie raccooil oyster ledges become less 
frequent and tho type poorer until they cease altogether about 3 miles above the mout,h. 
At  two difiererit places, namely, the inoutli of Haulover Creek and a mile above it, 
small single oysters were t&eu in deep water, but they were like tlie raccoon oysters, 
poor in quality although of good shape. They have the usual attachment of barna- 
cles, which have been found 011 all the oysters taken from deep water presentiitg the 
same conditions. I think it more than likely that the poor quality and condition of 
the oysters taken from deep water here is caused in part by the coloring matter in 
the water. Total area of part examined is about 300 acres; area of iiatural oyster 
beds, about 3.2 acres. 

1;Vliule Brunch.-This winding stream separates Port Royal Island on the south 
from Barnwell and Chisholrn islands on the north, and connects Broad River with 
the Coosaw. It has an average width of one-fourth of a mile and a distance througli 
the Uoosaw of 8 miles. For the first 5 miles it takes a northerly direction, and thence 
extends east to the Coosaw, of which i t  is a continuation. The depths range from 7 to 
18 feet. The bottoin from the ferry to the Coosaw River is generally hard and sticky, 
and therefore favorable, but the water, like that of the I'ocotaligo, and coming from 
the same source, is darkly discolored on the ebb tide even below Port Itoyal Ferry. 
The only oysters found were along the shores and around the several islands, but 
these were of' poor type and quality. The specitic gravity of the water at  the lower 
mouth, Broa,d Itiver, during early ebb was 1.0210, surface aaid bottom; at  the railroad 
bridge, 1.01 93 surface and 1.0194 bottom j at its junction with tlie Coosaw River during 
early flood, 1.0198 8urface a i d  1.0200 bottom. The total area is about 1,024 acres; area 
of natural oyster beds, about 11 acres. 

Archer Crcek is a uari'ow passage connecting Broad River with Battery Creek, 
and separatiiig Port Royal lslaurl from Pibris Island. It is about 3 miles long and 
ranges in depth from 3 to 10 feet. The SlJecific gravity i$t the upper mouth was 1.0228 
surface and 1.0230 bottom, a t  half ebb. The total area of the creek is 150 acres; area 
of natural oystar beds, about 3.2 iwres. 

Beaufort River heads at the junction of Brickyard aiid Albergottie creelis, and, 
flowing in a southerly direction for 13 miles, enters Port Royal Sound a t  the southern 
point of Paris Island. For the first 8 iniles, or to the mouth of Battery Creek, it has 
an average width of three-eighths of a mile, and from this point to tlie mouth a width 
of seven-eighths of a mile. The del)ths range from 3 to 30 feet, and there is a strong 
tidal current. The bottom agrecs well in depth and character with tlie Coast Survey 
soundings, much of it being fibvorable for oyrster cultivation, but shifting bottom may 
be apprehended in the broad part near its mouth. The usual growth of raccoon oys- 
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ters is found alonp tlie shores and aroimd the islauds in the river, but no oysters occur 
below low-water inwk. The specific gravit,y at  the mouth of the river at  two-thirds 
ebb was 1.0231 surface and 1.0233 bottom; at, Beanfort, 1.0226 surface and 1.0227 
bottom, and a t  the junction of Albergottie and Brickyard c:reelrs, one-half flood, 
1.0226 surface and 1.0287 bottom. The tot81 eree of the river is about 3,840 acres; 
:\rea of natural oyster beds, about 19.6 acres. 

C ~ O I ( W L  Creek is e small tributary of Beaufort River. Risiiig in St. Helena Island, 
i t  flows westward and einpties into BeauSbrt l t i ~  4 miles above its mouth. It is 
about 5 miles long aiid 118s a dcpth of mater raiiging from 3 t o  1 G  feet. The bottom is 
gener:iIly hard and sticky. Some fair oysters were t;9eii here at the outer limit of 
the raccooii ledges. The specific gravity a t  the mouth was 1.0228 surface and 1.0830 
bottoni, at  Iast of ebb, mid 1.0224 both surface and bottom, near the head at early 
flood. The total area of the creek is 720 acres; area of iiatural oyster beds, 8.7 acres. 

,Jericho and Battery Grcelcs.-This tribntary, c;~lled Jeriolio in its upper and Bat- 
t,ery in its lower part, takes its rise in Port Royal Island near the town of Beaufort, 
and wiuding in m ~ n y  directions, with it, geueml trend southward, einpties info Beau- 
fort E v e r  8 miles above its ~nont~li, 11c:ti’ the terminus of the Port Royal Itailroad. It 
is A iiarrow, deep stream, r;nigiug in depth from 3 to 20 feet, end nmch of’ the bottom 
is well adapted to the cultivatioii of oysters, beiiig hard and sticky. Very good OYS- 

ters are taken here, iii limited quantity, just belolow the outer limit of the raccoon 
oysters, having evideutly fallen off froin the latter illto th(+ deeper water. 

During the examination of the COAS t of (4eorgi:i the previous winter, iny attentior1 
\vas called to the fact tlmt uever in \\r:Lter presentiilg the Same coiiditious of deiisity 
as this (the general couditiona are siiiiilsr in the two States) were oysters fouud in 
deep water, unless they lied dropped from tlie ledges above, end yet they grow and 
thrive between high and low tide ifiark. It is also ;I iiota1)le faat that there is 811 
zibundaiice of oyster life near the iulcts in the Soiitlierii maters, a,s is ma,iiifested by the 
numerous aut1 coiitinuous ledges of’ I*~WOOII  oysters, :bncl it iji;t,y be laid down as al rule 
that as you approach tlie heads of the streams, w~iere the syecitio g’l’iwity is much 
lower, tho beds along shore becoiiie less frequent and the type of oyster becomes 
poorer; but when this couditioii is reached one inay look for and cspeot to find deep 
water oyster beds. Tliese facts were so patent that &ut. Platt suggested a careful 
series OS density observations a t  t w o  points in this cycek, to be liiede a t  different tiales 
of the tide and hi different depths of water, to tleteruiiiicA, if possible, the cause of the 
abseuce of‘ oysters in the deeper water. Tlicse observatioiis mere couducted in cross 
sections of the creek opposite the railroad wharf nt Port ltoyal aiid opposite the wharf ’ 

of the Messrs. Brotherhoot17s phosphate iiiills ill Jericho ()reek, the water beiilg a h  
analyzed by Dr. Bashford Dean. Other experimciits will be made during the spawning 
season to test the specific gravity of the oyster spat itself. 

Other interesting esperiinents were undertaken iu this vicinity, the outcome of 
which will be matched with much interest. A iiumber of oysters \vere selected from 
the raccoon beds, which are left bare a t  low w;tter, cwuutecl and carefully marlred with 
tin tags, and transplanted to deeper water. Tlie death rate of these will be ca*efnlly 
noted at a future date, and t h y  will he oxamiued closely to see i f  tlierc has bee11 a 
set of spat. Oysters from the adjacent shores were also plaiited in midstream on 
suitable bottoiii opposite the wharf‘ of the Messrs. Brotherhood’s phosphte works, for 
a similar purpose. 
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The specific gravity at  the mouth of Battery Creek at half ebb was 1.0228 surface 
and 1.0230 bottom; just above the junction of Jericho and Battery creeks, early flood, 
1.0223, surface and bottom j abreast the phosphate works, one-fourth flood, 1.0222, 
surface and bottom. Tlic total area of the creeks is about 512 acres; area of natural 
oyster beds, about 9 acres. 

Brickyard and Albergottie creeks.-The former of these creeks is but a coiitinua- 
tion of Beaufort River and corinects it a t  its northern extremity with the Coosaw Biver. 
It is about 4 miles long and lias an average width of 150 yards. The bottom is 
generally hard and sticky, mid underlaid in places by phosphate rock. The specific 
gravity at  the upper mouth, on the early flood, was 1.0215 surface and 1.0213 bottom; 
and a t  the lower mouth or junction with Albergottie Creek, 1.022G surface and 1.0227 
bottom. No oysters were observed in the Albergottie, its bottom and sides consisting 
of very soft mud. The total area of creeks is 560 acres; area of natural oyster beds, 
2.1 acres. 

station Creek, Story and Harbor Rivers.-The territory south of St. Helena Island, 
between Trenchard Inlet and St. Helena Sound, was not examined, but we kiiom that 
the usual conditions of Sdt-wiIter circulation exist i i i  this system, aiid the natur;il 
oyster beds were not located. From the best information that could be obtaiitecl it 
is safe to say that ledges of raccooit oysters occur along the shores which will not 
average more than 10 feet in width. The ch;iractcristio soundings of the Coast Survey 
charts can be relied on to give an idea of the bottom. 
. Coosaw Eiver.-This large tributary of St. Heleila Sound is but :L coiitiriuation o€ 
Whale Branch and completes the northern circulatioii between Port Royal aiid St. . 
Helena Sound. It is about 13 miles long with an average width of 1 mile. It flows 
in an easterly direction and empties into St. Eeleua So~uid a t  the southeast poilit of 
Morgan Island. The bottom is geimnlly hard, coitsistiitg inaiitly of phosphate rock, 
but constant chauges are being made by tlic phosp1i:~te dredgers. The extensive pros- 
ecution of this great industry precludes the successful cwltivation of oysters withiit 
this territory, even if the conditions were very fdvorable. The specific gravity uear 
the mout1-l during the first of the flood was 1.020(j suiofiice atid 1.0307 bottom; off tile 
mouth of Dale Creek, 1.209 surface and 1.0211 bottom; ;ind at tlic junction with Wliale 
Branch, 1.0198 surface and 1.0202 bottom. ltaccoon oysters are found aloug the shores 
but are of poor quality, there being niaiiy dead shells and :L small propqrtion of live 
oysters. In the upper part, the water is tinged 011 the ebb tide by tlic swamp water 
coming through Whale Branch. The total area of tlie river i s  about 7,104 acres; ;bred 

‘of natural oyster beds, about 19.G acres. 
Parrott Creek is B short arm connecting Molgan and Coosaw rivers and separatiitg 

Morgan Island from Coosa Island. It is about 2 iriiles 1oug and will average one- 
fourth mile in width. The bottoh is generally hard and sticky, and the specific grav- 
ity at its mouth was 1.0209 surface and 1.0211 bottom. Phospliate rock underlies the 
bottom ofthis creek also. It is now being mined in a small way, a i d  subject to exten- 
sive operations at any tiine under the phosphate laws pf the State. The total area of 
the creek is 355 acres; area of natural oyster beds, 4.6 acres, 

nales Creek also connects Morgan Biver near its head with Coosaw River and sepa- 
rates Coosa Island from Ladies Island. It is about 4 miles long and 150 yards wide. 
The bottom is generally hard and sticky and the depth ranges from 11 to 15 feet. 
This creek is also in the phosphate region, and the Farmer’s Phosphate Works are 
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situated on its west shore. The total area OS the creek is about 290 acres; are;) of 
natural oyster beds, about 2.6 acres. 

Morgam River is about 8 miles long from Dales Creek to its mouth :it St. Helena 
Sound. Its trend is east; i t  has a depth of 3 to 30 feet, and will average one-half 
mile iu width. The bottom is generally hard and correspoiids with the intlioalions on 
tho Coast Survey charts. It is liable to be disturbed at any time by the phosphate 
dredgers. The specific gravity at  the head of the river at dead low water was 1.0193 
surface ind  1.0194 bottom; at  the mouth near St .  Heleiin Souud, on the first of the 
flood, 1.0206 surface and 1.0207 bottom. The totttl area is about 2,496 itcrm; area of 
natural oyster beds, 9.1 acres. 

Bull River and its ti.ibutnries.-Tliis river is formed by the confluence of the 
North and South Wimbee and has A general southeast coiirse, flowing iiito the Coosa 
Itiver opposite Parrott Creek. The bottom is generally hard and iuider1;iid by phos- 
pliate rock; the depth ranges froin 2 to 30 feet. Several large phosphate companies 
are located on this river, mid the bottom is extensively mined for rock. No oysters 
were found hi deep water, but raccoon oysters o f  poor type extend along the shores, 
decreasing in quantity as one aseelids both the North and South Wimbee. The water, 
while i t  is not muddy, has R dirty look with an oily scum on the surface. The speoific 
gravity of the water a t  the highest point on the North Wimbee, at one-half ebb, was 
1.0185 surface and 1.0183 bottom; at  the highest poiiit examined on the South Wim- 
bee, at  low water, 1.0184 surface and bottom; and i i t  the mrmtli of Bull River, on the 
early ebb, 1.0170 surface alnd 1.0180 bottom. The total area is about 928 acres; area 
of natural oyster beds, 7.1 acres. 

Coinbahee Biver also has a southeast trend and empties into the Coosa 2 miles 
below the mouth of Bull ltiver. While it has all the disadvantages of Bull River, 
being in the phosphate region, i t  becomes absolutely fresh 4 miles above its mouth. 
The bottom is generally hard and sticky, and the raccoon oysters extend along its 
shores to a poiiit 14 miles above its mouth. Oneinile above the mouth of Old Cheehaw 
Creek the water was practically fresh both at  the surface end bottom. At the niouth of 
Old Cheehaw Creek, a t  three-quarters ebb, the specific gravity was 1.0113 surface and 
1.0132 bottom; and at  the mouth of the river, om-half ebb, 1.0162 surface and 1.0179 
bottom. Total area of oyster-producing part, 1,088 acres; area of natural oyster beds, 
about 5 acres. 

Ashepoo River was examined only from its mouth to the nioutfh of Mosquito 
Ol.eelr, which connects this river wit<h the South Edisto. It is about 6 miles from the 
mouth to this point and will average about 200 yards in width. The bottom is favor- 
able, being hard and sticky, with a depth ranging from 2 to 30 feet. But very few 
oysters were observed iii  this river, the largest area being rieitr the west shore about 
1 mile below 'the month of Mosquito Creek. The water is slightly tinged near the 
mouth and grows yellowish as oiie ascends the stream. 1 was informed by native 
fishermen that the water is fresh about 5 miles above the mouth of Mosquito Creek. 
This creek itself becomes absolntcly fresh 3 mile8 above its mouth. The specific grav- 
ity of the water a t  the montli of the rivor at one-sixth ebb waa 1.0231 surface aud 
1.0234 bottom; near the mouth of Mosquito Creek, one.half ebb, 1.0152 snrface and 
1.0154 bottom. The area of the part examined was 760 acres; area of ~ l a t ~ l ' i ~ J  oyster 
bedfl, about 12 acres. 
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A%. Heleiza Sound sel);bratcJs Edisto Island on the nortli from St. Helena Island on 
the south aud is about S miles wide. I t  is open mid exposed to the northeast and 
sonthe~ly gales and is considered totally unfit for the cultivation of‘ oysters, not only 
oil account of the great density of its waters, but also of the shifting character of its 
bottom. 

Xotrth Edisfo Riuer takes its rise in Eclgefield County, drains a large extent of 
country, and reaclies the tide-water section of the Stale chargecl with mud, entering 
St. Helena Souiitl at the southwestern point of Edisto Tsland. Five miles above the 
mouth the watw is practically fresh, :tiid no doubt during heavy freshets the fresh- 
water point is carried nearer to the sea. From this place to the mouth the bottom is 
generally Iiard, except in the chani~el, and corresponds in  depth and character with 
the Coast Survey soundings. A bed of oysters is fouiid j u s t  off the upper moutli of 
Bailey Creek, a part of which is left bare a t  dead low water, but the bed extends 
into deep water. The oysters are sni;tll and liave the usual attachment of barnacles. 
From this point raccoon oysters extend down the east shore in patches to the mouth 
of St. Pierre Creek, where they cease. The specific gravity of the water 1 mile i~bovc 
the point of Raccoori Island is 1.0000; at the point of Raccoor~ Islaud, two-thirds flood, 
1.0057; in the west mouth of Bailey Creek, two-thirds flood, 1.0120, aid at the month 
of St. Pierre Creek and near the moutli of the river, at one-half ebb, it was 1.0141. 
The area of the river from the poiiit of Raccoon Island to its niouth is 1,150 acres; 
area of n:t,tural oyster be&, about 6.3 acres. 

St. Pierre Creek.-This narrow wilding creek takes its rise in the central part of 
Edisto Island : ~ i i d ,  with a westward trend, empties into the South Edisto River 1 mile 
above its mouth. It is about 7 miles long, will average about 175 yards in width, and 
has depths raiiging from 2 to 20 feet. The bottom is fi;,lvorable, being hard and sticky 
for the greater part. Tlie deiisity of the water is very uniform in this creek, t~nd 
mnch lass dense thaii that usually found h i  the streitins mar the oceaii, for the fresh 
water of the South Edisto is met, diffiised, and rehuttcd by the flood tides, thus teni- 
periug the water. 

The ledges of raccoon oysters are not so numerous :is hi water of greater deiisity, 
but deepwater beds are found in several places in this creek, the largest bcginiiiiig at  
Peters Point and extends up the creek for half :L niileon the south shore, : ~ i i ( l  eveii out 
to the middle of the stream. This creek has furnished niore seed oysters for the clif 
ferent planters i l l  the State than any other locality, according to Mr. Johil Griffin, who 
is the pioneer planter in this region a n d  who kindly nccoinpanied us in the ex:uniii:i- 
tion of these creeks. I am much indebted to him for iiiformatioii received and slinll 
have occasion to speak of him again in coiinectiou with his planted grounds in Bailey 
Creek. The specific gravity of the water a t  thc mouth of the creek a t  half ebb 
was 1.0141; 1 niile above the mouth, L.0138; at, Peters Point, 1.0138; : k t  the e;istorn 
mouth of Bailey Creek, 1.0130; and a t  thu mouth of Store Creek, vhich is a continu- 
ntion of St. Pierre Creek, 1.0120. The totill area of the creek mid its tributaries is 
;ibont 750 acres; area of iitbtural oyster beds, about 42 acres. 

Bailey Creek is n very narrow wiiidiiig stream which has  one outlet a t  its westeril 
mouth in the South Edisto 2 iriiles above the mouth of St. Pierre Crcelr, :ind connect- 
ing with the latter, 34 miles above the niouth, it separates Scanamah lsland on tlie 
north from Bailey Islaiid on the south. It is especially deserving of mention because 
tlie eastern part, for 2 miles before reachi~ig St. Pierre Creek, contains tho plaiited 

Area of natural oyster becis, about 4.0 iicres. 
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oyster grounds of Mr. J o h ~  Grifiiu. His operations coiisist in taking the seed from 
St. Pierre Creek and transferring it to suitable bottom in Bailey Creek. The oysters 

He has about 3,000 or 4,000 
bushels pltinted and sells aboiit 1,000 bushels a year, which bo disposes of eiitirely 
iii Cliarlestoii i i t  the ratre of 75 (wits per busliel. Mr. Qritlin inforlns ]lie t1i;tt a 
litrge part of the bottom of this week i s  either very soft mud or quicksaild and thiit 
he oaii only find siriall areas here and there suited to his purpose. Seed oysters are 
so iiear and so coiiveniently obhiined that lie lias never deposited. shells to ratoh 
the young oysters, but 1 do not doubt that it would be feasible to do so here. The 
plsiited oysters here, as well as iii St. Pierre Creek aud New ltiver, are (;overed with 
bariiacles. The specific gravity of the water a t  the wester11 moutIi is 1.0120; 3 nliles 
above:, 1.0126; 1 inile from the eastcmi mouth, 1.0130; at the eastern mouth, 1.0130. 
T h e  entire area of the creek is about SO acres; area of planted grounds about 20 acres. 

Dcczoi~o 1Ziver coiinects a t  its western mouth with the South Edisto River, and 
furnislies the iiiland passage from the Sonth to the North IGdisto rivers. The fresh 
water from the Boutb Edisto renders the upper part of this river totally unfit fbr 
oyster cultivation, elid the race0011 oysters oiily begin to show at a point about 2 iniles 
above the easterii inouth on the mud flats. The specitic grirvity of the water off the 
eastern month during the early flood w:is 1.0199 surface mid 1,0205 bottom; 1 mile 
above this inoutli, a t  the mouth of Long Creek, high water, 1.0192 surfitce imd 1.0209 
bottom. The area of tlis lower part of the river is iit.mlt 384 acres; area of natural 
oyster beds, about 8.5 acre#. 

S'teawibont Cree7c, called Russell in its upper part, takes its rise iii the iiortliwest. 
en1 part  of Edisto Isbud mid, tlomiiig in mi easterly direction, ilialres :I jnnction with 
the North Edisto Biver 59 miles below its hoi~d. The depths correspoiirl with tlie 
Coast Survey soundings; the bottom is Iiartl and sticky aloiig the sides :sud soft in 
the cliaiiiiel. ltaCCoo1i oysters extend along tlie shores i i i  pa tvlies, iblid I k c  nind flats 
betmcwi this oreoli and the D a ~ l i o  ltiver coiitsiii B Isbyriiitli of oyster betis. The 
specific gmvity of the water at Edisto Islaiid post-office, at  low tide, \vas 1.0175 surface 
and 1.01S5 bottom; at its mouth, early flood, 1.0235 surfhce iaird 1.0212 bottoni. The 
total area, inclntling mudflats, amounts to about 1,360 wrcs ; :ired of 11a~t~ritl oyster 
beds, about 71 iaCreS. 

North Eclisto River, unlike t h e  8outh Edisto, is siiiiply a, short ariii of the sei+ and 
throiigli its contiiiu:idion with the Wadmelaw ltiyer, Now Cut, t b i i d  Cliurch Pl:tts, 
iiierges into the Stoiio Itiver a t  Itantowles Creek, aiid fiirnishes an  inland passago from 
this river to Stoiio Iulet. It may be said to lioad at TVndnielaw Poiiit, from which 
place to tlie inout11 it lit~s a leiigtli of 'id niilcs :\nd :LII average \vidth of one-half milo. 
The bottom is generally Iiartl niid niider1;iid in plitces b y  p1ios~)li;~te rock. NO oysters 
are foiuiid in (lee]) water, but those of tlic r:i ooii type exteiitl along the shores to 
the mouth OS Bohioket Creek. The sl)ecific: gravity of the wetar n t  the liio1ith ot' 
Towiiseiid River w s  1.0233 surt'ace and 1.0334 bottoiu, 011 the last of tlie flood; a't the 
nioutli of' Leadeiirvali Greek, 1.020!) surfaae aiitl 1.0208 bottom, on the first of the flood; 
:rnd off WT:idmelaw Point, or the mon~li of I)awlio River, 1.0199 surface ilnd 1.0205 
bctttoin, during eiirly flood. Tlie total :&rea from W;idmel:Lw Point to the niouth i s  
about 2,*ll2 acres; area of niitnral oyster beds, about 7.9 aores. 

Bohicket Creclr, the iiiost sontliei~i~ tributary of t b u  Nortli Edisto 011 the eilsterll 
shore, was essinined from its iiioiitli to a point ci iiiiles above. It has a general trend 

iiiarketed from one to two years after planting. 
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westward and mill average 200 yards in width with a depth ranging from 3 to 16 feet. 
The bottom is generaIIy hard and favorable for cultivation. Tlie specific gravity ir: 
high. At  the uppermost point reached i t  was 1.0220, surface and bottom, at half 
flood; at  Rockville, at the same time of the tide, it was 1.0222, surface and bottom; 
and a t  its mouth, about the same time of tide, 1.0228, surfiace and bottom. The total 
area examined was about 450 acres; area of natural oyster beds, about 2.2 acres. 

Leadenwalb Creek heads in Wadmelaw Island and also trends westward, emptyiiig 
into the North Edisto 2 miles above the mouth of Bnliiclret Creek. It was examiiied 
to ib point 1 mile beyond the liinit of the topography of the Coast Survey ch:irts, and 
that part was sketched in by course aud distance as ncourately as possible. Tlie bot- 
tom is generally hard while tlie depth rmges froin 2 to 25 feet. Raccoon oysters extend 
along the sliores for the first mile and a half, wlieii they become less frequent aiid 
fiii;illy cease altogether. The specitic gravity of the witter 4 iriiles above the mouth 
\vas 1.0212 surface and 1.0208 bottom, 011 the first of the flood. The area of the part 
esaiiiinecl aniouiited to  about 384 acres; :%rea of natural oyster beds, aboiit 3.2 acres. 

Totciasend Riim is the most souther11 tributary of the North Edisto on the west 
side, and is rchforced by Ocella Creek, wliich makes ;I junctioii with i t  1 iiiile f rou its 
mouth. The specific gravity of the 
water in this river 1 iuile above the .juiiotioii of  Ocella Creek was 1.0230 surfwe i~ucl 
1.0231 bottom, a t  high tide. At  the fork or nioutli of Ocell:~ Creek, 011 the last of tlie 
flood, i t  wiis 1.0233 surface and 1.0334 bottom; in Ocella Creek, 1 mile above thejunctioii 
with Towiiseiid River OIL the last of the flood, 1.0230 surface aiid 1.0228 bottoni; oiicl 
at the mouth of the river, 1.0133 surface and 1.0234 bottom. The total area OS the 
river and creek is about 240 acres. 

MeCZoud Creek-This narrow but deep creek rises to the westward of Park Islaiid, 
and has a length of 6 miles and a depth of 3 to 20 feet. It empties into the North 
Edisto River 1 mile above the mouth of Dawlio River. The specific gravity of the 
wstcr 4 miles above tlie mouth during high tide was 1.0200 surface and 1.0194 bottom; 
a t  the mouth, on the early flood, 1.0204 surfhoe and 1.0200 bottom. The totslnrea of' 
tlie (;reek is 80 acres; the area of natural oyster beds is inconsiderable. 

Togodo Creek is about 200 yards wide and is formed by the junction of Little and 
Big Togodo creeks, 2& miles above its mouth, or one-half inile beyond the firiished topog- 
raphy of the Coast Survey charts. No oysters occur in deep water in the creek :iiid 

very few raccooii oysters were found. These were near tlie moutli on the west shore. 
The bottom is favorable, being hard aud sticky. The specific gravity, 1 mile above 
the fork of Little and Big Togodo creelrs iu Little Togodo Creek, at one-tliird flood, 
was 1.0196 surface and 1.0195 bottom; and a t  the mouth of Togodo Creek, one-sixth 
flood, 1.0196 surface and 1.0198 bottom. The total area examined was about 384 acres; 
the area of the natural oyster beds is inconsiderable. 

Wadmelaw River is a continuation of the North Etlisto River, and may be said to 
constitute that part included between Wadmelaw Point and the New Cut. It is about 
8 miles long aiid consists of 8 series of bays or flats, dotted by ~ ~ u ~ i e r o u s  islands. 
Frdm this poiiit to the month of Rantowlos Creek, or tlie head of Stono River, the 
inland passage is a narrow, winding stream, about 7 miles in length. The bottom 
in the Wadmelaw River is generally hard and sticky except directly in the channel. 
The specific gravity is uniforin, being 1.0199 a t  the surface and 1.0205 at the bottoin 
at the lower mouth, and 1.0197 surface at one-third flood at the upper inouth or the 

Tlie character of tlie bottom i8 generally h:brd. 
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mouth of Cliuroli Creek. Ra~ocooii oysters not only occur along the shores, but, the 
wide bays and flats are covered by a series of oystei beds which are left bare at low 
water aiid which, i t  is estimated, mill cover one-eighth of the eiitirc area where they 
are found. These oysters disappear as one q~proaches New Cut, and iione are fouiid 
from this point to the Stono River. The bottom is generally much softer in this part 
of the Inland Passage. The total area is about 2,450 acres; area of natural oyster 
beds, about 150.5 acres. 

8tono River is about 16 iiiilcs long froiii Bantowles Creek to Stoiio Inlet, which is 
formed by the juiiction of this with Kiawali River. For tho first 7 miles i t  takes an 
sasterly direction and then :L geiieral southerly direction to the inlet, with ai1 average 
width of about 400 yards. The bottoh corresponds in depth and character with tlie 
Coast Survey soundings; much of it being hard enough to support tlie weight of the 
oysters, is tlioreforo favorable for planting. This river was examined 0 1 1  flood tide; 
but few oysters were observed iii the upper part,, but 1 was informed by tho pilot who 
conducted the Pish Hawk through the passage that raccoon oyster ledges occur aloiig 
the shores in its more soutliorii part. The specific gravity of the water a t  the lieati, 
: L t  five-sixths flood, was 1.0170; :b t  Buzzard Roost Poilit, on the first of ebb, 1.0194; 
st the mouth of Legare Creek, early ebb, 1.0229; aiid at the iiioutli or juiictioii with 
Kiawah River, one-fourth ebb, 1.0234 surface and 1.0232 bottom. The total ar8& of 
the bottom is 2,580 acres; approximate area of natural oyster beds, 14.5 ibcres. 

ICinwa7~ River takes its rise iii the easterii part of Seabrook Island mid, flowiug 
ii i  a11 easterly direction, separates Jolnis Island oii tlie iiortli fivm Kiawali Island 0 1 1  

the south. It is about 7 miles loiig aiid heads in a series of uiud flats, The bottom is 
generally hard aiid tlie depth raiiges froin 2 to 24 feet. The spocific gr:bvit,y is high. 
At  the mouth, at  one-fourth ebb, it was 1.0334 at the surftce aiid 1.0232 a t  the bottom ; 
3 miles above the mouth, five-sixths ebb, 1.0237 suifaoe :mil bottom; wliile at its liead 
in the flats it reaches a iiiaximum of 1.0242, surface slid bottom, 011 the first of tho 
flood. Raccoon oysters extend coiitiniu)usly ahig  both shores .amlid small beds are 
ilnmorous on the flats near the head. The total area is about 900 acres; area of iiatural 
oyster beds, about 33.8 acres. 

Folly River was not examined, but it presents the same features aiid coiiditioiis 
which occur in Light-house and Schooner creeks, ant1 furnishes a circulatiou from 
Light-house Iiilet through to Stoiio Inlet, the specific gravity beiiig, 110 doubt, very 
similar to that found in those. creeks. I am informed 011 good authority that the rat- 
cooii ledges are fouiid here aloiig the shores and on the flats also. 
bottom can be had from the Coast Survey charts. The total area is about 700 acres. 

#tono Inlet is cllmall, and being open to the sea the specitic gravity of tbe mater is 
high, and a shifting bottom m;i,y bo expected in times of storm. It is deemed imprac- 
ticable to utilize its bottom for oyster cultivation. 

Schooner and Light-l~ouse creeks head iii a series of mud flats in Jaiiies Islilud and 
separate this islaud from Morris Island. Sohoouer Creek flows easterly aid cmters 
Charleston Harbor 011 the sontb, while Light-house Creek takes a southeasterly course 
wid enters the sinal1 iulet of the saiue iiauie, wliicli is only a continuatioil of the creek. 
Tlie depth of mater raiiges from 2 to 30 feet, and the bottom is generally hard am1 
sticky except in the channel iiear the middle, where it is softer. It will be observed 
that the specific gravity of the ma,tor is lower iii Light-house Inlet thau :1t1 : ~ i l y  point 
between there and the inoiith of Yohooiier Creelr. The water thei*e w:bs :dSo slipht'ly 

A fail' idea of tlie - 
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tinged, resulting no doubt from the waters of”the Ashley and Cooper rivers beiiig met 
at sea by the rising tide and forced back througli this inlet. The specific gravity at  
tlle mouth of Schooner Creek was 1.0221 surface and 1.0222 bottoiii, on the last of‘the 
ebb; near tlie head of the flats, early flood, 1.0226 surhce and 1.0232 bottom; and 
in Light-house Inlet, abreast of the liglit-house, one-third flood, 1.0204 surfwc nntl 
1.0210 bottom. Bucooon oysters iiot oiily exteiid along tlie shores in patciies, but are 
also found in grmt2 Iiumnbers 011 the mud flats. Hard-shell clanis or quahogs also occur 
in coiisiclerable quantities in these creeks. The total area of the rreeks, includiiig 
the mud flats at  the liead, is about 520 acres The area of $lie natural oyster beds is 
about> 37.5 acres, and that of the planted ground about 20 acres. 

Mr. Henry Merritt is engaged in planting oysters in Light-house Creek from the 
beacon to :L point 2 niiles above. Uufortuililtely Le was iiot a t  home when this locality 
was exaiiiined, and but little inforination c:ould be obtained as to the extent of the 
planted area and the quantity of oysters marketed. But specimens of the plauted 
oysters were t ~ k e u ,  which showed a wonderful improvement over those occurring 
in the adjacent raccoon beds. The nietliod pursued is to transplaut the raccoon oys 
ters from the borders of the creek Co deeper water. The worst eiieiiiy enoouuterod, 
Mrs. Merritt states, is the conch, which tlevastates the planted beds, sometimes 
destroying 50 per cent of their contents. Tlic improvement in the quality of the 
planted oysters, coupled with the success of Mr. Merritt (everythiug about his preinises 
indicating thrift) tends to prove that this is a good ‘field for the traiisplanting’ of tho 
raccoon oysters to more suitable bottoms. In fact, while his operations arc restricted to 
a sinall area, he seems to be the most successful plaiiter in the State. A scarcity of 
reliable labor interferes with the increase of his business, most all of the work being 
performed by hiinself. 

Asliley River.-The topography of‘tliis river, as well as of tlie Cooper mid Wando 
rivers, has iiever been completed above tlie city of Cliarlestou, and the shore liiio had 
to be sketched in aa accurately as possible by course and distance while the survey 
was beiug made. The Ashley Itiver was examined to a point about 12 iniles above its 
mouth, or 2 inilcs above the railroad bridge, where it becouws practically fresh. It 
averages three-eighths of a niile in  width, and the depths range from 2 to 30 feet. The 
bottom is favorable, being geiierally hard aiid sticky with occasional soft places. The 
raccoon oyster ledges are inconsiderable doug’ the shores of this river, and cease alto- 
gether about 2 miles above the Charleston bridge, but oysters are found in deep water 
near the railroad bridge, and in a cove 2 ,  mile8 below it on the west shore. The 
specific gravity is 1.0116 at the former locality and 1.01GG at tlielatter. The water is 
yellowish, with mud in suspension, in the upper part of the river. Tlie oysters fouiid iii 
deep m t e r  have the usual attachaient of barnacles. There is snuh a mido range of 
specific gravity that any desired density mby be obtained, but that part of the river 
between the railroad bridge and the Wmdo Phosphate Works is especially recorn- 
mended as suitable ground. It is also possible that this area, can be stocked by the 
catching of spat on bottoin shells or onltch, if sucli is tlesired. 

A series of density observations was mbde a t  both ends and at  the middle of the 
Charleston bridge at  diEerent times of the tide, at  the surfaoe, mid depth, and bottom. 
The specific gravity of the water ill the mout81i o1Y Charleston at one-half flood was 
1.0217, surf~co aiid bottoin ; 1 iiiile above the Uhsrlestoii brjdg’e, one-sixth flood, 1.0198 
surface and 1.0200 bottom; at the W:lud(J l’hospli:bte Works, one-sixth flbod, 1,0188 
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surface aiid bottom; 1 mile below the railroad bridge, one-half flood, 1.0137 surface 
and bottom; end a t  the railroad bridge, 1.0059 snrhce iLnd 1.011G bottom. The total 
area of the part examined was about 2,600 acres; area of iiatural oyster beds, about 
10.4 :Lcres. 

Cooper River was examined aiid sketched in to  a poilit about 16 miles above its 
 non nth a t  Charleston. It will average about one-half mile hi width with a range 
of depth from 3 to 30 feet. The bottom' is geiierally f;t~ordAe in the lower pa>t, 
being usually hard and sticky. But few ritccooii oyster beds were found aloiig the 
shores, but from local information i t  wns learned that oysters arc talcen from deep 
water iii Black Reach iLnd farther up the stream in Groves Crcteli. A series of density 
observations was also nittile across this river et the custom-house clock, buoy No. 3, 
inid stream, and a point on tlie opposite shore beiug in range. The specific gravity 
at  tlie mouth at  ebb tide was 1.0224, surface mid bottoiii; a t  the mouth o f  the Wando 
River, last of the ebb, 1.0213, surface and bottom ; 6 miles above tlie month, early flood, 
1.0192 surface and 1.0203 bottom; 12 niilcs above the mouth, last of ebb, 1.0168 sur- 
face and bottom; and a t  the Iiigliest point reached, 2 miles above Slack Reach, 1.015G 
surface and bottom, on the early flood. The ;wee of the part examined was about 
6,052 acres; are5 of natural oyster beds, aboiit 10.9 acrcs. 

Wando Biver, uulike tlie Asliley :tiid the Oool)er, does not drain an extensive ter- 
riL*y, and hence has a iiiucli higher :tiid more nniform cleiisity. It was examined and 
sketched in to a point, about 16 miles above the mouth. It has :L general southerly 
direction, and einpties into the Choper River opposite Drum Islmid. For the first 8 
miles it has an ai-orage widtli of oiie-half mile, and then begins to Liarrow, contmct- 
ing a t  tlie highest point rcmdied lo :I wicltli of 150 yards. R:~ccoou oysters were found 
growing continuously oil both shores as far as tlie uppennost place exaiuined, but no 
oysters were discovered in deep water except the  droppings from the ledges, and 
among these so1110 tine speci incus were obtained. The bott,oin is geiierally hard and 
favorable, underlaid in 1,1:ioes by phosphate rocks, while the deptli ranges from 2 to 30 
feet. The specific gravity a t  the iiioutli of the river oil the last of the ebb was 1.0213, 
surface and bottom; 4 miles il,bove the mouth, on the last of tho ebb, 1.03OS, surface 
and bottom; near village whasf, early flood, 1.0206, surfhce aiid bottom; and at  the 
liigliest point exainined, one-third food, 1.0201, surface and bottom. Little or no 
vsriatiou was found ill the surface :end bottom densities, ;tiid I l~avo see11 no hCality 
of the same specific gra,vity wliere the coiiditioiis seeiu to be iiiorc? favorable. Eow 
f w  the mining for pliosphate rock in the future would interfere, can iiot be predicted, 
but parties arc uow ti~lci~ig some rock from the bottom of this river. The :qqiroxini&e 
m e a  of the part exainined is about 4,992 c~cros; ;y)prosiinnte R ~ C R  of naturd oyster 
beds, 34.8 acres. 

Charlerrtoiz Harbor is about 1 4  iniles wide st its aioutli, from Cuniiuiiigs Pollit to 
port Moultrie, and about 3 miles loug from its Iiioutli to the iiioath of Cooper liivor. 
It is exposed to soutl~erly ;iud easterly gales. The speoitic gravity ranges high, itIId 

is tempered in its upper 1m-t oii the ebb tide by the water froin the AShIey and c(~oPCr 
rivers. A few raccoou oyster beds are found on both tlic eastern inid wester11 slier(%, 
but exteiisive dredging with the leuiich~s aud with the xteniticr lr'.isl/ IITaNk f:iihd to 
discover any oysters iu deep water, ;tiid its value as :L Iwssible oyster ground is deenied 
iUoousiclerable. The specific gravity at tlie moutli of' 4'ooper R8i ver was 1.02% mrface 
and hottoin; tit tho month of the .~shloy liivcr, 011 the libst of the ebb, 1.0217 surfaco 

F. c,  13. 1890-21 
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and bottom; at  the mouth of Schooner Creek, a t  last of the ebb, 1.0221 surface and 
1.0222 bottom; and at the mouth of Sullivan Island Narrows, at  one-half ebb, 1.0207. 
The area of the naturd oyster beds is 3.8 acres. 

Sullivan Island Narroias.-Tliis milie is given to the narrow inland passage con- 
necting Cliarleston Harbor with Breach Inlel. It is about 3 miles long, and will barely 
average 100 yards ill width, with a range in depth of 1 to 15 feet. The bottom vaxies 
from h:d and sticky along the shores to soft mud in the channel. That part iying 
betweeu the channel and the shore is suitable for cultivation. The specific gravity 
a t  the lover mouth, one-half ebb, was 1.0207; 2 miles below upper mouth, a t  the same 
time of the tide, 1.0203 surface and 1.0202 bottom; and at  the upper mouth or Breach 
Inlet, about the same time of the tide, 1.0208 surface and 1.0209 bottom. The total 
area of the narrows and its tributaries is 120 acres; area of natural oyster beds, 7.2 
acres. 

Breach Inle t ,  a small and insignificant inlet, is formed by the confluence of Sulli- 
van Island Narrows, Goat Island Creek, Little Goat Island Creek, and Meeting Reach, 
a ramification of creeks which intersect the marshes between Charleston Harbor and 
Grays Bay and connect with that bay through their various drains arid tributaries. 

Goat Island Creek is the largest of the tributaries of Breach Inlet, and rises about 
3 miles north of it in a mud flat or bay; The water lias a yellowish tinge. The 
specific gravity a t  the mouth, at one-half ebb, was 1.0205 surface a a d  1.0209 bottom. 
Raccoon oysters are found in patches along the shores and also in the mud flat a t  the 
head. The total area of the creek is 140 acres; area of natural oyster beds, about 
5.8 awes. 

Li t t le  Goat lsland Creek heads 111 the vicinity of Grays Bay and, with a trend 
southward, enters Ereach Iiilet onc-fourth of a mile east of tlie mouth of Goat Island 
Creek. The bottom is generally hard slid sticky. The lower part, from its mouth to 
a point 1 mile above, contains the planted grounds of Mr. Thomas Swinton. When 
this IocaIity was visited Mr. Swin'ton was absent, and the only information regarding 
his operatioils was obtained from a negro who is sometimes employed by him in con- 
nectiou with the planting. This man informed me that he had never used the raccoon 
oysters, but, secured d l  his planting stock from St. Pierre Creek. I also had i t  froin 
the same source that Mr. Swinton mas going out of the business, and that the property 
mas for sale. Mr. Swhton clisposes of about 1,000 bushels a year, and i t  requires from 
one to two years after they are transplanted before they become marketable. 

No young oysters were found on the planted oysters secured here. The water was 
yellowish with mud in suspension and is said to be always so. The specific gmvity 
of the water a t  Swinton's oyster-liouse at one-half ebb was 1.0200 a t  the surface aud 
1.0202 a t  the bottom, and a t  the mouth of creek, one-half ebb, 1.0198 at the surface 
and 1.0201 at the bottom. The total area is about 80 acres; area of planted oyster 
ground, about 20 acres; area of natural oyster beds, inconsiderable. 

Meeting geacli.-This creek, through the Seven Reaches a t  its eastern extremity, 
coniiects Breach Inlet with Dewees Creek and furnishes a part of the inland passage 
to Bull Bay. For the first 2 miles it is a continuation of Breach Inlet and has a width 
of 150 yards, when it becomes very narrow and a t  dead low water it is almost dry. 
The bottom is variable, and the range of depth from G inches to 15 feet. The specific 
gravity at the lower mouth was 1.0198 surface' mid 1.0201 bottom, a t  one-half ebb; 
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2 miles above, 1.0199, a t  surface, and 1.0200, at bottom, about the same time of the tide; 
a t  junction with MorgSun Creek, one-half flood, 1.0199 surface and 1.0210 bottom; and 
in Dewees Creek, at  the mouth of Seven Reaches, at  one-half flood, 1.0901 surface and 
1.0207 bottom. The total area of passage to Dnwees Creek is about 184 acres; area 
of natural oyster beds, about 9.G acres. 

Dewees Creek.-Only a portion of this creek was examined, niliile Grays Bay and 
Hamlin and Copahee Sounds were not‘surveyed, but we know that they have a salt- 
water circulation and that the only fresh meter which tempers this area must come 
from the drainage and seepage of the surrounding marshes and woods. Hence the 
specific gravity will average high and, no doubt, mill vary but little fi-om the obser- 
vations taken through the inland passage south of these sounds. I am informed by 
the Messrs. Magwood, managers respectively of the BulI Bay and the Edisto Fish and 
Oyster companies, that the characteristic ledges of raccoon oysters are found not only 
along the shores of the creeks, but also in the shallows of the numerous sounds and 
bays between this creek and Bull Bay. The area can be arrived at approximately 
and will add largely to the acreage of the natural oyster beds in the State. 

The specific gravity at  the mouth of the Seven Reaches at one-hdf flood was 1.0201 
surface and 1.0207 bottom. An idea of the bottom can be obtained by reference to the 
Coast Survey charts. I do not see why the deeper portioris of these bays and souhds 
where the bottom is hard and stable could not be utilized, and in course of time they 
probably will be, notwithstanding they are so far distant from a niarket and are uow 
surrounded by uninhabitable marshes for the most part. Tlie total area of the creek, 
Grays Ray, Bamlin, and Copahee Sounds is about 2,500 acres. The area between 
Dewees Oreek and Bull Bay consists of a series of bays, sounds, inlets, creeks, and 
passes, through which there is a narrow intricate inland passage. The same conditions 
exist here which are found in the area between Dewees and Breach Inlet. There is 
but little variation in the density, either at  the surface or the bottom. The bottom 
through this passage corresponds with the soundings of the Coast Survey, both in its 
character and depth, and is variable, being generally hard along tho shores aud soft 
in the channel. 

The specific gravity a t  Biillyard Sound, one-half mile from the lower entramnee, at 
one-half flood, was 1.0800, surface and bottom; near the upper entrance, 1.0200, surface 
and bottom; at  the junction of Whiteside and Capers crcektl, 1.0214, wrf:hco and bot- 
tom; a t  the lower mouth of Saiitee Pass, two-thirds flood, 1.0200, surface and bottom; 
at Videls Landing, at two-thirds flood, 1.0202, surface and bottorii; Santee Pass near 
Mark Bay, three-fourths flood, 1.0214 surface and 1.0313 bottom; Santee Pass, at the 
Edisto Fish and Oyster Company’s planted grounds, 1.0223 surfilce wid bottom. This 
conipany js transplanting the raccooii oyster to dueper water here with fair success. 
A specimen of their stock which had been planted about one year was secured. I n  
Price Creek, at the lower mouth of Bull Narrows, the density was 1,OSOG surface and 
1.0209 bottom; 1 iiiile above Price Creek and Bull Narrows, at, three-fourths flood, 
1.0202 surface and 1.0211 bottoiii; i n  Bull Creel;, a t  the mouth of Bull Narrows, 1.0194 
surface and bottcui; at  the month of Bull Creek, at  low water, 1.0197 surface and 
1,0198 bottom; and a t  high water, 1.0190 surface and 1.0218 bottom. It was note- 
worthy that all through this inland passage the water had a yellow tinge of mud in 
suspension, the cause of which will be spoken of latter, and I think c8n be traced in, 
part to the muddy water froiii the Santee and I’oclee rivors, 
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The total a r m  of this sectioii, iiiclucliug bays, creeks, and sounds, is about 2,600 
acres. The approximate area of natural oyster beds through the iiilaiid passage is 
about 15.5 acres. The numerous bays, sounds, :md flats which lie north of the iiiland 
passage, aiid which were not examined, would largely increase the acreage of natural 
oyster beds and furnish a large supply of seed oysters. 

Bull Buy.-This bay is about G miles loiig from Bull Bay Light to the wester11 point 
of Raccoon Key a t  the mouth, aiid will average 38 iuiles iii width. It is very shallow 
except iii the numerous narrow channels. Shiftiiig sands cover the larger portioil of 
thisarea,and, being open to the sea,it is subject to constant ohauges. It has more thaai 
ordinary interest, because two of the largest oyster companies ill the State are engaged 
in cultivating oysters there, namely, the Bull Bay Oyster Company, which has p1;mted 
the reef on which stands the lighted beacon in the northenl pnrt of the ba,y, and the 
Edisto Fish and Oyster Company, oocupying the small reef, lying about one-fourth of‘ 
a mile west of that place. The former coinpany since it begell operations has planted 
iu all about 35 acres; tho latter about 10 acres, the greater part of which is left bare 
a t  low water. The sliiftiiig sand is slowly but surely eiicroaching on these gro~uids, 
and will eventually wipe them out. The Messrs. Magwood Brothers, the mauagers of 
these companies, are aware of the chaiiges going on m d  are fearful of the final result. 

Density observations were made across this bay at intervals of 1 mile from the 
mouth of Bull Creek to the plauted grounds, and i t  will be observed that the least 
Bpecific gravity was found on the latter. The m7ater in this bay is also discolored mith 
mud in suspension. About a bushel of material was obtained from the planted 
grounds, but the bulk corisisted miinly of dead shells. Only about 30 oysters were 
found in the lot, and these werc in a, very poor coiidition, being thin and n-atery. 
Conehs are very destructive to the oyster6 and the beds require constaut watching to 
prevent their depredations. Many living oyster drills were found in the rubbish 
taken, but there were little or no signs of the shells having been bored by them. 
Bmcooii oysters aucl dead shells occur d l  around the margin of the bay. While we 
Were in this locality Mr. Magwood, the manager, took to Charleston a load of oysters 
obtained not from his planted grouncls, but from what is known locally as the Horn, 
situated to the northward of Cape Rornaiii. These oysters v7ere much finer than the 
planted oysters here, and evidently came from the brackish water of the Santee 
River. Except Winyah Bay and vicinity, this was the highest point to the northward 
that was exaiuined. 

The specific gravity of the water 1 mile from the mouth of Bull Creek, a t  om-third 
flood, was 1.0236; 2 miles from the moutli, 1.0228; 3 miles from tlie inouth, 1.0215; 4 
miles from the mouth, 1.0216; : ~ n d  at the Bull Bay Oyster Company’s ~ O U J ~ ~ S ,  1.019G, 
surface arid bottom, a t  one-third flood. The area, of the planted grounds is about 45 * 

acres; area of natimtl oystei. beds :irouud the bay, about 13.3 acrcs. 
Referriug again to the yellow tinge of niud found in all the waters between Sullivm 

Islaud and Bull Bay, includiiig the latter, it is a noteworthy fact that :is the steamer 
Fish Hawk proceeded up this coast from Bull Bay to Winyali Bay the water was tliiclr 
and yellow all along the coast, close to show, tlie yellowish tinge growing fainter off shore 
until it merged gradually and imperceptibly into the green sea water. A s  the steamer 
passed through the different gradations of color in our progress toward Winyali Bay, 
density observations were made, which showed a great variation in the specific grav- 
ity to o point 8 niiles from Georgetown Light. mliere it was practically fresh. This 
was caused by the immense volume of fresh and muddy water discharged through the 
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inonth of tlie Santee River and through the inlet of Wiiiyah Bay, aud which is un- 
doubtedly an important factor in the discoloration of the water for many miles south, 
;~ccouliting in part, perhaps, for the variation of the specific gravity observed. The 
extent of its distributioii is, iio doubt, delmident ou long-continued ~iort~lieast gales. 

TVinyulL Bay and vicinity.-This territory was granted or leased to Messrs. Hae- 
nrd, Alexauder, and Donaldson by the State legislature of 1589, for the purposes of 
oyster cultivation, and was surveyed,in detail by the writer before the exnmin;ition by 
tllc Fish Coinmission. Additional observations Iiave been made, lion'ever, and are 
irldutled io the following descriptions. 

Win?/ak Bay, formed by the junction of tlie Peetlee, Black, and Waccamaw rivers, 
is totally unsuitable for oyster cultivatiou, ou account of the, quantity of fresh water 
flowing into it froin these rivers. 

iM?rddy B a y  is a psrt of Wiiiyah Bay and lies between Marsh Islands and the 
marshes to  the iiorthward aud eastward. It is a shallow bay or cove, aiid receives 
through the Pcedee River a large volume of fresli tuud inuddy water,wliich is constantly 
makiiig a deposit of cxceedingly soft mttterial ou the bottom. The water of this bay 
is entirely too fresh for the cultivation of oysters, to say notliiug of the unsuitable 
oheracter of the bottom. This limits the ground to that portion of the various creeks 
\\Tlli(:Ii flow through the marshes between the hay and North Inlet, where favorable 
c.onditions may be found. North Irilet, ou the other hand, presents a very salt conditio11 
of the water, and its bottom is covered by quick aud shifting sands blown in by fresh 
~lortlieast winds. This character of bottom is even more dangerous to tlic oyster than 
soft mud, ~vhicli iiiay be remedied by throwing a sufficient quantity of shells up on it 
to give i t  the proper consistency for bearing up the weight of oysters. 

Within this large area two separate and distinct features present themselves : 
(1) soft, muddy bottom, over which flows fresh m d  inuddy water in the niore souther11 
ibnd western portions of the creeks; (2) salt water flowing over quicksands in their 
lllost northern and eastern parts. In the former there is the accompanyiug evil of 
those conditions producing orgauisms which iiot only lessen the supply of food by 
sharing it with tlie oyster, but clog and foul the shells themselves, sild by making 
them unsiglitly render them unfit for the raw-bos trade, or to be opened on the shell. 
Notwiths$anding the unfavorable character of the place, a small area OE oysters is 
found in Muddy Bay oflthe mouth of No Mau's Friend Creek. The conditions barely 
enable the liardiest to  live, and those which survive constitute a very small proportion 
of the bulk of the sliells whose tenauts have succumbed. The conditions, already 
unf:;Lvorable, are rendered even more so by heavy freshets in t>he Peedee Biver, which, 
coupled with prolonged southwest winds, destroy large quantities of oysters in the 
rnore sontherii portious of the creeks by forcing tlie fresh and uiuddy mater througli 
tho several outlets of Muddy Bay, toward North Iulet. Two of these outlets connect 
Muddy Bay with Oyster Bay. One, small and insignificant, c d e d  the Haulover 
Creel<, has been produced artificial1 y by cutting through the imrslies between the 
bays. The other, No Man's Friend Creek, is a, bold stream through which the tides 
ebb and flow swiftly. Tliese two creeks furnish the supply of fresh water $0 Tonrn 
Creek a i d  its tributaries. The other two outlets into Muddy Bay are the lower mouths 
of Jones a,nd Sigu creeks, which eiiter Muddy Bay south of Oyster Bay. 

Oyster Bay, lying to tlie northward and eastward of Muddy Bt~y, is a 8hallow mud 
flat of considerable area. 13eing nearer to the supply of salt nratc.r from North Inlet, 
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it presents more favorable conditions, as is shown by the large number of raccoon 
oysters which cover about om-fifth of the entire area, a part being left bare at low 
water. These oysters are small and of poor quality, and are covered by barnacles. 
The water of this bay is very fresh in its normal condition and subject to radical 
changes in density in time of freshets. The bottom is also too soft, and its general 
characteristics render i t  uusuitable for cultivation. Along the northeast shore of the 
bay are three outlets to Town Creek, namely, Mud Creek, the CutofY, arid Sawmill 
Creek. The first two are small narrow streams, the last a bold stream with a swift 
current. The specific gravity of the water a t  the upper inoutli of No Man’s Friend 
Creek was practically fresh at the surface and 1.0114 a t  the bottom, while one-fourth of 
a mile southeast of this position, in the bay, it was 1.0041 surface and 1.0138 bottom. 
The water is always yellow from the mud held in suspension. 

Sawmill Creek heads in the northeast part of Oyster Bay and winds through the 
marshes to a point where the Cutoff enters it and where it makes a junctioii with, and 
is called, Town Creek. The character of the bottom is favorable, being hard and sticky 
generally, and the depth ranges from 3 to 16 feet. Very few raccoon oysters are found 
along the shores, but oysters and dead shells covered with barnacles occur a t  places 
extending from shore to shore. This area has been very much overfished, and the 
“nubbings” have been thrown back on the bottom, not only furnishing points of 
attachment for barnacles, but also rendering the bottom very foul. The specific grav- 
ity of the water is variable and subject to radical changes, caused by the freshets in 
the Peedee River j a t  the lower mouth, near Oyster Bay, it was 1.0235 in January, while 
at  the time of our last visit, in March, during the spring freshets, the water was prac- 
tically fresh. Near the mouth of Clam Bank Creek, in January, the density was 
2.0235 surface and 1.0244 bottom, but in March it had become practically fresh, both 
at the surface and bottom. 

Clam Ba127c Creek is a small stream which connects Sawmill Creek with Town Creek. 
The narrow mouth where it enters Sawmill Creek does not admit a large volume of 
fresh water, and a part of the bottom is very favorable for cultivation. While oysters 
are not found in deep water, raccoon oyster ledges extend along the shores. The 
specific gravity at the lower mouth was 1.0235 surface a n d  1.0244 bottom, and at Mr. 
Donaldson’s oyster house, on the first of ebb, 1.0827. In this creek also a great change 
in density was found in March. 

Town Creek is a continuation of Sawmill Creek, aiid, flowing through the marshes, 
enters North Inlet a t  its junction with Jones Creek. The bottom is either too quick 
or soft for cultivation from its junction with Sawmill Creek to  a point above the mouth 
of Sixty Bass Creek; but below this point several areas of suitable bottom are found. 
No oyster beds occur in deep water, except those which have been planted, but rac- 
coon oysters are found aloug the shores and are left bare a t  low tide. These oysters 
improve in quautity aiid quality toward the mouth of the creek. In the mouth of 
Old Mail Creek the specific gravity of the water in March, during the period of fresh- 
ets,was 1.0166 surface and 1.0194 bottom, a t  one-third ebb; nem the mouth in January, 
at the last of the flood, 1.024 surface and 1.0249 bottom. A t  last of the ebb the water 
is sometimes discolored, even to its mouth, by the muddy water from Winyah Bay. 

.?forth Inlet separates North Island O n  the south from De Bordieu Island on the 
north, and being open to the sw the density of‘tlie water is high. Its bottom is com- 
posed of shifting sands, which even exteiid in places up Joiies aud Town creeks, 
These conditions render this area unsuitable for the cultivation of oysters. 
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Jones Creek is the longest and one of the largest of this system of creeks, and flows 
entirely through the marshes between Muddy Bay aiid North Inlet. It has two out- 
lets into the bay, its own mouth, mid a second through Sign Creek, which is a sliort 
branch of Jones Creek and enters Muddy Bay farther to the westward. I11 the lower 
or southern part, between its mouth and Divide Greek, the water is too fresh and 
muddy and the bottom too soft for successful cultivation. The tides meet and divide 
iieer Divide Creek, which derives its aeme from this fact; but the exact point of the 
division is dependent on the prevailing winds aiid the freshets in the Peedee River. 
These conditions al3”ect this part of the creek as they do No Man’s Friend Creek, 
Oyster Bay, and in a lesser degree Sawmill Creek. This is shown a t  several places 
where many deed shells and a few live oysters are found. The type of shell is fine, 
being deep and cup-shaped. These oysters grew during long periods of drought, to 
be destroyed subsequently by freshets. Na,ture does all she can here, but nian’s hand 
must assist in cutting off the supply of fresh alnd muddy water, by closing the mouths 
of Jones and Sign creeks with flood-gates, before oysters can be raised successfully. 

To the northward and above Divide Creek there is found an area which corm. 
spoiids with Sawmill Creek and presents the same conditions and features. Oysters 
are found there in deep water among many dead shells and much rubbish, covered 
with barnacles and mussels. The living individuals are poor; the older, having con- 
teuded against adverse circumstances in a crowded community, have reached old age 
with sponge-bored shells and covered with barnacles, stunted iu growth, and unht for 
market. The water is too muddy in this locality to rely with certainty on a catch of 
spat; the deposit of sediment is constantly going oil and would very quickljr foul the 
shells or cultch. In approaching North Inlet the conditions beconie more favorable, 
as they do in Town Oreek, the greatest obstacle being the quicksands or shifting bot- 
tom, which limit the available grouud to a small proportion of the entire area. 

No oysters are found in deep water in the bed of the stream, except in the local- 
ity above mentioned and in those areas of suitable bottom which liave been planted; 
but raccoon oysters are found along both shores. The water a t  tlie lower mouth of 
Jones Creek is practically fresh, both at tlie surface and at  the bottom. Near the 
month of Divide Creek, while in January the specific gravity was 1.0171 surface and 
1.0173 bottom, in March the water had become approximately fresh. A t  the mouth 
of Duck Creek the specific gravity was 1.0238 surface and 1.0239 bottom; and near its 
mouth at North Inlet on the last of the flood, 1.0247 surface and 1.0249 bottom. 

Old-Nan Creek is a short, wide arm, which connect4s Town Greek, through its upper 
part called Cook Creek, with De Bordieu Creek. The average specific gravity of 
the water is higher than in the creeks heretofore mentioned, because this creek is 
nearer to the inlet and is cut off from the main volume of fresh mater which pours 
through Town Greek into North Inlet on the ebb tide, only a part being forced back 
by the flood tide and finding its way through the side ism13 of its mouth into Old- 
Man Creek. The latter ebbs aiid flows with Town Creek, the divide of the tides 
taking place in that part of the creek called Cook Creek, which in turn ebbs and 
flows with De Bordieu Creek. The conditions of the water are thus rendered more 
favorable, inasmuch as Old-Man Creek is not subject to the rapid and radical changes 
in density which we have found in other places. It is also less charged with mud in 
siispension, but the proximity of the inlet and the strong tides give rise generally to an 

* 
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unsafe bottom of quick aid shifting SiLUdS, with some soft ground in the coves. At 
its most northern part, iiear i t b  junctioii with ( 'ook Creek, it widens out into a mud flat 
which is called Sea Creek Bay, and mliich is studded with patches of small raccooii 
oysters, left bare by the ebb tide, as are the ledges along the shores. The specific 
gravity of the water at  one-third ebb, in the lower mouth during i\ period of freshet i i i  

the Peedee Biver, was 1.0166 surface and 1.0194 boLtoin, and iii the mouth of Blythe 
Creek 1.0198 surface and 1.0197 bottom. 

Cook Creek is that part of Old-Man Creek which lies between the mouth of Crab- 
Hall Creek and De Bordieu Creek. It is it shallow stream whose bed is generally a 
shifting bottom of quicksands. This evil liinits the available ground to :I very small 
arl?a. The usual growth of raccoon oysters is I'o111itl along the shores, but the few 
oysters which have dropped away from the ledges into deeper water are taken up a s  
rapidly as they assuiiie a favorable sliape :tiid quality. 

Blythe Creek heads in t l i e  marshes near tlic mainland, aird, flowing in an easterly 
direction, enters Old.Man Creek about 400 yards iiorth of its iiioiitli. Near its heid it 
embraces a series of inarsh islands, arid is connected by numerous drains with Crab- 
Hall Creek, which also heads in the same locality. The g;rea;ter part of the bottom 
consists of very soft mud, which, brought dowi froni the flats by the strong ebb tides, 
is being constantly deposited. Near its mouth it shifting bottom of qiiicksaiid is fouiid. 
No natural oyster beds are found here in deep water. 

Crab-Hall Creek rises in the same locality and has the same characteristic features 
as Blythe Creek, flowing like it in an easterly direotion arid entering Old-Mitn Creek 
a t  its junction with Cook Creek. Much soft bottom occurs in its upper part and a 
quicksand bottom near its mouth. 

Ckildrens Creek connects Crab-Hitll Creek with De Bordieii Creek and takes a 
northerly direction between the two. The main part of' this creek is a muddy flat, 
nusuitable for oyster cultivatioii. A small area near its mouth at  Crab-Hall Creek 
appears favorable. 

De Bordieu Creek is the last and most northern of this syRtem, and has the greatest 
length. It takes its rise near a fresh-water lake in the mainland, and flows in a south- 
erly direction, entering North Inlet below its northern point. Another branch of i t  
heads in the marshes near the head of Crab-Hall Creek. The only bottom found avail- 
able for oyster planting is below the junction of this bra'nch with the mikin creek, and 
lies along both shores near its mouth in iiarrow strips. A quicksand bottom is the 
most serious obstacle encountered, as nearly all of the area between the fork and 
mouth is of this character. Raccoon oysters of a fine type occur along the shores, arid 
where they have fallen below low-water mark and have been allowed to remain long 
enough to lose their raccoon features, they produce a good marketable oyster. This 
limited area, however, has been exhausted by overfishing. An examination of the 
narrow strip of bottom in deeper water adjacent to the ledges occasionally discovers a 
fine oyster, and shows what might be accomplished in tlie main body of the creek 
wherever the bottom is sufficiently stable and hard. Thc density of tho water in this 
system of creeks or tributaries of North Inlet is necessarily high, having 110 large 
sowce of fresh water like the creeks which flow into it from the southward; tho water 
is therefore not subject to the rapid and radical changes in specific gravity peculiar to 
the creeks between the South and North inlets. The total area of all the creeks 
between Muddy Bay aBd North Inlet is about 1,200 acres; area of suitable oyster 
ground, about 173 acres. 
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CONCLUSION. 

While the survey described in the foregoing pages was not as detailed or 
exhaustive as it could have been made had there been more time wailable for that 
purpose, yet the results obtained in the areas examined are approximately accurate 
as well as sufficiently extensive to serve as a basis €or tlie development of oyster- 
c.nltural operations. Of the total area surveyed, the natural oyster beds cover only 
a very small proportion. The proportion of iiatural oyster ground suitable for the 
procluctiou of marketable oysters is still less, beiug limited to the narrow space below 
low tide adjacent to the ledges now occupied in part by the detached raccoon oysters 
and to a few localities in the deeper water where the density is moderated by the 
inflow of a. sufficient quantity of fresh water. These latter conditions obtain in St. 
Z’ierre Oreek and New Ever ,  as has already been explained. 

In order to establish more extensive beds recourse must be had to other bottoms, 
on which oysters do not occur at present, but which seem suited to the purpose hy 
reason of their firm consistelicy and their abundant food supply. Owing, however, to 
the high specific gravity of tlie water in most places of that character, or to other 
oauses now unknown, it is doubtful if such beds would prove self-sustaining tlwongli 
the natural attachment of the spat to the shells or cultch deposited in the deeper 
water. While the Georgia oyster-planters, up to the present season, have been unsuc- 
cessful in obtaining a set of spat on the shells provided for that purpose, the oysters 
traiisplanted by them from the tide ledges to deeper water have prospered hi tha latter, 
notwithstanding its high density, and the mortality has been no greater than yould 
be expected from the changed conditions of their environment. It is probable that 
the South Carolina planters will have to rely, in the stocking of their grounds, upon 
the raccoon oysters living on the adjacent ledges or in the few other favored spots 
which have been described. While a rather uuiform density, somewhere between 
1,014 and 1.018, is considered preferable, oyst’ers are successfully cultivated in mater 
of a much higher density. 

The extensive marshes and flats, which compose so large a proportion of the low 
lands along the coast, probably oRer tlie best advantages for oyster-culture by the coii- 
struction of tidal ponds somewhat 011 the principle now resorted to in some parts of 
Europe. With tho natural limitation of oyster growths to the area between tides, 
this region evidently commends itself to the attention of oyster-growers, who could 
thus not only control the flooding of their beds b u t  also maintain a close supervision 
upon their stock. As R nile, the oysters do not attaiii their best condition in South 
Carolina until late in the winter and early in the spring. But few persons in bhe State 
are now interested in the oyster industry, and the planted area is very small, not 
amounting, oytside of the creeks south of Winyali Bay, to more than about 160 acres. 

The principal natural enemies of the oyster which fell under our observation or 
were called to our attektion are the. conchs, drumfish, aud sheepshead, the first men- 
tioned being the most dreaded by the planters. Starfishes and drills were also seen, 
but they appear to do little if any damage. All of‘ these natural enemies seem to be 
chiefly restricted to water of a high density, and uone were found in the fresher areas 
represented by New River and St, Pierre Oreek. 
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North Edisto River.. ................ 
Uoljcltet Creek.. .................... 
Loadonwati Creek ................... 
Townsend River.. ................... 
McCloud Creek.. .................... 
Togodo Crook (part examiued) ...... 
Wadmelaw River.. .................. 
Stono Itivrr ......................... 
Kiswsli Itivcr.. ..................... 
Folly River. ......................... 
Schooner and Liglrt-house creeks .... 
Asliloy River  art oxmnincd), ap- 

proximate ......................... 
Cooper River (pnrt examincd), ap- 

roxiinate ......................... 
&n(~o Hiver (pnrt exaiiiine[l), ap- 

roximnto ......................... 
C P  Iarlcston Barbor ......................... 
Sullivan Island Narrows and tribu- 

taries.. ............................ 
Goat Island Creek.. ................. 
Little Goat Idand  Creek, planted 

ground, 20 acres.. .................. 
Meeting Roach to Dowoes Crook .... 
Deweos Creek, Grays Bay, Harnliiie 

and Co aheo sounds ............... 
Inlant1 L s n g e ,  betwoon ~ e w e e s  

Inland Pasan e and all tho bays and 
sounds nor& of it, planted ground, 
45 ueres. .................................. 

Total ........................... 

Creek snd Bull Bay.. ..................... 

Below is given a table showing the approximate extent of the water territory 
examined and the approximate area of the natural beds discovered. Probably one- 
fourth or one-fifth of the total area will be found suitable for oyster planting. The 
region not surveyed, principally between Breach Inlet and North Inlet, would undoubt- 
edly add a considerable acreage to that enumerated in the table. The season being 
limited, opera,tions were chiefly directed to those localities which were regarded as of 
inost importance and seemed to present the most favorable conditions. The natural 
oyster beds are being depleted, as they are in North Carolina and in Georgia, and the 
only why in which the supply may be maintained or increased is by utilizing for plant- 
ing the suitable bottoms now producing no oysters. The total area surveyed amounted 
to about 81,289 acres, and the areas of the natural oyster beds to  about 773 acres. 

Table of areas examined. 

2,112 
450 
384 
240 
80 

384 
2,450 
2,580 

900 
700 
820 

2, GO0 

0,052 

4,092 

1,020 
140 

80 
180 

2,500 

81,289 

I I Acres. 

New River (part  examined). ......... 
CRhbo U 8  SoUlld .................... 
Broad t r eek  ......................... 
Ma River ........................... 
Uu8 Creek.. ......................... 
Macka Creek ....................... 
Skull & eek .......................... 
Port Xoyal Sound .................... 
Chechosseo River.. .................. 
Colleton Rivcr.. ..................... 
Okeotoct River ...................... 
Broad River.. ....................... 
Poeotaliy RivPf.. ................... 
Whale I ranch ..................... 
Archer Creek. ....................... 
Beaufort River ...................... 
Chowan Creek.. ..................... 
Jericho and Battery Creeks. ......... 
Brickyard and Albergottie Crreks.. 
Coosdw River. ....................... 
Parrott creek.. ........... ,. ......... 
Dale Creek .......................... 
Morgan River ....................... 
Bull River. .......................... 
Combahoe River.. ................... 
St Holcna Sound.. .................... 
Sduth Edisto River from Point of 

St. Pierre Creek and tributaries.. .... 
Bailey Creek, planted ground, 20 

Cooper River ........................ 

Ashepoo River (part exaniinrd) ..... 

Ramoon Island to tho inout11 ...... 

Locality. 
Total. r 

830 
960 

2,944 
496 

2,000 
340 
004 
720 

2,810 
1,640 

256 
12,274 

300 
1,024 

150 
3,840 

120 
51 2 
5G0 

I, 104 
355 
290 

2,496 
92R 

1,088 
7ti0 

...... 

1,150 
750 

^^  

acres .............................. 
Dawho River (lower p art) ............ 
Steamboat Creek nnc its tribubricn, 

including Mud Flat.. .............. 1,360 
- 

* Approximum. 
I 

Natural 
ovator 
6eaa. 

21.4 
6.4 

*4.8 
G. 5 

13.1 
I. 6 

14.5 
13.1 
3.6 

14. 5 
12.4 
2.2 

22.8 
3.2 

11.0 
3.2 

19.6 
8. I 
9.0 
2.1 

19.6 
4.6 
2.5 
9. 1 
7.1 
5. 5 

12.0 
4.9 

0.3 
42.0 

8.6 

71.0 

......... 

Locality. 

I acres. I- Tot:& 

t Not uxaminod. 

Natural 
oyster 
buds. -- 

7.0 
2.2 
3.2 ........ 

......... ........ 
150.5 
14. 5 
33.8 

(27.5 

10.4 

10.9 

34.8 
3. 8 

7.2 
5.8 

9.0 
........ 

......... 
15. 5 

13.3 

113.0 
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THE LOCATION AND EXTENT OF THE OYSTER BEDS 
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NOTES 
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12.-OIjSEIIVA'I'[ONS ON 'I"13 HATCHING ()I: T H E  YELLOW PERCH. 

BY S. G. WOR'I'H, 
SujhiYintciziie~tt of CerttmC Siation. 

In the month of March, 1889, a number of yellow perch (Pe+"ca$avescens) spawned 
in the tt(1iiaria a t  Central Station, and with but very slight attention quite a number 
of fry were produced. At my suggestion the parent fish had been procured, in the 
absence of better specimens, to replenish the stock of aquarium fish in anticip a t' ion 
of the throng of visitors at  the inauguration ceremonies. 

Tlie following year it seemed desirable, in view of possible future  wants, to under- 
take such a systenxttic: series of observations as would fiirliish full records of the 
main conditions under which favorable rasults could be secured; for, however remote 
tlie necessity of applying the methods of artificial PFPViWtiOn to this abundent 
species, the marked simplicity of the spawning habits of the yellow perch seemed 
alone sufficient to arrest the attention of fiish-culturol inVeStiga,tors. Accordiugly, 
with the Commissioner's sanction, 243 ordinarysized specilklens were bougllt from 
fishermen at  Fort Washington, Maryland, and 011 February 7, 1890, were conveyed to 
the tanks a t  Central Station. 

The outlay incident to this study was so inconsiderable, in view of the data obtained 
and the practical release of nearly a million fry, that the cost should be meiltioned. 
The purcliase price of the adult fish, together with the freights and fares incurred in 
their traiisfer (that is, all items), amounted to but $16.so. 

On the 21st of Pe1)rua;l.y 236 specimens, SurviViUg tho bruises received in cap- 
ture, were about equally divided into four gktSS collector-aquaria of running mater, 
the contents of each aquarium being about thirty-five gallons. Apparently tllere 
were 130 females, and these were placed in the aqU:bria along with about an equal 
number of males. The water supply was from the city pipes, i. e,, from the Potomac, 
and was then a t  440 F. Subsequent changes in temlmotiire arc noted fitrther on, 
under the table of egg-production. 

than ;I half gallon to ea,cl~ speci- 
men, the parent fish remained from this date tllronghout the spawning period and 
liere dropped their eggs. Spawning dommenced March 10 and ended April 3, eggs 
being dropped on eighteen days between dates. Nearly all of the eggs mere deposited 
during the night or early in the morning and ws soon as observed through the glass 

Thus confined, with but little more water 
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paueis they were takeir -up with it hand iiet and transferred to universal Jars for 
development. Fertilization was in every case accomlilished by the fish themselves 
and to a degree of perfecthm that was quite surprising. It was very rare that im- 
pregnation failed. 

The spawn froin a fish cousisted of a single free inass, light gray in color, tough 
and gelatinous. Pigs. 1 arid 2 accoinpanyiiig represent the eggs before aiid after they 
were spawned. The forked extremity (Fig. 1) represents the anterior or forward elid 
of the roe. After the roe had been spawned and fertilizatioii and water hardness were 
accomplished its appearance was greatly changed (Fig. 2). On March 19 one of the 
fertilized and distended lobes of eggs was found to nieasure 26 inches. On the 20th 
William Maynard, night watchman, entered 011 his report: Found string of eggs 
from a large perch, measuring 47 inches long by 14 inches wide.” Aiid again, OIL tlie 
30th: 6 6  Found spawn from a large perch, iiieasuring 7 feet 4 inches long by 4 iirches 
wide a t  one end aiid 2 a t  the other, and weighing S& pouiids.” Continuing, 11e says: 
“After tlie act of spawning the old fish lay on her side for some time as if she mould 
die.” ‘6 Also f o u ~ i d , ~ ~  lie says, “tliat the strings of eggs are like ;ti1 old-fiis1iionc.d 
knitted coin purse, that is, a pocket closed at  the ends.” 

When oiie of these lobes of eggs was found directly after being spawiied the osist- 
ewe of iiuinerous transverse folds allowed the drawing or stretching-out of the m ~ s  
to mauy times its original length. After being drawii out and again released i t  woultl 
partially coiitract ant1 with the hands could be shoved back so nearly into the origin:il 
compass that it al)proxiina,tely resumed the shape i t  had previously inside the parelrt 
fish (Fig. 1). The :~;rrarigeineiit of the traiisverse folds corresponds iii structure to 
tho leather sides of the bellows or aocordion. A s  soon as plumped up by water a,bsorp- 
tioii these uumerous folds became so greatly distended as to ~ t m d  1)roiliinently out 
iii rounded curves to meet tho surrounding element at every portion of‘ the s~rfixce. 

Clone extmiuation of the egg-lobe revealed tlie existence of an interior passage 
throughout its lei~gth. The iiiner cavity \vas almost entirely closed, being, Iioweyer, 
slightly open to outside communicatiou by ineans of occasional small apertures ill the 
walls. These openings were SO unimportmt in size aud number and of such irrugnlar 
shape and occurrence that they were a t  first regarded as accidental. Commissioii~r 
NloDonald, however, suggested that they formed a part of tlre system of natural oir- 
culatiou and therefore were probably essential to akation, and further exrainiriat?oon 
tended to support this view. The egg-lobe was characterized by great springiness, 
being in fiict so highly vibratory that tlie least agitatiou of the surrounding water 
put the whole in motion. This lriovernent evideutly forces tlie water out and in, and 
hence the apertures seem to be a part of the design, which is a variety of primping 
apparatus, for throwing out the stale water and takiug in fresh supplies. Whether, 
in nature, the azrating vibrations are depemdent upon tlie fin-motion of the pareiits 
standing sentinel or on external agitation, as the motion froin waves or currents, 
W ~ , H  not determined. 

The eggs of‘ the yellow perch are slightly smaller tiian those of s l~ td ,  but to lllalre 
allowaiiee for tissue those under irrirnediate oonsideration were ineasured 011 the shacl- 
egg basis, viz: 28,000 to the liquid quart. The measuririg was tloiie the first week in 
April, sohe days after the spawning was completed. Practically there was 110 loss 
during developineut and hatching except that brought about voluntarily in exami- 
nations. Of tlie eggs, 91,000, of March 23, were destroyed in iuakiiig (1rawiug.s aud in 
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118. m . . . . .  .................................................. 
12 iriidniglit. ....................................... :. ......... 
Night ....................................................... 
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do. ......................... ........................... 
do ......................................................... 

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

.... do ......................................................... 
8.2.111 ........................................................ 
Nigrlit, ....................................................... 

......................................... 
1 ........................................ 

12 iiiidriiglit t,(i 8 n. 111 ......................................... 

:I 1’. 111.. ...................................................... 
Nljiht, ....................................................... 

.. .%I.. ...................................... 

undergoing inspection. The remeiiiing loss occurred a ~ l o r ~ g  tho fry which were held 
in the aquaria under observatioii oiie aud two weeks. Probably no other egg8 ever 
httudled by the Coiriinissiou were so liardy as these.’ 

After becoming water-hard the yellow-perch egg-striugs are larger tlitLii the 
parent fish. The 88-inch string previously referred t o  weiglied 41 ounces avoirdupois, 
wliile.the parent fish would not have exceeded L 4  ouuees previous to spnwiiing. Tho 
Icugtli and weight of lier eggs, as well as the size of the slmwiiiug fish, were persoit- 
ally verified by uie. The eggs beiiig of less specific gravity occupy relatively more 
space thau tlie ye1 low perch tlieniselves. 

il’nblc of !/elloio-pcrch e!/pprotlicctioib ( b t  Ceiitral Stafioir, W t d t i i i g t o t i ,  I ) .  C , .  1890. 
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This large yield of eggs WAS far beycmd my most ardent expeota tions, i)roduci~rg 
for aotnal iutroductiou into the streams 754,000 fry. The eggs \veredeveloped in twciity- 
two of the universal hatching jars, their weight boiug siiflicient to keep thcill well 
down at  the bottoins. No eggs could 1:avc. becii :L less care, it beiug only necessary to 
preveiit them froin being enveloped in sedimont. This was doiie by iticre;ising the 
curreut at times and keeping tlieiii iii rapid motiou till the mud was wnshed xway. 
No jar motion was eiuployed in the hxtcliilig. 

While undergoing liatcliiiig tlic young, US in shad-hatching ol)eratioiis, we1-o 
;tutomatically separated into the collectors. When m y  dead eggs were discovered, R 
rare occurrence, it was usually found that tlie whole lobe w:bs tlefectivc!. As tlio lobo 
could be removed intact aud with oneinotioii of the hand-net, the picking was 110 trouble 
whatever. Therefore, in simplicity of niaiiipulation, oco~ioiny of lubor iii ittto1idylcc, 
and iu turning out a large percentage in hatching, the yellow peruli ma,y be said to  
rank a t  the head of the list. 

Four, three, and two weeks wore occupied iit hatching, the period beiiig Inodified 
by temperature. On the 17th of April 764,000 fry were, released, 704,000 in the Pflto- 
mac and 50,000, as ail experimental plant, i i i  :I private pond near Washington. The 
pareut fish, after all spawning was concluded, were set free again in the Potomac., 
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It may be said, incoriclusion, that with the knowledge gained of the spawning 
habits of the yellow perch the species might be hatched with success and in indefinite 
numbers by any person of care in the regions of its abundance. Nothing could be 
simpler. The operation would consist in storing the adult fish in live-boxes by the 
middle of March (latitude of Washington, D. C.) and the snbseyueiit daily transfer 
of the eggs, laid the previous night, t o  separate compartments to  undergo hatching. 
Beyond being water-tight and tar-coated the hatching vessels would require no further 
accessories than clean running water and a cheesecloth outlet-strainer, the latter for 
restraining the premature escape of the fry. Nor is it  immoderate to  say &hat it would 
be practicable, if desirable, for the Fish Commission to hatch 150,000,000 a year a t  the 
shad stations on the Potomac, Susquehanna, and Delaware at  a cost below $3,000. 
Two men at either of those stations, sixty days, would amply fulfill the requirements 
in collecting the adult fish and in hatching out the eggs, while their operations with 
this species would precede, so as not to  interfere with, the regular work with the 
shad. 
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13.-‘I”E PHYSICAL ANI) 13IOI,OGICAI, CHARACTERISTICS OF T H E  NAT- 
URAL OYSTER-GROUNDS OF SOUTH CAROLINA. 

‘BY BASHFORD DEAN. 

The following report deals with the character and conditions of tho South Caro- 
lina oyster-grounds, aiming from their study to point out the natural advantages 
Offered by the State for successful oyster-culture. It is based upon observations and 
experiments made by the writer while attached as naturalist t o  the u. s. Fish Com- 
mission steamer .Fish Hawk, during the investigations from December, 1S90, to  March, 
1591. An accouiit of the region examined arid niaps representing the same will be 
found in the report of Mr. John I). Battle, entitled, Report on an Investigation of 
the Coast Waters of South Carolina with reference to Oyster-Culture.” 

I.-OYSTER LEDGES AND FLATS. 

The entire coast margin of the State, if the irninediate ocean shores be excepted, 
is in the main well provided with iiatural beds, These, however, are strangely unlike 
the beds occurring naturally further northward, since in great part they are hero found 
skirting the shore in fringing tidal reefs, living as much of their life in air as in vmter. 
Ofteu at low tide the oyster ledges appear t o  the eye curjously like a low hedge of 
frosted herbage, grayish-peen in color. A nearer view discloses branching dusters or 
clumps of oysters, densely packed together, whose crowded individuals now become 
modified or distorted according to their position on the cluster. The individuals that 
cap the cluster project upward like flat-tipped fingers, slender, narrow, and long, whoso 
shape has given them tliroughout the South the names (( cat tongues,” ((raccoon paws,7’ 
or “ raccooxis.,) In many localities, as throughout the region of Skull Creek, the rac- 
coon ledges, continuing for ages t o  encroacli upon the stream bed, have formed vast 
oyster flats, acres, sometimes miles, in extent. 

In the stream bed, or, indeed, below the low-water mark, oysters arc rarely found, 
:111tl whenever found are to be regarded as having fallen from the neighboring ledges. 
As so great a proportion of the State natural beds are raccoon or of raccoon origin, tlic 
formation and conditions of these interesting oyster colonies should first be examined. 

Ages ago, in South Carolina, the oyster lived under conditions that appear to 
have been more favorable than those of to-day. There can be but little doubf;, from 
the evidence of shell marls and fossils of the pliosphate deposit, that in ancient times 
there must have been a greater supply of fresh water entering gravel-bottomed bays 
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and estuaries. The character aiid volunic of tliese ancieiit streams niuat have tem- 
pered the sea water and produced the iiiost tlirifty conditions for the liriiig of the 
oyster. In the Pliocene (Miocene?) we liere find the fossil shells of myriads of oysters 
that were decidedly of a brackisli-water type, siqnll, single, aiid thin-shelled, remiiidiug 
one of the Blue Points of Great South Bay. The shells are rounded, regular in sliape 
and perfect in outline, attesting tlie peaceful conditions of their ancient life, They 
show no trace of clustered living. 

The natural causes that afterwards destroyed.the prosperity of a niolluscan age 
are yet to be aseertained. Certain i t  is that the incurrent streams were sufficient i i i  

force and volume to gully out valley :md moor, and to roll seaward fTmi fardistant 
places the huge fragments of mire-lovi~ig animals. It is not until we examine the 
deep layers of soft, black, river ooze, forming to-clay above tlie phOSllliatC, that we 
find the first oysters of a raccoon-like type. In the deepest ooze-layers the remniiis of 

' clustered oysters are few and fragmentary, suggestive of' age, transportation, and hm1 
usage. Nearer the shore, and in shalIowci* innd-banks, oysters of all gradations of 
bunching characters may be found cverywlicre. 

There seems abundant evidence for regarding the living oysters of tlio Mato as 
the survivors of an ostreoun golden age, survivors that have struggled successfully 
against changed and adverse conditions of liviiig. They h ive  become inured to 
extreme saltness of mater, almost that of tlie sea; tlrey have learued to avoid tlie 
submerging mud by growing in clustwiiig iiiasses ant1 by casting anchor along the 
firm shore-line, often having to  build tlio very lalid on wliicli to survive. T h y  liiivc~ 
learned to live their life as much j i i  air as iii mater, and i i i  their out-of-water position 
to endure tlie cold of winter and the scorching heat of  tlie suii. Even uitder thew 
hard conditions the oyster's strugglc fiJr existelice is still 811 uuccrtain one. Huge 
shell banks, miles in length, ofteii 10 feet in Iieiglit, have been i i i  tiiiie formed of rac- 
coon clusters, whose anchor;ige along tlich iiiuddy margiiis lins beeit uii,ut:~ble. A tide 
unusually strong will roll up and sc:it,trr high along tlie dry beach many bunches of 
living shells. These are often seen, n.ceks perhaps out of water, still guarding jml- 
ously the few remainiiig drops of life-giviiig moisture. 

The appearance aiid fornliltioli of raccoon beds IiiiLy be understood most clearly 
by referring to the acconipaitying illustrations of typical natural beds, selcctecl from 
R series of photographs taken by the writer during tho cruise. They represent an 
oyster ledge (Plate LXII), an oyster flat (Plate LXIII), slid an oyster island (Plate 
LXIV). Plate LXV mazks the tidal zone of oyster life, iiidicnted everywhere at  lowest 
tide upon stltkes and piling. Plate LXVI shows a11 extentled raccoon-bearing locality, 

The oyster ledge* (Plate LXZI) is seen from the shore side. The dark-colored shore 
strip exposed by the receding water shows the limits of high and low titles. In this 
zone will be seen tlic living raccoon clusters anclrored in tlie soft mud, some iii ~nas- 
sive colonies, appearing velvet-like, as in the left of the plate, others scattering, as in 
the riglit, anchored 1es8 firmly in the Aoft ooze. The white l k ~ c l i  composed of dead 
sllells has for its lower inerghi the line of high water, a line that is well marked in 
the picture; this beach, 1iteraIly a shell heap, rises gently to a firm crest 10 feet 
above high tide. Thc? size of the sliell 1ie:qi points to its antiquity; many shells are 

~ _ -  _. - ._ .__ - - - - -.- ._ - - - .- - 
* Stono River, east, shore, 3 mile8 from mouth, Maroh 6, 1891. 
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fragmental, water-worn, curiously packed togetlicr by ages of water action, often 
implanted mosaic fashion with shells vertical. A large, dark-colored, living clulill> is 
seen prominently on the beach, and Rlnaller clusters are to  be noted in a receding 
dark-dotted line. 

The portion of an oyster flat,” shown in Plate 1,1111, is seen from the water sidcl. 
The low, irregular banks of mud are capped with oyster Clusters. The sides of tliu 
mud banks are extremely soft, engulfing and gradually stifling the raccoon clusters that 
fall from above. Many of the holes seen in the sides of the mud bank are the gr:tdu- 
ally disappearing gravestones of buried oysters. The lwger lioles mark the breathing 
currents of sinking oysters that ;Ire stifling 6 inches below. The entiro backbone of 
the mud bank will be found, by probing, to consist of dead shells around which the 
inud has gathered, Large living clusters, budding out from tho bank,. will in time 
form a peninsula, as seen in the plate. The sink-holes and draining-trenches are 
nuturally of value, preventing the accumulation of mud upon tphe living raccoons. 
Mamh grasses encroach very slowly, forming dry land as they go, and limiting by 
their margin the line of oyster growth. 

The oyster island t (Plate LXIV) deserves a passing nolice, occurring very often 
throughout small creeks draining marsh land, extremely noticeable, since nowhere else 
in the neighborhood are oysters plentiful. It furnishes an interesting example of the 
oyster’s powers of land building. In a region where steep and soft muddy banks have 
prevented oyster ledges from forming, a single cluster, anchoring 011 the shore by soinc 
chance, gives rise to an outcropping “island,” formed entirely of oysters; its frame- 
work of dead shells; its flat, dome-like summit bristling with living clusters. The 
island, accorLlingly, originating 8s a cluster attached to the soft bank, continues its 
growth as a small peninsula and pushes out into the sluggish stream. The stream 
current aids its formation; its framework is firmly packed with gradually accumulat- 
ing mud; its grovth broadens outward into a portly island of oysters, whose small 
and narrow peninsula beginnings (where the man in the picture is standing) are almost 
lost to sight. 

That the zone for the attachment of oysters$ (Plate Lxv) is, iu South Carolina, 
between the levels of high and low water may be noted upon stakes and piling every- 
Where. The maximum size and abundance of oysters, naturally attached, will be seen 
from the picture to be midway between tide marks. The significance of this zone of 
oyster attachment is hereafter discussed. 

. THE OYSTER CLUE(TPER AND ITS ORIGIN. 

Raccoon oysters, in their physical character, as briefly shown, have grown in 
bunches, clumps, and interlocked colonies, with manifest purpose. To grow in clusters 

the oyster’s successful expedient in its struggle for survival. Grown in clusters, 
in the first place, the oyster is less apt to  sink in the stifling mud than if separate; the 

*pacCoon anchorage, moreover, is apt to be a firm one, a t  the sanie time holding the indi- 
viduals as high up from the mud as possible. Dqually important is the function of the 

in allowing the greEest possible number of oysters to survive in the smallest 
possible surface space. 
\ - _-_____ 

* Skull Creek, January 13, 1891. 
t River (Skull Crook Region), 1 milo from mouth of Skull Crook, January 12,1891. 

sdliven Island, etoamboat wharf, Marok 12, 1891, 
F. C. B. 1890-22 
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In the matter of anchorage the oyster has certainly proved very adaptable. Every 
oyster of a raccoon reef, as Prof. Ryder has pointed out," owes its position in life to 
its ancestors. When in its swimming sta'ge every natural obstacle stood in its may; 
they alone extended a friendly shell for it to cleave to-they who in their turn were 
fastened to their ancestral shells, and so back indefinitely. In no place, perhaps, niay 
this interesting phylogeny be better examined than in South Carolina. Eight superin- 
cumbent generations have been counted upon a single shell, i. e., No. 2 attached to No. 
1, No. 3 to No. 2, etc. Should the muddy floor below be of medium softness the cluster 
is found to be a more permanent one, for increare in the weight of the growing load 
presses the cluster down and keeps it firmly rooted, and the sinking ancestral sliell 
may in time disintegrate without injuring the stability of the bunch. On the other 
hand, should the character of the bottom prevent the basal shell from sinking and the 
bunch from thus becoming rooted, the cluster is apt to be capsized by storm or tide 
and rolled up on the beach to perish. Should the bottom, again, be of medium soft- 
ness, the anchorage becomes a curiously firm one, owing to the conditions of oyster 
growth. All the individuals of a cluster tend to bend out of their normal direction, 
and to assume in their growing tips a vertical position.+ The basal oyster tends to 
become flat in its position, or is pressed somewhat slantwise into the bottom. So 
firmly may a bunch become thus established upon a flat, sunken shell, that it is some- 
times extremely difficult to dislodge. 

In  economizing space the adaptability of the bunching form is noteworthy. A tall 
cluster, whose free elid occupied an area of about a square foot, was found to repre- 
sent the shells of 186 oysters. So crowded sometimes are the individuals of a cluster 
that their shape will be as irregular as the space they are allowed to grow into. 
Sometimes, growing vertically, side by side, they become of the proportions of a razor 
shell (rSoZen), curious in the delicate fluting of their exposed tips. The basal shells, 
less crowded, become with age stout, broad, and heavy. The extreme lightness of 
the terminal shells appears to be unvarying, caused partly by their crowded quarters 
and partly by their out-of-water position. This provision of lightness of terminal 
shells is admirably designed to give a living to the maximum number of individuals 
with a minimum chance of overturning the entire cluster. 

The origin of the clustering condition is due undoubtedly in the main to tlie gem 
era1 soft, muddy character of the oyster's ground. It is a building process where the 
oyster has had for ages to manufacture a place sufficiently firm whereon to anchor its 
fortunes. To do this it has had to drive into the mud, like irregular piles, the shells 
of ancestors, near and remote. There can be but little doubt that the beginnings of 
an oyster reef were of the smallest; a single firm point projecting above the softest 
mud flat, that has proved sufficient for the attachment of a single cluster, will jii time 
give rise to a reef. The shells dropping and sinking around the primitive clusterwill, 
in tune, become the nuclei of congregations of other clusters. 

* Maryland Fish Commission, 1881, p. 27. 
t Many instances 11ave been noted in capsized biinches where tlie tips of thc individuals seeking the 

vertical position have succeeded in changing their direction of growth by an angle of 90". 
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11.-OYSTERS DETACHED FROM RACCOON LEDGES. 

Throughout tlic oyster waters of the State there is no questioii of greater practical 
importance than that of the general abseiice of yoixiig oysters or spot in the deeper 
\v:ttei-. Wherever oysters have been found below' the level of low tide, as in many of 
the shallow creeks, they may usually be referred to the neighboriiig raccooii beds for 
their accidental origin. Clusters may be seen which are gradually uiidermined by 
changing currents, arid their progress niay later be traced as they slowly roll down a 
firm shelving bottom into deeper water. Accordingly, we are not surprised to find 
that 6' dropped-oi3"' raccoons occur more commonly in marginal waters in scattering 
irregular beds, rarely in compact rnames, aiid more rarely still in any great number. 

That deep-water oysters are generally of raccoon origin seems coiifirmcd also by 
the absence of spat in their iieighborhood." Whatever may have occasioned tlie 
death or absence of oysters in the youiiger stage, it has certainly been o€ no serious 
cletrirneiit to the well-being of They appear to have out- 
growii what is perhaps a disease of infancy, and under their new conditions of gettiiig 
:b livelihood they are greatly changed for the better. The bunching condition in aeeper 
mater becomes gradually less marked, the decay of basal shells iilloming the individ- 
ual-s to separate. Tliese now begin to lose their raccooii features, and in the oiid 
become 6' single" oysters. As a raccoon, its shell was long, slender, thin, almost to 
traiisparentness; its puckered free-edge was kiiife-like in its sharpness; -its body was 
watery, swollen, and flaccid; its 6' meet transparent, showing plainly the contained 
vessels and viscera; its palps and hood were blistery and distended; its pericardium 
swollen and atrophied j tlie edges of its transparent mantle thickened aiid 1~eavy.t 
As a single oyster, it, proves the benefit of the changed or deep-water conditions of 
living, and becomes portly, well-fed, and solid, differeut.hi every way from its former 
self. I ts  shell is now rounded arid heavy, blunt at the " nib', aiid reguler in shape. 
The table oysters of the State, in many instaaces especially well flavored, are almost 
entirely of this character. 

Nature has thus demonstrated conclusively the simplest method of oyster-culture, 
how to transmute a tasteless raccoon into a table oyster. It is neither diflioult 1101' 

costly to scatter in marginal waters about a fathom in depth, where the bottoni is 
suitably firm, the raccoons raked from the neighboring ledge. The time required for 
the raccoon to acquire the features of single oysters will of necessity vary according 
to season and locality. The period of (6 conditioning" niay be considerably sliortenecl 
by separatiiig the elustored oysters before planting, and a few months will probably 
be found to eEect a marlred change in the oyster's condition. 

dropped-off" raccoons. 

* A few oxcoptions have boen noted in tho report of Mr. John D. Battle. 
t The bettering of tho condition of' tho raccoon oystcr duriiig early spring or late winter monthti 

has beon pointod out by Mr. Battle. The improvod feeding conditions whioh spring offers tho orposod 
oyster may perhaps serve as a strong aid in i t8 struggle for survival, enabling it to resorve nutriment, 
which later is developed into gcncrativo products. 
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111.-ABSENCE O F  OYSTER SPAT IN DEEP WATER. 

The shells of exposed oyster ledges are usually well adapted for collecting spat, 
especidy those clusters that immediately fringe the stream. A few feet below the 
level of low tide the appearauce of spat becomes unusual, and still more unusual as 
the water gradually deepens. The question of why oyster spat is absent in deep water 
is of practical importance to oyster-culture in this region. To determine the cause 
would settle definitely the method to be pursued in the collecting of young oysters 
and thus prevent a possible waste of labor and capital. Some of the more important 
reasons assigned to this absence of the young in the deeper water are as follows: 

(1) The extreme density of the water preventing the swimming embryos from 
sinkiiig at the fixative stage; a suggestion of Lieut. Robert Platt, U. 8. N., command- 
ing the steamer Eish Hawk. 

(2) The extreme softness and film-covered character of the bottom preventing the 
oyster from fixing. 

(3) The suspension of slowly depositing silt in the deeper water, whose clogging 
actioii is fatal to the delicate respiration ofthe microscopic young. 

(4 )  Changes in the composition of the oyster-bed mater, either in its salts or food 
constituents, a t  different levels. \ 

If tbe view of Lieut. Plntt be established, the process of’ spat-collecting will be a 
simple one for the cultnrist. If the silt and mud theories be correct, the importance of 
establisliing the relation of the size of the sced to be planted successfully to the char- 
acter of the bottom is a vital one. I f  the whter variations :tt different depths are at  
all marked, showing that oyster food is greatest iii amoiint near tlie shore in shallow 
water, and that there, ton, occur the best coiiclitioiis of‘ saltitess aitd liminess of‘ the 
water, a valuable suggestion is gained. It will likewise be of v :he  t o  determine 
whether all or some of these possible causes act in concert. 

1. Density of water preventing oyster j>yfro:ronL settliing.-It c m  be ~liowii  most clearly 
that South Uarolina oysters, living in a water density of 1.017 to 1.024 specific gravity, 
occur only 011 raccoon reef8 between the extremes of high and low water marks. At  
low water it is interesting to note how clearly the stakes and piling define this oyster 
belt, as we have seen in Plate LXV. The region of mid-tide inark shows the greatest 
luxuriance of growth; the oysters decrease gradually in size and number above and 
below, becoming straggling aiid h a l l y  disappearing. Occasionally, as the pile is 
eaten by teredos, the oysters drop to the bottom and become of’ the “dropped-off,7 
raccoon type. If the proposition be proven that the embryo at  the fixative stage can 
not sink in water of high density, but must form raccoon ledges, some corollaries must 
naturally follow : 

(1) Spat should hi 110 instance be found in deep water of IiigIt specific gravity. 
(2) As the mater becomes fresher, the oysters, with spat of mdciiiably recent 

attachment, as in the North, should be found in favorable localities covering the bot- 
tom; and, accordingly, 

(3) As the water becomes less salt the raccoon ledges should gradually and 
entirely disappear. 

Of course, the only indisputable proof would be to fertilize eggs, carry the embryos 
its far as possible into the swimming stage, and by actual experiment show that the 
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floating powers of the young become more marked as the saltiiess of the water in- 
creases. The experiment would not be an impracticable one, for fresh water-speci- 
mens might easily be arr8iiged in a set of graduated densities by the addition of natural 
salt. Should it be shown, for example, that in water of 1.023 oyster fry would occur 
only at the surface, and that in water of 1.016 the young might be found pervadiug 
equa,lly the water volume, there could be little doubt of the value of the view of gravity 
fixation. Circumstantially, however, many opposing hc t s  render this view untenable 
as long as positive proof is wanting. 

(a)  Spat has been sparingly found affixed to deepwater shells, but we must admit 
that it may h a w  been attached before the host itself dropped into deeper water. 

( b )  The second corollary certainly does iiot maiiitain. Notwithstanding the water 
becomes fresher in oliaracter, deep beds of single oysters do not become common in 
ail increasing ratio. Such as are found rarely have spat attached, and in every way 
appear still to represen t the dropped-off raccoons. 

IC) As the water becomes less dense, raccoon ledges do not disappear. Oyster 
ledges occur in Winyam Bay, where the specific gravity of the water is as low as 1.010, 

(a) It is well known that a deep set forms naturally in some regions, as about 
Long Island, New Yorlr, where the specific gravity in some places is as high as 1.021; 
and, moreover, I lime recently examined in Florida oyster rocks well covered with 
spat in water of :L density of 1.028 arid at a depth of 10 feet. 

Again, granting an unexpectedly delicate osmotic character to the young, it may 
be shown that, if the embryo float, it must Iceep a t  surface level; for a8 the specific 
gravity of the water is often the same a t  top mid bottom, the embryo, if it sink a few 
inches, might equally well sink many feet. Heavy barges of the Coosaw Phosphate 
Mining 00. never draw less than a foot, yet tlioir bott'oms are bristling with oysters. 

2. The view that the swimming embryo is uiiablc to effect a successful fixation in 
the deeper waters, ou account of the slime-covered character of the bottom and the 
softness of the muddy bank, might readily be true of many localities examined. The 
stream bed of many water-courses is formed of the softest and lightest muddy ooze, 
into which an object, such 8s an oyster sliell dropped as ;a, collector, would uufailingly 
pass, sometimes to a depth of many feet, as experimentshave shown near PortRoya,l. 
This ooze layer is widespread in the lerger river basins j its extent and character 
render oyster-culture in its immediate neighborhood almost impracticable; it covers 
the river phospate rock with a layer sometimes 15 feet in thickness. There have been, 
doubtless, many cases where oyster-culture has been discouraged by the absolute fail- 
ure of plants made upon an insecure or shifting bottom. It is evident that the more 
Surface the planted oyster can expose to the soft bottom, or,iii other words, thelarger 
and lighter the oyster, the more apt is it to survive, although its efforts in that direc- 
tion are riot apt to improve its commercial quality. A number of specimens have 
been retained, showing how slrillfully mud masses have been plastered into the oyster 
shell, forming, indeed, an intricate series of mud gttlleries honeycombing the shell. 
The general truth of this view as affecting bottom set is of courso untenable, as is 
Proved by the oyster-bearing piles. Tliere are, moreover, many looalities where the 
cleanliiless of the bottom will compare favorably with that of the best grounds of the 

3. The suggestiou as to amount of silt carried in snspension,especially in deeper 
mater, sliould bo narefiilly considered. We must bcnr in mind the extreme delicacy 

Long Island coast. 
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of the breathing arrangements of the young oyster, as pointed out by Prof. John A. 
Rycler, and it is to be remeinbered.that injury to the young caused by silt-bearilig 
water was the cause of the failure of tha most careful experiments upon the artificial 
propagation of the oyster. 

Aloiig the South Carolina coast the question of silt suspension becomes of very 
great interest in the light of geology. Formations are here found (phosphate rock, 
marls, and fish-bone beds) that in richness of fossils and in extent are curiously 
unique, For ages the coast regions within the limits of South Carolina must have been 
a collectirig basin or sink, receiving the washed-out drainings of hundreds of square 
miles. That the fresh waters of the State are still carrying scaward an ainount of 
silt greater perhaps than occurs elsewhere to the north or south, great enough, indeed, 
to stifle frail microscopic oysters, is therefore in no way remarkable; that flats and 
shoals are changing and forming constantly and rapidly in rivers and river mouths 
by the gradual settling of the heavier sediment is abundantly proven. 

In the water, a t  the surface, middle, and bottom, a t  every locality examiued, there 
is present, in a more or less marked way, a heavy sediment, although the water itself 
has appeared clear. This sediment is exceedingly fine, in the surface water o€tcn 
requiring three days to settle. So very gradually is it deposited that the living orgau- 
isms in the water will seldom be thrown down and included in it. It consists of the 
microscopic particles 'of clay and silica and, t o  my surprise, of the fossil tests and 
fragments of tests of the diatoms of the Ashley group. The occurreme of these fossils 
is, however, under the circumstances% very natural one. My attention was first called 
to the recurrence of numbers of dead shells of Cosciaodiscus rudiatus, for which I was 
a t  a loss to account. This form I remembered occurred fossil, as well as recent, and 
the finding in this genus of radiolatus and gralzulatus and many other well-known 
forms confirmed my decision. It is evident that the amount of this impalpable sedi- 
ment may vary greatly from natural causes, and the variatioii in the turbidity of river 
water is sometiiiies quite remarkable. There can be little doubt that this silt is in- 
jurious to the young oyster, and its presence in quantity may readily suffice to account 
for the entire absence of oyster spat in deep water. The greater the volume of the 
water mass, the greater would, of course, be the amourit of suspended silt; the nearer 
the surface the less silt, and conversely. 

The amount of silt in agiven specimen may readily be determilied with a fair degree 
of accuriwy, but it is impossible to learn whether the results obtained are relatively 
great or sinall, since I can find no standard of comparison. However, I givc in brief 
the results of the following experiments. A stream section across the Ashley, j u s t  

8 .  3. 
0 .  

below the drawbridge, was selected." Specimens of water were taken on March 11 
from midstream and on the margins, in a fathom of water, at the poirits numbered in 
the diagram. Five hundred cubir, centimeters of each specimen were shaken and care- 
fully filtered, and the filtrate then dried and weighed. The weight doubled .gave the 
weight of sediment per liter. 

* Bods of raccooii oyHtcrs :ire nbundmt thore. 
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Lootility. 

Siirfm? : 
1. \YeRt bank .................. L.. 
!1. &lid8troalu.. ................... 
0. East h u k . .  .................... 
2. TVast bank.. ................... 
4. Mitlat,roaiu ..................... 
5 .  Mitletrosio, bott80m.. ........... 
7. Esst bunk ...................... 

Doopr: 

The following were tlie results: 

Sediment 
(griiniH par 

litor). 

0.70 
.7B 
.72 

I. 00 
1.00 
1.00 
1.40 

It is noteworthy that the greater proportion of the sediment is present in mid- 
stream, wherc oyster set does not occur, and that tho minimum amount of sediment 
occurs a t  the marginal surface, where the oyster ledges are found. Tho exposure to air 
of these tidal reefs allows the sediment to dry and possibly gives the oyster an oppop 
tunity to expel any ingested mud. My notebook states that the sediment from the 
marginal water is ( 6  extremely, oily, clogging the fine filter paper, rendering the filtering 
process an extremely slow one. The filtrate leaves a waxlike smear near the point of 
the paper fuimel.77 

Enough has probably been said hi this connection to show the necessity in prac- 
tical oyster-culture of collecting spat on floating collectors tmdoi‘ allowing it to attain 
before planting a considerable size, the larger the better. To plant successfully, the 
oysters sliould certainly be not less than 2 inches in diameter. The necqssity of an 
unshifting and fairly solid bottom is of course obvious. If the collecting surface be a, 
horizontnl one, the under side will be found to collect the greatest amount of spat. 
This condition was found to occur in all of the natural floating collections examined. 
Barge bottoms as successful collectors have already been noted. All phosphate barges 
havc yearly to be scraped of their compact, densely crowded set, the oysters within 
this time thriving remarlmbly, specimens 3 inches in length having been taken the 
preseiit season (February, 1591) from the barges of the Coosaw Mining Company.* 
In this position the young oysters are in water bearing evidently tlie minimum amount 
of silt, and, from their clown-turned position, least aEected by the gradual depositing 
of sediment. 

4. Tlie question as to variations in the composition of water a t  diff’erent depths 
tending to be of benefit to marginal oysters lias proven a comparatively uniilzportant 
one. Marginal surfaco waters do not differ in composition materially from those deep 
in midstream, and therefore can offer no remarkable inducement to the formation of 
raccoon ledges. ‘They are iieitlier rrmarkably fresher uor richer in lime for shell build- 
ing; they offer no conditio118 of fhr greater abundance of food or greater freedom from 
impurities that might account for the absence of oysters in deep water. Neither do 
the tides appear to bring about any strikingly beneficial changes in the character of 
marginal waters. 

* Dr. C .  Bunting COlfiOJl: “History of tho Mill-Pond Oyster r~nd Come of its Disappearanoe”; 
proc. Elliott Soctioty, Miiroli, 1888. 
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With B view to the examiliation of these questions, analyses were made of water 
specimens collected a t  such points as to represent the entire sections of a stresin. 
Thus, in the accompanying diagram, representing a theoretical stream section, water 
specimens would be collected by means of the water cup at each of the positions nun- 
bered 1 to 11. A set of specimens, thus representing the character of the cross section 
of the stream, would be collected at the half tides and at high and low tide. The col- 
lectioli and analyses of specimens would be so arranged that, in point of time, the 
comparison of tides might be as accurate as possible. 

For a more complete comparison three sets of such examinations were made at 
different localities; one, near Beaufort, South Carolina, of a typical river mouth with 
deep water; a second, of a neighboring shallow, oyster-bearing stream; and, finally, a 
similar section over the raccoon beds of theAshleyRiver in the ueighborhood of Charles- 
ton. The variations in the results, as seen in the appended tables (pp. 3573Gl),yero too 
slight to be of practical importance. Comparative study shows, however, that changes 
in water layers do occur, changes that if more marked would tend to favor somewhat 
tlie growth-of marginal rather than of ledge oysters, thus : 

There appears, 
however, to occur (a foot or two below the surface) a stratum sliglitly salter tb:ui the 
water immediately above or below it. Extreme marginal waters are lea@ salt, liaving 
per gall011 a,bout in weight less of chlorides than in deep water. 

(a)  Saltness, as a rule, slightlyincreases with the depth of water. 

I 

( b )  Carbonates (lime) increase with the depth of water. 
( 0 )  The amount of salty and limy ingreclieiits are, in the localities exanlined, but 

little aEected by the changes of tides. 
( d )  The greatest amount of depsying organic matter appears to be carried iii the 

deeper midstream. The water is there most impure a t  low tide and purest a€ high 
water. The extreme marginal waters show i~ noticeable increase of impurities, evi- 
den tly from surface draiitage. 

( e )  The most noteworthy variation shown by the analytic study will be seen in the 
organic element of the mater, representing in general oyster food. The greatest amouiit 
appears almost invariably to occur in marginal waters near, and a fathom or two 
below, low-water mark. In the South Carolina waters exniiiiiiecl the marginal TvtLters 
appear (probably from the character of the bottom, higher temperature, and less rapid 
curreh) to afford the best conditions for the attachment arid rapid increase of minute 
plant life. As nearly a& the organic results can be determined, it would appear, with 
due allowance, that marginal waters contain double the amount of oyster food found 
in midstream. Tides appear to have but a slight effect upon increasing or diminish- 
ing the arnounC of oyster food. The best feeding conditions of the water are during 
the rising of the tide, which appears to carry shoreward from the deeper waters a 
number of pelagic forms. High tide contains the next highest percentage of oyster 
food. The poorest feeding conditions are shown a t  low water. 
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1V.-GENERAL CHARACTER O F  T H E  BOTTOM AND ITS LIFE. 

If me exclude the mud layer that lias been referred to as often forming the 
stream basins throughout the State, the character of the bottom adapting it for 
oyster-culture is in 110 way remarlcable. Hard mud, sandy, shelly, or coarse gravelly 
bottoms occur iu more or less extended tracts in all the .waters of the State-a pmo- 
tical question that lias already beell discussed in the topographical report.* In  these 
favored tracts plant aiid animal life are extremely abundant and every coiidition is 
favorable for the growth and reproduction of the food of the oyster. Some small tracts 
will be found covered with a low prowt,h of red seaweeds, whose fronds, teeming with 
minute organisms, are the natural nurseries of the oyster’s food. These seaweed 
localities may usually be regarded as ainong the best of places for oyster-planting, 
especially where rapid fattening is desired; since, as a rule, they mark the niost beiie- 
ficial conditions of bottom, current, warmth of water, :tnd feeding. 

V.-THE FOOD O F  T H E  SOUTH CAROLINA OYSTER. 

Success in oyster-culture depends to a very great extent upon the feeding condi- 
tions that the oyster can obtain. The French culturists have long shown that oysters, 
like fowls, should be well fed if they are to be marketed. They have demonstr:ttecl 
in the use of the still pond (clairc), how to provide the best conditions for a profusion 
of food organisms as the surest aid to tlie rapid aiid tasteful coiiditioniug of the 
oyster. The elaive is shown to be a marine hotbed for the iniuute plants preyed upon 
by the oyster. It is a pond, shallow :tiid well warined, ahnost currentless, whose s i l t  
water is kept uniformly tempered by &esh streams, whose bottom is so disposed that 
sediment, otherwise often fatal, will deposit nat,urally in trenches, and not over tlie 
prolific beds of oyster-food organisms. It has been sliown that, under favorable con- 
ditions of feeding and living, an oyster may become of marketable size and qutlity 
iii one-third of the time required under its natural ( i .  e., undomesticated) conditions. 
Undomesticated oysters are accordingly dependent to a large degree for their thrifti- 
ness upon the amount of food their natural surroundiiigs afford. 

In the United States but little attention has yet been dirocteil.to examining tho 
food conditions off’ered by diRcrent localities as :I xiatural aid to oyster-culture. We 
are apt to look upon all salt waters as offering Sar and wide the same essential feeding 
conditions. We forget that streams in differoiit regions differ widely in their water 
composition, rate of curreut, shallowness, and warmth, and that thus one, favorably 
circumstanced, might far surpass its neighbors in its general fitriess fo? oyster-culture. 

In the studies of the Carolina waters it has therefore been deemed important not 
lnerely to state the natural cliaracters of the oyster-bi.aring waters, but also to coin. 
pare, as carefully as possible, the general and especially t h  feeding conditious of all 
the localities of the State examined. Comparisons of value might then be drawn with 
the natural conditions known to maintaiii in profitable iiortliern oyster.grouncls. 

J O l m  D. Dattlo. 

~ _ _ _  - ---- - - 
* AU iiivostigstion of the coast wators of Soiitll C:iroliua with wforoiiro to oystor-calt+ure. Hy 

Bull. U. S. FiHh Comiiiission, 1890, 1’1’. 30!-330. 
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In discussing the question of South Carolina oyster food in its many aspects, the 
general character should first be examined. The oyster, it is well k1tomi1, is quite an 
epicure in its feeding, preying almost eiitirely upon the minute, lowly organized plants 
that float or swim in its neighborhood. With shell slightly opened, and with the dark- 
colored sensory margins of its mantle protruding, it draws into its shell a narrowing, 
food-bearing water current. At  once it draws in the current, carefully screens out the 
minute food particles, and passes out 8 stream of filtered water. It avoids, if possible, 
ingesting sand or mud. 

The food organisms are readily taken for examination from the oyster's stoninch. 
The tip of the soft body of the oyster js removed by a single clip of the scissors, and 
a pointed pipette is introduced at  once into the stomach cavity, and the fluid contents, 
rich golden-brown in color, are drawl1 up. The stomach coiiteiits of a iiuiiiber of oys- 
ters from the same locality may be taken and put in lnbclecl homeopathic vials, fro111 
which a number of dippings of both sediment and fluid shonld a t  once be examined. 

Oyster food, i t  will be found, consists mainly of diatoms, a particular kind of 
minute, lowly organized plant, that have the remarkable power of moviiig freely about 
iu  the water. "Unlike any other plmts, they are incased in a pair of saucer-like glassy 
shells, fitted one to the-other like the lid to a pill box. These delicate shells are the 
natural prey of every microscopist. He admires their varied shapes (round, S-like, 
elliptical, or three-cornered) and tests his lenses upon the delicate pits, ridges, and 
traceries shown in their glassy structure. A photomicrograph (Plate LXVII, Pig. 1 ) 
shows the delicate basket-work markings of a cleaned sliell of a iSurirelEa gemmr:, a 
diatom not uncommon in Carolina oyster stomachs. The glassy cases of the minute 
plants appear in no way to inconvenience the oyster's digestion. The mucilaginons 
sheathing that encases prominently many diatoms is first dissolved, and the digestive 
juices find their way through tlie intricate glassy valves, speedily attacking and rsducing 
the jelly-like contents, together with tlie inclosed golden-brown pigment pellets. The 
emptied diatoms appear to settle gradually, and are soon brushed by countless cilia 
from the stomach to the intestine. 

The food organisms of the Chesapeake oyster are given by Prof. ltyder in the 
report of the Maryland Fish Commission for 1881, p. 20. The food of the Long Island 
oyster is discussed by the writer in the  report of the New Pork Oyster Investigation, 
1586. Iu the latter paper was noted the extreme importance of the plant element of 
oyster food, examination showing that about 90 per cent of the ingested organisms 
were diatoms. The animals ingested were few in number, and sometimes unwelcome. 

In South Carolina the elements of the oyster food are practically those of Long 
Island. The proportion of its component organisms may thus be generally stated: 
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ANIMAL ELEMENT O F  OYSTER FOOD. 

( a )  Crustaceaizs are un~o~nmo~i ,  even the more minute eiitomostracans. Fragments 
of a copepod were twice noted, but were of so large a size (antenna; meral plates, and 
leg segments), $hat they were probably ingested piecemeal, together with unwelcome 
mud and sand. This view is apparently confirmed by the presence in the same 
stomach of such out-of-the-way articles of diet as the antennz of the sand fly (Chi- 
ronomus) mid bunches of cells of pine and palmetto. Eggs of shrimp-lilro forms have 
occasiorially been noted. 

(21) Vermes. Eggs of annelids have been found, but nothing rotifer-like. 
(a) Pvotozoaizs constitute the main ;mima1 element of oyster food. In some locali- 

ties, where there occurs a direct ingress of the ocean waters, numbers of Poraminif’era 
are occasionally found, Polystomellu, Tmtilaria, and Rotalia being the prominent types. 
But many of these were probably stirred up by some unusual action of the water. 
Oysters from a well-examined locality, after a heavy raiii, showed a large proportion 
of Pora?&@fera, many dead shells among them. The monothalamian rhizopods, 
Arcella and lhglyp7ba, ace abundant in several localities. Infusorians are uncommon. 
But few bell animalcules were found throughout the season, even in the stomachs of 
those oysters that liarbored l’in?aotheres. A number of the ciliates were noted, espe- 
cially Trac7telius. In  almost every specimen would be found, separate, however, num- 
bers of a small gregarine, a moiiocyst, perliaps in a young stage. Parasitic Opaliita is 
also not uncommon. 

Spicules may finally be mentioned as among the valueless animal relics found in 
the oyster stomach. These in :b (:leaned coudition :ire given OE in myriads by the 
disintegration of sponges, mainly Cliona, and of gorgonian corals, and liavo been 
ingested while in process of set,tling. 

PLANT ELEMENT OF OYSTXR FOOD. 

(a)  Diatoms.-The diatoms taken from the oyster oEer a rich field for the student 
in rare forms and variety of species. Many of the diatoms nalmed in the New Yorlr 
report as the food of the Long Island oyster have been found to occur in the Caroliuim 
oyster. In  the southern oyster the greater saltness of the water is tit once apparent 
in the richness of m:my forms of food regarded as exclusively marine, as l’riceratiuin 
fuvus and several Triceratia, apparently undescribed, that I have seen from the Carib- 
bean Sea. The lack of brackish-water diatoms affords a marked contrast to the Long 
Island forms. In  the present connection i t  would hardly be of value to give the list 
of even those which I have been able to identify. The diatoms of the Carolina waters 
have never been thoroughly studied systematically, and there are very many, especially 
of Oymbello, Navicula, and Nitxschia, that are probably undescribed. 

The balk of the diatoms consisted of minute species of elongated foTms. The 
Prominent genera represented were Navicula (diidyma E., a very common spsci.es), 
ATl@ora, Oymbella, Pleuro,Ggma (iittoralo W. Sm., a prominunt species), Synedra, 
Grammatophora, Surirslla (limosa Bai. and gemma E., prominent), and a number of 
Species of Amp7uipleura. Of the rounded forms, three species .were common in every 
locality exmnined, Cyctotella rotula, cosoi,boaisclc.r railiatzcs, :md Actiwcyclus unc1uZatus. 
The foIIowing genera occur prominently but sparingly throughout the State: Trieera- 
t i l b ? 1 ~ ,  Biddulplria, Stephanopyxis, md Cercrtazrlus. 
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In  tlie North the bulk of the food appears to be mainly the larger (and therefore 
more nutritious) Melosira. itnd kindred forms that occur often in ribbons and exhibit 
little activity in tHe water. The southern oyster from his forced altitude must needs 
put up with the smallest and most active of diatoms. 

( b )  Pragments and reproductive bodies of seaweeds.-Broken-off bits of seaweeds are 
very uncommon. Not a fragment of ulva was noted, and scarcely a bit of the more 
delicate red seaweeds. Occasionally will be foiind a slender, spindle-shaped resting 
cell of one of the CEdogonia. Boiispores may sometimes be noted. The little wriggling 
nematoid-like Xpirillum bryozoon, Prjtchard, has in sonie iiistances been foundabundant. 
Later in the season oogonia of many forms will probably be found, as they are in the 
North. 

(c) Pine pollen.-Pollen of the cone-bearers has been found iii stomachs from every 
locality examined (December to April), sometimes extremely abundant. It is undoubt- 
edly in early spring an important food element, a unique one, certainly. Of the eiior- 
nioiis amount of pollen scattered in “sulphur showers” in so rich a pine region 
as Carolina, a large part finds its way into the water, floats for a day or two, .and is 
appropriated in part by the ledge oysters as the tide rises.. Another part becomes 
water-soaked and is ingested by the oysters of lower depths. The abundance of 
pollen may be noted not merely on the deck of she vessel, but even in sulphur eddies 
in the stream itself, as prominently shown in Parrott Creek. 

That this extraordinary food is of nutritive value is apparent in the changes in color 
and shape that the pollen grains undergo, caused without doubt by the process of di- 
gestion. In many instances where the protoplasmic contents of the granule have been 
dissolved out - the outer corky layer of the cell wall ruptures i n  irregular fissures. 
With this fortuitous food supply so early in the year, the oyster can prepare for early 
spawning. The total amount of food, moreover, is by this iiicremeiit rendered more 
uniform during spring and summer, the increase of diatoms in summer tending to  
compensate for the loss of pollen. 

ANOUNT O F  OYSTER FOOD OCCURRING IN SOUTH OAROLINA WATERS, AS 
DETERMINED BY ANALYSIS. 

It is of value in examining the oyster-bed water of a new locality to be able to 
compare its food-bearing character with that of a well-known oyster-ground as a 
standard, e. g., Great Sonth Bay, Long Island (Blue Point), or the iiorth side of Long 
Island, as shown in the New York Report of 18SG. A comparison of fair accuracy 
may be made by mmis of water analysis. The test of a large number of South Caro- 
liiia localities will be found appended. 

In  determiuing the food value of a given water specimen the following method,” in 
brief, was adopted. A couple of liters of water were taken by mean8 of the water cup 
fkom a foot above the bottom, aiming thereby to obtain a fair specimen of the oyster’s 
living medium, Tbe specimen could not well be taken nearer the bottom 011 &(:count 
of the risk of including the loose organic matter resting there, which would not nor- 
mally be included in the food of the oyster. If carefully collected, the nTi&w specimen 
wlieiieximined in the laboratory would, as a rule, be found to be free of floating 
organic impurities. Such :L specimen wonld now be agitated vigorously and nllowed 
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several miiiutes to settlc. The living orginisms upon which tlic oyster might fwci do 
iiot meanwhile dcscencl to forin a part of tho sliglit sediment. The volume of \vator 
necessary for organic analysis may now be carefully drawn up in a pipette thrust well 
into the jar. The specimen represents the average prevalence of oyster food in the 
given locality, and, if properly collected, it may b? proven by the microscope to be 
free practically from the organic matters which should not be included hi the food of 
the oyster. 

The Wancklin method of determining the albuminoid ammonia is then folloivcd. 
With skillful handling this method is certainly an accurate one, the Nessler color test 
readily determining the presence of db of a part of ammonia in 1,000,000 parts of 
water. The free ammonia given off when the water is merely boiled, must be consid- 
ered as representing ammoniacal salts, derived in great part from disintegrated tissue, 
and marks the impurity of the water. The solid organic matter in the water, which 
we will have to allow is mainly oyster food, is thus left coagulated. A strong caustic 
now introduced destroys this organic residue, and the product of combustion is qusn- 
titatively determined as albuminoid ammonia. That the amount of albuminoid 
ammonia in uncontaminated salt water will (with due biological precautions) repre- 
sent the quantity of organisms present must be conceded. In the present work this 
method was followed for lack of a better one. 

Referring to the albuminoid ainmonia results in the table of analyses, we may get 
some general idea of the food cha~~acter of the water, as well as of local differences. 
We may see, for example, thc general uuiforinity in the albuminoid constituents, 
averaging perhaps about +&- parts per 1,000,000 in almost every locality in the State. 
This amount is certainly iiot :LS great as that shown in the oyster-grounds of the north 
side of Long Island; but, on the other hand, its uniformity in food Constituents must 
make it at least a more tlian fair feeding-ground. In  a general way the waters of the 
north side of Long Island are a third 'richer in their feeding constituents than those 
of South Oarolina, while Great South Bay* (Blue Point), which is practically a huge 
(' Claire" built by nature on French principles of oyster-culture, is thrice richer. 

The effect of tide and depth of water upon the total amount of oyster food in a 
given locality has already been described. 

The general appearance of some of the typicel organisms from the stomach contents 
of the South Carolilia oyster has been outlined in Plate LXVII, Fig. 2, which represents 
the objects as magnified about 225 diameters. Nos. I to 20 are common forms of 
diatoms. 

*In this conncction it is to be notod that bmckish wetors (sp. gr. 1.010 to 1.012) :LPC npparcritly 
richest in oyatcvr food. Tlio stiidies of tlrc Grcnt SoutI~ I3ay, for ox:~111plo, ~ h o s o  donsity is kopt uni- 
foriiily low (1.010 to 1.013) by tho cntranao of B iiuinbor of sindl, frcsh, sluggish strcams, show tho pros- 
~ U C O  of the gr&mt profti~ioii of (lietoins, both in niimhcr iind spccios. 111 Amoricau oystor-culturo tho 
timu is not far distant whcn oystur poiicIs of this favorciblc charactor mill bo omployed for preparing 
oystom for Inrmkot. In introducing tho Frciich syRtoiris, howevor, carcful stuclics arc yct to bo given 
the quostions of cornponsation of labor und of altorod couditione of locality. 
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Food contcnts 
,f 20 stomachs 
mderod oftho 
mmo nutritive 
d u o  and their 

bulks oom- 
pured (cubic 
uantimetors). 
_______ 

TIME O F  FEEDING O F  THE OYSTEE. 

I 

The question of the time of feeding of the oyster will be an interesting one in the 
management of culture ponds. Here the ingress of water can be definitely regulated 
by tides day or night, to suit the feeding habits of the oyster. That the rising tide is 
the dining time of the oyster has usually been conceded; how far feeding activity is 
governed by daylight or darkness is, however, a yuestioii of interest. The results of 
the following examinations are noteworthy. 

In a favorable locality" three gatherings of twenty oysters each were made, :ill 
from the saine station, at 7 : 20 a. m., 1 and 5 :30 p. m. Care was taketi to select oys$ers 
in every way similar in size and character, freedom from oyster-crabs, bryozoans, or 
sponges. The stomach contents were taken within half a8n hour after the time of col- 
lection. The total quantity of food in process of digestion a t  these times of day could 
then be crudely compared. To determine comparatively the richness os quality of 
food contents of each set of specimens, a simple color test was devised. The total 
food-bulks were placed in separate Nessler glasses (15 cubic centimeters, slender), 
:~nd to the two darker fluids distilled water was carefully added until the three speci- 
inens, viewed from above, mere of the same color. The volumes in each tube, iiow of 
about the same nutritive value, were readily measured and compared. The following 
are the results: t 
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1.0239 
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bottom, puclicd 
shclls. 

Wcather, bright, 
bottom, spongee 
bryoeuaiie. 

Wedtliur 0 1  c a r ;  
botto&, red sea. 
Weeds. 

It is noteworthy that during the night the oysters had been pr:tctically foodless; 
that, although the tide had well risen in the morning as late as 7 :20, the oyskrfi ha(1 
fed but little; that the bulk of ingested food was taken during the strongest dayliglit, 
morning and afternoon. This suggestion, m to the feeding habits of tho oyster, is not a 
surprising one when we remember that it is during the strongest sunlight that diatoms, 
as plants keenly sensitive to the sun, are most active and are known to migrate in 
floating clouds from bottom to surface. 
___.- __ -- - 

* Myrtle Bush Creek, near Port Royal, February 10,1891; a, fine bed of ' I  dropped-off '' roccoone. 
t The accompanying conditions of wntor m e  given in tho table of analyses: p. 359, Nos. 108-110. 
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VI.-MESSMATES AND ENEMIES ; SPAWNING SEASON. 

THE OYSTER CBA13 AND ITS RELATION TO ITS HOST. 

The oyster crab as a messinate has doubtless been the subject of comment from 
prehistoric times. Pliny quaintly speaks of‘ i t  as a discreet doorkeeper, who, in returii 
for safe quarters, pinches the oyster, warning it to close its shell in time of need; 
while Plutarch, as if uiiwilling to be outdone by his voluminous rival, ascribes the 
commensalism to motives of partnership, the crab contributing his eyesight, the oyster 
his entrapping shell. Prof. 
Verrill has noted that it is the femalc only that takes refuge within the oyster’s sheI1. 
Prof. Ryder has added to its interest by showing that to its body are attached clus- 
ters of bell-animalcules (Zootl~anz92iu9~i), whose progeny are of food value to the oyster, 
and that in turn even the bell-animalcules pay toll to tho common host iii the broken- 
off vibriones that infest them. He accordingly regards the crab as a food nursery 
whose presence is of bcnefit to the oyster.“ 

In the Carolina waters excellent opportunity is offored for the study of the oyster 
crab. It was often found in as many as 5 per cent of the oysters opened. All indi- 
viduals were appareutly of one species, Pinieotheres ostretm, Say j more than one female 
was never noted iufesting a singlo oyster. In most instances the crab is found well 
thrust in between the palps, usually between the middle ones. Occupation at  this 
position is evidently annoying to  the oyster, for the palps sometimes show thickened 
outgrowths, or are malformed and stunted in size. 

That the crab i R  of value to the oyster as a puvveyor or as a nursery for food 
api)ears (from many notes that have been made) extremely doubtful. It must be 
admitted on the one hand that, in almost every iustance, Zoothuinr~iuir~ colonies 
have been found in every variety of position and abundance. As a rule, how- 
ever, the clusters are small and infrequent. In  position they arc usually moored 
to the crab’s basal leg segments, In the matter of food there can be no doubt that 
the crab secures mauy of the small crustaceans which are not normally the oyster’s 
prey. But on the other hand, the stomach contents of the crab consist in great part 
of the minute organisms, diatoms, pine pollen, zoospores, and infusorians, sought by 
the host. And as the closest examination of the oyster’s stoniach failed in every case 
to allow the presence of the bell-animalcule or its swarmers, as a compensatory food 
tribute, the benefits derived by the oyster from a tenant that can not be ejected ap- 
Pear somewhat doubtful. The crab will be found to crowd itself snugly between the 
oyster’s palps, where food organisms are constantly collecting, and at  this point may 
readily help itself to a, selfish share of the incoming food. 

The hairs of leg tips aud mouth parts of the messmate are curiously specialized 
for arresting the slime-coated patches of oyster food. At  the distal end of the dactyl- 
opodite the stout recurved hairs are most numerous, holtling, as may actually be seen, 
as if with the teeth of a rake, the slime-entangled masses of organisms. The slender 

’ 

Small fish, sadly deluded and captured, are feasted upon. 

-____- 
“’Ryder, Maryland Fish Commission, 1881, p. 24. 
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hairs of the moutli parts, notably of maxillie, are disposed in rows like the teeth of a 
comb, and are apparently of service in carding out the arrested food supply. In most 
instances the crab is found with the carapace toward the left valve; the legs 011 the 
side of the oyster's mouth are straightened out, those of its right sidc flexed. In this 
position the recurved leg hairs inay serve :Klmir,zbly to entangle the food. This 
process of impaling the food patches upon the spike-like leg hairs may even be ren- 
dercd more complete by the brushing action of neighboring cilia of the oyster. 

THE ENEMIES O F  THE OYSTER. 

The oyster-planter in Soutli Carolina will fortunately have but few natural ene- 
mies to deal with. Starfishes and drills (Urosa@inx), the dreads of the northern 
culturist, rarely occur; nor do the larger whelks and periwinkles appear to be 
dangerously plentiful. At all events; the out-of-water character of the majority of the 
natural beds would render them in a very slight degree subject to these enemies. 
Below the mark of low water the boring sponge (CZiom) is occasionally abundant. 
Some localities that o#er naturally the most admirable conditions for oyster-culture 
are rendered practically useless by the greatest profusion of sponges. All the oysters 
thet can here be tonged are sadly impoverished; their entire energies have been 
directed to cemetiting over the rnoiiths of galleries that are continually pierciug the 
lining of the shell. M:LIIY infested shells are coarsely granulated upon their inner 
faces, arid may readily be crumbled between the fingers. Curious malformations in 
shell occur when the tormented mollusk has had to form :I new hinge or new plates 
for the attachment of tlie muscle. In  fresher and muddier maters the dropped-off rac- 
coons sometimes become covered with barnacles (B&WZ?LB), being in some instances 
Iiterally encumbered with them. 

THE SPAWNING SEASON. 

Dr. 0. Bunting Colson, of Charleston, who lias carefully studied the raccoon oys- 
ter, states" that the spawning season extends from the middle of March to the middle 
of August. Oysters m+th ripened ovaries were noted in the shallow creeks of Winyam 
Bay on January 10. Sp:iwning oysters were taken near Charleston in February. 
Individuals appear to differ widely in the time of their spawning, although taken from 
the same station. In  some cases a portion of the reproductive lobes appcars to be far 
more mature than the remainder. It is probable that cases of intermittent spawning 
oceur throughout almost the entire year whenever Favorable conditions of temperature 
prevail. To determine the season at which set occurs some interesting notes may be 
made from tlie oyster-covered bottom8 of phosphate barges. These are drawn from 
the water, at stated times for necessary repairs, and the oysters thoroughly removed. 
A barge bottom thus shows, for example, in February, spat one-sixteenth to one-eighth 
of an inch in diameter, occurring not uncommonly upon oysters 29 inches long, that 
were certainly not older than tlic launching of the barge in September. 

* Elliott Sooioty, March, 1888, p. 199. 
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VI1.-ANALYSES O F  OYSTER-BED WATERS O F  SOUTH CAROLINA. 

In order to compare the various oyster-bearing waters of the State, a table of 
analyses is given at  tlie end of this report. In  this, table the localities are arranged in 
order of time of their examinfition by tlie Pis8 Hawk. The waters of Winyaw Bay and 
its tributary creeks in the northernpart of the State are given in analyses 1 to4; those 
in the neighborhood of Cliarleston in analyses 5 to 10 and 135 to 176; those of the 
Stono and Edisto rivers, St. Helena Sound, aud through the Coosaw River, in a8nalyses 
111 to 134; still farther aonthwarcl, in the neighborhood of Beaufort and Port Royal, 
in aualyses 23 to 110; ind, finally, through the regioii of Skull Creek to the Savannah 
Rivcr, in arialyses 17 to 22. 

The difficulties in analytic work encountered on board of a vessel are unavoidable, 
and allowance must be made for the slight errors that salt-bearing air and an insecure 
balance are apt to cause. For accuracy, all standard solukions were prepared in the 
laboratory of Dr. Doremus, of the College of the City of New York, and forwarded to 
the vessel. In  method of determinations Wancklin was followed, with modifications 
offured recently by LeiYmann and Beam in their l L  Water Analysis,” 1801. 

The specimens for analysis were collected a t  stations that would present most 
accurately the general character of the body of water. They were, therefore, usually 
taken in midstream, about a foot from the bottom. To evade organic changes, analyses 
were made within twenty-four hours after collection of specimens. Suspended 
materials, that so often occurred, had to be examined with the greatest care. Their 
character was determined microscopically, and every precaution was talcen, 5s we 
have suggested on pages 348349, to avoid the inclusion in analyses of decaying sedi- 
mentary organic materials. 

The wide 
variations in amount of free ammonia is noteworthy, and doubtless attributable to the 
saturation of the waters by the organic salts brought down through extensive swamp 
tracts, and is entirely of vegetable origin. The extremely high percentage of total 
clllorides (occasionally 2,500 grains per gallon) is remarkable throughout. Tho most 
favorable conditions of 8altness would be about 1,800 grains of chlorides. Of this 
total, common salt would constitute about four-fifths; magnesic and potassic chlorides 
mako up the remainder. The total solids given in the tables are at  the best approxi- 
mate, owing to the lack of Facilities for evaporating to absolute dryness in a laboratory 
on board ship. 

The determination of’ carbonates (lime) in the tables is interesting rather than 
important. The results prove, however, that the Carolina maters are apparently well 
calculated to  aid the rapid growth of shell structurea. 

A contrast clieinically of Long Island waters with those of Caroline shows that 
the latter are deci&dly salter and offer slightly poorer conditions of feeding. 

The results of the organic work have already been commented upon. 

F. C, B, 1890-23 
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VII1.-EFFECT O F  PHOSPHATE DREDGING UPON THE OYSTER WATERS. 

It has beeii claimed tliitt dredging for phospliate rock (one of the most importaiit 
industries of the State) pollutes the waters and renders whole regions totally unfit 
for oyster-culture, and it seems ~iatural that the extent of the industry would exercise 
some effect upon the life of neighboring w;itei*s. In the Coosaw River, for example, :i 
dozen dredgers in the space of 3 miles cw1lec:t daily about 1,000 tons of washed phos- 
phate rock. This continued work might :tfl'twt tlie neighboring water in two rnay~'~ : 
(1) Chemically, by causing substances, gases, acids, or salts that have been imprisoiied 
in rock or marl, to be taken into solution by the water; or ( 2 )  mechauioJly, by cliurn- 
ing or creating a marked muddiness of the water, the material in suspeirsion becoming 
gradually deposited wherever carried by the currents. 

In  the first case, to determiue ally i~oteworthy clic.iiiic:il oh;mges, a number o i  
water specimens were specially collected; several frcii~ the neighborhood of dredgers 
on either side of Coosaw River, one a t  tlic montli of P a i ~ o t t  Creek. and all of bottom 
water. The following are the results: 

(1) That the salty constituents of the water appear in no way arbnormal. 
(2)  That the arninonias are increased in a marked way, doubtless from the churned- 

up organic matters which may ;It once be detected by the microscope, perhaps in part 
from the dissolved salts of the marl or phosphates. The free ammonia in the imme- 
diate neighborhood of dredgers shows as great :b proportion :is parts per 1,000,000, 
ten t,imes as great an amount as sliowii at  Port ltoyal. This ammoniated condition of 
the mater can hardly be regarded as of serious daiiger to  neighboring life. 

(3) That the phosphoric ingredient of the water exists in so slight a degree as to 
be altogether innocuous. No better biological proof is needed thau the presence of 
large gorgonias, Rponges, and bryozoans anchored to the fragments of the phosphate 
rock itself. Water from the neighborhood of' Coosew Dredge No. 5* slioms iloLc parts 
per 1,000 of phosphoric acid, the highest result obtained. Off the mouth of Dale 
Creek, about half a mile distant, the phosplioric acid coiitained is but & parts per 
1,000. The alkaline ingredients of the water render impossible the presence of phos- 
phoric acid in an unprecipitated condition, save perhaps as a trace. The amount of 
phosphate present, slight as it is, is doubtless due to the suspended particles of the 
phosphate rock. Chemically, therefore, the neighboring waters are not dangerously 
polluted by the dredging of phosphate. 

The injury that would befall life in the neighborhood of dredging is due almost 
entirely to the mechanical formation and deposit of sediment. The murkiness of the 
water, the heavy character of'the fine, gray silt, and the continual current shiftings of 
bottom are the causes that render the entire neighborhood for miles about practically 
unfit for oyster-culture. Particular note was made in the shallow water of the char- 
acter of the depositing sediment and of the entire absence of living oysters. The daily 
amount of waste sand, mud, and marl that is sifted out into the stream by the washing 
processes is almost incalculable. One great dredger, for example, before reaching the 
phosphate rock, cuts through a dozen feet of overlying material. 

*Then in Coosaw River, 1 mile above the mouth of Parrot Creek, 1,000 yards from right shore. 
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1X.-GENERAL SUMMARY. 

111 the foregoiiig notes a number of suggestions have been clecluced relating to 
oyster-culture in the State of South Carolina. 

(1) That marketable single oysters may be cultivated in the neighborhood of 
oyster ledges in all shallow streams whose bottom is sufficiently firm to bear up the 
weight of the sliells and sufficiently unshiftiug to prevent their eugulfiiient. To estab- 
lish in any par t i c i~ l :~  lcxality the suitable character of the bottom, experiments may 
readily be made. 

( 2 )  That tlie sirpply of seed oysters niay be obtained a t  once and in great plenty 
from raccoon ledges a n d  flats. That the oysters should, if possible, be separated from 
tlie cluster witli due regard to character aiid size. That the size of the raccoon ‘“X?d7’ 
should be at least that of n silver dollar, to enable it to resist tlie invasion of nuid and 
the silt-bearing cliaracter of the water. Tliat the seed, although sadly iinpovcrislied 
in its raccoon condition, mill iu time become changed decidedly for the better in size 
mid quality. That the tiiiie required to render the oysters of a marketable quality 
will depend upon the feediiig and living c~oiiditioqs of the locality, and up011 the care 
with which the seed clusters linve been separated. A single season, judging from the 
growth of oyster8 of a known age (attechecl to phosphate barges) mould probably be 
suffloient to render the oyster of marketable value. 

(3) That if spat is to be collected for purposes of culture, the use of floating collec- 
tors of any design is lmfernble. The down-turned faces of the collector prove most 
valuable by reason of the lack of sediineiit accumulation. The clestruction by teredos 
o€ floating collectors macle of scraps of wood or bark suitably clisposed, will allow tlie 
seed oysters to bo 1)lanted gradually and :~i~tomatically. 

(4) That to l>loiit, in deeper water, (:lean sliells as spat-collectors mould in this 
regioii be futile. This result will prove true in waters apparently free from silt. 

(6) That marginal waters from the level of low tide to about a fathom in depth 
will be found best suitetl for oyster-culture. In this zone the oyster will no longer be 
exposed to the hardship of raccoon life. If the bottom is favorable, it will here be 
least subjected to acciunulating silt and will receive the most favorable conditions of 
temperature and feciling. 

In couclusion, I desire to express my thanks to those who have so lrindly aided in0 
throughout my stutlies. To I h u t .  Robert P1:itt and the officers of the Fish Hawk and 
to my associates I am indebted for very iuaiiy courtesies extennded to ine during the 
wintor. To Dr. C. Biiiitiiig Colsou, of Ch:irleston, my thanks are due for many 
valuable notes upon oyster-culture in South Carolina. 

We may, for example, iiifer : 
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Paris, 1878. 
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hle tferefore to  indicate food 
value of locality by high per- 
centage of alb. am. 

Water clear, bottom soft. 

Water clear, bottom hard. 

Water clear, bottom hard. 
Bottom sandy, no raccoons. 
Few raccoons. 

Clear, hard sand; no oysters. 
Do. 

Slightly cloudy, 30% mud. 

Do. 

coons. 
Slightly cloudy, soft mud; rac- 

Ebbs dry, except in channel. 

Hard sand; no shells. 



Tuble of analyses of South Carolina optw-bed touters-Continued. 

rota1 
rolids 
gains 

- 
N O .  

- 

28 

29 

30 
31 
32 
33 

34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
5E 

I 57 
5f 
5s 
6( 
61 
6: 
6: 
64 
65 
6t 
6: 
61 
6: 

C( 
7: 

' 7: 
7: 

Car- 
bonates 
(grains Date. Locality. 

______ 
1891. 

'an. 24 

24 

24 
24 
27 
27 

29 

29 
20 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

. 30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

Feb. 3 
3 
3 
3 
3 
3 
3 
3 
3 
4 

4 
4 
4 
4 

1 Temp- 

1 water. 
Teather. 

I _ _ _ _  ~ 

..... a0 ........................... 
Whale b n n c h  (&road Rix-er). .... 
Popotaliko Rirer, 2& miles above 

Port  Royal, stream section a t  

..... a. ........................... 

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

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

.. -..no ........................... 

.... .ao ............................ 

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

.... .ao ........................... 
..... .do ......................... 

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

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

..... .a0 .......................... 

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

..... .do ......................... 
do .ao 

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

..... .a0 ........................... 

..... .a0 ........................... 

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

mouth. 

railroad wharf. 

..... ............................ ao 

... ........................... ~ . . d O  
.a0 ..... ........................... 

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

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

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

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

..... ........................... .do .a0 
a0 
eo 

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

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

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

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

...... a0 ............................. 

Beaufort River, off Beaufort 1 Clear . ..I 

.a0 .... 

.do .... 
... do .... 
Foggy . . 

.ao .... 

.do .... 

.a0 .... 

.(io .... 
a0 .... 
a0 .... 

.a0 .... 
Clear ... 
.do 
.a0 
.a0 .... 
.do .... 
.do 

do .... 1 :::do 
.a0 
.do 
.do .a0 .... 
.do .a0 .... 
do .... 

Clear ... 

.... do 

.... 

.... 

.... .a0 

ciondy . 
.... 

.... 

.... 

.... 

.... 

.... 

.... .a0 , .a0 .a0 
.a0 

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

.do .... a0 .... 

Port Roval, off piles of railroad .. .do .... 

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

wharf. 

whad 

..... .a0 ................ .........I.. .do .... 

........ 

........ 
2,626 
2.830 
2,900 
2,940 
2,936 
2.862 

2.672 

2,616 
2,720 

........ 

........ 

........ 
2,640 

........ 

........ 

........ 

...... do .... 
Jericho Cre3k. section of stream .. .do .... 

a t  Brotherhood's Thad. 

7.4 
7.5 
7.65 
7.5 
7.55 
7.8 
7.82 
7.6 
7.6 
7.9 
7.7 
7.9 
7.85 
7.65 
z.2 
1 . 1  
7.7 
7.9 

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

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

...... ao .  .... 

..... .a0 .... 

............... 
2, 744 

2,601 
2,709 
2,747 
2,798 

........ 

......... 

......... 

......... 
2,716 

2.781 

jI 

50 

50 
49.5 
52 
54 

53 

53 
53.5 

;,3 
53.5 
54 

'?3 

E. 5 
55.5 
54.5 
51 
55 
54.5 
54 
55. 5 
57 
57 
57.5 
57 
57 
58.5 

59. 5 
GO 
60 
60 
GO 
GO 
60 
60 
GO 
60 
60 
59 

5:. 5 
31 

56.5 
56.5 
56 
57.5 

7.7 
7.9 
8 
7.7 
7.9 
6.1 
7.9 
7.6 
7.6 
7.5 

, 7.8 

Depth 
(feet). 

16 

17 

6 
.5 
16 
12 

. 5  

Mid. 
Rot. 23 

. 5  
BIid. 

Bot. 26 
.5 

Bot. 6 
.5 
.5 

Mid. 
Rot. 23 

. 5  
Mid. 

Bot. 26 
Bot. 3 

. 5  
Nid. 

Bot. 25 
.5 

Mid. 
Bot. 28 

.6 
Bot. 7 

E ... 
.......... 

M G  

xii 
Bot. 1s 

Bot. II 
1 

Bot.: 

P 

c 

Mid 
Bot. 11 

Mid 

pecifie 
ravity 
(cor- 
ected). 
___ 

1.0225 

1.0223 

1.0226 
1.0223 
1.0212 
1.0145 

1.0229 

1.0229 
1.0231 
1.0229 
1.0229 
1.0229 
1.0229 
1.0229 
1.0229 
1.0229 
1.0229 
l.OQ6 
1.023 
1.023 
1.023 
1.0227 
1.023 
1.023 
I. 023 
1.0226 
1.0226 
1.0234 
1.0219 
1.0228 
1.0226 

1.0231 
1.0231 
1.0231 
1.0231 
1.0233 
1.0233 
1.0211 
1.0211 
1.0221 
1.022; 

........ 

1.m: 
1.022: 
1.022 
1.022' 

2,430 

2,474 

2,520 
2,452 
2,330 
1,646 

2,460 

2.464 
2,460 

2.464 
2,476 

, 2,419 
2,430 
2,350 

2,464 

2.508 
2,501 
2,492 
2,461 
2,35: 
2,48( 
2,53r 
2.4w 
2,484 
2,5U( 
2.46. 
2,50( 
2,46( 

2,42 
2,4& 
2,52 
2,46. 
2, 481 
2,50 
2.19 
2 , 4 6  
2,42 
2,45 

?, 458 

?, 458 

?, 475 

...... 

2.41 
2,43 
2,41 
2,44 

2,793 t 7.6 

2,761?: 7.55 
I 

2,861' 7.60 
2,76Rl 7.5 
2, 680 ~ 7.6 

2,722 7.6 

2,156 5.11 

2,720 7. 7 

2,760 ....... 
....... 1 8 . 2  

_ _ _ _ _ _ _ _  6 
2,789 I !.! 

........ I ' 7 . 1  

$21 ;:f I. 2 

.mmoi 
per I 

We.  

,010 

,0045 

.004 
000 
026 
0335 

010 

012 
0135 
0135 
0135 
020 
019 
016 
020 
004 
002 
0096 
0053 
0065 
0045 
010 
010 
004 
0215 

,0175 
,0105 
.0011 
,009 . 011 
.a12 

,0025 
.0125 
.0200 
.0033 
.0150 
,0135 
.0130 
.011 
.004 
.00?7 

..... 

.a043 

.0031 

.014E 

.015( 

parts 
on. 

Jbu- 
inoid 

- 

,081 

,0655 

,0890 
.08i 
.lo5 
,140 

,105 

.130 

.I45 
,085 

.OS33 
,116 
.129 
.132 

,0993 

,1030 

.089 
,1225 
.104C 
.123E 
.059( 
.092( 
.053t 
,129: 
.I19 
,130 

.loo( 

.144! 

.110! 

.0661 

.0761 

.0811 

.I00 

.116 
,110 
,111 

.OS?- 

.in55 

. m a  

.092a 

.067a 

..... 

.131 

.122 

.I12 

.I35 

Remarks. 

3ard black mud. 
Iarrd: black mud; black inor- 

ganic sediment. 
Tast shore, a t  outcr pile. 

Do. 
Do. 

D O .  
DO.  

JJidstrcam, channel. 

Vew west bank. 
!O yards off west bank. 
fear  rast bank. 
East shore, at  outer pile. 

Do. 
Do. 

T h  
uidstream, diannel. 

-. - 
Do. 

Do. 
Do. 

Do. 

Near east shore, orer raccoons. 
East shore, a t  outer pile. 

Midstream, channel. 

Do. 
Near west bank. 
20 yards off i7es.t bank. 
h'ear east bank. 

East shore at  outer pile. 

Midstream, Do. channel. 

Near Do. west bank. 

20 yards off west bank. 
Near east shore. 
East shore, a t  outcr pile (mater 

clear. bottom hard or sticky 
niutl, shelly near shore). 

Do. 

Do. 

Do. 
Do. 

Do. 
Midstream. 



Table of nnnlyaes of South Cnrolina oyster-bed zraters-Continued. 

__... do _. . ___. . _ _  _ _  ._ ._.__. _. . . . ... do . . . . 
__-..do . . __. . . . ~. . . . ~ ~. . . . . . . . . .!. . .do . . . . 
__. . .do . . . . . . . . . . . . . . . . . . . . . . . . .i. . .ao . . ~. 
. . -. .do . . ~ -. . . . . . . . . . . . . . . . . . . . .I.. .do . . . . 
. . . . .do . . . . . . . . . . . . . -. . . . . . . . . . . ~. . .do . . . . 
. _ ~ ~ . d O  . . . -. . . . . . . . . -. . . . . . . . - -. ~. . .do . . . . 
. . . . .do . . . . . . . . . . . . . . . . . . . . . . . . . ~. . .do . . . . 
..... do .......__._..... ~ .--_.... : . . .Po . . . .  
. . . . .do . . . . . . . . . . . . . . . . -. . . . . . . . /. . .do . . . . 
. . . . .do . . . . . . . . . . . . . . . . ~. - -. . -. . . . .do . . . . 
. . . . .do . . . . . . . . . . . . . . . . -. . . . . . . . ~. . .do . . . . 
-. . .a0 . . . . . . . . . . . . . . . . . . -. . . . . _ I . .  .do . . . . ..... do _._____________......__ _. ... do .... 
. . . . .ao . . . . . . . . . . . . . . . . . . . . . . . . . !. . .a0 . -. . 
_ _ _ _ _ d o  _____.___..______. ~ _ _ _ _ _ _  :...do .... 
_._. .do . . . .. .. . . . . . ...-..._....+. do . . .. ~. . . . do . . . . . . . -. . . . -. . . . . . . . . . . ~. . .a0 . ~. . 
..... do . . . . . . . . . . __. . . ______. _ _  .i.. .do . . . . 
. -. . .do -. . . . . . . . . . . . . . -. . . . . . . . . j . . .do . . . . 
. . . . .do . . . . . . -. . . . . . . . . . . -. -. . . .I.. .a0 . . . . 
__... do __. . .. . . . _ _ _  -. . ___. .:..._I.. .do . . . . 
. . . . .do . . . -. . . . . . . . . . . . . . . . . . . . .;. . .a0 . . . . 
. . . . .ao . . . . . . . . . . . . . . . . . . - -. . . . . ~. . .a0 . . . . 
. . . . .do . . . . . . . . . . . . . . . . . . . ~. . -. . , . . .do . . . . 
. . . . .do . . . . . . . . . . . . . . . . . . . . . . . . . i . - .do . . . . 
_ _ _ _ _ d o  ____._____________._____. ' . . .  do ._.. 
 do . ~. ~. . . ~. . _ _  -. . . . . . -. . . . ~. . .do . . . . 
__... do _ _ _ _  ._. . . . ____. _. .. -. . do . _. . 
- -. . .do . . . . . . . ~. . . . - -. . . . . -. . . ..I.. .do . . . . 
..... do ......__._...____.-_~_... ] . . .do -.-. 
M le Creek, 1 mile above ! . . .do  .... 

gotherhood's. 
I . . . . .do . . . . . . . . . . . . - - . . . . . . . . . . . , . . .do . . . . 

..... do .. . . .. . ___. .. . 

. . -. .do . . . . . . . . . . . . ~. . . . . . . . . . . .'Foggy . . . 
~ ._. 

.mmonia, parts 
per million. 

__ 

Date. 

. -~ 

3-c. 

- 

74 

75 
76 
7 i  
78 
79 
80 
81 
82 
83 
84 
85 
8F 
6l 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
101 
105 

106 
10i 
108 

109 
110 
Ill 
112 
113 

114 

115 

116 

Total 
solids 
[grains 

;a!i%n). 

I ! Temp- 

rater .  

Locality. (Weather. lera:Y 

-1 
I-- 

3de. Depth 
(feet). Remarks, __ 

Free. 
__ 

,0200 

,005 
, OWL 
,0113 
,002 
,0039 
,0081 
,0113 
.004 
,0045 
.006 
.005 . 010 
.0033 
,0033 
.004 
.0013 
.0021 
.0003 
.0221 
.0228 
.0220 
.003 
.004 
.006 
.034 
.033 
.020 

.021 

.0013 

..... 

..... 

.0006! 

.0006! 

.0118 

.0046 

.0016 

.080 

.OF3 

.0665 

. I180 

.0499 

,0566 

Ubu- 
inoik 
~ 

.lo60 

.lo18 

.1119 
,1075 
.1181 
.I304 
.1206 
.0675 
.loo 
.070 
.lo8 
. n o  
.117 
.1115 
.1233 
.0955 
.1205 
,1310 
.0905 
.116 
.I01 
.099 
,150 
.160 
.161 
.155 
.150 
.145 
.._... 
_..... 
...... 
.0615 

.101' 

.0865 

.0915 

,1165 
.0830 
,120 
.120 . 110 

.I60 

.23% 

.2675 

___- 

:891. 
'eb. 4 

4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 

' 5  
6 
6 
6 
6 
6 
6 
6 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
5 

I 
5 
9 

9 
9 
17 
11 
li 

Ii 

I5 

I< 

2,436 

2,408 
2,446 
2,401 
2,346 
2,430 
2.45s 
2,418 
2,418 
2,419 
2,412 
2,408 
2,380 
2,446 
2,4i4 
2,508 
2,452 
2,464 
2,502 
2,452 

2,464 
2,468 
2,490 
2,464 
2,486 
2,486 
2,402 

2% 

2,440 
2,460 
2,408 

2,270 
' 2,380 

2,424 

2,444 
2,464 
2,234 
2,251 
2,234 

2, O i E  

2: 0of 

1,484 

1,0221 

1.023 
1.022 
1. G221 
1.0223 
1.0225 
1.0225 
1.0222 
1.0222 
1.0221 
1.0225 
1.022 
1.0224 
1. 0227 
1.0225 
1.0225 
1.0235 
1.0227 
1.0227 
1.0225 
1.0225 
1.0225 
1.0221 
1.0222 
1.0227 
I. 0226 
I .  0226 
1.0226 
1.0221 
1.0226 
1.023 
1.0221 

1.0222 
1.0222 
1.0228 

1.0228 
1,0227 
3.0189 
1.0197 
1.0211 

1.0199 

1.0198 

1.0132 

[idstream. 

ear west bank. 
I yards off west bank. 
ear east shore (under piles). 
,ast8 shore, a t  outer pile. 

Do. 

Jericho Creek, sectionof stream Clear . . ' 
a t  Brotherhood's wharf. ' I i 6  

59 
58.5 
57.5 
55.5 
55 
55 
55.5 
55 
55.5 
58 
55 
56 
54.5 
54.5 
54.5 
54.5 
54.5 
54.5 
M. 5 
54.5 
54.5 
59.5 
58 
58 
57.5 
58 
55.5 
59.5 
58 
58.5 
54 

53. 5 
55 
58.5 

58.5 
59 
64 
64 
64 

64 

65 

66 

Bot. 14 -2,790 

2,703 
2,740 
2, io9 
2,783 

7.5 

7. 3 
7.4 
7.3 
7.55 
7.85 
8 
7. 75 
7.8 
7.9 
7.4 
7.6 
7.3 
7.6 
7.7 
7. 7 
7.6 
7.75 
7.8 
7.5 
7. 7 
7.4 
7.3 
7.4 
7.5 
7.3 
7.7 
7.8 
7.25 
6.9 
6.9 
7.2 

7.35 
7.41 
7.5 

7.7 
7.5 
7.2 
7. 
6.9 

6.8 

7.1 

5.5 

1 
Bot. 13 

2 
. 5  

Mid. 
Bot. 1z 

X d .  
Bot,. 14 

. D  

...._ _.. 
2, T38 . . . . - -. . 
2,745 

Do. 
[idstream. 

Do. -. 
Do. 

Fear west shore. 
D yards off west shore. 
Fear east shore. 
hst shore, outer pile. 

Do. 
D O .  

lidstream. 
Do. 

1 
Bot. 9 

1 
. 5  

Mid. 
Bot,. 16 

.5 
Mid. 

Bot. 12 
1 

Bot. 9 
. 5  

....._. 

._..... 
2, i88 

2,800 
2,801 

2,809 

2,790 

. . . . . . . 
D O .  

rear west shore. 
0 yards off west shore. 
re'ar east shore. 
:wt shore, outer pile. 

Do. - 
Do. 

didstream. 
Do. 

_...... 
. . . . . . . , 

. 5  
Mid. 

Bot,. 21 
.5 

Mid. 
Bot. 17 

1 

. . . . - . . 

. . . . . . . 
2,788 

Do. 
Tear west shore. 
0 yards off west shore. 

. . . . . . . 
2,758 
2,767 

2,730 
. . . . . . . 

. . . . . . . 
2,770 
2, i78 

2,797 
2,798 
2,686 
2,650 
2,620 

?, 686 

2,528 

1,732 

Bot. 16 
.5 
5 

;Car east shore. 
test of oysters, running into 
stream bed; bottom hard; 
mud and gravel. 

fpecimens taken a t  same time 
as those of analyses 96 to 104. 

Mid. 
Bot. 12 

. 5  

. . -. .do . . . . . . -. . . . . . . . . . . . . . . . . 

...~. do . . ~ -. . . . ~ *. ~ -. . . . . . . . . ~. 
Coobaw River, near red buoy 6. 
Coosaw River, a t  ferry.. . . . . ~ ~ - 
Coosaw Eiver, off mouth o f  

Coosaw River, off month of 

Coosaw River, east shore oppo- 

Coosaw River, off month o f  

Dale Creek. 

Parrott Creek. 

site month of Dale Creek. 

Little Chenken Creek. 

Mid. 
Bot. 18 

Hard 10 
Soft 18 

16 

. . .a0 . . . . 

... a0 .... 

. . .do . . . . 
Clear.. . 
. . .do . . . . 

. . .do..  . . 

Gray silicious and clayey sed- 
iment. Microscopic p a  r - 
tieles of organic snbstauces 
included mainlv fragments 
of mosB( and marsh grass. 
Many sometimes tests occur. of fossil diatoms 

Soft 16 

Soft 10 

Soft 11 . . .a0 . . . . j 



- 

N O .  

- 

117 

118 

119 

121 

121 

122 

123 

124 

3 25 

126 
127 

128 

129 

130 

131 

132 

133 

134 
135 

136 
137 
138 
139 
140 

141 

142 
143 

Veather. 

_ _ _ ~  

Clear .._ 

.. do .... 

.. do .... 

.. a0 .... 

..do .... 

..do .... 

Date. 
T e m p  

eraotfu'e 
water. 

M . 5  

65 

61 

67 

66 

62.5 

1991. 
eb. 19 

18 

19 

19 

24 

24 

25 

% 

Kar. 3 

3 
4 

4 

4 

4 

4 

6 

6 

6 
8 

8 
8 
8 
8 
8 

8 

'8 
9 

... do .... 

... do .... 

... do ___. 

... do .... 

... do .... 

... do .... 

... do __.. 

... a0 ___.  

. . .ao ~. -. 

... a0 .__. 

Locality. 

58 
56 

56 
55.5 
55 

55 

56.5 

55 

56.5 
59 

Coosaw River, inside mouth of 
Bull River. 

Coosaw River, mile south of 
mouth of Buj River. 

CombaheeRiver, within month, 
off west bank. 

South TTimbee,2+ miles abors 
mouth. 

St. Belena Sound 300 yards off 
southeast end of Xorpan 
Island. 

Vifiage Creek. 

mouth (Mosquito Creek). 

- 
Mor an River, inside month of 

Ashepoo River, 16 miles above 

Ashepoo River, near mouth.. -. 
McCloud Creek. 34 miles above 

...__. do ~ ..__.. _.__ .... ~ .... *_._  

._.._.do .._.-....._. ~ .._......-. 

...... a0 _ _ _ _  ~ ___._ _ _ _  _ _ _  _ _ _ _ _ _  _ _  

...... a0 _ _ _ _ _ _  ~ _.___ _ _ _ _ _ _  ...._. 

. ___. .do . _____. .___ __. . ~. _ _ _  .. _ _  

...__ d o  . ..___. ... . .. .:- .. .. .. _. 

_..___ a0 _ _  __._.. _____. _ _  ..._..._ 
Ashley River, stream section at  

Charleston bridge. 

Table of analyses of Sozcth Carolina oyster-bed waters-Continned. 

Clear _ _ _ I  56 
Cloudy .I 56 

..do ....I 57 

Depth 
(feet). 

Soft 22 

Soft 17 

Hard 1 

Hard 12 

Hard 30 

Hard 11 

Bard 14 

Hard 24 

Hard 10 

Hard 33 
Hard 25 

Hard 40 

Hard 18 

H a ~ l  60 

Hard 11 

Hard 2C 

Hard 11 

Hard 18 
. 5  

Mid 
30t. 10, 501 

I 

xii 
Bot. 3t 

Mud .t 

Bot. f 
.I 

jpeoiflc 
pavity 
(cor- 

,ectad). 

1.018 

1.0198 

1.0179 

1.0184 

1.0206 

1.0207 

1.0128 

1.0231 

1.0194 

1.0196 
1.0202 

1.0319 

1.0228 

1.0233 

1.0328 

1.0237 

1.0212 

l.OZ3G 
1.0221 

1.0221 
I. 0221 
1.0221 
1.0221 
1.0232 

1.0222 

1.0222 
1.0227 

ilorides 

E n ) .  

g:tL 
__ 

1,964 

2,184 

1,908 

2,004 

2,282 

2,186 

1,400 

2,446 

2,228 

2,152 
2,177 

2,382 

2,418 

2,390 

2,412 

2, .is2 

2,626 

2,460 
2,408 

2,432 

2,424 
2,480 
2,430 

2,408 

2,424 

2,430 

2,357 

To+ 
solids 
:grains 

;a?&. 

2,286 

2,620 

. . . . . . . . . 

2,555 

2,620 

1,662 

2, 674 

2,608 

2,346 

2,620 

2,701 

. . . . . . . . . 

2.691 

2,801 

2.684 

2.900 

2.829 
2, 628 

2,624 
2, io1 
2. 656 
2,618 
2,706 

...... _. 

6.4 

6.5 

5.95 

6.4 

7.45 

7. OE 

6.15 

7.65 

6.9 

6.6 
6.7 

7.35 

7.4 

7.6 

7 

8 

7.9; 

7. 8 
7. 9: 

8. O! 
6.0: 
7.4 
7.5 
7.9 

7.5 

7.6 
7.4 

.mmonia, parts 
per million. 
__ 
Free. 

0432 

053 

040 

039 . 

0332 

0266 

0199 

0133 

0466 

,0533 
,0466 

0399 

0466 

.0133 

,0133 

.0332 

...... 

. OOO6 
,0019 

.0013 
,0013 
,0013 
. OOG8 
. OO5R 

,0046 

.OWL6 
,0039 

- 
Albu- 
oinoid 

, I70 

,1625 

, I62 

. I59 

,1575 

.15 

. ?275 

.I325 

.I40 

.1335 

.I375 

.1425 

,1320 

,1220 

,1217 

,125 

.1115 . OS0 

,095 
,135 . 065 
,115 
.165 

.1::0 

. loo 
,140 

Remarks. 

Sediment less notable; organic 
fragments, profusion of di- 
atoms. 

Eeary clayey sediment: living 
forms. decayingplant tissues ; 
odor marshy. 

Very little sediment; organ. 
isms mainly living. 

After wind storni, silicious 
sediment; living organisms 
plentiful: fossil diatom 
tests. 

Water sljghtly clonrly; floccu- 
lent dark sediment, clayey, 
with many organicparticles. 

Slight ocherous sediment; de. 
caying organisms absent. 

A t  cnstom-house bulkhead. 

no. 
Do. 

Xidstream, black buoy. 
no.  

silicioiis.) 
(Cloudy sediment, clayey and 

East shore a t  stake, over rac- 
coons. 

DO. 
E. liank; I-. p. 342 for notes. 



- 

NO 

- 
144 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 

1891. 
Mar. 9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

11 
11 
11 
11 
11 
11 
11 
11 
11 
12 

12 
12 
12 
12 
13 
12 

12 
12 

Table of analysea of South Carolina oyster-bed waters-Continued. 

I 
Ashley Rirer. stream section a t  Clear ... 
...... do ............................. do .... 
 do ........................... .do .... ...... do ........................... .do .... 
...... do ......................... __.do .... 
...... do ........................ __.do .... 
...... d o .  ........................... 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 .... 
..... .a0 ........................... .do .... 
...... do ......................... Rainy .. 

 do ........................... .do .... ...... do ........................... .do .... 
 do ............................ do .... 
...... do ............................ do .... 
...... do ............................ do .... ...... do ......................... __.do .... 

Charleston bridge. 

...... do ........................... .a0 .... ..... .a0 ......................... ._.do .... 

Date.' 1 Locality. 

2,380 
2,380 
2,402 
2,419 
2,368 
2,391 
2,374 
2,195 
2,230 
2,288 
2.244 
2,234 
2,234 
2,234 
2,329 
2,334 
2,340 
2,352 
2,368 
2,374 
2,352 
2,352 
2,34U 
2,201 
2,201 
2,201 
2,299 
2,324 
2,324 
2,267 
2,286 
2,299 

_ _  .-.. ___. 7.6 
.......... 7.15 

2,687 7.25 
. -. ~. _ _  -. . 7.55 
_ _ _ . _ _  _ _ _ _  7.45 

2,650 7.3 
.......... 7.6 

2,431 7.6 
2,412 7.7 
2,500 7.7 
2,581 7.75 .......... 7.25 
2,609 

.......... E 

.......... 7.8 
2,689 7.6 

.......... 7.5 

._____ ___.  7.6 
2,709 7.6 

.......... 7.55 

..____ __._ 7.2 
2,703 7.35 

.......... 7.2 

.......... 7.4 

.......... 7.5 

.......... 7.5 

.......... 7.5 
2,699 7.6 .......... 

.......... ;: ! 
2,680 7.6 

.......... 7.6 

59 

59 
58 
57.5 
57.5 
58.5 
58 
57.5 
58 
58 
57.5 
57 
57.5 
57.5 
57.5 
57 
57 
57 
57 
57 
56.5 
57 
57 
57 
62 
62 
62 
59.5 
59 
59 
59.5 
59.5 
59 

Tide. Depth 
(feet). 

Mid. 

Bot. 8 
.5 

Mid. 
Bot. 38 

.5 
Mid. 

Be. 4 
1 
.3  

Nid.  
Bot. 30 

. 5  
Mid. 

' Bot.8 
.5  

Nid. 
Bot. 7 

.5 
Nid. 
Bot. 31 

. 5  
Mid. 
Bot. 8 

. 5  
Mid. 
Bot. 8 

.5 
Mid. 

Bot. 30 
.5  

Nid. 
Bot. 24 

Snecific 
gravity 

(cor- 
rected). 

I. 0227 

1.0227 
1.0227 
1.0223 
I. 02% 
1.0225 
1.02% 
1.02% 
1.0210 
1.0208 
1.0201 
1.0201 
1.0207 
1.0205 
1.0211 
1.0220 
1.0222 
1.0222 
1.0220 
1.0222 
1.0222 
1.0218 
1.0218 
1.0218 
1.0198 
1.019R 
1.0198 
1.0205 
1.0208 
1.0208 
1.0203 
1.0207 
I. 0206 

K11ips11 Total 1 Car- 
solids bonate€ 

(grains (grains (grains 

ZaEn). gXJn). gapleo). 

2,397 ' I  I 2,601 7.55 

Lmmonia, part, 
Der million. 

.0033 

.0026 

.0006 

.0019 

.0006 

.0006 

.0006 

.0006 

.0466 

.0199 

.0066 

. m 9  

.m19 
,0013 
.0006 
.0166 
.0099 
,0099 
.0013 
.0166 
,0332 
.0013 

.0006 

.046 

...... 

...... 
.0066 
.01w 
.0099 
.0266 
,0332 
.0266 

- 
hlbii- 
iinold 

,115 

* 165 
.lo2 
.125 
.0985 
.I35 
.130 
.I15 
.095 
.145 
.154 
.I22 
.16 
.I65 
.180 
.I05 . 11 
.I45 
.066 
.065 
.OS25 
,106 
.lo6 . O i O  
.210 

..... 
,145 
. I075 
.1250 
. I60  
.I50 
.135 

Remarks. 

E. bank npon sediment. 

Do. 

Do. 
Midstream, a t  drawbridge. 

Do. 
West bank, 50 yards off. 

Do. 
Do. 

E. bank. 
Midstream, a t  draw. 

Do. 
Do. 

W. bank. as before. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
D O .  

Do. 

E. bank as before. 

Midstream, as before. 

W. bank, a8 before. 

E. shore, as bef6re. 

Midst,r.eam, as before. 

W. shore, as  before. 

D d. 

Do. 



FRINGING OYSTER LEDGE SHOWING LIVING RACCOON OYSTERS, AND THE METHOD OF FORMATION OF SHELL BANKS. STONO RIVER, EAST SHORE. 3 MILES 
FROM MOUTH, MARCH 6, 1891. 



OYSTER FLAT, SHOWING MUD BANKS AND NATURAL DRAINING TRENCHES. SKULL CREEK, IN WEST MOUTH, JANUARY 13, 1891. 



OYSTER ISLAND. A DENSE COMMUNITY OF RACCOON OYSTERS OCCURRING IN  MUDDY, MARSH-DRAINING STREAMS. I N  SMALL CREEK FLOWING INTO MAY RIVER, 
1 MILE FROM MOUTH OF SKULL CREEK, JANUARY 12, 1891. 



TIDAL ZONE OF OYSTER DISTRIBUTION IN SOUTH CAROLINA, INDICATED UPON PILING OF WHARF. SULLIVAN ISLAND, MARCH 12, 1891. 



W 
I- 
_I a 

AN OYSTER FLAT, SHOWING FAR AND WIDE T H E  EXTENT O F  RACCOON AREAS. 
The plate presents more clearly the general character of an extended raccoon region. of which Plate LXll l  illustrates but a small proportion. The locality, as in Plate LXIII. is in Skull Creek, near its 

west rnoutn, Jani:ary 13, 1891 



Bull. U. S. F. C. 1890. Biology of the Oyster-Grounds of South Carolina. (To face page 362.) PLATE LXVII. 

FIG. 1. A PHOTO-MICROGRAPH OF T H E  DIATOM, SURIRELLA GEMMA, ENLARGED 
ABOUT 1,600 DIAMETERS. 

The tip of the frustule I S  alone given. to lndtcate the character and texture of the glassy surface. 
The photograph was taken wlth a one-fourth Inch objectlve of Powell and Leland, by Prof. 
Wm. Statford, of the College of the Clty of New York. 

FIG. 2. FOOD OF S O U T H  CAROLINA OYSTER. A FEW OF THE TYPICAL 
ORGANISMS (x  225). 

Numbers 1 t o  20 are dlatoms. 

IO. 1’. lit,t,orile tS. I. 
11. 1’. strignsiim (S). 
12. Act iiin(:ycliis iindnlntus fK.). 
1;3. Coscirmtlisciis rndi:rLus (E.). 
14. Cyclotella rotulir (E.). 

Rai.). 

rigidar 



Bull. U. S. F.  C 1890. Oyster-culture in France. (To face page 363.j PLATE LXVIII. 

FIGS. 1, 2. FLAT OYSTER, OSTREA EDULIS. SPECIMEN FROM BELON, TWO AND A HALF YEARS OLD. Natural size. 
Limit of size of ctlulis is about 4" X 4". These old indivtduals were formerly regarded as a distinct Species, pied de clrevd, 0. ] l i lJlJOpUS. 

FIGS. 3, 4. PORTUGUESE OYSTER, OSTREA ANQULATA. SPECIMEN FROM THE TAGUS, X+.  (Page 365.) 

(Figures from <lrawings by the aiitlior ) 



14,-THE PRESENT METHODS OF OYSTER-CULTURE IN FRANCE. 

BY BASHFORD DEAN. 
- 

1.-INTRODUCTION. 

The studies upon which the present report are based were conducted by the writer 
during the summer and autumn of 1891, under instruatious from the United States 
Commissioner of Fish and Fisheries. The discussion of the results of his observations 
has been made as pertineut as possible to the conditions of the American maters. 

When oue has carefully examined oyster-culture in France, it appears n~ore then 
ever iiiauifest why the industry a t  home has been a profitable one. It has certainly 
required the exercise of but little labor, and all costly methods of cultivation could 
have proven of little practical value. So great ha8s been our natural supply of oysters 
that we have always tbought far distant the need of replenishment. 

If, however, the present conditiou of our industry must be improved, there are 
fortunately but few natural obstacles to overcome, and we niay well be hopeful. Our 
oysters are of a h r d y  and prolific species, our coast is a natural collecting-place for 
seed, and the couditioris of our oyster-bearing grounds are practically as good as ever. 
We have in no degree the adverse conditions that the French have so successfully 
encountered. Their coast regiong, in the first place, favorable to a natural growth of 
oysters, are both few and small. Their waters, even in some of the best-kuown localities, 
are often turbid, accumulate sediment, and give rise to shiftings of muddy bottoms. 
Culture has had to bring into use the softest flats aud mud banks, crusting them 
over with gravel and sand; it has had to devise every posfiible way of protecting its 
oysters from sediment, mud burial, and enemies. Finally, there are but two points 
along their entire coast where seed oysters occur in any natural abundance. Skill in 
culture, however, has enabled Arcaohori and Auray to supply readily the great home 
demand for seed, and even to furnish in large pa,rt the parks of the Low Countries and 
England, a success the more remarkable when me consider how recently was the French 
coast so depleted that for the first experiments in cultivation the oysters were actually 
purchased from other countries. 

Natural difficulties havs caused the French to study division of labor in the 
industry; to make, for example, one locality furnish the seed, another to raise the 
oygter to maturity, a third to flavor or color it, and sometimes even a fourth to pre- 
Pare it for transport. 

Under these conditions the growth of the industry has been especially and almost 
entirely dependent upon the wise action of the Government. The reservation of the 

363 
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natural grounds as state property and the forbidding of general public dredging is 
generally regarded as the keystone of French oyster-culture. These grounds, once 
exhaustod, now flourishing, are regarded as the permdnent capital of surrcunding 
areas, whose profits in the form of seed oysters are shared by a11 alike. 

The state exercises the additional right of surveillance in the interest of culturists 
through the local commissaires of marine, and of regulating and clianging the terms 
of state rentals, 

The industry is a profitable one to the eulturist. To the state it returns in rentals 
a greater revenue yearly than the total sum expended in the failures of Coste. Corn- 
petition, moreover, on the side of the culturists is operating more and more favorably 
for the people, insuring a product for general oonsumption. 

Throughout my visits of inquiry every courtesy was extended to me by oyster- 
culturists. The inspector-general of fisheries, M. Bouchon-Brandely, gave me most 
important aid and counsel, while the minister of marine, M. Barbey, instructed the 
commissioners of marine at the different oyster stations to facilitate my observations 
in every wag possible. The following localities were visited, designated mainly by M. 
Bouchon-Brandely as typifying the branches of the oyster industry: Caneale, Boscoff, 
Belon, L’Orient, Auray, Breneguy and Trehennarvour, Trinit6, Vannes, Sables d’Olonue, 
Marennes, La Tremblade, Rocher de Der, Areachon, La Teste, and Ossegor. 

Oyster-culture in France is decidedly of recent origin. It is but little over ;I. half 
century ago that the natural oyster banks of the coast were, like those of the Chesa- 
peake, deemed inexhaustible, and were still allowed to be dredged even by foreign 
vessels. The French government at length realized how necessary was state inter- 
vention to save the entire industry, and laws were passed regulating stringently how 
and when the few remaining oysters might be dredged. More important still, the 
.agitation of these measures led to the question of replenishment as the important 
problem. In 1853, M. de Bon, commissaire of marine at St. Servan, made his historic 
experiments upon the fixation of young oysters upon bits of wood and stone, and 
found that by suitable arrangement the oyster growth might be rendered far mor0 
rapid. The importance of practical use of iicollectors,” as the sticks and stones were 
termed, was at once taken up most enthusiastically by M. Uoste, professor of embry- 
ology in the College of France. For additional light upon the subject, Coste made 
his visit to Italy, searching the processes there retained of the famous Roman oyster- 
culture. His report, supported by a successful experiment, made what was virtually 
a proposition to replenish the banks of the entire coast. Though the proposition was 
looked upon at the time as at  the best impracticable, i t  was too tempting a one to be 
put aside. Napoleon 111. became discreetly interested, and Becured an appropriation 
for the carrying on of extensive experiments. Coste firmly believed that his work 
was to be of the greatest importmtce to his country, and that his success was to  be 
immediate. Unfortunately he 
was ill advised in his choice of experimental stations, seasons were unfavorable, and 
he failed in his entire undertaking. His failure he recognized more keenly than did his 
enemies. “He died, blind, in disgrace, looked upon as almost a charlatan.” What 
Coste did for the culhural industry is now well recognized. He certainly centered 
upon it public a;tention and pointed out clearly what should be done. It was he who 
furnished the ideas for others to profit by. 

Since the time of Coste numberless improvements, great and small, have been 
added and have made the industry practicable and profitable. 

He entered ardently into his r6le of oyster-culturist. 
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11.-THE OYSTER IN F R A N ~ E .  

ITS SI”XES AND CHARACTERISTICS. 

In the French markets oysters are first distinguished as either u flat” or i l  Portu- 
guese” (Plate LXVIII). The former is the oyster of Northern Europe, Ostrea edulis, 
esteemed for its flavor and commanding a higher price; it is the species that is espe- 
cially cultivated. The letter, 0. angzdata, is a modern importation, lacking in flavor, 
introduced as a substitute for the more delicate edubis. 

The $at oyster, as the name implies, is readily recognized by the shape of the 
shell. This is round in outline, flattened, large in proportion to the size of the animal. 
The shells are often quite smooth outwardly; the lower valve, spoon-like in our 
Americaii species, is scarcely as concave as a shallow saucer. 

The Portuguese oyster is typically long and irregular. One valve is deeply trencli- 
like and contains the entire animal. The opposing valve is smaller, thinner, and 
recurved. The shell is heavy, rough and angular without, and coarse o f  texture within. 
When the shell is opened, the oyster appears slaty or bluish in color, outlined with the 
broad, jet-black margin of its mantle. Its taste is salty, bland, peculiar to  itself, arid 
somewhat sweetish. The flat oyster shrinks vastly on its opened shell, is faint in color, 
with a brown or pinkish margin. It possesses that piquant taste, perhaps slightly 
inetallic or i‘ coppery,” so highly prized. by the connoisseur, The contrast between 
the species in point of taste is considered more striking than the outward differences 
in shell. 

As regards natural conditions of living, the flat oyster occurs rarely in clusters 
and is found in deeper and salter water (sp. gr. about 1.026”). It may, moreover, 
slightly change its position and thus tend to  keep itself above the mud. Tho Portu- 
guese oyster occurs naturally along shore and in clusters, in water of a less deusity 
(about 1.023) and of a somewhat higher normal temperature. 

It may be of interest to continue the question of differences in order to  understand 
more clearly the position occupied by our American oysteq. 

The long-discussed bisexuality of the flat oyster is in Europe generally conceded; 
the American and Portuguese species are regarded as monosexual. If the flat oyster 
possesses this anomalous sex character, its genoalogical relationship to other species 
will be difficult indeed to determine. Tlie Portuguese oyster, still looked upon popu- 
larly as a Gryphma, must take precedence from geological antiquity. It certainly is the 
least prone: to form varieties. Tho American oyster appears to be intermediate. The 
flat oyster is i n  many ways most spscialixed, and presents over thirty recognized vari- 
eties, several of which were formerly regarded as distinct species. 

‘Tho extreme saltness of tho wators of the French grounds shows quite clearly why the introduc- 
tion of tho American oystor has always been unsuocessful. Our oystor ie compnratively a braokish- 
water form, ooourriug naturally in river mouths and sounds liberally supplied with fresh water (sp. gr. 
1.017). At Arcaohon, whore tho density of tho water is low (1.022 to 1,024), AmerioiLn oystors have boon 
known to live for years, but without reproducing. 
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Continuing the contrast between flat and Portuguese oysters the following differ- 
ences are noteworthy : 

YLAT OI’STER. , 

Sliell grows laterally at tlic expenclc of thickness 
is usnally light, friable, ver.v largo in comparison t c  
size of animal; its margin is nndulatod by a dozen 0 1  

more flattcned projcctiiigridges. Tho lateral meChoc 
of growth is marked by a circling fringe of straw 
~olorcil cuticlc, dcitlclle. Tho saucer-likevalve is tht 
more robust a t  the free margin and indicatcs ont. 
wnrdly, by slight asperities, tlio concentric rings 01 
growth. These arc sometimes outlined by a slight 
violet tint. The upper valve is usually quito flat, 
showing from within a broad band of translucent cu- 
ticle often an inch in width. Outwardly this valve 
is shingled with irregular overlapping bauds of horn- 
colored cuticle. Tho nacre icl frequently pearly, of n 
pinkish cast. The hinge is slight, allowing the OYS- 

ter to  bo opened liiugcwiso. Tho breadth of ligamcnt 
is suggestive of Pecten, a likeness oftcn made still 
more striking by the flat, angiilar processes thrown 
out by the shell on eithcr side of thehinge. The shcll 
moreover is circular and ridgcd, like Peofea; its mus- 
cular impression, too, is central and usually colorless. 
A degree of movement might therefore bc suspectcd, 
though the adductor muscle does not appear rcla- 
tirely large. 

The mantle is  delicate aud broad-margined, con- 
tracts vastly, forming irrcgular plaits ; its scnsory 
margin is wide, generally pale pinkish or brownish 
in color; papilla abuiidant, small, and needle-likc; 
posterior flaps of mantle wide and prominent. The 
transparency of the mantle permits the viscera, liver, 
intestine, and rectum to be generally outlined. Thc 
crystalline style is dense and prominent. 

In habits, the edulis, as bcforc notcd, gradrially 
separates from tlie object to  which it had attrtched. 
In  muddy localities i t  is onabled t o  survive by open- 
ing and shutting its flattened scallop-like valves, to  
retain a horizontal position. When out of water the 
qiiick snapping of valves and forcible ejection of 
water arc noteworthy. With gradual shifting of bot- 
tom tho oysters arc enabled to  alter their position 
oonsiderably, tending, it is said, to  congrogate in  
banks. In all of tho oyster ponds oxamincil during 
tho Burnuor tho density of tho water was found to  be 
extreme, practically tha t  of the sea, of a mcansp. gr. 
of about 1.026, and iu  range from 1.020 t o  1.028. In 
relation to  the question of spawning i t  is romarkablc 
tha t  at the two canters of seedprodnction, Away and 
rlrcachon, tho wator dcnsities have boon found lower 
(1.022 to  1.024) than a t  othcr localities examined. It 
would naturally appear tliorefore that, aside from tho 
question of silt deposit, probability for 8pat-CatChiIlg 
soems to decrease as the water incroascs in saltness. 

POI~TUOGESR OYSTER. 

Shcll nhaped roughly like a, human foot, brit 
distinctly pointed a t  tho hccl. Tho oxterllal 
ridgcs beconic at thc margin dccply accented, 
forniing notches grotcsquoly too-like. The 
valves thickon rapidly, thcir plano of growth 
becomes tiltcd rtnd i~ndnlate, and thcir limp 
growth extends to tlic free margin oftlie shells, 
with cuticle lacking. The deep valve is trench- 
like, with usimlly a reccss iiudor tlie hirrgc, and 
with frcc edgcs appcmiug to arch over. I ts  
dcpth moasured cxtcrnally is oftcn five times 
that, of tho opposiiig valve. Its outward aspcr- 
itics are promincnt and irregular. The upper 
or right valvc is (lepressed, but  resenibles out- 
wardly tho mwcr one. The nacrc is limy and 
irregular, oftcn greenish in  color, and often 
darlroned in  patches whore invading mud 
mas~es have boon ocmented in. Hinge oiiils of 
shell licavy and pointed, tliat of Iowar valve 
proclucod backward, spur-like. Hinge ligs- 
mont, located in  doop uotcli, is stout and de- 
fonds the oyster from being oponcd hingewiso. 
The muscular impression, usually purple, is 
small, oblong antero-postcriorly, its niriacl~~ 
attaching the shcll near the median of tho pos- 
tcrior margin. The oyetcr is therefore opened 
by o knife thrust at tho side. 

The oyster ifl sunlron in  its deep shcII. Its 
mantle is narrow and opaque, outlined with a 
broad, jet-black, scusory band. The sense pa- 
pilla are fingcr-like in shape, large and long. 
Posterior flaps of mantlo not marked. 

The Portuguese oyster is naturally a clns- 
tcrcd form, occurring in  shallow water of a 
m a n  normal temperature of 65 to 700 F .  The 
woiglit of its cluster keeps it firmly rootad iu 
its native muddy sand. Al l  of its conditioiis 
D f  living appear to  be those of the  0. vii*gh& 
una in South Carolina (v ide  U. S. F. C. Bull., 
1890, p. 336). The clustors are oftcn of great size, 
composed of a hnndrcd or more individuals. 
Phe oyster separated froinitsclustcr and &pWWn 

in a sandy bottom improves materially in flcsli 
md shell. It is a littoral form, though not 
)ccnrring in watcrs notably froshenod, tho 
iensitics ovcr tho  oystcr beds at the month Of 

,he Tagutl (middle of Scptembor) ranging from 
1.023 to 1.0255. 
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NATURAL OYSTER BANKS AND DREDGING. 

On the French side of the British Channel the natural oyster beds, or “banks,” 
8s they have been termed from their original mound-like form, have been struggling 
to regain their prosperity, aided by the stringent regulations governing the dredging. 
At favorable points, as at Granville, Cancale, and St. Malo, they have again become 
valuable. As supplying the general marl&, however, their importance is little to  be 
compared with that of artiticial culture. Where tho natural banks become of the 
utmost importance is in the regions of productive oysters, as giving the seed oysters 
for surrounding areas. Here their reservation is made most absolute, their limits are 
determined and guarded, and their condition from time t o  time examined by careful 
dredging. In general, government assumes the inanagemeut of the natural beds, 
prescribes how, when, and by whom dredging may be carried on, and enforces the 
law that oysters under the standard size shall be sorted out from the dredge and be 
at once returned to the water. 

As to the banks and the dredging, the natural banks have originally clustered 
around a series of half-buried rocks and have spread out by the acre as the oysters 
have become debached. The bank depends naturally for its shape upon the character 
of the bottom and upon currents; in general, however, it lengthens out irregula’rly 
coastwise. Some of the most important banks exist far out from shore, located upon 
reefs or flats in water of 20 or 30 feet, or even deeper. Others exist in clusters but a 
few rods from shore a,nd are uncovered at  low tide. 

Dredging within prescribed limits is, as a t  Cancable, granted so seldom that such 
occasions have become like holidays.” The chuloupes (3 t o  10 tons) are drawn up 
ready for work and the beach is filled with spectators. At  a cannon shot the little 
vessels start as in a, regatta (see Plate LXIX, Fig. l), each striving to be first on the 
ground. The dredges, four or five to  a boat, are operated by half a dozen fishers. 
A cannon shot closes the dredging and the little fleet returns shoreward, usually well 
laden. The vessels are now beached, aud the cargo is thrown out upon the sand as 
the tide descends. The mass of oysters is at once attacked by women aud children, 
mho sort the oysters out in regard to  size and plstci? them in oblong wicker baskets 
(Plate LXIX, Fig. 2). The oysters may now be sold for BEewage in the slightly freshened 
waters of the neighboring parks. 

Here, as elsewhere, the dredged oyster must be fattened to gain for it a favorable 
market price, since it is poor in flesh, dark in color, and as yet little able to bear the 
fatigues of transport. 

The operatiou of dredging would be regarded by our Connecticut culturists as of 
a most primitive character. Hand labor is economid and prevails, and tho entire 
dredge net is ofteii of hempen cord, Tlie dredge iron is curiously light in construc- 
tion, braced a11 about with soft iron rod8; the mouth is nearly G feet in width; its broad 
lower brim is bent abruptly downward to scrape tlie bottoiri at an angle of 450. 

told, avoraged botwoon two and throe hours. 

________ - - - - 
*Tho tinlo allowed for tho dredging of tho natural banks during tho pitst yot~r has, I have boen 
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1x1.-OYSTER-CULTURE AND ITS BRANCHES. 

French oyster-cultnrists are engaged either in collecting the young oysters (pro- 
duction) or in raising the seed for market (Olevuge). The Oleveur buys his seed directly 
from the producer and is little interested in the question of dredged oysters. I n  our 
discussion, therefore, it will be most convenient to take up the processes in their 
regular order. We shall thus see, for example, how the swimming fry of the oyster 
becomes attached to the cement-coated collector, and how afterward, when the size of 
a finger-nail, the young oysters are separated and sold. Eere begin the duties of the 
kleveur. He arranges the seed in wire-gauze growing cases till they are large enough 
to be little injured by enemies. He may then economize case room and transfer the 
oysters to inclosures fed daily by tidal water (parks). Or still further, the oysters may 
be specially Fattened or given a desirable color by a sojourn in a shallow, long-stagnant 
poud (cluire). These may finally secure a higher market price by processes of cleansing 
or of education for transport. 

PRODUCTION, OR THE RAISING O F  SEED OYSTERS, AND KINDS O F  COLLECTORS. 

Now that the supply of seed oysters along the Atlantic coast is becoming depleted 
by the iricreasiug demand, the questioii of how the French have developed their industry 
practically without seed beds is of serious importance. If we have now to undertake 
artificial production on a large scale, we have evidently no need of repeating experi- 
ments already found fruitless. 

I n  France, ever since the time that de Bon showed how swimming oyster fry 
might be collected upon sticks and stones, every trkal has been made of ways and 
means to produce the greatest number of seed oysters a t  the least expense. As col- 
lectors they have anchored bundles of brush, built platforms of wood, suspended 
strings of shells. The serious difficulty \.vas always that the collectors would become 
speedily coated with slime or sediment, which would either stifle the young oyster or, 
at the best, prevent it from attaching. For this reason our method of simply scatter- 
ing-broadcast over oyster-grounds shells or pebbles as collectors would in French 
localities prove of little value. It became evident, therefore, that a collector must be 
of a shape to render it least liable to become coated with sediment. This requisite 
was found in the roofing tile. 

A tilemay be t o u s  soinemhat of a curiosity. One must imagine a shingle of 
brick so arched as to appear like the side of a tall flower pot, hollowed, therefore, on 
its under side. I ts  length is about 14 inches, its width G inches at one end and ti at  
the other. Its arch is a slight one; tho curve of one-fifth of a circle is found best 
adapted for purposes of collectiug. It is this slight curve, however, that gives the 
tile its principal value in oyster-culture. I ts  under or l~ollow side becomes a recess 
almost free from sediment and may be crusted with spat, while the upper side is slime- 
coated and unproductive, 
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Experinieuts ;IS to the best way in which tlie tiles should be arranged slionwl, first, 
that tiles sliould be banked np iu tiers, rather than spread out horizontally, il l  order 
to place the collectors above the reach of the bottom sediment. A second deductiou 
was that the collectors should be placed along beach strips near the line of low wtitcr, 
thus to evade sediment, because of surface waters, yet at the same time to allow the 
collectors to be rarely exposed. 

Formerly, when the young oysters had become about an inch in diameter, the tiles 
mere skillfully brokeu or cut by m e m s  of heavy pincers, so that each oyster should 
hare attached to it a fmgment of tile; this was regarded as of great value, protecting 
the delicate inollusk against its enemies. This method of separating the oyster is, 
however, uow obsolete, except uuder ;I modified form in several establishments along 
the Trinit6 River. It became too expensive a matter to destroy the tiles-the oysters 
must be separnted :md the tiles saved for the coming season. At  length a thin coating 
of lime cemeut was found to aimmer the purpose, proving even better than the tile 
itself for 6' set," while allowing the young oyster to be flaked off even by :i push of the 
finger -nail. 

This illnovation brought the tile inore and more into general favor. Their use 
was uow found ecoi~omical; costing :it the outset but $5 or $G per thousand, they 
became fairly permanent, for eveu the percentage annually broken in handling (about 
5 per cent) could be made of use in special forms of collectors. Moreover, besides 
giving tlie greatest surface for attaclimeut of spat, they inight by their arrangemeiit 
in t<iers economize :waild.de space; they might readily be handled and stored, yet be 
SuEoiently heavy to withstand the wear and tear of the water. It is stated that a t  
Arcachon and in the regions of Auroy the yoerly average of each tile is at least 200 
seed oysters. 

With this brief iutroduction we may esmiine the three typical forms of spat- 
collectors in preseut use and their method of employmeiit. Vaa.ieties in tile collectors 
are naturally depeiitleiit upon the pl:Lce to mhicli they art? destined, upon the softness 
of bottom, upon tides, tind sweep of currents. 

(1) Where the bottoiii is suitably firm, witli but little water at lorn tide, the gabadt 
(ruche) is perhips the most popular collector (Pl. LXXI, Fig. 4). It way be described 
as a crate of tiles. The accompanying -figure represents the form used by 31. Dast6, 
of Arca,achon, undoubtedly the most convenient of those I have examined. The crate 
is made of strips of wood, 24 by 19 inches, witli the elids pivoted, so as to allow the 
frame to be folded for transport and storage. The wood is tarred once a year by iin- 
meissing the entire frame in a tar vat. The meiisurements perinit) ten tiers of tiles 
thud :illow nilie tiles to a tier. For solidity the tiles in the diff'ereut tiers alternate 
hgthyrise and crosswise, their wedge-like shape dovetoiliug the mass firmly together, 
the lighter nprigiit strips preventing their displacement. In  actual use the upper- 
most tiles are usually roofed over witli seaweed, as a protection against the heat of 
the sun, should the collector be exposed. The collector described is arranged for the 
largest size of tiles, proferred by M. Dast6 as more economical in handliug. Q a b a Y h  

often employed holding a greater number of smaller tiles, 120 to 200, gainiiig thereby 
8 greater exposed surface for fry attachment. A modified gabarc% arranges the outer 
tiles and fills in the central portion with the tile fragments broken in dhtroqzcage. 

P. C. 13. 1890-24 
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(3 )  Another type of collector is the bouquet,* employed wheii the bottom is suitably 
This collector is 

simply a bunch of a dozen tiles 
. strung together iii different ways 

by galva~iized wire. Its wire loop 
is readily seized by a boat hook, and 
its compactness makes it conven- 
ient in handling. 

The mushroom is the form almost 
exclusively used where the banks 
are soft, or in deeper water where 
there is a heavy bottom sediment 
t o  be avoided. Without this col- 
lector many localities would be ren- 
dered :~bsolntely worthless. It is 
simply A boicpuct raised a foot or 
two above the bottom, hung by its 
wire ring to the top of a firmly 
driven stake. All the attendant 

care is readily given from flat-bottomed skiff's as tlie tide is falling. 
Another modification of the bouquet is the cumion (Plate LXX, Fig. 2) ,  B collector 

used in place of the guburdt in looalities where the current is not too strong. It is a 
gubure't lacking the wooden frame, formed by banking together boupuets, one above 
the other. To aid its stability i t  is 
sometimes weighted by stones. 

(3) In  place of the gubarW, 
equally exposed by the reced- 
ing tide, there is often em- 
ployed a pluwhe collectcur, or 
a bank of a dozen horizontal 
wooden trays (Plate LXXI, Fig. 
1) .  This collector is kept i l l  

position by rough uprights 
driven into the ground, wliicli 
serve from year to year. The 
wooden trays are easily re- 
moved and transported for 
de'tropuuge or reliming. 

We must now examine (1 ) 
the way in which tlie tiles are 
coated with cement, (2) how 
the collectors are put in place, and (3) how the young oysters are afterward separated. 

firm, but where from depth of water the guburtft is iiiconvenient. 

It is therefore readily taken apart arid handled. 

. 

__ - 

* Tho bouquet i8 ~ h o w n  in the npper figure; tho sooontl figure reprosouts tho plano7w oollecfcrw. 
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COATING WITH CEMENT (CIIAULAGE). 

Early in the spring each proprietor causes his collectors to be thorougly sun-dried. 
The cement vat is then prepared with ai mixture of lime and s8& water, often with a 
proportion of sand or mud stirred to the consistelicy of thick cream. The collectors 
are rapidly dipped in this limy fluid, allowed to drain off, arranged on rough trays, and 
set aside for several days to thoroughly dry. The cement crust should then be about 
a millimeter in tliickness, somewhat brittle, separating. from the tile in fakes. The 
dipping of the tiles in cement is sometimes performed by hand, sometimes by means 
of a moll-sweep. The operation is a rapid one, the attendant women on one side of 
the vat passing up the tiles separa8te or in bunches, as in bouquets, for immersion; 
another detachinent promptly removes the moist collectors and spreads them to dry. 
A new tile is first saturated with a watery mixture of quicklime and water, to fill the 
pores in its spongy substance. It is then dried and subjected to  the regular process. 

Of the properties and ingredients for chaulage each proprietor ha's his own recipe. 
At Arcachon the formula is in general that of M. DastO : one part quicklime, three 
parts fine sand, with coloring matter sometimes added. In the region of Auray, M. 
Martin gives his tiles a double liming, first with a light coating of quicklime, and sec- 
ond, after the tiles have dried, with one of hydraulic cement. In the TrinitO River 
region, M. Leroux prepares a mixture of one part quicklime and one part of fine gray 
mud, as best suited to his locality. 

PLACING AND MANAUEMENT OF COLLECTORS. 

In localities where spat collection is naturally favorable, as at Arcachon and in 
the region of Away, the tide limits along the beaches will be seen covered with col- 
lectors (Plate LXX, Pig. 1). These are most numerous near the low-water mark, usually 
arranged in close regular order, but with alleyways between leading shoreward, wide 
enough for the passage of a cart or boat. In placing collectors it is usually arranged 
80 as to allow the current t o  run counter t o  the length of the tile, in order thereby to 
gain nodes of still water under each tile as places of refuge for the young oysters. It 
is claimed, however, that this precaution is a needless one. The matter of the great- 
est importance, universally conceded, is when the collectors should be put in place. 
Experiments have shown that in  localities of French production the placement should 
be arranged during the low tides of the last week in June and of the first fortnight 
ill July, and that the bulk of the collectors should be in position by the coinmence- 
ment of July. The question of time is carefully studied by the culturist. He exam- 
ines the oysters from time to time, looking for the p a y  spawn, the iiurslings which 
the oyster is about to eject. As long as the spawn is white or creamy in color the 
culturist defers the placing of collectors. As the collectors SO speedily become slime- 
covered, the question of a few days is regarded as of the greatest importance for the 
S~ccess of the set, since the major portion of spawning is found to take place quite 
snddenly. The anxiety of the culturist in regard to exactness of time seems one that 
should be carefully considered at home, for the habits of the fry appear to be very 
similar to those of our own, especially as it is now conceded that the swimming stage 
Ofthe European species lasts for several days, or even a week. 

The set once obtained, there is nothing to do but wait till growth llas rendered 
the Young large enough to be safely separated from the tile. They have attained by 
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October at least $he size of a fingcr mil, a id  de'troql~age commences, this operation 
being often finished before the coldest weather. Some proprietors allow the oysters 
to remain unseparated until spring-Trinite ltiver, for example-but in shallow waters 
there is danger of losing the entire set from freezing. 

DkTROQUAGE AND 'I'ILAh'Sl'OlZTATION. 

Ddtropuage begins with the carryiiig of all the collectors to  the neighboriiig shops 
(Plate LXXII, Pig. 1). Everything is made ready; the camions and gabar6ts arc carefully 
taken apart and the tiles placed on lighters; as the tide rises these are gradually 
floated ashore and promptly unloaded. Each cargo is precious to the proprietor, for 
he can at once sell the tiles for immediate transport a t  ai1 average price of $10 per 100. 
The tiles are arranged in small heaps, and the operation of separating the seed oysters 
commences. The plaster coating of the tile, softeued by water, is readily flaked olf' 
with the oysters adherent, by short puslies of a, chisel-like knife. The women who 
perform the task become extremely skillful, each separating perhaps 20,000 seed during 
the day. The loss is but trifling, estimated in geiierul from 2 to 5 per cent. 

The young oysters are at  once placed in baskets to  be transferred to neighboring 
growing ponds, or are packed directly for transport. Their price is a variable one, 
dependent upon size, locality, and scarcity, but usually ranges from 60 cents to 
$2.50 per 1,000.* Each proprietor has his clientdle of Bleueurs and finds but little 
difficulty in disposing of his product. Curiously enough, traiisportatioii at this stage 
does not appear to be clangerous. The proportioii of seed lost during a jouriiey of 
three or four days is but t,rifling. I am told that eve11 after a storuiy transport from 
Auray to the Irish coast, taking iii all niiie days, more tlinii two-thirds of the cargo 
was found in good condition. 

Before concluding tlie discussioii of seed oysters, a few words must be said (a) in 
regard to production in closed ponds, and ( b )  of the importaim of tlie reservation by 
Government of oyster-bearing tracts. 

Production in  closed ~~onds.-All production thus far coiisidcretl has been that of 
open bays or rivers. Here, however, everything is a t  the mercy of season and weather, 
and profits every culturist alike. The French, however, recognize that the ideal pro- 
duction ea11 only bo carried on in closed ponds provided with spawning oysters, wherc 
by favorable conditions a great percentage of the myriads of young might be success- 
fully collected. During the present season a most remarkable success in this pro- 
duction has becii made by Mme. Veuve de Sniiit-Suuveur, in  lier lake at  Breneguy, 
adjacent to the mouth of the river Auray. Experiments in this line have usually failed 
the second year; but in this case tlic principles seem far more likely to promise coii- 
tinued success. 

The lake is, in the first place, a large one, covering a rounded basin of about a 
hundred acres (Plate LXXVII, Fig. 1.) It had originally been a salt marsh, of a bottom 
naturally clayey. It was converted into a pond by constructing a high bank on tlie 
one side and finishing the inclosure by a massive sea-wall on the other. Here, as tho 
tide is favorable, two great flood-gates prevent the escape of the water, allowing an 
average depth to be maintained of about 4 feet. The nianagcmeiit of the lake has 
been an extremely rational one. During the past winter the pond had been well dried, 

They are a t  least worthy of discussioii. 

* A  letter from Arcachon tells mo that the set of tho p r o e m t  year hasbeen so great that the price 
bas fallen to 10 cents. 
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allowing the basin to thoroughly purify, and during this time the muddy tracts had 
been roughly macadamized with clay and gravel. About the middle of April the 
water was gradually admitted. A week later oysters were introduced to furnish the 
spawn. These were scattered in the deeper parts of the lake at about forty to a square 
yard. The water was iiow daily changed a t  the flood-gates till the first appemanee 
of spa,wn (May 15). This was the sign that the collectors should be put in place and 
that the flood-gates should be closed. Since that tiine,?ip to Sept,ember 1, no water 
aiid consequently no oyster fry had been allowed to escape. Loss from evaporation 
mas several times made good by allowing the entrance of tide mater, a precaution 
liardly iiecessary because evaporation had in a ~neasiire been counterbalanced by sev- 
eral small springs occurring in the bottom of tho lalze. These, moreover, exercised a 
very salutary effect in keeping the gravity of the mater slightly lower (1.021 to 1.023) 
than i i i  the open harbor. The temperature of the confined mater became gradually 
higher (50 to 80 I?.) then that without, while the water volume was yet sufficient to 
guard against sudden changes of air or weather. Obviously, absence of strong cur- 
rents tended to a minimum of sediment accumulation. Jt I V ~ X  soou evident that the 
success of the experiment mas a pronouiiced oiie. *4 dense set was apparent through- 
out the entire bottom. The spat had even attached to tho stouter sea-weeds. Owing 
to a minimum of sediment both sides of the tiles i n  the collectors were usually well 
covered, each tile showing on an average 400 spat. The set was sometimes as dense 
as 3,000 per tile. 

The principles to which Mme. de Saint-Sauveur has attributed her success are as 
rollows : 

(1) Tho iieccsbity of inclosing a large urc:L in order to present a great water snrface for the 
absorption of air. 

(2) Tho iiecessity of thoroughly drying out the b:~si11 for ut least two months, doing  way 
entirely with animal :md plant life aiid allowing the clnyoy bottom to become purified for tho 
fouowing season. 

(3) In tho management of the pond the iiocussity (1) of introducing a sinall but continued supply 
of fresh water to compensate for evaporation; (2) of :L unifor~iundlow density (1.022); (3) of a depth 
of water sufficient to guard against sidileu changes in temperature or density. 

The success in the manageinent of this closed pond has been so remarkable that 
if continued during following seasons it will insure the establishment of permanent 
stations of this character. It is noteworthy that from the time that water was aIIowed 
to fill the dried basin a healthful condition prevailed and was apparent throughout. 
Sea-weeds became sufficiently abundant to aid materially in oxygenating the waters, 
and to provide the richest of feeding for the contai oysters. I n  former experiments 
the difficulty has been malaeration, causing the death of animal life and the subsequent 
empoisoning of the water. Breneguy has refuted most clearly the doctrine of Chaumel, 
Gressy, and de Wolbock, that current is indispeiisable to the life and transport of 
oY8ter fry."" The questioii seems rather one of perfect asration and of lack of 
sediment. 

In relation to our preseut need of seed-culture the success at Breneguy should be 
se~Ously considered. The ease with which our species of oyster may be artificially 
fertilized would allow us to introduce in a pond of this kind myriads of active hy, 
could we be but sure that natural conditions would be favorable for their set. We 

___- 
* Vide Haiissor, ref. 47, 22. 
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might thus, it is evident, determine absolutely the time to place collectors and to 
close and open the tide gates. At  home all experiments have failed owing to imperfect 
aBration. Efforts to renew the water by supply and drainage currents have led to 
the escape of the embryos; while, if the basin has been entirely closed, its smallness, 
together with accumulations of sediment, has usually resulted in leaving the collectors 
far less covered with spat than if they had been placed in the open water without. 
In Europe artificial fertilization of the-flat oyster is impracticable, since the fry are 
retained and incubated by the maternal shell; hence, in pond culture, there will be 
necessary the troublesome task of introducing, examining, and guarding the spawning 
oysters. 

Experiments by Rouchon-Brandely in 1881 with fertilized eggs of the Portuguese 
oyster are clearly set forth in his report." The embryos were successfully reared in 
small ponds, but the success was not sufficient to warrant profitable culture. 

Reservation by Qover.lzmnt of oyster-bearirzg tracts.-To the Government as well as 
to the culturist the oyster industry is a profitable one. It is, therefore, state policy 
to foster its development. This it lies done most judiciously in the regions of seed 
production. Oyster-bearing tracts centrally located liave bee11 staked out and rigor- 
ously guarded to furnish spat for the entire neighborhood. These tracts are intended 
to include all depths of water and all conditions suitable for production. The impor- 
tance of these measures can not be overestimated. Without it seed production would 
become impracticable. Everybody's business mould otherwise bccome nobody's busi- 
ness, for the culturists would have a jealous dread of retaining oysters to furnish fry 
for the entire neighborhood. The condition of' these reserved grounds becomes B 
matter of great importance. A committee is appointed to  represent the different 
estates and to control their management. This committee causes the grounds to be 
regularly examined, and experiments and reports upon questions relating to dredging, 
cleaning, or replenishing the banks. 

  LEV AGE, OR THE GROWING O F  OYSTERS FOR MARKET. 

The question of obtaining seed oysters is regarded in France as a certain and not a 
costly affair. The time and expense devoted to the oyster are during its Olevap or pro- 
cess of cultivation. The Bkveur receives seed oysters which, perhaps, are but the size of 
a finger-nail. He must place them under their most favorable conditions for growth 
and fattening, must care for them, and must in the end Rend them to a critical market 
as cultivated oysters, perfect in shell, well-fattened, and delicate in flavor. He must, 
therefore, make a study of his locality, to find what conditions are most favorable 
for rapidity of growth or flavoring. His work begins when he receives the freight of 
millions of seed from Arcachon or Auray. These are unpacked, carried down to the 
low-water line, and arranged in the flat wire.gauze rearing cases (Plate LXXII, Fig. 2). 
These he regards as important to the industry as the tile itself, for in the first place 
the cage lifts from the bottom and prevents the young from being stitled by the shift- 
ings of mud; it renders the growth regular and rapid, aiid above all it  protects the 
oysters from their enemies-crabs, boring snails, and starfish. The mortality of 
oysters during the three years of their Olevage may by case culture be reduced as low 
as 10 per cent. - - 

* V. ref. 9, e. 
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The case is not a costly affair; it  is merely a large flattened box, whose top and 
bottom are of stout, wire gauze; it is about 6 inches in thickness, G feet long, and 4 
feet wide. This shallow wire-gauze box or tray is held a few inches above the bottom 
by four corner posts; its lid when in use is held in place by four nails a t  the corner!. 
Where rough usage is expected, as a t  Oancale (Plate LXXII, Fig. 2 ) ,  the supporting 
stakos are increased in number, the woodeu frames of the lid and bottom are made 
wider, rendering the gauze window-like, and the lid is hinged, held in place by weights 
or a lever. In the TrinitO River, M. Benjamin Leroux 'outlines the gauze of the top 
and bot,tom with iron, instead of wood, thus allowing both t o  be readily lifted from 
the frame convenient for storage and tarring. This device, however, is generally 
regarded as a matter of needless expense. At Arcachon a modification occurs as 
adopted by M. Dast6. The tray, formerly single, is now formed of three smaller 
ones side by side. By this change the separated trays become convenient for partial 
transportation. A single lid, as before, covers this compound case. All cases are 
furnished with gauze of galvanized wire, with a mesh varying from one to three to 
the inch. If tarred regularly once a year the cases last from ten to twenty years. 

The cases are arranged near the line of low water with a View of keeping them 
submerged as long as possible. They are placed side by side in lines, with alleyways 
between passing shoreward. The corner pickets may thus be made to serve on either 
side. This double service is most successfully attained by means of the cast-iron 
pickets of M. Martin. These are T-shaped, with ledges on either side at  convenient 
heights to support the case frames; they are readily put in place and are obviously 
permanent. The first task of the e'ZevezLr consists, as we have noted, in placing the 
seed in the cases. These are strewii thickly, sometimes for economy of space even 
packed edgewise, enabling each case to contain at  first as many as 25,000 seed. Dur- 
ing the first few months rapid growth renders it necessary to pick out each fortnight 
and transfer to other cases the largest oysters. This task is carried on at low tide by 
a squad of women, who at the same time sort out the dead shells and pick from the 
ground stray oysters. Along muddy river banks their bare feet are shod with great 
square mud shoes. 

As a practical question the culturist is often seriously puzzled to obtain space to 
plant his cases, He must often make use of the softest river banks, which Americans 
mould look upon as absolutely worthless. He has found that if the surface mud is 
macadamized with sand and gravel a crust may be formed that will serve admirably 
for his cultural purposes. The crust is hard to  the foot, but jars curiously as one 
walks heavily upon it. By this costly means miles of bay and river banks are con- 
stantly being brought into cultivation. 

How long the oysters must be allowed to remain before marketing is a question 
that depends largely upon locality and the length of time they have remained in sub 
merged cases. Deep parks (Plate LXXIV, Fig. 2) are looked upon with great favor, 
though they are a t  times, especially in cold weather, very difficult to properly care for. 
The lake of Ossegor, seen in the figure, is remarkable for giving its oysters a maximum 
raljidity of growth, cf, p. 377. Case culture should in general prepare the oyster 
for market during the second season. Winter is the time of the great mortality, and, 
though ice rarely occurs to  any thickness, the oysters are usually kept well below the 
surface. This end is attained by inclosing the area and retaining, by flood-gates, the 

(Plate LXXI, Fig. 1.) 
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necessary depth of water. Many proprietors, at the approach of cold, remove the 
cases for storage and repairs, leaving the oysters scattered on the bottom of the 
inclosures or parks. 
, An oyster park, accordingly, is an inclosed tract intended to retain tidal water 

for purposes of culture (Plates LXXIII and ~xxrv).  It is looked upon as an indispensable 
aid to the industry. To scatter oysters broadcast in deep beds, as with us, would be 
especially impracticable in French waters; the oysters would be in constant danger 
either of envasevaent or the attacks of enemies. It accordingly becomes a matter of 
economy to  construct inclosures tliat permit the oysters to  be guarded and tended, 
and that give them at the same time the thrifty conditions of warmer water and of 
littoral feeding. A park may be simply a tract of tide land illclosed by the simplest 
barriers of planks or of interlaced boughs that serve simply to retain the water for a 
few hours (Plate LXXIII, Fig. 1). With this view the simple tidal parks are rarely large, 
perhaps 50 or 100 feet square, to thus give more barriers to hold back the cscapiiig water. 
In outliniiig the inclosure, account is taken of expense and of resistance to currents. 
For the first reason the barrier need be but a foot or two high; for the second, it often 
requires bdlasting with stones. If the current is not a strong one the barrier is con- 
structed in a double line of little fascines. These are of pine or gorse twigs, 10 inches 
high and 5 inches thick (Plate LZIII, Fig. 2, and Plate LXXIV, Fig. 1). These stand 
upright and are firmly implanted, the space between the parallel lines packed with 
sand and clay, and they form ultimately a wide, low, park margin both water-tight and 
durable. Tliis inclosure, by keeping the rearing cases continually under the surface, 
also serves an additional use, considered of great importance in the French localities, 
that of giving more space for culture, since it brings into use a liigher zone of the 
beach. Should the bottom of the park be not too soft," it may be thickly strewn with 
half-grown oysters; the cases then vacant are at once refilled with seed. The e'levage 
of the dredged oysters, as we have noted, is of this character; they are simply scat- 
tered regularly over the park bottom and allowed to fatten under the thrifty condi- 
tions of littoral feeding in warmer water. As a rule, accumulation of sediment does 
not interfere with culture in these parks. Should the barriers prove not water-tight, 
a marginal draining trench is naturally formed and the escaping current bears away 
a great part of the sediment with it. 

The more costly oyster parks differ from these primitive inclosures only in the 
character of their walls. Stoiie walls, massively Inasoned, render the structure per- 
manent, while mechauical gates regulate with nicety the depth and renewal of water. 
An especial use of this kind of park is that of vivier for the storage of marketable 
oysters, especially during the winter season (Plate LXXVI, Fig. 1). 

The simplest kind of barrier park is well seeu at  Caucale (Plate LXXIII, Fig. 1). 
Here the entire sweep of muddy or sandy shoals may at low tide be seen clieckered off 
in rough inclosures. The barriers that outline them noted in the figure are formed of 
rough planks well covered with seaweed, held in position by firmly implanted stakes. 
The center of the park is seen to be drained and the thickly spread oysters are ex- 
posed. These parks may be drained at the side by withdrawing a small wooden vane; 
the collecting sediment is then carried seaward down the intervening alleyway. The 

* Mud a foot thick is not regardod (1s detrimental. The oysters keep readily upon tho Burface. 
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oyster’s feeding conditions along the flats a t  C:iucalc are certainly noteworthy. During 
my visit the lower sands were streaked and mottled with a golden-brown crust of 
diatoms. 

The second kind of barrier park prevails at Arcachon, by far the most important 
seat of oyster-culture (Plate LXXIII, Fig. 2, and Plate LXXIV, Fig. 1). The first figure 
shows one of M. Dastb’s parks. The fascines of tyigs seeu banking the inclosure have 
been implanted in the hard sandof a little emerging island, a crassat. The parkbottom 
is hard, and for that reason draining trenches are not foriiied. About 10 inches of water 
is retained to cover the oysters. The other figure represents the eniployks a t  work 
and shows the way in which the smell parks are grouped. Oiie of the curious fea- 
tures of Arcachon is a boundary fence, formed of Tvaving saplings, a device intended 
either to frighten away injurious fislies or to retuiii thein as the tide falls. An illus- 
tration (Plate LXXV, Fig. 2) shows the saqling fence on either side of an alleyway, 
imposed by law, separatiug adjacent parks, to serve for trausport. The oyster boat of 
Arcachon (Plate LXXV, Fig, 1) is the ancientpirogue of the Basque region, often provided 
with lateen sails-half dory, half gondola--a capacio 11s tiffair, heavy in build, bnt 
curiously light to haudle. At  the boundary of each 1m-k is located a guard boat or 
ponton, one end of which contains the guard and his dogs; the other end serves as a 
workshop. 

An illustration (Plate Lxxv1, Fig. 1) shows the character of the most costly type 
of oyster park, a lake surrounded by well-slanted stone walls, It is the bassin des 
clmsses at Sables d’Olonne, half of whoso area of 160 acres is devoted to oyster-culture. 
As a park it illustrates several novel points well worthy of discussion. It is, in the 
first place, a compound or oooperativo park; that is, it iiicludes a myriad of smaller 
parks and has an organized management. Its central governinent, supervised by the 
ministry of marine, regulates the important matter of water supply and rents out 
tracts to the culturist. This annual rent, about 2 cents per square foot, is understood 
to include the general expenses of water supply, guiWds, ancl necessary repairs. The 
parks are for klevage, the greater part of the seed coming froin the region of Auray. 
The plaiited beds remind one curiously of those of a market gardeli, well banked and 
separated by trenches. These serve to collect the depositing sediment conveniently 
for removal. The bottom, however, is naturally level and hard, a firm mixture of sand, 
mud, and clay. This large park again illustrates the principle spoken of in regard to  
Breneguy, that a large surface allows the mater to &rate without coilstsilt reuewnl. 
The management permits change of water during ouly three days corisecutively per 
week. The great gates are first opened to allow the wrtcr to pass out until only about 
a foot of wliter remains above the oysters; the rising tide is theu admitted to the 
depth of 4 to G feet and the gates are closed. The water is comparatively shallow 
ahdbecomes warmer; germination and growth of plant life speedily eusue and furnish 
the best of feeding to the inclosed oysters. This is attested by the rate of growth and 
fikttaning that the oysters are here remarkable for, a poiisse soiiietiines 8s great a8 
IMf an inch per month. The culturists themselves note that if the water is shalloW 
and warm the growth of the oysters may be forced as that of the plants in a hotbed. 
There is danger, however, that the mater, i f  shallow, might become too salt by reason 
of evaporation, or too freshened by remon of continued rains, and therefore :I deptlf 
Of 4 feot is iiorinlilly maintained. hhat ion and living conditions become then SO per- 
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fect that the water of the basin has been left a month without endangering its inmates. 
For rapid growth, it is found best not to  place tho oysters too thickly, a maximum of 
fifty per square yard. The water (sp. gr. 1.02Gf) is practically that of the sea, the 
bottom containing no springs and there being no ingress of little streams. Hence, to  
avoid too great a density from evaporation it is deemed advisable to renew the water 
more frequently than otherwise required. It is probably on account of the extreme 
saltness that production can not bc attempted. I have personally no doubt that, if 
it  mere practicable to temper the density of the lake by a careful introduction of‘ fresh- 
ened water, and to maintain it at the specific gravity of Breneguy, production might 
be both possible and profitable. 

CLAIRES : SPECIAL PROCESSES, SUCH AS “ GRBENING” OR PREPAEING FOR 
TRANSPORTATION. 

On either aide of the great lake at  the Sables extend meadow and marsh lands, 
suited for salt-making. Here have been formed, by means of turf-cdvered banks, rect- 
angular pond-basins (BO by 150), arranged to be occasionally filled from the lake with- 
out (Plate LXXVI, Pig. 2 ) .  Our oystermen would be surprised that oysters could be 
kept alive, much less grown or fattened, in such small and muddy salt ponds. They 
are nevertheless the claires, famous for fattening the oyster or for giving it a color 
or special flavor. The bottom of the pond is like a plowed field, perhaps $lightly 
inore clayey; the sloping sides are turfed t o  the water’s edge. The water, maintained 
at the depth of but a few feet, is naturally muddy and coiltinually causes sediment, 
which would be of extreme detriment if the pond basin had not been arranged with a 
marginal ditch into which all sediment shifts, convenient for removal. It will be seen 
that the Claire will be advantageous, yet a t  the same time dangerous to  the oysters. 
They become continually coated with mud; the mater, renewed but once a meek or 
fortnight, is malaBrated, and the mortality is of course great. On the other hand, 
everything conspires to give the conditions for the richest feeding; the minute plent- 
life that enters the clairc is forced into luxuriant growth by warm and food-bearing 
waters, that are slightly freshened by surface drainage. At  tho Sables differences in 
temperature between claires and outside lake are from 5 to  80 F. j in specific gravity 
the digerences are froin .001 to  .002. There may naturally be all degrees of claires, 
small and large, some renewing their water every few days, others but a few days each 
month. It is the exuberant growth of the oyster that makes clairc culture profitable. 
111 special localities entire Blevage would riot be practicable on account of the rate of 
mortality. The oysters when grown aye uimply introduced in the claires for several 
weeks to  give them an esteemed taste or color. 

Claires must be studied at Marennes, a locality long known to produce oysters 
green or bluish-green in color arid deemed exquisite in taste. Green oysters have 
become synonymous with Marennes, their reputation, if not their ff avor, commanding 
a high price in the marlret. Nowhere else along the French coast are found conditions 
as favorable for dlevap as well as for ‘ I  greening.’, The low-lying tide Iands, clayey, 
but rich in peaty mud, produce the richest of oyster food, clouding the slow waters 
p i t h  minute plant life. Of these low organiams, by far the greater number are dia- 
toms, a race of niinute, single-celled plants that often possess a curious power of nav- 
igating about apparently at will. They are transparent, incased in a delicately frett,ed 
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shell of glass, and contaiu i t  nimber of pellets oC golden-brown coloring matter. An 
exceptional diatom, An~pl~ipleura osfvearen (Gr.), contaiiis a greeu pigment and is 
nowliere as abuudant as at Marennes. The oyster feeding upon it, stores away, first in 
gills and then in mantle, the vegetable coloring. Tlie green color is said by tho con- 
noisseur to give the oyster an iiiirnitable and exquisite flavor, as if savored with mush- 
room or truffle, an idea which the culturist, however skepticd, is not apt to refute. 
With a view to higher m:wket price, he hits even studied astutely how t o  give his 
products the maximuin degree of color in the least &ne. He early attributed the 
cause of coloration to the myriads of green diatoms, which he termed (( iiioss,” and 
discovered that this moss developed most readily in inucldy basins where the mater was 
seldom renewed. The low regions of swamp and salt meadow, often for a mile 011 either 
side of the Soudre, lias iiow beeii built into claires, drawing water from intersecting 
canals (Plate LXXVII, Fig. 2). The claires nearer the river may readily reiiew their 
waters every few days, offering the better conditions for e‘levage. The claires situ- 
ated upon the uplands, where rapid greening takes 1)IZtcB7 can o d y  be refilled a few 
days monthly, in accordance with the lunar tides, a i d  their shallow stggnant; waters 
are tlierefore most‘daiigerous to tlic oysters. I ani told that here the mortality may 
average 50 per cent, even though under favorable conditions the oysters will green in 
a fortnight. 

The claires at Mareunes are established as follows: They are crowded together, 
separated only by low earthbanks, are small in size, the largest perhaps 75 by 100 
feet (Plate IXXVIII, Fig. 1). The bottom is of soft, light-brown mud, banked up in the 
middle; the marginal trenches are deepost a t  side, dreiuing iiito tlic canal. The drain- 
pipe piercing the low earthbank is usually a bored pine log, a foot in diameter. 
The drain-stoppers arc3 like :t inallet, removed convciiiently from above by means of 
the handle, Iu the best development of the green moss tho 6Zevezws believe that the 
Claire bottom should, like a cultivated field, be aniiually broken and ‘( freshened up.” 
Barly each spring, when the green moss is beginning to disappear, the poiids are 
emptied. After several weelrs the bottom becomes seamed aud cracked by the heat of 
the sun; the trenches are now deepened, tho upturned soil so disposed as to give the 
bottom a mound-like appearance; the basin may even be spaded up as if for a flower 
bed. In August the water is again permitted to  enter, a t  first but little a t  a time, 
allowing the crust to slowly deliquesce, a stage that often produces a froth-liko 
appealwm. A week later the claims are filled so as to allow about a foot of water to  
cover the oysters. Late in Angnst the green begins to appear, first in the low claircs, 
then in the higher ones; in November .it is at its height, the entire basin becoming 
literally moss-covered. Warmth is naturally essential to rapid greening, the sliallow 
waters varyiiig from 30 to 120 3’. higher than margin of the Soudre (August 26 to 28). 
The slight freshening of water caused by the rains in September and October is also 
considered of advantage. The differences in saltness of water 
of river, canal, low, and high cluircs, are certainly not marked-(i30) 1.023, (75O) 
1.0235, (760) 1.0235, (800) 1.021 to 1.0225. In vidue, adjjwcont claires, under ap,parrelitly 
the same conditions, so nietimcs ciiEcr most ixiiaccountably in  the quantity of green 
lllOSs that is produced, 0110 clairt: often eiiabling the oysters to green thrice asrapidly 
a8 the adjoining one. For rapid greening i t  is found best t o  place the oysters liot too 
thickly, ;t normal of fifty to the square yard. The oyster’s color may entirely disap- 
Pear if the oyster is allomed to remain for a month or more in other waters, but is not 

Springs are absent. 
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lost during transport. The green oysters are said, moreover, not only to retain their 
color, but to bear the fi&tigue of journeying as well as those raised in tidal parks. 
Fortunately for the claim culture the winter a t  Marennes is not 8 severe one, and the 
ordy precaution to be takeu is to slightly increase the depth of water. More than 2 
inches of ire rarely occur. 

Before shipmeut to market two processes may be employed, giving the oyster an 
additioual value to the connoisseur. The first, termed dkgorgewent, frees the oyster 
from any traces of sand or mud that may have been ingested with its normal food. 
The second would with us be called edzcccction; it trains the oyster to bear the fatigues 
of transport. 

Of ddgoiyewaent but few words need be said. Oysters, especially those that have 
fattened upon a soft, marly bottom, usually show outward traces of black indigested 
matter contained in the intestine. The oyster loses these traces of coloring naturally 
when allowed to remain tranquilly upon a hard bottom in clear water. Cemented or 
stone-masoned basins or tanks are conveniently employed ; the oysters are scattered 
over the bottop, the water is admitted, and the oysters allowed to remaim for a week 
or a fortnight. (Plate LXXVIII, Fig. 2.) As a rule the basins ofd&o$gement are divided 
by brick walls into smaller areas of perhaps 25 feet square, enabling one compartnieut 
to be emptied without incoiivenience to others. A typical basin, seen in Plate LXXVIII, 
Fig. 2, is at  the margin of the Soudre, at La Tremblade, Marennes. The slriall tram- 
way is one of the features of a French oyster park; the wide platform cars, passing 
from the shops along the embankment, are found most conveuient in transportation. 

These basins may sometimes be used for the second process, that of accustoming 
the oysters to au out-of-the-water existence. Tlie basins may for several days be 
allowed to fill or empty, accordiug to the tide. It is found, even in this brief time, that 
the margins of the shells will fit more tightly together and retain the fluids of the 
oyster for a longer time during transport~ttion. If concreted basins are lacking, the 
oysters are simply strewn on the shore between tide limits for the same length of time. 
The shells are firially cleaned, first by 8 jet of water from B portable hand pump, then 
by brush or broom. Shells incrusted by Serpula or Mentbraniporcc are scoured with 
a metal brush. 

Oysters are often purcliased directly from the dleveur, whose duty it is to keep his 
customers informed of current prices of the different grades and sizes. The oysters 
are carefully packed in bracken fern by the two, four, or eight dozen, and the box for- 
warded, express paid, to the residence. A consumor is thus apt to receive the oysters 
in a perfectly fresh condition. An order, for example, may be left with the agent in 
Paris at 8 o’clock Friday night; this is received a t  Marennes the afternoon of the 
following day; and the fresh oysters will be delivered in Paris in time for the Sunday 
dinner. If thus ordered the prices can certainly not be regarded as exorbitaut. The 
green oysters of the best grade will cost a t  the home of the purchaser from 1 to 4 cents, 
while for half of this price may be bought the Iargest and fiuest Portuguese. 
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1V.-THE PORTUGUESE OYSTER. 

The Portuguese oyster has taken an importmt place iu French oyster-culture 011 

account of its cheapness. It requires but little +re-for tha t  reason is profitable- 
and there is a growing tendency on the part of the culturists to raise this less-prized 
species in their poorer parks. Its iiitroduction from Lisbon into France was certainIy 
economical. A cargo of oysters, supposed entirely lost, was thrown overboard in the 
Garonne near its mouth. In course of time the surviving oysters gave rise to a 
remarkable bank, similar in every way t o  those at  the mouth of the Tagus. 

The habits of this oyster have already been discussed. We have seen, for example, 
that it difters from the flat oyster in the general angularities of its shell, coarseness in 
flesh, sex characters, and in its littoral conditions of living. Outwardly it sometimes 
resembles the coarsest varieties of the American oyster, a likeness which the sailors 
recognize, misnaming our product the Portuguese oyster of America ! 

Since its introduction, in 186G, the oyster has been &lie subject of careful discussion. 
The culturists first feared that its hardiness and rate of increase would dislodge its 
weaker neighbor. It was rumored that the species were producing hybrids, that dan- 
ger was iinmiiient of loss of the valued qualities of the edulis, a notion promptly refuted 
by scientists. The most important discussions were those tending to  legally restrict 
the introclnction of the inferior species in regions of production on the ground t h t  the 
tiles would become covered with its spat.* 

Cominon coiiseii t, however, rather than lcgal measures, has kept rekiuced the pro- 
portion of Portuguese oysters and has diminished the chances of the less profitable 
production. Artificial production is as yet crudely developed, since attention is natu- 
rally directed in the line of greater profit." 

In favored 
localities the auuual production is remarkable, especially near the line of low water, 
the spat covering pebbles, rocks, sandy beaches, even seaweeds. Collection is often a 
genera1 one, and is sometimes the principal industry of the poorer class of fisher peo- 
ple. One of the region? naturally favored is Rocher de Der, where it is only at  the 
lowest tides of the month that the great flat rocks are exposed. It is then a curious 
sight to see as many as a thousand people, men, womeii, and children, engaged in 
detaching the oysters. The recult is pIaced for &levage at a slightly higher level in 
small parks given by the state. The loose stones of each inclosing wall, t?hough thickly 
covered with seaweeds, are found profitable collectors and are annually overhauled. 

As with the American species, the fry is hardy and atta'ches readily. 

- ~~ 

* ?'<de List of Work6, 61, 55, aud 9, C, d, e,$ 
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V.-GENERAL CONCLUSIONS. 

In France all attempts to introduce the American oyster have naturally failed, 
owing, as before noted, to the greater saltiiess of water. This condition iiot merclg 
prevents the process of spawniug, but changes entirely the oharacter of the animal. 
The French have a general and very depreciatory idea of the American oyster, just as 
our compatriots, when traveling, are wont to look up011 all French oysters as "cop- 
pery and colored with verdigris." Our oyster is classed as a Portuguese, lerger i n  
size and inferior in  quality 011 account of lack of parkage." They can not believe 
that we have varieties of oysters, small, white, and smooth of shell, whose flavor we 
would prefer to that of the most exquisite of Beloii or Marennes. 

The methods of oyster-culture employed in France must be aarefully considered 
in regard to  how we ourselves may profit by them. A number of their ideas appear 
undoubtedly quite pertinent to  the needs of our culture. Others must require careful 
experiments to demonstrate how far they will succeed if transplanted. 

In  regard to seed production, the principles will prove true with us, but unfortu- 
nately there is a stumbling-block on the practical side. With the high price of labor, 
will production pay? This is a question which I am yet inclined to answer qf6rm:L- 
tively. The French pay in general 50 cents per day for their labor. But it seems 
possible that workers, better paid and of a higher degree of activity and intelligence, 
might in the end be not far more expensive. The Preiich h:we many expenses which 
we would not have to encounter, yet their production is profitable. I have even 
heard proprietors taIk of supplying seed for the American market, a business affair 
which they regard as practicable, even with the great expenses and losses of trans- 
portation. 

It is certain that if we can, in favored localities of production, obtain as a steady 
average two hundred oysters per tile, the seed oyster industry might' readily be 
profitable in spite of everything. As a collector it will be doubtless difficult, for the 
reasons above given, to find better than the tile. The Portuguese oyster, however, is 
said to afix more readily to rocks than tiles, a suggestion to he carefully weighed, 011 

account of the kindred habits of the American oyster; but I am sCrongly inclined to 
take the opposite view, after a careful examination at Eocher de Der of the rock and tile 
fragments that had taken the set Ride by side. With us the common tiles c m  be 
manufactured almost as cheaply as in France; and as the annual breakage is but 6 
per cent the loss cau not be regarded as great, especially as tile fragments may again 
be utilized. LGttroquuge, moreover, which appears toilsome and expensive, is in reality 
a simple affair, the oysters peeling from the tile, even with a thrust of the finger-nail. It 
mould be a most important point in the development of our industry to  consider, :LS 
the Rrench have done, the raising of seed in regions naLturally favored, with a view to 
thus supplying the entire coast. This would not be impracticable. The two centers of 
production, Aursy and Arcechon, supply the coast of France, and often the foreign 
market; while with us it would not be difficult to select a number of localities noted 
for seed oysters in almost every Atlantic State. If protluction will pay sufliciently to 

* Vide List of Work8,9 e, 49, and 0 a, 117. 
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warrant ;I, dozen collectors, tlic same locality would eerttinly be far more profitable if 
collectors \vere establislicd by myriads. A plan, neither costly nor difficult, would 
be to  experirnciit with a few collectors sild determine expenses of production. We 
may then compare the rate of cost with the market price of seed as now obtained. 
First expciiditures would naturally be at  the metximum; that is, for collectors and 
labor yet unskilled. At the outset, for example, a collector of 150 tiles might cost $3;  
but, slionld collectors be subsequeiitly.manufactured i r i  ]lumber, the price might read- 
ily be reduced one-Iislf. We should not forget that the& collectors are said to  last 8 

generation, if one-tenth of their first cost is expended in annual tarring mid repairs. 
Each collector should with us produce 15,000 seed; tliere remains but to find what mill 
be the total cost of production. 

Without it the 
IYreneli iiidustry would be impracticable; it  is as important a factor to  their cultural 
liietliods as the tile itself; it protects tlie delicate seed agaimt its many eiieniies; it 
keeps the oyster just high enough from the ground to  protect it against shiftings of 
mud or said, and gives it a t  tlie same time the best coiiclitioiis for rapid fattening aiid 
growth. Our oysterman a t  preselit l m ~ h a s e s  his busliels of seed and strews them 
over his ground below 2 fathoms of water; in tlic course of time IIC, rakes them up and 
fiJlds their mortality :L very grcat otic, clue to  m;qy C‘:%useS, ri%v:kges Of crab, drill, and 
starfish, shiftiugs of sandor mud. Occasionally lie loses his entire harvest. If by cases 
he can su(;(;eed h i  raising for irierlret 80 pel’ ceiit of the seed, he will in niany locali- 
ties find it to his interest to invest labor sild capital in this kind of culture. Eacli 
case costs in ,zmiual repairs less tlian 50 cents and should rear a t  least 500 grown 
oysters. Tis price, which in France is about $3, should be, if anything, lesa with us 
011 account of che,apness of wirc gauze aiid wood. In quantity, by machine manufec- 
ture, the total might be reduced to $1.50, including tarring and labor of puttiiig in 
position. Case culture will, moreover, render of value many tracts which are now 
nseless solely on account of softness of bottom. The labor reqnircd in overlookiug 
the cmes should iiat prove a matter of great expense. 

The French have greet changes in the Iieiglit of tides during the month, some- 
times a difference of several fathoms. These olianges either Beep their cams too long 
ullder water t o  allow the proper care t o  be given theni, or, worse still, place them too 
h g  out of wtter t o  suit tlic oyster& living conditions. It is but natural t o  infer that 
the more regidar degree of rise and fall of tides should be more favorable to  the estab- 
1iShment of both cases and collectors. 

In  view of our present needs, what is tlic most iinportltnt lessoil me are to draw 
from tho studies of the French oyster-culture? The iuost pl’i%Cticd certainly seeins 
the action of the Qoverltrncnt in reserving oyster-bearing tracts for the purpose of 
ful-nishing seed. This piwlen t restriction has been the safeguard of the entire French 
illdustry. Our oyster-grow ids are becoming eshau8ted solely by the enormous drain 
UPoll their resources. In general their conditions for culture are as rich 8s  eGer. The 
oysterman has sent to mtirket practically all of his oysters and expects the beds on 
his neiglibor’s ground to furnish him with seed. Too often, however, tlie neighbor 
has been equally thrifty aiid has marrketecl all of his product. The following year both 
are astorkislicd at the pooriiess of‘tlie set, attributiug it to coldness and rain, but they 

The rearing case should be most strongly recommciided a t  home. 
. 
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Rosooff . . . _.. . .. 

r 3  

never think tlmt the deficiency might have been caused by the want of  a quantity 
of neighboring oysters sufficient to furnish the spat. Nor is one to blame for not 
preserving his oysters to furnish seed for everybody. French political ocoiioiii y has 
assigned to government the duty of reserving oyster-bearing tracts for the common 
good, and the Government has studied where these might most judiciously be located 
so as to profit all alike. The tracts need not be largo and would not be of great 
expense to the State, at  any rate as an experiment in a single locality. The grounds 
would practically take care of themselves; their only expense would be that of a 
guardian. 

If an experimental oyster tract in one locality should prove eminently successful 
to neighboring seed-culture, a more general legislative action in different States might 
reasonably follow. The matter would certainly be most heartily seconded by the 

We should not expect seed to be abundant where oysters are lacking. And our 
industry may, for many years to come, demand nothing more pertinent to its welfare 
then State spawning-grounds near centers of oyster-culture. 

. oystermen themselves. 

The waters of t i c  oyster-groiinde of the French coast.-A table of densities f o r  compurison. 

Bug. 6 
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to 150 0. 
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1.0263-1.0271 
1.0263 
1.0249-1.0266 
1.0233-1.0238 
1.0227-1.0252 
1.0218 
1.0230 
1.0243 
1. 0241 
1.0246 
1.0189 

1.0242-1.0255 

At innrino lnborntory. 
Marcins and midclle of river. 
In r&ringparks (If. Charles), 1.024(750) - 1.0245(75o), 
M:irgins and middlo o f  river. 
I n  basin of production. 

Olaiveo abont 1.023- 1.0235(740), 
Ct. p. 370. 

Do. 
Durinc mv vifd I liad onnortuuities of tnltinr densi. 

tioe Yii manv Darts ofAtho basin. LownestlYin sno- 
oific gravityis‘ surprieing, since the idoa is vdry 
general that  its saltness is greater than tliat. 
of the Mediterranean. As my densimeter W ~ R  
made and tosted ospeoially for-this work, I feel 
confident o f  mv results. T h e  same instrumorit 
sorved for all e l i t i e a  and the densities are 1.01%- 
tivcly just. l h o  grontost density is natural1 
founil in the  inlet and main channel. The sal$ 
ness in tho regions whore productioltig most fuvor- 
nble was 1.010-1.021 (about 72O).  l h o  leaat den- 
sitios wore fonnd in tho N. and E. parts of tho 
basin, duoto influxof anumbor of drainingstreams. 



OYSTER-CULTURE IN PRANCE. 385 

LIST O F  WORKS RELATING TO FRENCH OYSTER-CULTURE. 

[Tho most iinportwt for prnctioal study nm indiantad by bold-facod typo.) 

1. ARADIE, P. : Lottro B M. lo Pr6sidont do la Soc. d’Acclim.’ Bul. SOC. d’dcclim., 1862, p. 1059. 
2. ANDOUIN Err MILNE-EDWARDS: Rdchorchcs pour scrvir b I’histoire naturello du littoral do la 

3. BALLY, B. L. : hssoc. frang, IV, p. 812. 
4. I~AUDRILLART: Huftro. 
5. BLAINVILLE: Nuftros. 
6. RLANCIIII?RE, 13. DIG LA : Jndustrios des oaux. 

a. Ostr6icultiiro. Monitour. Aont, 1859. 
b.  Enqu6te sur l’indiistrio huftrihro 0x1 Angletorre. 
c. Rapport au Miuistro do la Marino. 
Cl. L’Ostr6iculture en France. Pizzotta, La piscicukuo fluviatilo o t  maritirno on France. Roth- 

schild : Paris, 1880. 

Franco. 2 vola. Masson : Paris, 1832. 
Nantos, 1877. 

Dict. rlos p0cho8, 1827. 
Dict. dos sc .  net., t. X X I I .  

Cultnrcs dos plages rnaritimos, 18GG. 
7. DON, DE: 

1866. 
Rcviio maritime ot  colonialo, t. LXV, 5, 1875. 

8. BORE, L. A. G. : 
a. La causo do la coloration cles hultros e t  lo8 animalcules qui sorvcnt b ]os  uourrir. 

b.  Destruction dos bencs d’huftrou; pache, etc. 

a. Rapport address6 au Ministre de la Marine et des Colonies sur l’ostr6iculture de la 
Paris, 1877. Translated in U. S. F. C. Rop., 1882,673. 

b. Rapport au Ministro do 1’Iiistruction PUbliqilO 81V la piSCiCultUre on l h n c e ,  et  l’ostr6iculture 

c. M61noiro sur l’liybridation ot, la f6coiidation artificiolle dos hultros. Bcllier. Bordeaux, 1880. 
d. (Notcs on tho pliysiology of tho Portugueso oystor.) 
e. Do la soxualit6 chez I’huitro ordinairo o t  C ~ Q Z  I’huftro portugaiso. Fo’condation artiiiciollo do 

f. Rapport eu Ministro do la Marino 8ur la f6condet8ion artificiolh o t  l a  g6n6ration dos hultros. 

9. Rapport au Ministro do la Merino sur le  reconstitution dos gisements huftrihes de la baio do 
Journ. offlciol, 1888. 

71. Rapport ail Ministre do la  Marine sur 1’6tat de l’ostr6iculturo ot do8 gisements nnturels d’hnttres 

10. BOY~R-FONZ-R~DE,  J. F. B. j De I s  destruction des hultres dens le bassin d’Arcechon. Snwerink: 

11. BROCA, P. DE: 

12- BROCCHI, P. : 

Institut, Bul. 
Univ. FBrussac, 11,319, 1823. 

Mag. pittor., IV, 163,1836; v, 340,1837. 
9. BOUCIION-BRANDELY, G.  : 

Mancheet de l’oc6an. Journ. officiel. 

dam la MOditorranOe. Wittorshoim : Paris, 1878. 

Compt. rond., t. Xcv, 256, 1881. 

l’huftro portugnise. 

Journ. Officiol, 1884. 

Bourgne, e t  sur un projoct (lo cr6ation d’uno 6tablissernent ostr6icole. 

on  quelquos points do la Bretagno et  de la Vond6e. 

Compt. rend., xcv, 251,1882, and in  Journ. offioiel, 1882. 

Journ. offlciol, 1890. 

Bordoaux, 1847. 

a. gtudes sur l’industrie hu’ltribre des Etats-Unis. 
b. Note in Rovuo maritirno o t  coloniale. 

a. a t a t  actuol do l’ostr6ioulturo. Rapport address6 a11 Ministro de l’hgriculturo o t  du Commorcc. 
Journ. odficiol, Nov., 1881. Translator1 in  U. S. Fish Commission Bullctin, Apr. 17,1884, and 
U. S. F. C. Rop., 1882, 725. 

71. Rcnseigneinonts aur Iamultiplication des hultres B Arcachon ot sur l’arclimatation do la Gryphaa 
anplaln sur 10s cOtes do France. Ann. So. Nat. ot Zool., XII, Nos. 3-6, 1882. 

C. Trait6 d’ostr6iculture. Librairio agrioolo : ??:iris, 1883. 

NO. 2. 

Challauno : Paris, 1864. 
Paris, 1865. 

13. BUCKLAND, 17. : noports on tho cnltivrt,tion of tho oyfitor. 
14. Bulletin do la Soci6t6 Ostr6icolo clu bassin cl’hiiray. 

15. B -, G, DIF, LA: Sur 10s liu’ltros vortos 

Rop’s Br. As. Ail. Sc., 1861, 1865, 1866. 
Notes upon the introduction of tho 

Portuguoso oystor. 
Mqroqnos, GoularJ: Rochefort, 1821, 

F. C. B. 1890-25 



386 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

16. CARBONEL: 
a. Sur l’hultre des cBtes de France, sur I’amOlioratiou des perm OB 011 1’Cleve et sur la certitude 

B .  Sur l’huitre des cGtes de France. 
c. Sur la propagation des hultres. Compt. rend., XXVIII, 380, 1849. 
d. (Notice of French oyster-culture reed before the Acadculy a t  Paris.) 

d’cn Otablir ;i volont6 des bancs artificiels. Compt. rend., XXI,  377, 1845. 
Mag. de zoiil. de GuOrin, 20 s6rie, 7 O  auu6e, 1845. 

Rev. do zool., 342,1859. 
17. CARILLON, Ds. : Bo1 alirneutaire de Z’Oslrea cdriliu. 
18. Catalogue officiel de l’esposi+ion (Oyster statistics, methods of culture, otc.) j 111, 209, 1878. 
19. CERTES: Parasites et coinniensaux cle I’huitre. 
20. CLERC, L. : Manual de I’aifiateur d’hultres. Paris, 1827. 
21. CLOQUET: Du repeuplement des llultres sur  le littoral de I’ocOan et  de la M6diterranBe. 

d’acclimat., VIII, 72, 1861. 
22. CONTAINES : De 1’6nergie e t  de la structure muscnlaire cliez les Irrollusques ac6phalos. 
23. COSTE, P. : 

Bul. SOC. ostr. d’buray, 105, 1881. 

Compt. rend., 463, 1881. 

Uul. SOC. 

1878 

a. M6moire aur les moycns de repeupler les eaux de la FrAnce. 
b. Voyage d’exploration sur Ie littoral de la France e t  de 1’Italie. 

c. Rapport B 1’Emperaur. 
d. Note sur le rcpeuplemerit du littoral par la cr6atiorl ct’huitribrcs artiticielles. Colupt. rellA, IJI, 

e. Rapport sur  les huftribres artificielles crOes dam la baie de Saint-Urieuc. 
f. Note sur 10s huftribres artificielles des terrains 6ruergents. 
9. Note sur lea progrbs de l’ostr0iculturc. 

a. Empoisonnemeut par les hultrcs dr;igu0cs sur un baric voisin cl’une miue de cuivre. 
rend., XXXIV, 596, 1852. 

b. Empoisounement par les huftres. 

Compt. rcud., S s Y V I ,  243, 1853. 
Paris, 1855. 111 Part t P a i +  

Iated in U. S. F. C. Rep., 1880, 825. 
Moniteur : Turin, 1858. 

118, 1861. 

Compt. rend., LV, 681, 1863. 
Bnl. SOC. d’acclirn., 2s sOric, IX, 4,1872. 

24. CUZENT: 
Corn]?&. 

Conipt. rend., LVI, 402, 1863. 
25. DAVAINIE: Reclierchca m r  la g6nOrotion dcs huitres. MOm. Soc. do Biologic, IV, 1853. 
26. DEITAYNES: HuPtre. Dict. umv. d’hist. nat., 2 O  sdrie, I t ,  379. 
27. DELION: 

a. Sur I’ostr6iculture. 
b. Escursiou et  observations sur le8 pares S huitres Btablis siir le Rocher de Der. 

Bul. SOC. d’dcclim., 2 c  sBrie, IV, 505, 1857. 
Bu1. 800. 

d’Acclim., 2‘: &rie, IV, 77, 1867. 
28. DERBES, A. : Des ressources que prOsente le Ddpartemcnt des Bonches-du-RhOne, III, 22, 1856. 
29. DESCOWT: 

a. Sur la cau~e  de la coloration violacde des huftres du bassiu d’Aroachon. 
967, 1877. 

b. Sur I’ostr6iculture. 

Compt. rend., LXFXV, 

Bull. Soc. d’ilcclim., 1868. 
30. DUFORr, A. : Bull. SOC. d’Acelim., 76,1878. 
31. ERGO, E. R. VON : Notizen aber Austern-Uultur. Trieste, 1869. 
32. ESCLANDS, FlnY D’ (Account of oyster-cultural cstiLblisllment of M. de Wolbook in  bay of Qui- 

boron) : Bull. SOC. d’Acclim., x, 110, 1873. 
33. EYTON, T. C. : A history of the oyster and oyster fisheries. 
34. FANDACQ, L. : L a  p&che des huftros. 
35. FEDDERSEN: Tidsskrift for Fiskeri, v, 1G1, 1871. 
36. FISCHER, DR. P.: M6moire sur l’hybridation (MJ.1. de Mout:LugO). 
37. FRAICIIIC, DR. F. : Guide pratique de l’ostr6iculture. Hetzcl: l’aris,1863, an Laeroix, Paris, 1865. 

Lonclou, 1858. 
L’Illustration, No. 1698, p. 99. 

1880. 

Translated iu U. S. F. C. Rep., 1880, 752. 

a. Des huitres vertes et des causes de lecr coloration. Annales generales des sciences physiqiiss, 

b. Observations aur la cause de la coloration des buttres, et siir lea mimalcules qiii servelit b leur 

, 38. GAILLON, G. B.: 

VII, 89. 1820. 

outrition. MBm. SOC. Linn6enne du Calvados, I, 135, 1824. 
39. GARCIAS, A. : L’ostrBiculture b Arcachon. D6tr6: Dieppe, 1887. 
40. GERBE: Sur I’aptitude qu’ont le8 hultres de 80 reproduire dbs le prerniCm annde. 12ov. et  nmg. do 

zool. pure et appliqu&, 3e sErie, IV, 274, 1876. 
~ ~ , G S A R ~ ,  A. : Deux ennemis de l’ostr6iculture. Bul. sc. el6part. du Nord, IV, 70, 1881. 



OYSTER-CULTURE IN FRANCE. 387 

42. GRAELLS, M. DE LAP. : 
a. Manual prlictico do piscicultura. hilly-Ballibrc : Madrid, 1864. 
b .  Aqiiicultura. Bailly-Balliitrc : Madrid, 1867. 

43. GRAMMOXT, GILLET DR : OstrEiculture ii 1’110 do RE. 
44. GRAKD, S. : L’indiistric hiiftriitrc :I hIarcnuos. 
4.5. GRESSY, DR. : L’hiiltrc est androgyne ct  nou hcrmaphroditc. 
46. GUI~RIN, F. : 

a. L’hiiltro, cst-cllo audroggnc, cst-clle hcrmaphrodito? &ho des Iut6rBts agricoles de la k o -  

7). (Essay upoii tho siholl-fish iiidustrics of tho occan ooast of Fr:iucc.) Rcv. et mag. de zool., xvI, 

Ihinod: Paris, 1876. Translatod in  

13111. Soc. d’Acclirn., p. 180, 1864. 

(ircbus : Vannes, 1878. 
Itlichelct : Paris, 1882. 

tagne, No. III, Mars, 1879. 

1, 1864. 

U. S. F. C., Rep., 1880, 943. 
47. HAIJSSEIL, A. E. : L’industrie huitrihre dam le Morbihan. 

48. HAYES, MAJOR: Report of thc principal oystcr fishcries of P’rance. 
49. HOEK, Dr. P. P. C.: 

Dublin, 1878. 

a, Rechcrchcs sur 10s organcs gQnitaux dos hultrcs. Compt. rend, 1882. 
b. Rapport sur lea recherches concernant l’huitre et l’ostr6iculture. SOC. NQerlaud. do Zool. 

2 vols. : Brill : Lcidc, 1883-84. A part  translatcd in IJ. S. F. C. Biilletin, Aug. 11, 1885. 
50. ISSEL, A. : L’ ostreicoltura in Franeia cd in Italia. 
51. JARDIN, D. : MEmoirc contro Yintroduction des huitrcs portugaisos. 

52. JOUAN : Essai sur l’hu’ltre portugaise 
53. JOUIZDAIN, M. S. : Lcs parcs B huftres de Suint-Vaast-la-Houguc. 

54. KEMMERER, Dr. : 

Gcnova, 1879. 
SOC. ost. d’buray. Vannes, 

1887. 

Soc. d’Acclim, prem. s6mcst., , 
317, 1891. 

a. Dcs rnchcs tuil6cs e t  de la culture dcs biiltrcs so118 le rapport comincrcial. 
b. Do la, graiuc d’hu’ltrc c t  des collccteurs c6ments. St. Joan d’AugQly, 1863. 
c. REhabilihtion socialo dcs rivcraius des Inom par lcs industries dn rivagc. 
d. L’ostrQiculture, son pass6, son prbscut, 1011 avcnir. La IZochellc, 1874. 
e. L’industric hu’itrihre d’Aroachon. 
f. L’hnltro produit alimcntairc. 

55. Kiinstlicher Austcru-uud Pisohziicht in  Fraukrcich. Das Aiisland, No. 6, 140. 
56. KWEETING: Van Ocstcrs en Visch. 

57. LACAZE-DUTIIIRII, DE : 

Saint Martin, 1861. 

Brest, 1863. 

Lo Moudes, 1874. 
Rcvuc britauniquc, nov., 1874. 

Augsbiirg, 1868. 
Onzd Tijd. 1868. No. 4, pl. 183, Tijdschr. uitgeg. door de 

Naatsch. Van Nijverheid, XXIX, 77; XXX, 65. 

a. Recherches sur les organov g h i t a u x  dcs acdpliales larncllibranchcs. 

b. Un essai d70str6iculture dans le vivicr du laboratoire de Roscoff. 

c. Un cssai d’ostr6iciilture dans 10 vivior dlcxp6ricnce du laboratoirc de Roscoff. 

Ann. des so. nctt., 30 sbrie, 

Bul. As. fr. pour l’avano. des 

Compt. rend., 

. 
11, 216, 1854. 

sc., I, 205; 11,507, 1890. 

2 mars, 1891. 
‘ 

58. LABON, P. 0. : 
a. Roproduction des huftres de gravotte dam le bcau bassin d’Arcachon. MBtrcau: Hordc&ux, 1855. 
b.  Observations sur les huftres du bassin cl’hrcachon. 

a. Notcs sur 10 pays de Buoh. 
b.  Note sur 10s huttrihrcs du bassin d’Arcachon. Bordeaux, 1874. 

60. LAIR, P. A. : De la pdchc, du parc:hgc et  du cominerce des hultrcs en I“rancc. 
61. LAMAEKE: Histoiro des animaux sous-vortQbr6s. 2” 6d., VI, 198 (1827). 
6% LANDELLE, G. DE LA : Le tableau de la mor. PBche des hultres. Hachettc : Paris, 1865. 
63. LEROUX, DR. H.: 

a. Hybridation de l’hu’ltre. Nantes, 1878. 
b. (Portugucso oyster and hybrids.) 
0. Trait6 d’ostr6iculturc. Nantcs, 1881. 

M6trcau: Bordoaux, 1859. 
59. LAFONT, A. : 

13ordoaux, 1869. 

Cacn, 1820. 

Petit BrQton, 15 nov. 1881. Gazette d’Arcachon, 18nov.1881. 

Rov. orch6ol., aobt. 64. LI~VRE,  A. F. : Les huftres nourrios en eau douce dens l’ancienne Aquitaine, 
Baer: Paris, 1883. 



388 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

65. LOBB, 13. : Successful oyster-culture. 
66. LOQUARD, A. : Les hultres e t  10s mollusques comestibles. Baillibre : Paris, 1890. 
67. MALLE, D. DE LA: Hultres, lour position, lour croissance. 
68. MARTIN, ALEX. : Manuel de l’amateur des hultres. 
69. MARTIN, ALPHONSE : Pares ostrOicoles de KcrgurionnO, Saint Philibert, ct l’rehcnnarvour. 

Ridgway : London, 1867. 

Compt. rend., XXxIv, 597, 1852. 
Lowy : Paris, 1828. 

Cor- 
beil, 1883. 

70. MOBIUS, KARL: 
a. Ueber Auetern-und Miesn~uschelaucl~t und die Hebung dcrselbon iin den norddcutschon Kiisten. 

b. Die Auster und die AUHternWirt8Chaft. Translated iu U. S. 

71. MONTAUG~, MM. DE, XRkRES: l?,tude pratique sur 10s ennomis et  IPS maladics do l’hnltre dans le 

72. NORVANNAIS, DE LA: OstrOiculture, son avenir et sea proyrhs. 
73. MOULS, X. : Leo hultrcs. 3ms Odition. Bordcaux, 1866. 
74. Notice sur l’histoire naturelle de l’hdtre e t  sur les progrhs recent de l’ostr6iculture. Bul. 

75. PASQUER, An. : Essai mOdical stir Ics hultrcs. 
76. PENNELL, C. : Repori on Oyster and Marinc l%sherics of France, madu t o  the Board of Trade, Lon- 

77. PLBE, LEON: L’ostrOiculturo a11 Champ do Mars. Leu Otablissements de R6gnovillo. (Doc. of) L’ox- 

78. Poiirquoi lee hultres coutent char. 
79. P U Y S ~ G U R :  Notice sur la cause du verdissomcnt dcs huftrcs. Bergor-Levrault : Paris, 1880. 

80. QUATREFAGES, A. DE: (Artificial fertilization of oyster) : Compt. rcnd., XXVIII, 291, 181-9. 
81. RAOULX: Notice sur l’ostr6icnlturo. Rev. et  Mag. de Zoiil., XVJI, 126, 1864. 
82. BENAUD, J.: Notice surl’hul tro portugaisc. Arcaclion, 1878. Translatedin U. S. F. C. Rcp., 1880,931. 
83. Report of the committee appointed to oxamino into tllc metlioils of oystcr-culturo in tho United 

Kingdom and in  Frnneo, with a vicw to tho introduction of improved mathods of ciilturo of 
the oyster into Ircland. Dublin, 1870. 

84. lteport of the select committee on oyster fisheries, priiited by order of the House of Commons. 
July, London, 1876. 

85. ROBIN, DR. : (Pamphlet on poisoning caused by oysters.) 
86. SAUVB, DR., Note sur l’ostr6ioulturc. 
87. ScImfARDA: Die Cultilr des Meeres in  Frankrcich. 
88. SENNONER: Bul. SOC, d’Acclim, 477,1868. 
89. Society of Oyster-Culturists of Morbihan. 

90. SOUBEIRAN, L. : 

Wiogandt und Hempel : Berlin, 1870. 

F. C. Rep. 1880, 683. 

bassin d’brcachon. Actes Soo. Linn., 217. Bordcaux, 1879. 

IIcmpeI iind Parey : Bcrlin, 1877. 

Vannes, 1876. 

as. sc. de France, Nos. 136, 137, 138, 1882. 

don, 1868. 

position univ., No. 61, 321, 1867. 
Mag. pittor., 91, 1872, and 83, 1873. 

Translated in U. S. F. C. Rcp. 1880, 793. 

Bul. Soc. d’bcclim., 2d &io, 117, 258, 1867. 
Wien, 1869. 

(Explanatory pamphlet for Intornational Exposition of 
1878.) Paterson : Dublin, 1878. 

a. Rapport sur l’ostr6iculture B Arcachon. 
b. Ostr6iculture iL Hayling, S Arcachon, S Tricstc. 
c. (Notice of oyster-culture.) Bul. As. fr. pour. l’av. des so., 614, Bordeaux, 1872. 

Bul. Soc. d’Acclim., 20 ekrie, III, 3,1866. 
BuI. Soc. d’Acclim. 20 sOrio, VI, 105,1870. 

91. STURZ, J. J. : Austernbetrieb in Amcrika, Frankreich und England, mit Hinblick auf die deut- 

92. TOLLE, A. : Die Anstornzucht und Seefischerei in Frankreich und England. Wiegandt und Hem- 

93. TuNJn,L, L,: Le pisciculture et 1061 parcs h coqnillagcs do la rade do Toulon. Bull. Soc. d’Acolim., 

94. VAILLANT, LEON: Rapport du jury international, g r o u p  ~ 1 1 1 ,  classe 84. bnprimerie nationale, 1880. 
95. VALENCIENNES, A. : Sur 10s causes do la coloration en vert do cortaines hu’ltres. Compt. rend., 

96. VANQUICLIN ET CIIAUSSIER: Sur 10 paro aux hh’ltres du Havro. 
97. VINcEwr, AR. : Notice sur l’hultro. Chautoaulin (1880). 
98. WINKLER, T. C. : Over de oestcrfokkerij, Let aanloggcn van oeslerbankon, en&. en over de zeostcr- 

echon Nordeeekusten. Fortkampf: Berlin, 1868. 

pel: Berlin, 1871. 

281,1878. 

XII, 345, 1841. 
Migroret : Paris, 1820. 

ren Naar hot Deeusch en het  Franeoh, Sijthoff: Leyden, 1861, 



Bull. U. S. F. C. 1890. Oyster-culture i n  France. (,To face pace 388.) PLATE LXIX, 

FIG. 1. CANCALE. OYSTER-DREDGING. (Page 367.) 

FIG. 2. CANCALE. L O W  TIDE AFTER T H E  DREDGING. THE SORTING OF T H E  OYSTERS. (Page 367.) 



Bull. U. S. F. C. 1890. Oyster-culture i n  France. ‘(To face page 388.) PLATE LXX. 

FIG. 1. AURAY. THE RIVER AT L O W  TIDE, WITH MUD FLATS EXPOSED, SHOWING T H E  
COLLECTORS IN PLACE. (Page 371.) 

View from property of MM. les Frtlres Jardin. 

FIG. 2. AURAY. THE CAMION COLLECTORS IN PLACE. A CASE OF ELEVAGE FOR 
TEMPORARY USE SEEN IN T H E  FOREGROUND. (Page 370.) 



Bull. U. S. F. C. 1890. Oyster-culture In France. (To face page 388.) PLATE 

FIG. 1, TREHENNARVOUR, NEAR AURAY. THE COLLECTORS OF WOODEN TRAYS (PLATEAUX). 

The entire region seen in the figure was originally a shtftlng mud flat; i t  is now entirely reclaimed for purposes Of 
culture by being macadamized. The dark line in the left background I5 a breakwater. (Page 370.) 

FIG. 2. ARCACHON. THE GABARET COLLECTOR (RUCHE) IN POSITION. 

LXXI. 

A ti le is being held so as to show the young oysters attached to the under side The collectors are roofed over with 
Park seaweed. keeping the tiles moist when exposed, and protecting them against heat and light. 

of M. DastO. 
(Page 369.) 



~ ~ 1 1 .  U. S. F. C. 1890. Oyster-culture in France. (To face page 388.) PLATE LXXII. 

FIG. 1. AURAY. DETROQUAGE. WORKERS ENGAGED IN SEPARATING THE SEED OYSTERS 
FROM A TRAY COLLECTOR. 

At the left will be seen the side of the lighter used in floatlng ashore the collectors. (Page 372,) Park of M. 
Jardin. 

FIG. 2. CANCALE. GUARDIAN OF PARK, AND CASE FOR REARING SEED OYSTERS. (Paec 374.) 



Bull. U. S. F. C. 1890. Oyster-culture in  France. (To face page 388.) PLATE LXXIII. 

FIG. 1. CANCALE. THE BARRIER OYSTER PARK. 
The water is seen slowly draining seaward, allowing the oysters in the higher parts t o  become exposed. The sides 

To the left are cases of Blevage, well raised from the ground as a protec- of the park are simple plank barriers. 
t ion against shifting5 of sand. [Page 376.) 

FIG. 2. ARCACHON. AN OYSTER PARK WITH LOW BANKS OF FASCINE AND CLAY. 
Cases of Blevage are inclosed. The case covers are Seen held open by propping sticks while the oysters are being 

The sand sorted, 
flat in the background is covered with Portuguese oysters 

Tho embankment wparating the ponds are here composed of brush bundles, clay, and plank. 
(Page 376.) Park of M. DastO. 



Bull. U. S. F. C. 1890. Oyster-culture in  France. (To face page 388.) PLATE LXXIV. 

FIG. 1. ARCACHON. PARKS OF T H E  SAME KIND AS IN T H E  PRECEDING FIGURE. A GENERAL VIEW SHOWINQ 
THEIR SIZE AND ARRANGEMENT. 

Those atthe left have been emptied for annual repairs; the shallowness may be noted, (Page 377.) 

FIG. 2. OSSEGOR, NEAR BAYONNE. A NATURAL TIDAL LAKE FED AND DRAINED BY A 
SHALLOW, SWIFT-RUNNING CREEK. 

The water i s  sufficiently deep t o  allow the cases t o  be raruly exposed. Oystor growth is extremely rapid; an 
instance of half an inch shell growth in a month is recorded. Casus are naturally covered with filamentous sea 
salad, ulva, which protects tne oyster against light and heat, and gives attachment and shelter to  the rapidly 
growing oyster food. (Page 375.) Park of MM. du Puy, SI. Martin, and Dast6. 



PLATE LXXV. Bull. U. S. F. C. 1890. Oyster-culture in  France. (To face page 388.) 

FIG. 1. ARCACHON. THE OYSTER BOAT. 
The fringe of waving saplings in the background are seen in detall in the second figure. (Page 377.) 

FIG. 2. ARCACHON. AN ALLEYWAY FOR TRANSPORT, PASSING BETWEEN NEIGHBORING PARKS. 
IT IS MARGINED WITH SAPLING FISH-DEFENDERS. (Page 377.) 



Bull. U. S F. C. 1890. Oyster-culture in France (To face page 388.) PLATE LXXVI. 

FIG. 1. SABLES D’OLONNE. V I E W  OF GREAT BASIN OF <LEVAGE TAKEN FROM NEAR T H E  
SLUICE GATE. 

The claires Fig. 2, are situated on the low meadows alongside. The end of the lake in the distance furnishes the 
watAr for salt evaporation. The white points seen in the figure are large heaps of salt. (Page 377.) 

FIG. 2. SABLES D’OLONNE. A V I E W  OF T H E  CLAlRES TAKEN FROM T H E  MARGIN OF T H E  
OF T H E  EARTHEN GREAT BASIN, SHOWING T H E  HEIGHT, WIDTH, AND CHARACTER 

BANKS T H A T  FORM THEIR OUTLINES. (Page 378.) 



Bull. U. S. F. C. 1890. Oyster-culture in France. (To face p8ge 388.) PLATE LXXVII. 

FIG. 1. BRENEGUY. THE PARK FOR SEED CULTURE IN A LARGE CLOSED BASIN. 
Picture taken from the great dyke on the seaward side. The building screens frnm view the stnne wall and the 

sluice gates. The bed of the wide draining creek may be seen at the right. (Page 372.) Park of Mme. de 
Saint Sauveur. 

FIG. 2. MARENNES (LA TREMBLADE). VIEW OF T H E  MOUTH O F  T H E  LARQE CANAL WHICH 
PASSES INLAND AND FEEDS SYSTEMS OF CLAlRES ON EITHER SIDE. 

The picture gives an idea of the degree of the fall of the tide and, in the background, of the width of the Soudre. 
The village of Marennes i s  directly opposlte. (Page 379.) 



Bull. U S. F. C. 1890. Oyster-culture in France. (To face page 388.) PLATE LXXVIII. 

FlQ. 1. MARENNES (LA TREMBLADE). VIEW OF THE CLAlRES FOR QREENINQ THE 
OYSTERS. 

The draining and feeding canal, communicating with the large one of the preceding figure, i s  seen margined with 
planks. The picture shows clearly the flat character of the country, the size of the claires and of embankments, 
and the way in which the establishments are crowded together. Each shop in the flgure represents a collection 
of adjoining claires. (Page 379.) 

FIQ. 2. MARENNES (LA TREMBLADE). A BASIN OF D~GORGEMENT, CONCRETED, DRAINED 
BY COMPARTMENTS. 

An oyster tramway is seen ; the Soudre in the background ; at the left the margin of a low Claire. (Page 380.) 



15.-A CONTRIBUTION TO OUR KNOWLEDGE OF THE MORPHOLOGY OF 
LAMELLIBRANCHIATE MOLLUSKS" 

BY JAMES I,. KELLOGG, PH. D. 

At the direction of Hon. Marshall McDonald, U. S. Commissioner of Fish and 
Fisheries, I tindertook the following work at  the Fish Coniinission station, Woods 
13011, Massachusetts, (luring the summer of 1891, and while there enjoyed the kindly 
interest of that gentleman, as -\yell as many attentions shown ine by Dr. H. V. Wilsoii, 
then biologist in charge. I am also much indebted to Dr. E. A. Andrews, of Johns 
Hopkins University, for aid and advice. I wish to express my appreciation of the 
attention and counsel given ine by Prof. W. H. Brooks while engaged in this mork, 

Before I began the work it was pointed out to  me by Prof. Brooks, of Jolins Hop- 
lrins University, that the study of lamellibraricli anatomy had been carried on almost 
entirely by ineaiis of dissections, which are difficult to figure or describe satisfactorily, 
and that comparatively little use had been made of sections. I hope to show not only 
that the anatomy of a single form may be easily described $y this method, but that 
the coniparative aiiatomy of various forms may be readily demonstrated. 

It is interesting to notice, in connection with this use of sections, that the great 
amount of labor required in producing such a work as Deshayes' Atlas, Mollusques, 
lies been of little service. It is a very large volume of beautiful plates representing 
dissections; but, even if they had been properly described, the comparison of special 
organs of different forms would have beeu very hard to  understand. The cost of such 
a work also renders it inaccessible. 

Unfortunately 1 have been able t o  obtain but very few representatives of this 
group of mollusks for examirietion, and conseqnently do not feel able to attempt very 
wide generaIizations. Since the completion of the present work a full and valuable 
1)aper by Prof. Paul Pelseneer (No. 17) has appeared, dealing principally with forms 
other than those here discussed. Much has yet to bo done in comparative studies in 
this group, iiotwitlistaiiding the greet works of Laoaae-Duthiers and others. 

* Tho principal species of lnarirle bivalve or laiuollibrenchiato mollusks treated of in tho present 
Paper, which tho writor has examined personally, are elevon in number, incliiding sir forms of greater 
or less oconoriiic value. The struetiire of othor iuarino spocies and of the fresh-water mussels &io 
:Lnd diiodoii is &o discussed. The olovon specios firtit rof'orred to sre as follows: Mya a?*cnai*ia L i n ~ 6  
(common long clam) ; &fuctra solidissittiu ChwunitE (aca clam) j J7cenzcs itiei*octtaria Linn6 (quahog) ; F'm- 
ei*icardia borealis Conrad; Sololoviya wlvni Say; ToltEia limatula Say ; A ~ c n  (Aigina) pexata Gray; 
Mytilus odulis Linn6 (common mussel) j Pecten iwadians Lamarck (scdlop) ; Anontia simplex Verrill ; 
Oafma vivgiitiana Lister (oyster). 

389 
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A number of elementary anatomical facts are here very briefly mentioned in 
order to make the explanation of sections illustrating the general anatomy intelligible 
to those not already well acquaintbd with it. They are also of use in explaining a 
number of scattered observations of my own. 

THE SHELL. 

The outer covering or shell of lamellibranchs is made of an organic base, im- 
pregnated by lime, which is taken from the surrounding water. Osborn (No. 14) and 
others have shown that the mantle lining the shell valves on their inner faces secretes 
a so&, gummy substance, which soon becomes tough and is finally completely filled 
with spicules of carbonate of lime. In  the oyster, examined by Osborn, no prismatic 
or mother-of-pearl layer is formed inside this, as is the case in Inany other forms. The 
varying proportions of lime make a great difference in the resisting power of the 
shell. In the shell of Mytilus edulis, the common mussel, there is but little lime, 
compared with the tough, horny basis, and as a result the shell is strong and unyielding. 
The shell of Venus memenaria, the (‘little-neck clam ” or L‘qua1iog,7’ as it is often called 
on the Atlantic coast, is, on the other hand, made almost entirely of lime. Though 
the shell is thick and heavy it breaks into many fragments, like a piece of porcelain, 
when struck a severe blow. The thickness of the shell of many lamellibranchs 
depends greatly upon the amount of lime held in solution by the water in wiich it 
exists. 

It is characteristic of this class of the Mollusca that the shell is made of two 
independent halves, called valves, which are joined to each other by a ligament. This 
is tough and rubber-like, and between it and the concavity of the shell is the hinge, 
where the valves, in touching each other, form a fulcrum. In many cases one valve 
is hollowed out at this point and the other has a corresponding projection, or per- 
haps many of these, each fitting into a hollow. These relations may be seen in Fig. 
96, PI. XCIV, where lg is the ligament and IL(I the hinge. The adductor muscles (aa a,nd 
pa), on contracting and closing the shell, cause, through the action of the fulcrum at  
the hinge, a stretching of the ligament. When these muscles are again relaxed the 
ligament contracts automatically, as woiild a pioce of rubber, aaid olmis the valves 
at the opposite extremity. 

In the oyster there is no distinct hinge, but the ligament is made of two parts, a 
central, thick, and elastic portion (Fig. 97, P1. XCIV, Zg), and above and below this a 
slight ridge. The shell projects slightly a t  these points and may help in functioning 
as a hinge. The valves of the shell ore generally equal to one another in size and 
shape. In the oyster the left valve is the larger one; it is much heavier and is suffi- 
ciently hollowed out to contain the whole of tllc soft parts (Fig. 97, PI. XCIV), while the 
right valve is smaller and almost flat. The animal is attached by tlie former. 

The outer surfaces of the shell are generally nm*kcd by concentric lines of growth, 
and along its edges may be found the horn-lilro cuticle, secreted by the mantle edge. 
This cuticular covering of the outer surfttce of the slicll is often thin and may be lost, 
except at the edges. In  the case of LYolenomp it  is ,very thick, covering tlie whole 
shell fiom sight and extending some distance below its ventral edge. The umbo, a 
rounded prominence on the dorsal side of many shells, is vel1 marked in Venus (Fig. 
96, P1. XCIV). 
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Internally the valves are white or colored in various tints. In  some cases the 
coloration is due to pigment in the shell substance, in others to the refraction of light 
by the striated prismatic surface. In  the former case, when the oolor is bright, it may 
fade at  the death of the animal, as I have seen it do in certain species of Unio. 

The positions of the attachment of the adducto,r muscles t o  the shell are indicated 
by glossy, more or less oval areas, which are sometimes, as in Ostrea and MytiZus, 
darkly colored. Very often (Venus, &/a, Muctra, etc.) ‘a line of the same glistening 
appearance runs along near and parallel to the ventral border of the shell, joining at  
either extremity the adductor muscle scars. This pallial line generally folds inmard 
posteriorly in those forms possessing siphons, makiiig a deep loop into which they 
may be retracted. The mantle edge is attached to the shell, though not very firmly, 
throughout the extent of the pallial line. 

The shell has sometimes been made the chief or only basis for the classification 
of the members of the Lamellibranchieta. Rut a single organ is a very unsafe basis 
for the comparisons needed in such a case. 

ADDUCTOR AND RETRACTOR MUSCLES. 

The adductor muscles connect one valve of the shell with the other and are gen- 
erally very conspicuous. In order t o  open the shell these must be cut away from their 
connection with it. Each adductor is generally made of two kinds of fibers, one being 
of a darker shade than the otlier. The darker portion of the muscle is generally inte- 
rior to the lighter, and is in some cases larger, in others smaller, than the latter. The 
former condition is shown in Venus and Ostrea (Figs. 96 and 97, P1. XCIV) and the latter 
in Pig. 47, P1. LXXXVI, which represents the adductor of Pecten irradians, cut longi- 
tudinally and vertically. The darker portion, very much contracted, is shom above 
the more extensive lighter part. It is well known that, especially in the forms of the 
Il/rolzowzya, this darker portion of the adductor is made up of fibers presenting a stri- 
ated appearance, which, however, does not correspond to the cross striation in muscle 
fibers of arthropods and vertebrates. The lighter part of the adductor is made up 
of plain, uustriped fibers. I’elseneer (No. 17) confirms the supposition that this condi- 
tion also exists in inany forms with two adductors, which he has examined. 

This striation of muscle fibers, which has been referrcd to by many writers as 
being present in the adductor fibers of lamellibranchs, has not been described in 
definite terms, but is generally spoken of as an appearance of striation.” So far as 
I know, it has only been seen in the adductor muscles. I have found in the muscles 
of the heart of Ostrea virginiana a remarkably distinct striation of the fibers. I have 
not yet had the time at my disposal for a careful histological examination of the na1;ure 
of this striation, though i t  promises to be a favorable subject for such study, as the 
striations are large and not numerous, there being about twenty to .03 millimeters 
of the fiber. The muscles of the auricles of this heart a t  least seem to be composed 
entirely of these striated fibers. 

Pig. 65, a cross-section of a portion of the auricle of the heart in Ostreu, will give 
Some idea of the nature of this striation. #tn represents an apparently homogeneous 
basement membrane of the many-layered epithelial wall of the auricle. At certain 
places it makes a loop out beyond the wall (a ) ,  perhaps gaining some support to 
resist, in this way, the contractions of the muscle fibers which are attached to  its inner 
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face, though this is very doubtful. These striated fibers (snzf) ramify, from their 
attachment to this membrane, in toward the center of the auricle. They are generally 
in irregular bundles, though not in the sense that the fibers are closely bound to one 
another. The fibers are very long. 

Scattered among them are many single pigment cells (pgc),  which give the auricle 
its brown color. Also surrounding the fibers are many cells, apparently of an epi- 
thelial nature, which seem to be giving off vacuolated ends (u )  into irregularly formed 
spaces, thus having very much the same appearance as the secreting cells of the 
nephridium. 

The functions performed by these two portions of the adductor mentioned above 
are not well understood. Von Jhering (No. 23) thinks that the part with the plain 
fibers is used siinply as a means of keeping the valves from spreading too far apart 
on account of the action of the shell ligament. The same view is held by Lankester 
(No. 8, who does not say, however, which portion he believes to exercise this function. 
I n  opposing the view of Von Jhering, Pelseneer (No. 17) says that in the Pl~oladidm, 
which have no ligament between the valves of the shell, the adductors are formed 
entirely of fibers which have 110 appearance of striation. He thinks that it is proba- 
ble that, when these two parts exist, “la partie A apparence stride des adducteurs 
sert, Comme chez les autres invertdbrds, A produire des contractions rapides.” 

Although I had made very few observations on the subject, I had come to a dif- 
ferent coiiclusion from any of these. It seems to me that the fibers of‘ the darker por- 
tion of the adductor muscles ar6 more compact and firm, and probably supply the 
greater part of the force required in keeping the shell dosed. The fibers of the lighter 
portion, not being packed so closely together, are able to contract more quickly and 
close the shell, it may be against a sudden attack. If a valve of Pecten be removed, 
the smaller darker area will be seen to preserve an extremely contracted condition, 
while the large vhite part, also partly contracted, now and then makes very sudden 
and violent contractions, and then immediately relaxes somewhat. These contractions 
can be made to occur by striking or cutting almost any part of the body besides the 
adductor, but more especially the mantle edge. The contractions also occur from time 
to time if the animal is undisturbed. It seems then that a sudden closing of the shell, 
so often necessary to lamellibranchs, is accomplished by the lighter portion, and that 
the darker part comes more actively into play when the shell is to be closed for some 
little time. The lighter portion in Pecten is relatively very greatly developed, and, as 
the very largc size of the adductor has been brought about partly for locomotion by its 
extremely rapid contraction, the lighter part is the one which performs this function. 
Though other forms do not have this method of locomotion, the manner of contraction 
of the white and dark fibers may be$he same. 

The two pairs of €oot-retractor muscles are of general occurrence, except in forms 
with an aborted or absent foot, and are well seen in Venus. They are attached to the 
shell close above the adductors (gig. 9G, P1. xCIV, ufr and pfr), and join the anterior 
and posterior parts of the foot, respectively. The anterior ones, which pass obliquely 
backward from their attachment, are &own cut across a t  aT, Fig. 11, P1. LXXXI, which 
is a vertical section in the region of the anterior end of the stomach. In Fig. 12,a little 
farther back, they are cut more nearly longitudinally and show their final union with 
one another and the foot, f. The same relations are shown for the posterior retractors 
in Venus in Fig. 17, P1. LXXXII, at pr. 

Their nature needs further study. 
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The muscle system ofiMytilus edulis 1s worthy of remark. Fig. 42," LXXXV, repre- 
sents the ~nusculature dissected out entire. From the base of the byssus at  its ante- 
rior portion, two cylindrical muscles, called the anterior foot-retractors, run forward, 
passing on either side of the mouth (Fig. 33, ar),  and are attached to the valves of the 
shell. They amre, in the adult, entirely free froin any muscles connected with the foot 
and all their fibers are inserted in the base of the byssus. The tongue-like foot, with 
its concave anterior surface (Fig. 42, f), is continued directly iipwsrd to the shell, as 
two cylindrical muscle bundles (Fig. 42, fm) ,  which pass exteriorly t o  the two anterior 
inuscles just mentioned (Fig. 36, fin and (x.r). The foot with these inuscles in3y be 
removed without disturbing any of the other inuscles. These are the posterior foot- 
retractors. The byssus organ is morphologically a part of tlie foot, and these inuscles 
described are probably the anterior and posterior foot-retractors, respectively. But 
the byssus organ has lost all connection with the musculature of the foot,, as have the 
anterior adductors also. 

From the base of the byssus, just behind the insertion of the two anterior muscles, 
extends a great mass of' muscle bundles wvliich, attaching themselves to  the shell above 
and posteriorly, serve as its main support. These byssus muscles are arranged in two 
groups. They are close to one another at the byssus and diverge laterally above to  
become atkeched to tlie valve of either side. (Shown in section in Fig. 37 at bm. )  The 
mass extends obliquely backward and is divided with much regulwity into a number 
of large bundles (Fig. 42 bnz). They are shown in the vertical sections at bm in Figs, 
38 t o  40. 

A dorsal muscle, well shown in Nucula and A'olevtonayu, occupies a, positionnearly 
parallel t o  the anterior foot-retractors (Pelseneer, No. 17, Figs. 7 and 15), and its attach- 
ineut to the shell is slightly posterior to the latter. In Pecten the foot-retractors, and 
in Anomia the byssus muscles, are attached only t o  the left valve. 

Other large muscles are developed in the mantle of many lainellibranchs, in tlie 
region of the siphon, which will be spoken of in that connection. 

THE POOT. 

This characteristic organ, appearing generally, though sometimes greatly modi- 
fied, throughout the Mollusca, is in lamellibranchs a muscular projection froin the 
ventral surface of the main body of the animal. It extends more or less anteriorly. 
In the primitive forms Yoldia and A'olenomya, the lower part of the foot is turned nearly 
forward, aid  where the organ has degenerated greatly, as in Pecten irradians, it arises 
fi-om the extreme anterior elid of the viscerad mass. In X y a  arenaria it  is relatively 
small, though functional in locoinotion and situated far forward. In Venus inercenaria 
and many others, it occupies the whole ventral surface of the visceral mass, extending 
slightly backward as well as forward, and in a few forms there is a greatly developed 
heel-like projection posteriorly. 

Certain simple and probably primitive lainellibranchs possess a, foot which has a 
more or less circular ventral disc (Pectunculws, Nzcculidm, A'oZenom?yidm). Arouiid tlie 
lnargin of this are a number of thick, short payille or flutings. Fig. 52, PI. LxxxvrI, 
WQresenting Yoldia Um,atula with the right vahe  and mantle fold removed, will show 
the general relations of the foot (f). T t  is seen to have a volume greater than all the 
rest of the animal, tlie inantle being very thin. The ventral disc (d )  is not expanded 
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(the figure having been sketched from an alcoholic specimen), but its position and the 
marginal papillae may be seen. When the foot is contracted, as in the figure, the 
lateral edges of the disc are brought together ventrally, thus making a crease from 
before backward through the middle of the disc. The disc may be so fully expanded 
that the crease sometimes disappears, but this does not often happen. 

The most usual form of foot in lamellibranchs is that typically shown by Venus 
(Fig. 96, PI. xcrv). It is flattened from side to  side and extends in this case along 
nemly the entire ventral surface of the visceral mass (f). I ts  anterior end is plough- 
share shaped and isgreatly protrusible. Instead of being somewhat flat on its ventral 
surface, it is more or less sharp or heel-like (seen in vertical section at  j’, Fig. 13). In 
Mya the foot is much compressed laterally, and projecting anteriorly to the body, is 
slightly sharper above than below (in vertical section at f, Fig. 23, PI. LXXXII). It does 
not extend along the ventral side of the body, or visceral mass, as in Tenus, but occu- 
pies a position more like that of Mytilus and Pecten. 

The foot of Mytilus is an entirely muscular, tongue-like organ, flattened dorso- 
ventrally, concave above and convex on its lower surface (Fig. 424). In Pecten. it is 
relatively much smaller, being a short cylindrical projection from the anterior end of 
the visceral mass. In Ostrea and Anomia, which are fixed forms, the foot has entirely 
disappeared. 

The foot serves a number of different purposes, but is generally used as a burrow- 
ing organ. The end of the foot is protruded as a long, narrow tongue, which digs into 
the sand with a worm-like movement, keeping the shell closed as much as possible. 
When it has penetrated to  some depth it expands at  the end, the retractor muscles 
come into play, and the whole animal is gradually pulled beneath the surface of the 
sand. The forms with the ventral disc are very active. Yoldia, when burying itself, 
makes a sharp point of the anterior part of the folded disc of the foot and very rap- 
idly burrows this into the mud. The disc is now widely expanded, forming a firm 
anchor, the foot-retractors contract and draw the body down to the end of the foot, 
in this way quickly covering it. Solenomya has the same habit, and also often swims 
rapidly through the water by using its powerful foot as a paddle. It is stretched out 
anteriorly, the disc opened, and a rapid backward stroke is made. This is repeated 
with great rapidity. One or two lamellibranchs have the habit of creeping on the 
ventral side of the foot, as in gasteropods, but, as far as I have observed it, in the 
adult of one very small form and in the young of Mytilus and Pecten, it  i8 done in a 
very imperfect way, the animal ikequently being unable to maintain its erect position 
when crawling over a smooth surface and falling over on its side. 

The foot of many lamellibranchs, as that of Venus or Anodon, is made up of muscle 
fibers, which are irregularly distributed vertically and horizontally, 1ea;ving every- 
where spaces which are in connection with the vascular system. Blood being forced 
into these spaces by the heart, causes the extension of the foot. The general direction 
of the fibers in the foot is indicated in Fig. 13, P1. LxXXI, f. In  this section a sharp 
separation occurs between the foot and the genital gland above (9).  Just belon: 
this the foot shows many transverse fibers (mus). From this region, too, three prin- 
cipal bands of muscle fibers extend down toward the ventral side of the foot. Their 
contraction, probably, aids the foot-retractors in drawing the foot up close to the 
visceral mass. Farther back (Fig. 14), in the region of the posterior end of the stom- 
ach, the sexual gland forces its way for a considerable distance down between the 
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more scattering foot muscles. This very generally occurs in forms with this kind of 
foot. In  Yoldia and h'oZemomya, also, the sexual gland occupies a considerable portion 
of the upper part of the foot. The walls of the foot are made of a more dense layer 
of muscle fibers (Fig. 13). 

In such forms as Mytilus, wliere the foot is degenerated and is of little or no use to 
the adult animal as a burrowing organ, it is not necessary that i t  should be expanded, 
and it has almost entirely lost its blood spaces, those only remainiiig which may con- 
tain blood for the iiourishrnent of the tissues of the foot. The fibers are closely packed 
together, making the foot very dense and tough. 

THE BYSSUS. 

This organ is generally considered to  be a gland of the foot. The byssus itself is 
made of a number of horny secreted fibers which attach by tlieir outer ends to foreign 
objects. The part wliich does the secreting, the byssus organ, occupies various posi- 
tions in cliEerent lamellibranchs. In NucuZa there is a small blind sac near the yoste- 
rior edge of the disc of the foot, and Pelscneer has described above this several gland- 
like cells which he thinks represent the byssus organ. In TTe?Lericardia borealis a 
well-developed byssus is present in a slight groove near the middle of the ventral 
surface of the foot, In NytiZus the great byssus has no connection with tho foot in 
the adult, but is situated behind it. 

The byssus organ of Velzericardia is one of the best for exominatiou, as it is not 
greatly complicated. Pig. 73, P1. LXXXIX, represents a horizontal section through it. 
The secreting surface is deeply folded ( fd), and in these folds the Secretion is seen in 
long sheets (bs) .  Surrounding the folds is a mass of the secretion made of concentric 
layers, which have been added to its inner border. At the inner ends of the folds are 
many vertical muscles (bm) which are strongly inserted and serve by their attach- 
ment to the valves of the shell above as a very powerful support. Among these 
muscles are many large, almost clear cells (e). 

Pig. 74 shows the epithelial surface of one of those folds. The greater num- 
ber of the lining cells approach to a coluinnar form (cc) ,  and appear to be ciliated. 
At the deeper part of the fold the lining cells suddenly become very large, indistinct 
( I C ) ,  and almost entirely unstained. I could make out no nuclei in them. The cells 
which seem from the appearance of the section to  do the secreting, are the epithelial 
cells (w). The byssus secretion ( b s )  I never found extendiiig down over tlie large 
clear cells, but it inore often adhered to the other cells as shown in the figure, and 
was much thicker a t  the outer than at  the inner end. In some sections the dcnsu 
apparent ciliation of these cells suggested that possibly thoro was really a striated 
secretion iiistead of a ciliation. 

If individuals of Mytilzq which have been torn from their attachment, are put 
in a dish. of sea water, they soon become again attached.* A very fine, transparent 
threa,d appears, and where it strikes R solid body, itrs elid spreads out in a number of 
root-like processes wliich forin a firm attacli~iieiit. Soon atnother similar t,hrcad appears 
and attaches itself, generally a t  some distance from the first. Though this may take 
place in a minute or two after the individual is placed in the dish, I was not able to 
see the exact manner in which the thread was protruded. I imagine, however, that 

* Shco the above WILE written, I have carefully observed tho method of attachment in d f y f i l U 8 ,  
An sacoimt of it mill bo included which is accomplished by the foot, as referred Do by Prof. Vorrill. 

in a lstvr ppzpur. 
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a t  the will of the animal a fine stream of the secretion was thrown out and that it soon 
Iiardened after coming in contact with the water. The young individuals are able, in 
some way, to leave their attached byssus, wander about by means of the foot, and 
reattach tliemselves in new localities. 

THE MANTLE. 

If a lamellibranch be taken out of the shell, the whole animal will be seen to be 
covered by two fleshy flaps or folds ( m  in the figures) generally united to each other 
in the middorsal line and attached to the top or the sides of the visceral mass and 
to the adductor muscles which pierce them to become attached to the shell. Ventrally 
these folds hang down and cover the gills and foot. 

In  many cases, as in Nucula, Yoldia, Area, Trigonia, Pecten, and A n o h a ,  the 
ventral edges are free from each other and are not in concrescence with the gills. In 
the oyster (Ostrea uirginiana) the mantle folds are not connected with each other ven- 
trally, but are connected with the outer lainell= of the outer gills. In other lainelli- 
branchs the ventral borders are fused and are coniiected with tlie gills. Solenonzya 
is an exception to this class in that tlie mantle is fused and is not connected with 
the gills. 

Mya (Figs. 23 to 31, inclusive) is a good example of the ventral concrescence of the 
mantle. In  such cases there are left two sinal1 posterior apertures, so that mater may 
pass in and out of the mantle chamber, and a larger anterior one for the protrusion of 
the foot. These three openings are always present in such cases, except in Solenomya. 
Here there are but two openings, a large anterior one for the foot and a sipgle pos- 
terior opening for both exhalent and inhalent streams of water. This has also been 
noticed by Pelseneer, but he has not spolceii of the method employed in separating the 
exhalent and inhaleiit streams. If floZcnomya be put in an aquarium it  gradually 
opens the valves of the shell, and the posterior opening may be seen to have the ap- 
pearance of a single slit, as represented in Fig. GlA, 1'1. LXXXVII, whose edges bear a 
iiuinber of tentacles. Often the sides of the slit approach each other in the center, the 
upper and lower ends assume a circular shape, and there are formed a lower inhalent 
and an upper exhalent opening (Fig. GlB). This position is quite constaliitly kept as 
long as the animal is undisturbed, and is similar to the condition of Anodon, where 
there is no actual concrescence between the two openings. In Anodon, however, the 
mantle edges ventrally are nowhere fused. 

In  Mytilus (Figs. 33 to 4l), the mantle edges lie very close to each other, but are 
not actually united. 

As has been stated,'the mantle is fused to the visceral mass above or on the sides. 
Iu  the oyster (Ostrea uirginiana), the folds are not thus connected with the visceral 
mass a t  all points on both sides. They are in concrescence on the left side, wliicli lies 
deep in the hollow of the fixed valve, but the right side is modified. Over t h e  peri- 
cardid cavity and that portion of the visceral mass immediately anterior to it, the 
mantle is perfectly free from its dorsal border as far ventrally as the coneresceuce 
between i t  and the outer lamella of the outer gill. Back vf the pericardium the mantle 
is again connected to  the anterior border of the adductor. A very peculiar cavity is 
thus formed, on the right side only, and chiefly over the pericardium. It opens dor- 
sally to the exterior, and its lower border opens into the epibranchial cIiambcr, which, 
in this region, receives water from both gills. 
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This chamber may be seen i i t  section at epc in Fig. 5,  Plate Lxxx, where the 
epibranchial chamber is extended upwasd past the visceral mass, pericardium, and 
rectum, and to the exterior dorsally. In the upper part of the figure the iiiantle is 
represented as closely applied to  the body, but in  the live aiiimal it is widely opelied. 
Big. 3, just posterior to  tlie stomach, ,shows the union of the mantle and visceral 111ass 
iiear the anterior border of this cavity. 

It is probalile that some of the water coming into the epibranchial chamber through 
the gil1 lrtmelln? passes again to tlie exterior by means of this unusual path, instead of 
going posteriorly through the epi1)rancliial and cloacal chambers. This iiiay be the 
ca,se, because the mantle is here loose and not applied closely to  the body, and the 
channel thus afl'orded is directly in the line of the currents from the gill into the epi- 
branchial chauiber. It probably in no way aids in the a h t i o n  of blood by bathing 
so much of the maiitle wall with water, for the latter is iiot richly supplied with blood 
spaces, as in forms like Vemcs and Awodon. What inay have caused this asyinnietrical 
condition to appear I ain unable to  conjecture. 

The mmtle edge is more exposed than auy other part of the body between the 
valves of the shell, excepting tlie foot when it is extended. The protrusible .foot iiiay 
be closely contracted to tlie visceral inass, but the mantle edge, though it inay be drswii 
away from the edge of the shell, is always capable of less retraction. Fig. 9G, P1. XCIV, 
shows the maximum of contraction of foot and maiitle in Venus, and Pig. 87, the great 
degree to which the mantle of the oyster (me) may be contracted. On accouiit of its 
close contact with the exterior, the Juaiitle edge in d l  forms is relatively greatly thick- 
cued, slid in it h:hve been developed soiisory organs, thoso of touch :md hi a few 
instances of vision. 

This muscular iiiaiitlc edge generally possesses tlirce primary longitudinal folds 
Been in sectioii in niaiiy of the figures a t  me. In soiiie cases, a primary fold iriay become 
greatly enlarged sild brokeu up into several secondary folds. The folds are least 
marked anteriorly. They arc geuerally pigmented, and most deeply in the ventral 
and posterior extent of the mantle edge. The cells of certain of these folds secreta 
the horny cuticle, which is reflected outwardly over the growing edge of the shell (Fig. 
23, e ) .  Eyes and tentacles are frequently-tho latter always-present in definite folds 
(Patten, No. 15; Rawitz, No. 21). Over the outer surface of the inantla, next t o  tlie 
shell, are many gland cells, which secrete a sticky subsfaiice that becomes impreg. 
mted with linie and forms new shell layers. 

THE SIYHONAL BEGION O F  THE MANTLE. 

In lamellibraiichs the posterior parts of the mantle lobes are variously modified to 
form separate openings for the inflow and outflow of water. In certain cases, mhera 
the two mantle folds are free froin one another, though generally opposed throughout 
lnost of their length, they spread apart posteriorly in  two regions close together, mak- 
ing 5 lower inhalent and ~$11 upper exhaleiit opening. This is very conspicuously shown 
in Umio or A.nodom. Asimilar arrangement has already been described for flolenomya. 
These openings are guarded by greatly develoged tentacles, which are also geilerally 
Present a t  the ends of the siplions. Prof. Brooks has described (No. 2) 811 eiiorniously 
developed unpaired tentacle situated on the msiitle edge of Yoldia, oil the right side, 
and near the base of tlie siphons. This sense organ, supplied with an axial nerve, 

be extended out beyond the ends of the siphons. 
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In the oyster the partition betwecil thti two openings in tlie iiiantle is permanent, 
the mantle folds being united. Fig. 89, P1. X ~ I I I ,  represents a view of this part of the 
mantle seen fiom behind. Tlie mantle folds are fused at  lwp. Above, the upper part 
of the cloacal chamber is exposed where it communicates with the exterior, and the 
rectuin ( r )  is seen to open into it. Below the fusion, the branchial chamber is seen, 
together with the posterior ends of the gills (og and ig) ,  which hang in it. 

In Mytilzcs this region is more niodified. Tlie cloacal opening, which is small, 
appears from the exterior to be much more definite (Fig. 87, PI. XCIII, 4:o) and is sur- 
mounted by a tough ring, which, like the whole mantle edge in this region, is colored 
by a deep-brown pigment. Tentacles are liere absont from the mantle edge. Ventral 
t o  this, the mantle folds do not shut in a complete branchial orifice. Closing the upper 
part of the space between the inantle folds on the inside, is a thick, pigmented mem- 
brane, a part of the mantle (br m). This is also shown in Fig. 88, which is a pos- 
terior view of Pig. 87. In this figure the extreme posterior ends of the gills mark the 
pnrtition between the epibranchial chamber above, whose opening to the exterior is 
seen at eo, arid the branchial chamber below. Thus far there is little indication of 
~1 developinent of much tissue in connection with the siphon-like openings other than 
that usually present in the mantle edge. 

If we imagine that the two separated openings in Ostrea and Ilfytilus are made 
definite-that is, that the branchial passage is separated from the ventral mantle edge 
by a second fusion-and that they are protruded as tubes, we mill have in tlie main 
the condition in the siphoned forms (Fig. 96, PI. XCIV, sn). A vertical, longitudinal 
section through the posterior region of the body of 'Venus (Fig. 93, PI. XCIII) will show 
the relations of most of these parts. Below, and to the right in the figure, is seen the 
branchial chamber (br e) ,  in .n.liich hang tlie gills ( ig) .  Tlie upper part of the gills, 
forming the floor of the epibranchial chamber (cy e) ,  is seen in tho section, and the 
openings of the water tubes into the latter chninber are indicated. Bounding this 
part of the epibranchial chamber above is the posterior adductor (pu) .  The epibran- 
chial chamber opens into the base of the cloacal siphon, which also receives the end of 
the rectum ( r )  from above, it having come down over the adductor. This basal por- 
tion of the siphon may perliaps be called the cloaca, though it is small. The lower 
or branchial siphon opens into the branchial chamber, but a t  its base there stretches 
across its whole upper part a membrane (brm),  occupying tlie same position as that 
already referred to in Mytilus. If we sliould take an unsectioiied specimen and throw 
back the mouth folds so as to .get a view of the base of the lower siphon from the 
branchial chamber, we would have the inembrane shown as in Pig. 90, P1. XCIII, br m. 
Extending down from the posterior end of the gills, it covers all but the lower part of 
the base of the branchial siphou seen below in the figure. It does not extend straight 
across from oiie side to the other, but presents the appearaim of a deep notch extend- 
ing upward. 

One might naturally suppose that from its position this branchial membrane 
would allow mater to enter the branchial chamber, but that any back flow would 
apply it over the base of tlie branchial siplion; this would prevent the water from 
escaping, thus acting as a valve. If the animal is able or has occasion to use this 
fold in such a way, I have not observed it. Mactra solidissitnu, the sea clam, much 
like 'Venus in anatomical points, Iias a branchial iiieiiibrane that apparently completely 
covers the branchial siphon at its base, Bat if an individual be quickly taken out of 

On either side of it the bases of the thick siphon walls inay be seen. 
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the water the valves close and the water in the branchial chamber is discharged 
priiicipally through the branchial siphon, SO that the membrane must have been raised 
in order that this might occur. 

If  the valves of the shell should sudderlly close, much of the water in the branchial 
chairiber vould escape ventrally. While this is going 011, the siphons are being drawn 
within the shell, and of necessity against this pressure in the branchial chamber, 
caused by the closing of the shell. If, instead of beink closed, the branchial siph011 
should be opened, and thus allow the imprisoned water to rush out, it would allow 
their retraction to be more easily and quickly accomplished. 

The siphons of Venus, however, are small, and do not meet the difficulty in retrac- 
tion encountered by the enormously developed siphons of Mya arenaria, the “long- 
iiecked clam;7 especially as the branchial chamber is here closed below over nearly its 
entire extent, and allows little mater to  escape between the mantle edges. When the 
siphons are contracted--sild the process is always co1nparatively a very SIOW 0ne-a 
ntreain of water is discharged from both, but maiIllY from the branchial. Though 
finally brought within the shell, their outer ends are somewhat exposed, as the shell 
in their region is expanded aiid its valves can not meet behind them. The branchial 
meinbraue is not here present, but may perhaps be represented by part of the thick- 
ening in the partition between the siphons (Fig. 94, PI. XCIII, b y  m). If this is so, the 
organ ]nay have been lost because of its interference, though it may have been slight, 
in the laborious process of withdrawing the siphons into the shell. 

Just what advantage may be subserved in the forms where the brenchial mein- 
braiie is SO greatly developed is not apparent to  me. 

The series of figures 18 to  22 represents this posterior region of the body of ‘Venus 
in verticd section. Fig, 18 has been cut just in front of the branchial membrane (br nt) 
and the posterior adductor is seen above. The mantle edge has become muscular aiid 
very thick at  m, to form, farther back, the malls of the siphons. The bases of these 
ha% been cut across in Fig. 19, and it may be here seen how their walls are gradually 
constricted off from the mantle a t  2. A fold of the mautle (m) extends across under 
the lower siphon and is also present in Fig. 20. In this latter figure the mantle fold 
is entirely separatedfrom the siphon wells, except dorsally, and these walls are seen to 
be very thick and muscular, especially those of the cloacal siphon. In Fig. 21 they 
]lave assumed a uniform thickness. In Fig. 22 the siphons are cut across where 
they have protruded baclcward beyond the mantle edge. The basal part of the lumen 
of the upper or cloacal siphon (Fig. 19, n s )  is somewhat triangular in section, mhile 
that of the branchial siphou is more nearly circular. Toward their outer end they 
appear as slits elongated dorso-ventrally, tllough not to so great an extent in the 
living animal. I 

Fig. 20 is a 
thick section just before the bases of the siphonal oimings. The cloacal chamber is 
cut across at  cl, showing the gills at their posterior ends, separating the cloacal from 
the branchial chamber. The posterior end of the partition between the siphons is 
seen at  br m. Ths muscles, which are to  become the siphon walls farther back, are 
shown at ws, These, from this region t o  the ends of the siphons, are covered by a 
thick, gelatinous, semitransparent tissue, ct. Still farther back, as in Pig. 30, in which 
section the right side has been cut deeper than the left, are seen the siphon walls on 

The anatomy of the siphons of Mya is much the same as in Ternus. 
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all sides, the whole still within the mantle folds. Fig. 31 represents a section of the 
siphons at some distance from the body. 

The muscles of the siphon of Yoldia maybe divided into two chief groups : ( a )  trans- 
verse and ( B )  longitudinal layers. As far as I know, there are no circular fibers. 
Small transverse and longitudiiial layers alternate with one another to form the siphon 
walls. Fig. 53, P1. L ~ X X V I I ,  represents a transverse section of a bit of the siphon walls 
in this form, as being the cavity of the anal and bs the branchial siphon; ss is the sep- 
tum separating them. The transverse layers (trm) extend across the walls. Nuclei 
are present most frequently in the central, narrower portion. At  the outer edges of 
the layers the fibers separate and spread out to become attached. In this region, 
also, numerous nuclei of the fibers appear. The longititdinal muscles occur princi- 
pally between the transverse layers (Zm), but there are also many smaller bundles near 
the point of attachment of the transverse muscles. The whole siphon wall outside 
and inside is covered by a jelly-like tissue, contaiiiing nuclei, and st places showing 
elongated cell-walls, e. 

THE DIGESTIVE TRACT. 

The ntouth.-The mouth is situated in the median line between the two labial 
palps, and just behind the anterior adductor muscle wheii it is present. It is not 
sharply marked off from the mophagus, being a funnel-shaped opening for it. 

The palps.-These are two lips or folds anterior and 1)osterior to the mouth. They 
extend backward on either side toward the anterior ends of the gills. They are often 
large and plate-like (Nucuh and Yoldia). In other cases they may be proloiiged as 
iiarrow bands (Mytilus) or they may be short and tliiclr (Ostrea). The first case is 
shown in Fig. 52, PI. LXXXVII, at p ,  where the palp extends from the mouth back to 
the gills ( g )  at  the posterior end of the visceral mass. Here and in NucuZa (Mitsukuri, 
No. 13) the palps possess a long appendage (up) supposed to aid in the collection of 
food. 

Fig. 95, P1. XCIII, shows the relation of the palps to  the mouth, as well as their 
general shape. Tlie figure represents the anterior erid of the body of Ilfytilus, cut in 
a vertical transverse plene just posterior t o  the mouth. The most posterior, or inner 
palp (ip), extending 011 either side of the mouth opening, hides the latter, which is 
situated just above mo. The outer palp (op) occupies a similar position before the 
mouth. A dorso-ventral striation is seen to  exist over the lower three-fourths of the 
inner surface of the palp (at op), and the surface of the inner palp, opposed to it, is 
similarly thrown into folds or ridges. 

These ridges have very much the same appearance to  the unaided eye as the gill 
filaments, and have led many observers to mistake the palps for gills. They are 
simply ciliated ridges occurring 011 but oiic side of each palp-that next to  tlie mouth. 

Sections across these folds would differ somewhat in appearance according to the 
regions from which they were t:ikeii. Pig. G2, PI. LXXXVII, represents a section acro8s 
the folds of the palp of Ostrea in tlie ventral region, in this case farthest away hom their 
attached basal portion (Fig, 97, 1’1. XCIV, ip). The folds a t  this free edge of the palp 
are generally thicker than a t  the base, and are thrown into two or three small secoiid- 
ary folds (sf). The ciliated epithelium covering the folds is composed of much elon- 
gated cells, more greatly developed on the side of the fold onwhich occur the 
secondary folds, The bases of $he folds rest upon a more or less complete connective 

These may be protruded to the exterior just below the siphons. 
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tissue layer (et) .  The transparent, irregular cells composing the main body of the 
palp, and exteiidiiig into the folds, are the same as those found in the mouth and 
walls of the visceral mass of Ostrea, and described by Prof. Brooks (No. 3) as fat cells. 

Fig. 63 is taken from about the middle of the palp. Here the folds are more 
narrow, and the irregular secondary folds on the eide of the primary folds have given 
way to one regula secondary fold (sf). 1 x 1  Fig. 64, a section close to the attached 
border of the palp, the folds are very regular in size, and without secondary ridges. 

The palps of Pecten. are peculiar in having upon their free edges near the mouth 
a number of projections which are extreinely convoluted and give the appearance of a 
heavy .fringe, part of which is indicated in the palp just anterior to the mouth at fr, 
Fig. 43, 3'1. LXXXV. Fig. 68, P1. LXXXVIII, reilresents a small portion to show the 
natxre of this fringe. The small figure at  the right (A) represents a large branch, 
whose base is continuous with the free edge of the palp near the mouth. The trunk of 
this tree-like mass is not solid, but is merely a thin Sheet of palp tissue whose surface 
nearest the mouth is concave. The outer surface shown in the figure is convex. A 
section across it would be somewhat crescent-shaped. Fig. GS (B) represents a part of 
the extreme tip of the .fringe more highly magnified. Here the concave side of the 
inass is presented, and it shows that tlie whole fringe is made by flat, sheet-like out- 
growths of the edge of the palp. The edges of theso flat projections turn inward 
toward the mouth, These edges seem to have grown a great deal more rapidly than 
the interior of the sheet, and have thus been forced to convolute themselves greatly, 
as represented in the figure. 

A section through the ends of this fringe shows an epithelium made up of very 
much elongated, ciliated cells (Fig. 75, PI. XC, ep), whose nuclei are arranged in 
qnite a definite rom in their outer t,hird. At many poiiits in this epithelium are found 
groups of' large gland cells (glc) .  At the base of the cells is a more or less definite 
basement membrane (bm). Runiiing through the compact tissue of the fringe are 
blood vessels whose flat, bounding endotheliuni is plainly seen (bv). 

The labial palps take food collected upon the gills from the atuterior ends of the 
latter, and by the cilia pass it on into the mouth. The movement of food particles 
here does not seem so rapid as upon the gills, and its path seems much less defined 
than the latter. This is easily seen upon the palps of Yoldia. The long, ciliated palp 
appendage of this form with its convoluted borders is similar to  the fringe about the 
iriouth of Pecten, though situated at  the posterior end of the palp. The appendage in 
Nucula, like tlist of Yolclia, is supposed by Mitsukuri (No. 13) to serve in collecting food, 
and t l ~ e  mouth fringe of Peeterz in all probability has a similar function, the products of 
its gland cells cementing the food particles together as on the gills, and its ciliated 
epithelium passing this on down its concave inner surfaces to the mouth. 

The aesopitaps.-In the Nuculidw, Pelseneor (No. 17)  has deswibed in the buccal 
region of the digestive tract a transversely enlarged glandular portion, called the 
pharyngeal cavity. It occurs in no othor lamellibranch, but he thinks is homologous 
with a cavity found in other mollusks-Patella, 2r7issurella, Haliotis, and Den.tnlizcm. 

The esophagus proceeds nearly vertically upward t o  the stomach. It is very large 
in Pecten. (Fig. 43, mo), smaller in Mytilzcs (Fig. 33) and Ven.i~s (Fig. 10). Its  opening 
into the stomach is generally somewvliat funnel-shalmd, but in Mya is abrupt, with a 
definite muscular opening. 

F. C. B. 1890-2F 
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The stowzacA.-This organ is a greater or less enlargement of the alimentary canal, 
and is placed in the dorsal part of the visceral mass, its long axis generally being that 
of the body. In  many cases) as in 
Vennus, it is close to the dorsal wall of the visceral mass (Fig. 12, s). Frequently in 
individual cases it lies much more in one side of the visceral mass than in the other. 
The walls are often irregular (Figs. 12, 26, 44, s). Closely applied to the stomach 
walls is the liver mass, whose ducts open into the stomach a t  different points. The 
number of these openings varies in different forms. 

The intestine.-The stomach generally nasrows posteriorly to open into the intes- 
tine (i in the figures). In  most cases this is coiled. In  the degenerate deep-sea forms 
recently studied by Pelseneer (No. 17), this observer describes the intestine as being 
so short as to be almost straight. He supposes that this condition has been brought 
about by the carnivorous habit of the animals, which is inferred from the animal mat- 
ter found in the digestive tract. 

The intestine is but little coiled in YoZdia. Fig. 69, P1. LXXXVIII, represents the 
whole tract in this form. The mouth (m), short @sophagus, and dorso-ventrally elon- 
gated stomach (s), are seen anteriorly. From the bottom of the stomach springs the 
intestine (i). This proceeds backward, then upward as far as the top of the stomach. 
With a bend forward, it makes a loop, always on the right side of the stomach, before 
running backward over the posterior adductor (pa)  to empty as the rectum ( r )  into 
the cloacal siphon. 

I n  the 
oyster, €or example, it runs downward and backward from the stomach so far as to be 
ventral to the adductor muscle. It returns to the upper part of the stoiiiacli, niakes a 
complete loop around it, and tlion proceeds back over the pericardium and adductor 
muscle. The extreme end of the rectum hangs close to the base of tlic cloacal siphon 
in forms where i t  is present (Figs. 93, 94, r ) ;  in other cases i t  projects well into the 
cloacal chamber (Figs 89, 97, r ) .  The extreme end is often slightly thickened. 

Crystalline style.-This organ is a diverticulum of the stomach or the intestine, 
generally close to the latter. In  the cliverticiluni, where it is much developed, is the 
transparent style, evidently a product of the secretion of the epithelium of the diver- 
ticulum. Pelseneer says that the stomachs of all lt~mellibranchs are lined with a 
cuticular covering which is continuous with the style when the latter is present. 

Fig. 26, PI. LXXXIII, represents the greatly developed style of Mya arenaria (est) 
arising from the bottom of the posterior end of the stomach (s) and running ventrally 
with bend to the right, so nearly in a vertical plane as to be shown all the way in 
the section. Reaching the ventral part of the visceral mass) it runs forward a short 
distance (Fig. 25, est) and ends blindly. In  Anomia it even runs out of the visceral 
mass into the mantle edge. 

In  cross- 
section, it appears to consist of innumerable concentric lamell=. If the large style 
of Mactra be taken out of the animal and an end of it carefully teased, we find that it 
seems to have a central, apparently softer axis, srouiid which the lamella? are depos- 
ited in a concentric spiral. Wlien an end of any width is artificially made, a,s repre- 
sented in Fig. 55, P1. LXXXVII, this outer portion may be unwound to any extent from 
the central axis, showing its spiral arrangement. 

I n  Yoldiu, however, it is dorso-ventral (Fig. 69). 

I n  other lamellibranchs the intestine is generally much more convoluted. 

The style may be easily drawn out of the sheath-like diverticulum. 
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The crystalline style appears here and there in various groups. It may be present 
in one form and entirely absent in another closely related to it. In the primitive Nu- 
oulidau i t  is represented by a mere rudiment (Pelseneer). It has been homologized 
with the radular sac of the Qlossophora, but probably not correctly, on account of its 
point of origin. Its function also is unknown. It has been regarded as a store of 
reserve food material. Barrois (No. 1) and Pelseneer suppose that its purpose is to 
surround sharp particles in the digestive tract, which might injure its lining epithe- 
lium. Such a function seems to  me improbable. It iS generally supposed thatfoodis 
taken into the mouth and stomach by ciliary action only. In many forms large 
quantities of sand are taken in by the same meam. 16 would be impossible for the 
style substance to protect the stomach walls fi.oln s ~ c l l  a mass gf foreign bodies by 
covering them. Only when an extraordina~ily 1:qe and sharp piece enters, could 
this function of protecting the stomach take place, Which Seems altogether iiiiprobable. 
The lining cilia of mouth and cesophagus could probably not pass into the stomach a 
foreign body much larger than a grain of sand. The digestive tracts of those forms 
which have no style are probably not easily injured. 

THE LIVER. 

This gland is paired, there being one-half on each side of the visceral mass. In  cut- 
ting into the visceral inass, however, the dark-brown gland surrounding the stomach 
gives no appearance of being of two p r t s .  If the stomach be injected, it will be foUllcl 
that the injecting substance lias penetrated the liver mass through its ducts, rnliich 
open into the stomach. The ducts are, in the main, very fiiie and traverse the liver in 
every direction. 

The openings of the ducts into the stomach are usna11y 1:irge and cause much irreg- 
ularity in its walls (Fig. 2, Pl. Lxxrx, 8) .  The positioll Of this mass and its extent in 
Ostrea are shown in the figure to which reference has just been made ( I ) .  It extends in 
this region of the stomach from near the mouth dorsally, to the extreme ventral wall of 
the visceral mass. It nowhere touches the walls of the visceral mass excepting below, 
being surrounded by the sexual gland (9). Its extent in Venus is readily seen by 
referring to Figs. 11, 12, and 13, I ,  vertical sections approximately through the 
anterior, middle, and posterior parts of the stomach. In this case, in the oyster, in 
Cardita (Fig. 51, I ) ,  and in Jfytilzcs (Figs. 33 and 34), the genital gland (9 )  more or less 
completely surrounds the liver. In  l'octe?~ (Fig. 44, 1 )  the liver in the region of the 
stomach is only bounded by tbe sexual glast1d 011 its ventral surface. This is also the 
case in Mya, shomu in Fig. 25, 1. The posterior end of the stomach in this form (Pig. 
26) is not surrounded by the liver, but by the sexual gland. Though varying a great 
deal in size in different Ismellibranchs, the liver seldom, if ever, extends farther back- 
ward than the posterior end of the stomach. It extends forward, however, t o  the 
arlterior end of the visceral mass, as is shown in the sections anterior to the stomach. 
The posterior end of the liver is irregular, and in vertical sections of this region por- 
tions of the sexual gland may be seen surrounded by the liver mass (Fig. 34, g). The 
boundaries of both glands are irregular and they everywliere lie closely applied to  one 
another. 

a geneI*al thing, the secreting tubules of the liver are 1)acked together very 
closely. In the more primitive forms, however, as Nuczcla, Yolclio, and h'oblewonzya, the 
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liver mass is not at all compact, In Yoldia the liver tubules, surrounded by the sexual 
glaid, are free from one another throughout most of the extent of the gland, being 
only connected by long branching threads of a connective tissue. 

THE GENERATIVE MASS. 

The greater part of the. visceral mass is made up of this organ and the liver. It 
is of a much lighter color than the latter gland and varies much in its outward ap- 
pearance in different forms. It is a large gland, surrounding the liver, and constitutes 
the posterior part of the visceral mass. It grows in between bundles of muscle fibers 
of the foot, wherever spaces may be left. In Ostrecc it  rcaches the body w ~ l l  anteriorly, 
surrounds the liver, and closely invests the intestine throughout almost its entire 
extent. A part of the visceral mass extends down under the pericardium, ancl back- 
ward for some distancc below the adductor, where it ends in a blunt, rounded point, 
forming most of the anterior boundary of the cloacal chamber. The intestinc runs 
alniost to this extreme tip and then returns toward the stomach. It is, in this region, 
under the adductor muscle, entirely surrounded by the sexual gland (Fig. 7, PI. LXXX, 
g), which is also seen at  the extreme posterior part of the body represented in Fig. 8, 
g. In the oyster, also, the visceral inass extends in niucli the sainc way above the peri- 
cardial cavity and over part of the adductor. It coiisists here of the rectal part, of 
the intestine, surrounded by a layer of the generative gland, which bcconies thinner 
and thinner until it finally disappears, and the extreme tip of' the rectum is continued 
on into the cloaca without this covering. This is seen in section above tlic lieart 
region at  g, Figs. 4, 5, 6, mid 7. In  Fig. G it becomes thinner, and h~ Fig. 7 posterior 
to the pericardial chamber, and ovcr tho adductor it h a s  almost disappeared. This 
backward extension surrounding the rectum is an n n ~ s u a l  one. In  Venus the genera- 
tive gland penetrates into spaces between tho uppennost inuscle bundles of tho foot, 
as is usual iu forms with a locomotor foot. The posterior part of the visceral inass 
has many scattcrod inuscle bundles, generally trausverse, as iiidiaated in Figs. 14 
and 15, my, running from one side to the other. The sexual gland pushes dowii 
among these muscles for a considerable distance. In  a case like Yoldia, where thc 
organs of the visceral mass are not a t  all crowded, thc sexual gland still occupies a 
considerable part of the base of the foot. The definite boundaries of the gland in 
Mya will be seen by a glance at Figs. 24 to 2G, P1. LXXXIII, g. 

In  Alzomia, greatly modified in many ways on account of its fixed condition, the 
sexual gland is very asymmetrical, extending out into the mantle on thc right side. 
In Mytilzcs the foot (not present in Anomia) ifi entirely inuscnlar and contains none of 
the sexual gland. Much of the visceral mass, also, is occnpied by the large byssus 
niiiscles, and, as a result, the generative gland has puslled out into the mantle lobes 
of both sides and completely fills them, as seen in Figs. 32 to  41, m. 

The ducts leading from the sexual glands open in a variety of ways. They may 
open directly to  the exterior or into the excretory organs. If into the latter, they may 
open near its pericardial end, its middle, or its external end. It is probable, from 
the fact that in the most primitive forms this gland opens into the pericardial end of 
the kidney, that the free opening to the exterior is, in some cases, a secondary condition, 
as shown by Pelseneer (No. 17). 
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In a majority of cases thc sexes a’rc separate, but hermaphroditism exists in very 
inany forms. Pelscneer points out the Fact that i t  exists in isolated forms, species in 
certain genera, as in Ostren, Pecten, and Gardiun~, :uid whole genera in certain families, 
as in the case of Cyclus, Pisidium, and Entovalva. He says : “Chez tous ces animaux la 
glande gOnitale elle mime est hermaphrodite; ello produit dans toute son Otendue des 
ajufs et des spermatozo’ides, ou bien si unc partie est spOcialisOe pour donner naissance A, 
chacun de ces produits, ceux-ci sont amen68 au dehors par uno seul canal, i~ermaphro- 
dite (Pecten).” 

The European oyster, Ostrea edulis, is hermaphrodite, but in the American form, 
0. virginiana, the sexes are separate. While reariiig the young of this form from the 
eggs at Woods Holl, with Mr. Harrison of thc Johns Hopkins University, we found a 
specimen apparently containing both eggs and spermatozoa. On sectioning parts of 
the generative gland, I found it to be hermaphrodite, as was suspected. The large 
follicles (Fig. 72, P1. LXXXIX) were generally more or loss united, and their lumens 
everywhere, in specimens taken from a number of different parts of the glands, ap- 
peared full of ripe spermatozoa. The ova, with their distinct nuclei, were apparently 
unripe, though many were free from the follicle walls. The majority of them were 
yet attached. The cells of tlie follicular epithelium showed ova in a’ll stages of growth, 
and none of them, apparently, were giving rise to spcrmatozoa. 

This specimen was obtained late in June, near the end of the breeding season. 
Whether or not its sexual glands indicate the change in function from male to female 
or from female to male, which possibility has beeii suggested for some 1amcllibranchs, 
I can not say; but, as abnormal hermaphroditism often occurs in all groups of animals, 
this may be an example of it. 

The sexual gland of Pecten irradians is hermaphrodite, and there are an ovary and 
a testis on each side of the visceral mass. Both glellds are ventral to the liver (Fig. 
44, g) and have a spongy appearance. The testis is the more veutral of the two and 
is of a cream color. The ovary, situated above this, has a reddish hue, which is very 
marked in the living animel. 

Fig. 71 represents a section passing vertically through the outer wall of tbe vis- 
cerai mass, where the testis and ovary are closely apposed. The body wall is repre- 
sented at ep and consists of a single layer of columnar, ciliated, epithelium cells, 
whose nuclei are about equally distant from their outer ends and the thick basement 
membrane ( b m ) .  Be- 
tween it and the follicles of the generative gland is a thick layer of connective 
tissue, extending in between the follicles. The follicles of the ovary (ov) are not so 
regular in outline when seen in section as those o€ the testis ( t ) .  The malls of tlie 
latter bear a follicular epithelium ( fep) .  In  tho ovary, tlie cells of this layer are in 
all stages of development into eggs. The eggs themselves, crowding the follicles, 
possess a very thick egg membrane and their protoplasm is finely granulm.. A duct 
from the follicles is seen a t  d. 

The mother cells of the spermatozoa ( fep)  are circular and of constatnt bize in the 
follicles of the testis ( t ) .  As we follow the mass of cells inward from these mother 
cells they become very gradually smaller and smaller, until their final divisions result 
in the spermatozoa. These are so arranged that their (‘tails,” in forming, project in 
extended masses toward the lumen of the follicle and give it a radiating appearance. 

In8 this epithelium are many conspicuous gland cells (gZc). 
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I have not been able t o  determine how many times a mother cell divides in forming 
spermatozoa, for the cells are all rounded and give no evidence of their divisions, as 
they do in the testes of many animals. A duct of the testis containing spermatozoa is 
shown a t  d. The ducts of both tcstis and ovary are composed of slightly columnar, 
ciliated cells. In  the wall of the duct of the testis is shown a single deeply stained 
cell, which is evidently a gland cell. 

In the mother sperm cells of iwytilus the chromatin is arranged in a crescent-s11a~ped 
mass a t  one side of the nucleus. 

The spermatozoa vary greatly in di8erent forms, both in size and general shape. 
I n  a single follicle of the gland of any individual, also, they are of various rhapes, often 
very markedly different from the normal. 

Fig. 67, P1. LXXXVIII, represents a very few spermatozoa illustrating these points. 
The ‘( tails 77 in all these cases are more than twice the length represented in the figure. 
The sharply pointed spermatozoan ‘‘ liead” of YoZdia is shown ( a )  to be similar to that 
of Venus, ( b )  in that both are elongated and conical in outline. The latter, however, 
are always bent. In  a very large number of cases the tail proceeds from the narrower 
end of the head (e), The spermatozoan of Pecten is represented at  d. It is actually 
much shorter than that of Tenus. The 
spermatozoon of the oyster ( e )  has a nearly spherical head, which gradually tapers off 
into the tail. If spermatozoa are characteristic even of species, as has been suggested, 
it may be of interest that those of Anomia are very similar to those of the oyster, 
since Pelseneer does not regard these forms as being in any way closely related. 

They frequently show a form similar to$ 

THE VASCULAR SYSTEM. 

The heart, the chief organ of the circulatory system, is in the majority of cases 
situated on the dorsal part of the body arid is greatly elongated from before back- 
ward. It consists of a muscular ventricle and two lateral, generally more delicate, 
auricles opening into it, one on either side. The organ lies in an extensive pericar- 
dium. The usual relations in position between these parts inay be seen in Fig. 45, PI. 
LXXXVI, where ven represents the ventricle, au the auricle, and p the pericardium. In  a 
few cases, as in the oyster, the heart has changed from its usual position, and its long 
axis is dorso-ventral. In Fig. 07, P1. XCIV, the organ may be seen represented as lying 
beneath the pericardium, just in front of the adductor muscle. The ventricle is most 
dorsal, and the two auricles open into it ventrally; these are pigmented; they receive 
blood from the gills. 

As a rule the ventricle of the heart is traversed by the rectum, but this does not 
occw in Nucula, Arca, Anomia, Meleagrina, Ostrea, or Teredo. Its position in t h  
ventricle of Pecten is showri in Fig. 45, r .  In  8olenomya the rectum is close to the 
ventra] wall of‘ the ventricle, instead of being corinected with tlie dorsal wall, as is 
generally the case. In  the forms in which the ventricle is not 
traversed by the rectum, Nucula, Arca, and perhaps Anomicx we primitive forms, while 
Ostrea and Teredo are among the most specialized of laincllibranchs. But in Nucula, 
Arca, and Anomia the ventricle is dorsal to the rectum, while in Meleagrina,, Ostrea, 
and Teredo it is ventral to it. I n  certaiii primitive mollusks (Cepkalopoda and Amnphi- 
neura), the ventricle of the heart is dorsal to the rectum, as in Nucula, etc., and it is 
probable that this is the primitive condition. 

(Pclseneer, No. 17.) 
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In Nueula and Area the ventricle has the appearance of being double; that is, 
with distinct riglit and left halves. This has given rise t o  a discussion as to  its mean- 
ing. Milne-Edwards (No. 1%) regards i t  as the primitive condition, pointing to  a 
double origin of the heart. Grobben (No. 6) considers the single heart as the prim- 
itive one and believes that this double condition lies been brought about by tlle for- 
ward extension of the foot-retractor or byssus muscles. Tlieile (No. 2 2 )  believes that 
the heart was originally of two inde1)endent halves ‘and that upon uniting in the 
median line the heart is found in its various iiositions, inclosing the rectum or lying 
above or below it. His conclusions are based 011 the fact tlmt Ziegler (No. 24) has 
shown the pericardium of Cyclus to be forined in developinent fiom two symmetrical 
vesicles which unite in the median line. At about the same time that Theile’s paper, 
above referred to, appeared, Pelseneer (No. 17)  expressed the opinion that neither the 
views of Milne-Edwards nor those of Grobben were altogether correct. He discards 
the view of the latter entirely. Re says that this doubIe condition is not absolLite1y 
primitive, but is ‘‘ due to the bilateral separation of the gills (much closer t o  0 1 1 ~  

another in other lamellibranchs) and the ouricles.” The primitive heart, lie believes, 
was dorsal to the rectum, and the commonly perforated h0a;l.t was formed by a fusion 
of the two parts of its vcntricle below the rectum. In Ostreu, when tlie heart is 
ventral to the rectum, this position was acquired by the great development of the 
single adductor; for, as it extended SO greatly dorso-ventrally, it carried do.tvll the 
gills, and with them the auricles. These, not elongating, also compelled tho ventricle 
to move downward. I had myself already come to this conclusion in regard t o  the 
peculiar position of the heart of Ostrea. 

The pericardium is generally a large space in which the heart lies. Its relative 
size varies extremely, however, in different forms Which may be closely related. For 
instance, the pericardial space of Mja  arenaria (pig. 27, p )  is quite small, while in 
Verms mercenaria (Pig. 16, p )  it reaches a very great size. Lacaze-Duthiers showed 
that the heart of Anomia did not lie in a pericardium, and he believed that none 
existed. Pelseneer, however, thinks that he has found .the remains of the pericardial 
space in a flat cavity beneath the rectum, into which open the inuer ends of the kid- 
neys. The pericardium is not connected with the vascular system, but into it open 
the excretory organs, one on either side, and, when tlley are present, the pericardial 
glands. 

In  most cases the heart of a lamellibranch gives off an anterior aorta which runs 
forward above the rectum, and a posterior aorta proceeding below the rectum. In 
some forms, however, the posterior aorta does not appear. Such an exception is Sole- 
nomya, one of the inost primitive forms. 

It has been ulaimed that the possession of two aortae was the primitive condition 
and that when the posterior one was absent it had degenerated and disappeared. 
As the general relations of such a form as h’o~enOllt$la have become known they Iiave 
shown that it is a primitive form; and, as it possesses but one a,orta, that condition 
inay have been the original one in the group. In the gasteropods there is no pos- 
terior aorta, but a branch of the anterior aorta supplies tho posterior part of the body. 
The remaining groups of the Mollusca have both anterior and posterior aortae. Pelse- 
neer (No. 17) considers the single aorta the original condition in lamellibranchs. 

As has been said, the oy~ter  possesses both anterior and posterior aortae. The 
former springs from the upper (morphologically anterior) end of the ventricle and 
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runs forward to the visceral mass and mantle. The latter takes its origin slightly 
posteriorly to the first, very close to the extreme anterior end of the ventricle, and 
runs directly backward beneath the rectum and in the upper wall of the pericardial 
chamber. Upon reaching the adductor muscle it turns downward, running :dong its 
anterior surface to a little below its middle, and then penetrates itti tissue :md 
becomes distributed among the fibers. 

The oyster probably came, in its degeneration, through a form with an anterior 
and posterior aorta. But in this case tho posterior aorta must Iiave shifted its posi- 
tion from the posterior end of the ventricle to its anterior domal end. 

Arteries break up, not into capillaries, but into irregular blood spaces, ill all 
tissues of the body which they penetrate. I n  the gill filaments, however, the blood 
channels are of more regular size, and in many cases (Pecten, Fig. 83) are easily seen to 
be lined with a distinct endothelium. In the walls of the digestive tract and in the 
labial palpi also, the blood spaces are quite regular, and much like defiuite vessels. 
These are lined by an endothelium, as is shown in Fig. 75, 1'1. XO, bu, a section of the 
mouth fringe of Pecten irradians. 

The blood of lamellibranchs is colorless, wit11 a few exceptions, and contains many 
corpuscles. Some of the Arcas and Solen (Lailkester, No. 8 )  have corpuscles contain- 
ing hiemoglobin, so that the blood is distinctly red. 

The relative amount of the blood is very great in some locomotor forms where it is 
used in protruding the foot, and in such sedentary forms as Ostrea and Mytilus is com- 
paratively small. 

The course of the circulation is as follows: From the ventricle of the heart the 
anterior aorta conveys the blood forward along the dorsal wall of the visceral mass, 
over the stomach, and then down into the foot. From this main arterymany branches 
are given off to the tissues of the liver, sexud glands, palps, digestive tract, and foot. 
Where the posterior aorta is present it is in most cases distributed mainly to the man- 
tle folds, and also supplies the siphons of the mantle and the posterior adductor. If 
the posterior aorta be absent, these posterior tissues are supplied by a branch from 
the anterior aorta. From the' irregular sinuses into which the arteries empty, the 
blood is collected in larger vessels and conveyed to a vessel beneath the pericardium, 
called the sinus venosus. Thence it passes to the gills, traversing on the way the 
walls of the nephridia, where waste products are excreted. The circulation is com- 
pleted by the return of the blood from the gills to the auricles of the heart. 

The path of the blood through the gill filaments is not well known and would be 
impossible t o  determine in those forms in which the gills have become greatly special- 
ized, owing to  their complex form. On account of the colorless condition of the blood 
corpuscles also, their movement in the filaments can not be followed. 

It seems altogether probable that the inani~er of tho circulation in the gills is 
very dissimilar in different groups of lamellibranclis. In those forms in which the 
gills are made up of a series of leaf-like plates (Nucida, Yoldia,  SoEenonzyu), each of 
these is little more than a blood sinus ( Yoldiu, Figs. 79,80,82; NucuZa), around whose 
outer edge a blood channel is more distinctly marked out. While a circulation may 
be more or less distinct here, it can not be perfectly so. 

In  forms with a descending and ascending portion in the filament, and where the 
latter is not in concrescence a t  its extremity with the inantle or neighboring filaments, 
the blood must flow out to the extremity of a filament and then back again, perhaps, 
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however, not taking exaotly the same path. It will be noticed that iii gills of this 
kind the blood spxoc of the iilainent is divided by a septuni or is greatly fl:ttteneci 
out and shows in section a long, mrrow blood cliannc~l. This l:i,tter c*ondition is ihuiitl 
in Area pexutrr (Fig. 66, P1. LXXXV~II) .  

The blood corpuscles of Arm ;&re d o r e d  1 ) ~  lix?uioglobi~i, and 1 liavc atteinptstl 
to trace the circulation in the f i l i ~ ~ ~ e ~ i t ~ .  I reniovecl one valve of the shell, placed tlie 
aiiiuial iii water, and exeniined tlie gill by se~):trating, without injury, a few filaiiieiits 
a t  a tiine, as they arc connected with one another only by tho cili:~ted junctions on 
their sides. Under tlie microscope tlie pale yeIloW corpuscles could be seen in inotioii 
in the blood stream. 111 both outer and inner lainelln: the cnrrcnts wonld lieep np i~ 

constant flow outward for half a minute, a t  times, tlio~gli the rate of tIic current did 
riot reruaiii constant. The streams would becoine slo~vei*, fina’lly stol), ;laid the11 a back- 
flow would set in. After a short time these ceaSe(1, asnd the cxiirreiits wsumed their 
original course. I did not confound two separate cmrellts, but could see individii:iI 
corpuscles being carried in oiie direction and then back in t h  other, 

The currents in the different filaments were i i i dep~~ ld~ l t t  of one anotlier, imd 
there seemed to be a soniewliat irregular c l l a n ~ d  for them. 

In cases where the fila~meiits are joined to the ni:~ntle and tho ventral side of the 
visceral mass ( Ostrecc) t h o  blood iney be finally oolleetcd in vessels running along tlia 
line of this concresoeuce. The currents througli such filaments c:m not be at all dufi 
nite, as the filaments opm into one another a8t various places. 

It seems probhble tha t  tile gill is used as a respiratory organ in all lamellibranchs, 
though in a few very little blood, :~,pparently, gets iiito them. In soine cases the oi,lier 
surfaces of the body, and particularly tliose of the mantle, rnay pLIy a inow important 
part thaii the gills in the aeration of blood. 

‘IHE EXCRETORY ORGAN. 

The nephridium is situated iininediately beneath the pericardial chamber. The 
more priinitive condition of the glaiid is preserved in Nucula mid Solenonaya, where it 
is a simple tube, bent ul;on itself. Oiie elid of this opens into the pericardium, the 
other t o  the exterior by the branchial chamber. Tlic liiiiug epithelium in these cases 
is similar in all parts of the tube and is all secretory (L’c.lsenecr, No. 17). It consists 
of large cuboidal, vacuoIated cells, without coiicrwtions. The generative gland opens 
into this kidney ind  near its pericsrdiaJ opeiiing. There a m  t \ ro  excretory organs, 
one on each side, having no connection with one another. 

There are rnaiiy variations fibom this siinplc loop, but Glia gelieral plan is always 
followed. In most cases the loop becomes difleroutia ted, so tliet its terminal haIf 
becomes nonglandular, wliile only the half connected wit11 tho 1,ericardium remahis 
glandular. On account of the loop iii the orgal1 the gla1ldidar portion is ventral and 
the nonglandular is dorsal in vertical soctions. T l l ~  g l ad  ie seen in section beneath 
the pericardium in Fig. 16, PI. LXXXIL. g l  rcj)resents the large gla,ndular portion 
and (ngZ) the nonglandular tube above it. 

The glandular portion possesses greatly folded walls, bounding its lumen, for the 
increase of the secreting surface. In Anodon, Ranlrin (No. 20) has described the 
lining cells as being more or less ciliated. 

In Pecterb, the nephridia are situated boneath the aldductor muscle (Fig. 46, P1. 
LXXXVI, 12) and are exposed to the exterior, as they hang in the mantle chamber. They 
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are connected with the ventral floor of the pericardium on either side auteriorly, and 
this opening on one side is shown in Fig. 45, 12, the adductor muscle here having been 
entirely cut away. 

Its aiiterior 
end lies under the pericardium, and it extends backw:ircl, close under the adductor, 
as far as the small notch between tlie light a ~ i d  dark inusole fibers. It is thus seen, 
as in Pecten, to exgose a great part of its wall directly to the water in the epibranclrial 
chamber. Tlie 
secreting portion of the gland gives off' a great number of branching diverticula, lined 
by an excretory epithelium. 

A portion of one of these diverticula is represented in Fig. 54, P1. LXXXVII. The 
lining cells ( e m )  are columnar and rest upon a thick basement membrane. The 
cell protoplasm is mostly collected a t  the bases of the cells. The distal ends contain 
large, watery vacuoles which are finally discliarged into the lumen of the tube (1). 
Many of these vacuoles contain a small, round particle which stains deeply and wliich 
may be of a concretionary nature. Concretioiis as commonly found in other forms, 
however, seem to be eiitirely wanting here. The products discharged into the lumen 
are undoubtedly liquid, for by tapping on the cover, wlien fresh preparations are used, 
they may easily be made to run into one another and form larger masses. Nolie of 

Pigs. 56 and 57 represent concretions from the secretory cells of the kidney of 
Pecten. They are sometimes very large and their concentric structiire is easily seen. 
Figs. 58 and 59 are from macerated preparations. The former shovs a basal 
niicleus (n)  and the concretion in the distal portion of the cell (con). The concretions 
possess a more dense, deeply staining, central portion of varying shapes and sizes. 
Scattered through the cell. substancc are many small, vacuole-like bodies (Wac), prob- 
ably the first appearance of the excreted products in fluid form, which afterward 
constrixct the solid concretion. Other cells (Fig. 59), of a more elongated sliap6, 
appear to contain only watery vacuoles (vac). 

The secretory cells are deeply pigmented in most lainellibrsnehs, but are entirely 
devoid of coloring matter in tlie oyster. The gland is thus rendered very inconspicu- 
ous and was for a long time overlooked. It lias been described in the European 
oyster (Ostrea edulis) by Hock (Journ. Soc. NBerlandaise de Z6ol., 1883). 

By means of this tube-like nephridium, tlre pericardial cavity is connected with 
the exterior, and it has ofteri been supposed that water entered the pericardium by 
this means. This has, however, never been demonstrated, and there arc reasons for 
supposing that i t  does not occur. Amoiig these are the facts that the narrow 
cliannels leading from the pericardium and to the exterior possess, as a rule, inany 
cells with very great cilia, which have been shown, in some cases, to cause a current 
outward; and also in Pecten there are valves guarding tlie opening into the pericar- 
dium, preventing ally such back flow into it. 

Garner has shown that the sexual gland of Pecte?b opened into the kidney. In 
examining the nephridia of this forin in the spring and early suininer, I haw almost 
always found tliat they contained eggs in various stages of development, often in  
very great numbers. They are, in all probability, the eggs of the iiidividu;il exam- 
ined, which have lodged in the kidney instead of' being thrown out to the exterior, 
and not eggs from some other mollusk taken with the surrounding water. In this 

The position of the organ in Ostrea is seen in Fig. 97, P1. XCIV, at n. 

The glands of either side are entirely separate from one another. 

these cells give evidence of cili n t' 1011. 
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case they have probably become fertilized from spermatozoa taken into the kidney 
from the exterior, having come from another individual, if it is always true that the 
male elements in these hermaphrodite forms are always ripe before the felnale, as obser- 
vations seem to indicate. The great majority of eggs are of course discharged into 
the mater, and there become fertilized arid develop. 

It thus happens that the spacious kidney of Pecten becomes a brood pouch for some 
of the young, and I have seen a kidiiey containing great numbers of eggs far advanced 
in seginentation, which, i t  seeins probable, both on aocouut of their number and the 
connection between kidney and sexual glands, developed there from the beginning. 
It is true that this arrangement may be a purely accidental one, but I am inclined t o  
believe that the advantage gained in protecting so inany embryos for so long D period 
in their development is considerable, and that on this account the kidney may, by the 
operation of natural selection, have bocome especially adapted for this function. 

THE NERVOUS SYSTEM. 

Of the three pairs of ganglia the cerebral are usually situated iieai’ either side of 
the mouth and are joined by a snpracesophageal commissure. They are generally close 
to one another in the more primitive forms. The visaem1 ganglia, generally placed 
in the ventral side of the posterior adductor, ocoizpy iu Solenomycc, Ntcculn, and a few 
others, a position in front of it. Connected with the pedal gauglia is the otocyst. 
Though it often lies on tho surface of the latter, i t  is probably a1m:hys imierrated from 
the cerebral ganglia. I n  some cases the otocyst contains :I# Hingle otolith, in others 
there may be several small particles. 

Sections of the otocyst of Yoldia show an epitlicliriin, the (:ell walls of which could 
not be distinguished. Nuclei of diffoiwitg shapes and sizes a”! scattered about irregu- 
larly througli it. These cells rest npou a dense sqvorting ineiiibr:Lne, and the whole 
is envelopcd in a capsule possessing :b fibrous app~arik~lc~.  Tllol*e is but :L single large 
otolith, ~ 1 1 0 s ~  concentric structure is very evident. There is also in the cavity of the 
otocyst what appears to be a coagulated fluid. The lining epithelium, as far as I was 
able to see, possessed no trace of cilia. This apparent absence of cilia has also been 
described for the otocyst of Nzccula, by Pelseneer (No. 17). 

THE GILLS. 

The gills, of which there are four, hang in the branchial chamber. They are 
represeiited in Pig. 96, P1. XCIV (Veitus merceiraria), the right valve and mantle lob0 
having beell dissected off. The line of attaclmniont of this mantle lobe dorsally, 
begiiining at  the posterior end at  the side of the siphons, is ul~ward along the back of 
the posterior adductor; thence it proceeds €orward in D curved line near the top of 
the pericardium and visceral mass to  the anterior foot-retractor, which pierces it, and 
over the anterior adductor. 

The free edge of the left mantle lobe is seen at’ the point fiat?. S n  extremely large 
branchia1 chamber is thus formed, tho upper boulldary of which is the line o f  attaeh- 
lnent between the mantle and outer gill. In it, over the walls of the visceral Inass, 
11ang the gill plates (og and ig),  and below is suspended the foot. The gills of Ostrea 
uirginiana (Fig. 97) extend from near the anterior end of the body backward, and UP 
for some distance on the posterior side. In Peoten their exteut is SO great as almost to 
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surround the entire adductor muscle and visceral mass. In Ostrm, each of the four 
gills is connected above with the ones next to it, and the outer ones are also connected 
with the mantle. A vertical section (Fig. 2, P1. LXXIX) shows each gill to be made of 
two lamella? (o l  and il), leaving a space (w) between them. They are united to each 
other above, the top of the inner lamella of oiie to the top of the outer lamella of 
the next, and on the median line the opposed inner lamella. In Fig. 2, which is a 
section near the anterior end of the gills, they are also all united above to the visceral 
inass. A little farther back, however (Fig. 4), the two inner lamella? ofthe inner gills 
only am attached to the body above, Farther back still, under tlie adductor (Fig. 81, 
the gills are entirely free from the parts above. In all regions, however, the outer 
lainella: of tlie outer gills are united with the mantle, as may be seen in all the figures 
of cross-sections of this form. 

By this concrescence of the gills above, the mantle chamber below is completely 
shut off from all the spaces which appear in section above them. Posteriorly these 
epibranchial chambers open into one another in one large cavity (Fig. 8, c) ,  forming a 
cloacal chamber. Its position on the posterior side of the adductor muscle is sliown 
at c (Fig. 97, P1. XCIV). 

The gill lamella are made of innumerable parallel filaiueilts united to each other 
in various ways in different forms, and always 1ea)ving openings through wliich water 
may enter the epibranchial from the brtinohial chamber. This current is c.:iuded by 
the ciliated cells of tho filaments. The spaces between the lamella are callccl water 
tubes. Tlie currents from the epibranchial cbarnbers pass posteriorly to  the cloaca. 
Into it, from above, opens the rectum in all cases (Pig. 97, r) .  In  those forms which 
possess siphons, the cloaca opens into the anal siphon (Figs. 03 and 04). 

The more common position of the gills diEers from that of the oyster, in that :L 
foot is geiierally present, situated on the ventral side of the visceral mass and pro- 
truding between the inner gills. If this should occur in Ostrca and tlie gills should 
then be moved up on the sides of the body, we would have the condition in Venus 
represented in Fig. 14. The whole foot and visceral inass here separate the cliainbers 
of the right and left sides, instead of their being side by side, as in tlie former case. 
Behind tlie visceral niass and foot, the inner gills join one another, forming a branchial 
septum, which is continued poAteriorly to the base of the siphons, and still preserves 
a complete separation between the cloaca and branchial chamber (Fig. 93, P1. xcirr). 

Here also, as in Mya and many other forms, the epibranchial chamber is divided 
aiiteriorly into four parts, two on each side of the body, farther back into two, a i d  
finadly these unite into one, the cloaca. 

In  Mytilus there are no sharply defined epibrauchial chambers, for, as may be seen 
in Figs. 32 to 41, the inner lamella of tlie gills do not fasten to the body wall, nor do 
the outer lamella? unite with the mantle as they do i n  the forms just noticed. It thus 
happens that the water tubes (w) open directly into the branchial chamber, whence 
their supply is obtained. The backward current is, however, coiifiiied to the dorsal 
part of the branchial chamber and leaves it by a special siphonal opening at its pos- 
terior extremity. (Fig. 87, P1. XCIII, co, a view of the mantle edge in the posterior 
region.) 

Filamentous gills of this sort, often, however, undergoing great complications, arc 
possessed by the great majority of lamellibranchs. The gills of a few primitive form 
(flucuZa, YoZdia, Solenomya), however, are entirely different in appearance. They were 
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first made known by Mitsnkuri (NO. 13). Instead of filaments, each gill is made up 
of a number of flat plates, placed one against another, the two gills on each side 
being supported by a comnioii musculai- membrane, which is attached in the usual 
position to  the sides of the visceral mass. The palps in hrucuZa xnd Iro7dia :Lre very 
large and extend back for some distance upon the visceral mass. The gills, pos- 
terior to them, exteitd backward to thc posterior end of tlie body. Fig. 92 represents 
I I : L ~ ~ ‘  of two gills of Yoldia. The cut) surface at tlie right of the figure exposes not 
one continuous plate, but two plates, om 011 each side of the supporting iiienibrarie 711. 
On the ventral side of the gill, opposite the supporting membrane, is :I groo\rp, not 
well shown in the figure ($9, Se13arakhg the plates of either side. Other evidence will 
be given to show that these plates are really separate, and one plate does llot exteiid 
ciitirely across t h e  gill. 

Rere (Fig. 91) the 
giII 011 eithor tiidc is a1tt;tched to the visceral mass by short supporting Iuembralio 
iii suc.11 a way as to nliuost completely olivelop the posterior part o€ the body. The 
( ~ t i t c ~  plates of the gill 1 1 0 ~ ~  extend upwu-d 011 the side of tllle body instead of lianging 
dowru boloiv tho point of the attachment of the sniqorting iwnbraiie, as iu Y O Z ~ ~ U .  
Tllp plates of tlie u p p r  row difler iii shape from those of tlie lower, being 1O~lg;cr 
and iiarrower. 

There is yet ‘another coiiditiou of the respiratory organs of lainellibr:~nch~, first 
clcscribcd by Prof. Dall, of Ihe Siiiithsonian Iiistitution (NO. 4). In Czcspidaria :hlld 
I’oronaya, probably very far reinoved &om primitive forins, the gill as such SeelilS to  
1t:lve disappeared. On either side of the body, extendirig from the walls of the visceral 
111:ms out to the moutli, is a, thick, horizontal, muscular ine~nbraiie. It extends tile 
ciltiro 1engtIi of the animal, froin close behind the anterior :Idductor back to the sipho- 
i t : ~ 1  septum, and separates the mantle chamber on either sido of the body iiito mi upper 
:md a lower chamber. Tlirough this inembrano open a iiuinber of orifices of various 
:trraiigemeiit, which allow a pssage of w:iter iqnv:md  TO^ the lower into the upper 
chamber. Tliis ht ter  corresponds to tlie usual epibrancliial cliainbcr, water obtained 
from the cliaiiiber below being ciiscliarged through the anal siphon. The upper cham- 
\)er is stated by Dall (No. 5) to  be used as a marsupium. 

There seem to be a question as to  whether or riot the ‘gill has disappeared irt  
tllose forms nud whether the musoular memb~ane is homologous with the gills or :b 
morphologically different organ. Dall (No. 4) soine years ago expressed tlie view tha t  
this membrane was not inorphologically a gill, but that it was a great estension ttnte- 
rjorly of $110 111uscu1ar siphonal septum found greatly develoyed in other forms. A 
gradual traiisitioii, in which tlie true gills beaorne smaller while the siphonal septuiri 
increases in area and extent, is traced through the  forms Lyonsia,  fijonsiclla, and Ver- 
ticordia, all these forms possessing true gills. With the loss of the gills the septum 
takes upon itself their function of respiration, end the progress of its specialization for 
this purpose after the gills have disappeared is illustrated in the series of forms iVyonera, 
Ouqidayia, ~telzoooncha, and Poromya. There are possibly cases in which the mus- 
cular septiim is made up of structures diverse in their origin, the anterior part being 
from tlic gills and tlie posterior from the siphonal septum. 

The 
reasoli8 given for this view are that, while i t  is connected with the siplional septum, 

Tliis organ in SoZesLontyu is very similar to the one described. 

More 18epoiitJy Pelseneer hornologized this septiim with the gills (No. 17). 
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the latter has a different innervation, while the muscular septum proper is innervated 
by the branchial nerve, and that it is in direct communication with the efferent lacum 
of the auricles. 

DETAILED STRUCTURE OF THE GILLS. 

The gills, so extremely varied in structure, are of very great importance on account 
of the relationship which they show to exist among various forms of the group, and 
have been thoroughly studied in a great many genera. The work of Posner (No. 19), 
Peck (No. IG), and Mitsukuri (No. 13), extended over a great field, and, together with 
the embryological observations of Lov6n (No. 11) and Leydig (No. lo), has estab- 
lished a fairly satisfactory view of the phylogenetic history of the gill. Mitsukuri, 
who first made known the structure ;aid Iiature of tlie gills of Nucula and Yoldia, now 
considered to be the most primitive of living lamellibranchs, mas the last of these 
authors mentioned to publish his views; aiid he reviewed the work then completed, 
giving a theory of the phylogenetic developmeii t of the gills, which is generally accepted 
as the true one. He says: “To review the whole matter, the la~nellibrancli gill was 
perhaps originally a simple ridge on the side of the body, but, to increase the surface 
of contact with the water, folds iney 1i:ive asrisen on two sides of this ridge. I f  such 
was the case, Nucula and YoZdia are still in a stage very little advanced from this 
primitive condition. I n  course of time, hornever, as some of the Lamellibraiichiata, 
either owing to degeneration or some other cause, became incapable of extensive loco- 
motion, these gills or folds were perhaps proloiigecl to form tentacular filaments, which, 
going on in their development, fi11a1ly produced such complex gill structure as we see 
in llfytilus, &io, Ostrea, and other forms, taking on a t  the same time functions totally 
foreign to their original one.” 

THE GILL O F  YOLDJA. 

The primitive plate gills of these two forms, already briefly described, were first 
studied by Mitsukuri, whose attention was directed chiefly t o  the formcr. On account 
of poor material, he was not able to csainiiie into the histology of the gill of Yoldia in 
any detail, though he gave an account of the more important features of its structure. 

As described by Mitsukuri, the plates of the gill are suspenciecl from above by a 
thick membrane (Fig. 92). Close to its attachinent to tlie gill plates, there is s blood 
channel running the leiigtli of the gill, and a similar vessel is present also in the 
median line, just above the groovc on the veiitral side of the gill, which sepmatos the 
plat,es of either side from below. The course of tlie blood in these channels is not 
known with certainty. Mitsukuri made very little out of‘the histology of tlie plates. 

Codractions.-If a living Yoldia be removed from the slicll and examined in sea 
water, the gills will be seen to possess a deepred color. The thickened veiitral edges 
of the plates seen from below are light red, but the thinner lateral edges are of R i~uich 
darker hue. The gills will be observed t o  be able to contract tliemselves in a variety 
of ways and to be very susceptible to stimulntioii fi-oni without. In  the first pliwe, 
they may shorten themselves to a considerable exterit froni before backward, and, like 
all the movements of the form, this may be doneveryquickly. A contraction may also 
take place in such a way as to greatly reduce tlie circumference from side to side and 
from above downward. This last contraction is a very common one and a t  times 
occurs in a curious way. At  any point in the gill, three or four plates adjoining one 
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another, and the same number on the other side, opposite these, may contract them- 
selves apparently &om every direction, tlius giving the appearan(:e of 5 deep groove 
running eiith-ely around the gill. NOW this contracted zone begins t o  1nove along the 
length of the gill and it inay move iii either direction. In this wave of colltraction but 
three or four plates 011 either side are ever concerned a t  one time. Thcse waves are often 
single, and at tiines several inay follow one another in succession. 

Still another wave coiitraction may often be noticed on tho ventral sides of the 
plates. The ventral side of a siugk? plate, or at most two plates, is affected at oiie 
time. These waves occur independently on either side of the gill. A single plate 
bends a certain region of its ventral surface forward or backward, so as to  separttte 
this region from one of the ucighboring plates and bring it close to the plate on 
the other side, either before or behind it, as the case may be. This latter plate quickly 
bends in the same way, the first one assuming its original position and tlleil the 
succeediiig plates, thus causing a W:~VC of this bending to  run along the leilgth of 
the gill. These ~v:~vcs may run either fo~~vard  or backward. Single pl:ites ]nay toll- 

tract slightly independently. 
If a gill be dissected out from the body, those cOlltlbactiOllS Still coutiilue t o  take 

place whenever it is touched. The action of the cilia is SO powerful that the entire 
gill is made to niove about in the mater. 

Collectiolz ot'food-Mitsukuri came to the coiiolusion that this primitive forli, of 
gill was concerned only in the aGration of the blood, and that it mas probably not 
corlcerned in the procuring of food. I was able to  observe in tho case of Yoldia, how- 
ever, that not only was the function of' gibthoring food p ossessed by the gills, but that 
it was performed with amazing rapidity. Carmine particles, in the water once ~ 0 1 1 ~ -  

ing in contact with the vontral edges of the plates, haviiig been swept there by the 
powerful currents which these ciliated borders set UP, me itt oiice hurried along toward 
the wide, median, ventral groove of the gill, into ivhidl they are thrown. On the 
way t o  this groove they have evidently become covered by mucus secreted by gland 
celIs ; for the separate particles of carmine are sooli firlrlly ceiiieiited together, and 
passing along the groove anteriorly, less rapidly than ou the edges of the plates, 
tllough still at a comparatively Fast rate, they are finally piled up at  its anterior cud 
81111 gradually passed upon the surface of the palp. 

ij'tyucturc.-A disgramuiatic view of the ventral side of the gill is given in Fig. 75, 
PI. XOI, in which the thickelled ventral edges of the plates ( p )  are shown on either. 
side of the groove (gr). Theso edges in the living gill are oiily slightly beiit down- 
ward, and are not so curved in oiitliiie as represeiited hi Fig. 81, which was drawl1 
Gram a hardened specilrieu. From tho groove (gr,  Fig. 78) to  the poilit Cj, the plates 
are in no ~ v a y  coiinected with one aiiotlier, and one may see entirely through the gill 
between them, when examining from below. 

At  the point cj, where the edge of the plate t u n 8  abruptly upward, occurs a cili- 
ated junction not before described in these forms, between adjoining plates. The cilia 
fkom iieighboring plates interlock closely, making a comparatively substaiitial union. 
This ciliated junction is not confined t o  the poiiit mentioned, but extends from it 
upward 011 the lateral sides of the gill for about two-thirds of the distance to the 
upper pointed extremities of the plates, the ciliated union being confined t o  the lateral 
edges of the plates. 
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An examination of sections made through the gill plates in different regions will 
give a better idea of these points. Fig. 79 represents a section cutting the plate of the 
gill of Yoldia in a plane represented by the line a in Fig. 81. This section thus shows 
the structure of both the ventral and the dorsal borders of the plate as well as that of 
its interior regions. The thick ventral border is shown at the upper orid of the figure. 
As pointed out by Mitsukuri for Nucula, this corresponds in structure to that which 
is usual in the outer edges of the gill filaments of other lamellibranchs. This portion 
of the gill is supported by a framework of the so-called chitin (ch),  which widens out 
at about the middle of its extent and makes the inclosed blood space a conspicuous 
channel at this place (b ) .  The '' chitiii '? is here quite thick and gradually becomes 
thinner in either direction. 

The outer epithelium of the ventral edge is made up of closely packed columnar 
cells. Those at the extreme edge of the plate ( e )  bear peculiarly long and powerful 
cilia, which differ greatly in appearance from cilia in other regions of the ventral edge 
of the plate, or in fact in any other gill. In cross-section they are circular. The pen- 
cil cells, found frequently in other rcgiollS of the body in hmellibranchs, bear a stiff' 
bristle which is found, by maceration, to  be niade up of  several fused cilia. Whetlier 
or not these cilia iimy be of 8 similar structure I can iiot say, but it seems lierdly 
necessary to suspect such a structure niercly on account of their great size. Judghlg 
from their positiori and that of tho other lines of cilia on tlie edges of the plate, these 
greatly deveioyed cilia of the fronbal cells are the ones which produce the rapid cur- 
rents in the water over the ventral surface of the gill. 

A t  some little distalice iuw&rd from these frontal cells, tho epithelium rises into 
a ridge on either side ( r )  and these bear a secoiid rowr of cilia much shorter tlian the 
first, and very fine. They protrude laterally arid outward, and their ends touch those 
of similar rows of cilia on contiguous plates. These rows, however, do not interlock 
with one another, :mcl I believe that they serve sillzply to prevent curreiits of water, 
bearing food particles aid other foreign bodies, froin gettiiig in between the plates, arid 
not a t  all as a nieans of connecting neighboring plates. 1 think, also, that similar lines 
of cilia 011 the filaments of other forms, .which will be noticed, serve the mme purpose. 

A third line of cilia is borne by elongated cells, which do not, however, form a 
ridge, aud is situated near the inner edge of tlie thickened, ventral edge of the plate ( t ) .  
These cilia are longer. than those of the secolid row arid are also fine h appearance. 
In sections they appear bent outward toward the edge of the plate. 

All these rows of ciliated cells are sharply defined a i d  the cells between them bear 
no cilia. Gland cells usually exist in the frontal region of all lamellibranch gill filaments 
or plates. If they appear in this region in the gill of Yoldia, it is in very small num- 
bers. I have frequently seen cells here which appeared much like gland cells, but I 
have not been able t o  decide positively that they were such. 

Lining the blood space inclosed by the cliitinoiis layers is a perfectly distinct 
endothelium, represented in the figure. Not only were the slightly elongated nuclei 
easily seen, but also the ceIl protoplasm flattened out over the chitin. There was no 
possibility of confounding these cells with the nucleated blood corpuscles seen in the 
blood space, as certain observers have been accused of doing in other forms. 

The thickened ventral edge, as seen in the section, is sharply separated from the 
remainder of the plate. This latter portion is made up of large epithelial cells, whose 
boundaries are not distinct and are seen but occasionally. These cells are of uuiform 
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section, which passes through tlie sqportiiig inenibrane, shows these fibers tc) bc coli- 

tinuous with its musculature. I believe them to be muscles and the ineaiis eniployrtl 
t o  bring about the numerous contractioiis described above :is taking place in  the living 
gill. They do iiot penetrate the thiclrc?nocl ventral poi%ion of the gill pl:ites, nor do 
they seem to be present in their extreiiie doi*sal portions; their insertion seems to br 
upon one wall of the plate i i i id  at a,l1 points t~liroughout their leiigtlr. 

nn? (;ILLS O I P  WLNNOAIYA. 

The external appearancus of tliis gill have already beeii ineiitioiied. The uorpl~o- 
logically ventral surfaces (here lateral in l~s i t i on )  are slightly enlarged, but not 
nearly so much so as in Yoldia. These specialized edges extend from the median veii- 
tral groove of the gill to the pointed outer euds of the plates. 

Tlie ventral edge of the plate is coiilposetl of eutirely similar cells througliout, rest- 
ing upon the usual cliitiiious layer (Fig. 77, vcj. In the preparatiou from which tlic 
section represented was made, these cells had sliivnk somcwliet :mcl separated fro111 

one another so as plainly to show their structure. They ere coluninar, have a finely 
granular protoplasm, the outer edge of' wliicli is deeply stained, i ~ i i c l  earl1 cell bears 
several cilia. The cilia of all the cells ibre of the sanie length, excepting those 011 tlic 
extreme ventral border, where they are sliglit,ly shorter. At the lateral edges of tlie 
ventral border-never in the midline of the ventral surface-open cei+taiii g1:tncl cellb 
(91 c) ,  which are constantly aucl generally easily seen in :i correspoiidiiig 1)ositioii 
throughout the gills of lamellibranchs. 

Pelseneer (No. 17) figures two cells iii tlir, section of eecli ],late (ii; tlie regioii.iiist 
below the gland cells in Fig. 77) ,  which are 1:irger than the others itlid beai, i i i i i ( ~ 1 1  

louger cilia. These he probably iiieaiis to coinpare with tlie (' latero-frontal " vells of' 
Peck, not so widely found among laiuellibr;tnchs, 1 believe, as seems to be so gciier- 
ally supposed. I am confident that these large cells do not exist in I s o l e ~ z o ~ ~ ~ y ~ ~  velurrt. 
Pelseneer possibly mistook a gland cell i n  this i~.,gion t'or w large nucleus :uid mp- 
posed it to indicate a large cell. 

It is possible, though I think iiot probable, that the cilia on tlie sides of this veii- 
tral edge are used for joining thq plates to one another, as described by Pelseneel.. If 
snoh a junction exists it is a w r y  slight one, for the plates, unlike those of Yolditc, are 
very easily separated. No direct interloclring of cilia is anywhere Reen in sections, 
~ L S  figured for Yoldia in Fig. 82. The euds of the cilia of neighboring plates merely 
touch eaoh other (Fig. 77), and, as in other cases, 1 believe that they function priiwi- 
pally in keeping food particles from entering between the plates, thus confining their) 
to the ventral surface, where they may be rapidly swept to the median ventral groove 
of the gill and onward toward the mouth. 

The chitin of the gill plate is thickest a t  some distance from the extreme veutriil 
cdge ( c ~ L ) ,  and it is here relatively thicker than in Yoldiin. It extends, in a long, thin 
layer, entirely to the ventral edge, and also in the opposite direction, toward the c w i -  

ter of the plate. No very 
inarked expansion of tho blood space takes p l a c ~  between the chitin plates. 

The epithelium of the .v~.alls of the plates is much like that of Yoldia, though the 
cdls are distinctly inarked off from each other (w). They are iiiore elongated L L L I C ~  

their outer ends iwe roiiiidetl. 'Phew cells ;~,lso contitiri at tine, eqiit~lly distributed pig- 

This latter extension rapidly thins out and disappears. 
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rnent in their protophsln. Sections show iio iiidiOation of the foldilig of the walls. 
such as is found in the gill of Yoldirc, and I have see11 110 trace of the muscle fibers 
which I have described ;ts being present iii the interior of the plate in the latter foriii. 

Eiidothelial cells itre easily cleinoiistrated, liniug the interior of the chitinous 
layers (ch) .  'Lacui i :~~  tissue, if it exists, was iiot made out, as the walls of the plate 
are everywhere closely applied t o  etwh other, hi sections, and only here and there cau 
very iiarrow spaces be seen betweeii them. 

TIIlt (iIl.Lh Oli AILCA I'ICXATA. 

If au eiitire filament of the gill of this forin be isolated, it  will be seen to be ~nade 
of' a fully developed descending and :isceiiding limb (Pig. 50, P1. LXXXVI). The upper 
ciid of the ascending liinh in the filtbinents of both gills is free froin the malitlo or side 
of the visceral iiiass, its in ilQtiZus. It bears an enlarged triangular end plate which 
turiis outward. The anterior and posterior faces of this end are ciliated and form H 
large patch which closely iiiterloclrs with those in the HalnO Position on neighbofiiig 
filaments. 

The most striking f;tcf iii regard to these filaiiitmts is that the descendiug and 
:bsceiidiiig liinbs tire not separated fi.oiu each other for about half their extent-the 
ventral half-but ere coniiected by the contiluystion of their iuner walls (cy, Fig. 50, 
P1. LXXXVI, and Fig. 66, PI. LXXXVIII). 

There are no vnscular coiiiiectioiis bctweeu the filaments, but they are held together, 
as is usual in tlie genus Arco, by ciliated disks (cd,  Fig. 66) arranged in it row on the 
aiiterior iiiicl posterior faces of the filaaiieiit throngliont its entire extent. 

Three of these are cut, at a, 
point above the unioii of the asceiidiiig ant1 ciesceiicliiig lilubs; al single one is cut lower 
domi and 11asses through this wnut:ctiug portio11 (el?). 

The sections show the filanlerit to be thin froin before backward and wide ikon 
side to side. The elongated cells of the frontal epithelium ( f )  are uniformly ciliated 
;tnd extend back for some dist;tiic.c froin the end, the cilia g~~adnally becoming ~liorter, 
its do the cells wliicli beax thein. At ;b correspondi1ig point on either side, there are 
three or four cells seen in each ~ectioii, which are longer thaii usual and bear loug 
cilia (Zj'r). These are loiig ridges, or row8 of (:ells, which are here out, iir transverse 
sectioii. They extend the whole leiigtli of the filament without any break, and their 
cilia do not serve to join contiguous €ilaineiits, but, as 1 believe, like the eiitirely similar 
rows in Yoldia (where there are two), are inerely to prevent the main currents, carry- 
ing foreign particles, from entering between the filaments. Of course, currents of 
water do penetrate betweeii the filenwnts to eiiter the water tubes of the gills, aaid 
thence proceed upward into the epibri%lichial chambers; but in all cases, so fax as I 
have observed, the cilia of the rows, or lines, point obliquely outward, preseii ting 
their ends to foreign particles %lid lreepiiig th-ein out on the ciliated frontal epithelium 
while uot being thick and heavy eiiougli to  prevent water from enteriug. 

Peok (No. 16) has shown that in  a position sirnilas t o  this, though ~iearer the outer 
edge, in the gill filtlmeiits of Amdom, there vms M single line of enlarged cells beariiig 
vc+ry long cilia,. Moreover, in [)reissent6 hc? found t t ~ o  lines of enlarged Cells lyilig 
l,ogethel-, with 110 uells b&,ween, but with tlie two 1iileR of cilia distinct. These OOllS, 
one appearing 011 either side ill cadi sectioii, hc c:alled the latero-frontal cells. 111 the 
latter case lit3 &fi t iqpj~hed ;t first ;tud H H ~ O ~ I C ~  lstero-fiontal cell, 

Fig. 66 represents a cross-section of four tilsineiitn. 
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The large ciliated cells, theu,‘ occui- either iis single rows or, I believe, ill thc 
Iiiiijority of cases, in compound rows, showing several closely packed cells in cross- 
section. They do not always occupy a latero-frontal positiou. Considering these 
reasoiis, and the supposed ftunction of their cells, I would designate tlieni as the simple 
and compound straining lines. 

In the ca8e of Dr&ssena there are two siiiiple, iii Yoldiu two <;onlpouud, lines. 
The inner part of the filament is ~ o ~ n ~ ~ o s c c l  of low cells whose boundaries :ire 

indistinct, excepting where an interfilamentar junction appears ( ~ ) .  These are round 
patches of columiiar cells bearing long cilia, arranged in the sm1e region OS the fila- 
ment, at inteimds throughout its length. The patches apl)eai. opposite each other 
on neighboring filaxneiits, their cilia closely intcrlocked, a i d  form a coinpa,ratively 
firm attachment. The cilia of these connecting discs are too closely packed together 
to dlow of much motion, but by a high magnification, wlietl~cr locked togetlle~. 01’ 

torn apart, the cilia of these patches show in a very feeble way the characteristic 
lashing in one direction and then the slow recovery of position. This inotioii is very 
slow indeed, each cilium iiioving independently of the others. This niotioii is of 
service, probably, in reuniting patches wliich liavc bcen separated from one ;tliothrr. 

The chitinous lining (e7b) is thin and a t  110 place shows a marlred thickening. It 
is slightly thicker just interior to  the straining-line cells (at (A). 

The membrane connecting the two limbs OS the filament possesses walls, each of 
which is, as usual, made of a single layer of cells. They do not diRer iimch in appear- 
ance from those of the inner part, of the filament proper, with which they are continu- 
ous, except that they are slightly longer. These cells possess 110 cilia. 

There is probably a continuous, vascular space between these walls, though iii 
section they are, as in Solemomya, closely applied to each other. Here and there (218) 

this space may be recognized. 

THE GILL OB PIGCTEX’ IRHADIANH. 

. The gills of Arc((, just described, ant1 those of maiiy other l;iniellibranchs, possess 
a smooth outer Burface. In many forms, I!owever, the laniell~, both outer aud imer, 
are thrown into definite folds, in order tbilt, tlicir surface may he iucrea8ed t o  faoili- 
tate aeration of the blood or the procuring of food, or both. 

This folding appears in the lam ell^ of the gills of Pecten (Fig. 86, PI. XCII). The 
filaments are joined to each other only by cilia. The filament which occupies the sal- 
ient angle of tho fold (sa) is similar tu the others in this forrn, although in some other 
case8 (Lima, etc.) it is much enlarged. The filamentt a t  the i*eeiitering angle in Pec- 
ten (pa) is greatly enlarged and peculiarly modified. 

This fold 
is made up of fifteen filaments, not couuting the specialized ones iLt the reenteriug 
angle. The number varies slightly in diRerent folds. A11 of the doscendiug limbs of’ 
the filaments, formhg one lainella of the gill, are cut on one side, a i d  :dl the ascending, 
forming the other laniella, appear on the opposite side. 

The cliitiimirs 1;~yer is of iiearly 
equal thickness, being thinner a t  the outer and inner edges, aiid thkkest beneath the 

\ 

Fig. 86 represents a, section passing through an entire fold of the gill. 

A section of a #ingle filament is shown in Fig. 83. 
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straiiiing-line cbells. The osterior epithelium is of long, l:ti.ge (+ells in the outer half 
of tlie filameiit, gractnally iiierging iuto short c*ells, wliicli iirc' c.onsiderably widened. 
At the inner edge of the filainent they agaiii 1)ecoinc. (~Au1n11ar, but are not so long as 
a t  the outer edge. 

Gland cells (g l c )  itre present : L t  the lateral boundaries of tlie fiontal region (f) 
and ;we very conspicuous in certain s])eoiaieiis. They alwa,ys occupy this position, 
and I have iiever seen thein in tlie inicldle of thc frcnital epitheliiun, end only occt- 
sionally in other parts of the filament. Th(w I ~ I U C O U ~  cdls vary ill shape in different 
forms, sometimes being spherical, sometiinc*s long and slender. Tliey rnay be close to 
the base of the epithelium, surrouiidiiig tlienl 01' pouring their coiitoilts out 11pou its 
sui-fitce. These various sliapes slid positions, IMWC or less c01111~0n ill 811 Iamelli- 
brancli gills, are sliowii i i i  Pig. 85, it represeiita'tioii of' tlic intter edges of follr filalneuts 
of the gill of Anonria. 

The cells of the epithelium iininediately surrounding tmhe gland cells iii Pecten are 
seen to be cronded with yellow piginent granules (pg, Fig. 83). 

At seine little distalice inwitrd fi.0111 the gla11d cells, :%l)ptir in section four or five 
cells, bearing long cilia, crowding together to  form the siiigle colnl)ouiid straining line 
(Zj7) on either side. 

Fine cilia esist upoii the fiontal surface (f), becoiuing gra(ln;~lly shorter 
Bually disappearing as they reach the region of the glaiid c d h .  It) is the inoverneilt 
of these cilia, which causes the currents of mater over the surft~ee of the gills. 

The chitinous layers, between which is the blood speci€! of the filii~~lelit,, are lined 
011 their inner surfaces by :I distiiict endothelium Both the it iiclei and protoplasm of 
its cells may be plainly seen (en). Tho blood cliannel, i i i  wliicli appettr iiuiiierous 
iiuoleated blood corpuscles (bc) ,  is clivj(led by i L  tr:~nsverse 1):irtition. Pelseneor 
describes this septum in Pecten opercularis as  beiiig oliitinons in nature (though he 
tloes not use that term). I believe this septuiu ( p )  to be 111:lde of cells continuous 
with tho endotlielium of the walls of the blood citvity. Nuclei iire very frequently 
pr*esunt in it, ofteu larger than tlie oiie reyresented in Pig. 83. 

In the forin referred to, Pelseiieer a,lso describes two large cells, oire on either side 
of tlie frontal region-the latero-frontal cwlls of Pec~l~-witIi tlieir long cj1i;i. Nothing 
of the kiiicl exists hi Pecteiz irradicou. 

The filmient of the reGiitering angle (Fig. 86, m) is muoli enlarged. Its filamen- 
tous nature is recognized by tlie chitinom 1:tyers (oh) ,  the compound straining h i e  of 
cilia,ted cells (Wf'I), and tlie blood chsniiel (be) .  The el)ithelinin of its walls is of :I iieitrly 
iiuiforrii appearance. The descending iLnd ascendiiig liiiibs i11.e coniiected througliout 
their entire length by 8 continua tion of their walls (w), whicll'thns separate the interior 
space ofthe gill between the lamellae into a single ohaniiel for every fold. The wdls 
of .the partition are generally applied to 0110 another iii  sections, but very tkequently 
spaces are found between tliern nrhich contain blood corpuscles. 1 believe that ;I, VAS- 
vnlar connection exists here betweeii the two gill laniell:~, though j t  i s  said by Pelse- 
neer not to exist in P. opercrclaris. 

The ciliated j~iiiot~ions are peculiar and, SO far as I kiiow, a w  found only in Pee- 
ten,. Mytilus, Area (Pig. 06), eto., possess filainents joined to ciic.11 otlier by ciliated 
discs, situated on the sides of the filaments. In Pecten, Iiowoveib, tlie ciliated juiic. 
tioiis do not occur upon tliu sides of filainciits, but only u1)oii oonioal projectioiis from 
tlieir inner surfaces. These are slionn in Fig. 84, a LZiagra,iiuri;~tic: rt:presentatioii of 

These lines of cilia are iiicliiied outward. 

a 

Lacunar tissue also semis to b u  present (Ictc). 
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three filaments ( jd)  i i i  :I region where the lrqjections occur. Tlie conical points, which 
I mould designate a s  viliated spurs (cs), 1)rotriide abruptly into the water tube betweeii 
the lamellae of tlic gill. 

A sectioii passitig tr;wisversely through the filaments, and in the long axis of R 
few of these ciliated apiii~s, is shown in Fig. 86, a t  CS. Their walls are seeii to bo 
merely a contiiinstioil of the siiigle-cell-layered wall of the filament. They are closely 
interlocked by oilia. Their interior is filled up with a solid inass of cells whose nature 
1 have not positively tletermined. I n  inaceriited speuiiiie~is, they i~ppear to be miwlt 
eloiigsted in the loug itxis of the spur, but sectioits failed to show this satisfactorily. 
Tliese projecting spurs are very conspieuous ii i  ally ~mcerated preparation of the gill 
of Pecten. 

GILL OP VENIJh MIERCRNARIA. 

This folded gill is, in many ~mys, more complicated than that of Pecten. The fila- 
itieiits havct A vascular comiectioii with oiie atnother a t  their iuner edges, spaces being 
left Iicre i i I I d  therc: to allow water to enter tlie iwter tube of the gill (Fig. 70, u.', PI. 
LXXXVIII). Tlie great ~)l'iinwry folds, marked off by the primary reentering angles ( ra ,), 
include about seventy filanic~nts. These folds are rsometinies divided, however, by 
ri swond reentering anglt~ (ru a ) ,  into two seconclary folds. There is no coniiection 
betweeit the gill lamellae a t  this point. A t  the primary reiktering angle th,ere is a 
I)artitioli betmeen lamellae, consisting principally of muscle bundles (nttcs). Betwren 
these exists R blood ch~iiriel (bz7). From these channels is sometimes giveii off into 
the water tube on rithcr side of the partition :t huge blood siuiis ( p h ) .  These arc 
so large as to almost completely fill the space between the lainellte. 

Similar blood sinuses appear in other cases from an enlarg(?tnent of tlie filameiit 
a t  the englefhs, and may also be so great as to entirely fill the water tube, I11 I*P 

gions where this condition is present, blood siiiuses from the partitions are very small 
01' absent. 

Penus being a large form and quite active, must require :L oonsiderahl(1 nmoiint 
of fbod and a t  the same time sufficient aPration of blood. The iiarrmv fi la~iie~~ts,  not 
siifficieiitly Iarge to contain inncli blood, seem to have beeii specialiwtl for procuring 
food. These Iarge blood siiiuses insy liavc been developed to provide for tlic climiii- 
ished aeration in the filainents. Tlio&h they nearly fill the water tube, their thin 
walls are surrounded by water on  a11 sides, probably in quantities sufficient fin- the 
l)tu.pose. 

n m  MLI, OF ORT~ZEA VIRGINIAA-A. 

The gill of this very degenerate form is probably tlie most complex in the group. 
Tho Iamell~ are thrown into a number of folds between each of the thick cross- 
Imrtitions. The filaments may be seen almost everywhere in sectioii (Fig. 76, P1. xc) 
to  have ;I vascular connection with one another a t  their i i i i iw c4gt.s. This is the case 
with all t h e  filaments in the fold inarked 2 i 1 1  the figure to whic.11 referelice has been 
made. Here the entire iiiiier sp:u:e of the fold is a blood sinus, with which the blood 
channel of every filament is continnous. 111 fold 1, three filaiiieiits at its outer extrem- 
ity :we connected by their iiiuer edges.  In fold 3, four filaments on the left ere thus 
coniiected, and this commo~i sinus is seen to be continuons with :mother, close undei- 
the wall of the witter tube of tlie gill (wt ) .  
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Very frequeiitly, howe~~er, ol~eiiiilgs appear between the filanieuts. In  fold 3 this 
is the case with the uiajority of the filaments in the plane of this section. Here water 
nlay enter between tho filaiiieiits iiito the interior of the fold and thence into the water 
tube of the gill (zul).  

A filament has much the s ~ i n e  structure as in Pecten, excepting that the chitinous 
layer is abruptly thickened :I short distance from its outer edge (ch). There is no con- 
s t m t  septuin across the blood cliaiinel of the filament: I believe that an endothelium 
is present, but cai! not be positivcA. 

The surface el)itheliuui is of colmnnar, ciliated cells in the frontal region (A). At 
its lateral edges uppear gland cells in the usual posjtion (glc) .  They are seldom seen 
on the inlier edge of the filament in 0. v h ’ g i m k ~ ~ ,  described by Lankester (No. 9) as 
being as liumerous here as :it the side! of the frontal region in 0. edzclis. The gland 
cells are not spherical, but 11111cli elongated in the specilllens which I have examined. 
’ As in Pecten, certain cells crowd together B little distance inward from the gland 

cells, to form the componud straining line. The ciliated lines ({f l) do not interlock, but 
touch each other aiid form a barrier to foreigii particles Which might otherwise be 
carried into the water tube. 

It is essen- 
tially similar, whether or not it is extended across to the oppo8ite lamella of the gill 
to form the thict partitions between the water tube:s. The structures showing it  to be 
iiiorphologi&lly a filament arc the ciliated frontal epithelium (A), tho chitinous layer, 
Irere modified into two extremely large and tliick  rod^ (ch,), alld, in most, vases, a 
blood channel interior to these. 

Tlie filaments next these at  the ;~iigIe of the fold are broadoiled and shortened; 
tlleir chitinous layer is Inn& (:iilargcd oiicl has becoine rod-like 011 either side. 111 

f:wt, they ofier a transitional sitsge betweeii the ordinary filament and the extremely 
iilodified filament a t  the reGnt,ering eiiple o f  tlic folds. SUt:ll :I ~ransitiOila1 filameiit 
is that represented a t  $f. 

The partitions connecting the gill lamellz are liiied by a11 epithelium of cuboidal 
(.ells (ep), continuous with that which lines the remaining walls of the water tube. 
The interior of the partition consists of many longitudinal and cross iiiuscle fibers 
( vms) ,  and between these often lie masses of large circular cells (pc) ,  which I have 
only Seen in the partition. A oonsid.era1do portion of the pa8rt8ition is often occupied 
by blood spaces (bv). 

Muscle fibers also occiir in niasses interior to those reentering angle filaments not 

The filament a t  the reentering aiigle ( I U )  is very greatly modified. 

connected with a partition. They seem to be extended in the lo~ig axis of the gill. 
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GENERAL CONCLUSIONS IN BEGAlED ’YO THE GILLS. 

1. The epithelium of the ventral edge of the gill plates in  forms like Nuculu, 
Yoldia, and Solenomya, and of the outer edge of the filament in all other Iamelli- 
branchs -morphologically the same thing-is specialized by the possession of 
‘Lchitin,” large ciliated cells, and gland .cells. This of ~ourse does not apply to the 
deep-sea forms with a septnm and no gill, This probably served in the ancestors of 
the group for the procuring of food a s  well as for aBration. HoweVer large the palps 
inay be, they are certainly iiot sufficient in Yoldiu for obtaining food. The gills 
here, and probably in other forms with plate gills, are extremclly active in collecting 
food. Besides Yoldia, which I have obsei-vecl, this func.tioii is c.vident in the others, 
from the presence of gland cells. 

2. The single row of Iatero-fiontal or straining cells, described hy Peck in Anodon, 
and the two single cell rows of Dreissenu, :ire iiot ])resent i i i  :nry of the ~n:trine forms 
which I have examined, with the exception of Mytilico. Here there is ;I single row of 
straining cells, and interiorly from these :I row of niany closely crowtled, ciliated cells,’ 
whicli I have called the cells of the compound straining line. This a8rraiigenient, I 
believe, will be shown to be the most usual one in lainellibrancli gills. 

There may be one or two of these lines oii (1ac.h side of a filmiient (including the 
siinplo lines of straining cells when they occur). I have never seen inore than two. 
h i  Solennmya arid Anomia there seems to be 110 such specialization, all the (.ells of 
tlie outer edge of tlie filainent being of muclr the sanie size and eqnally ciliated. 

I believe the function of these cells to be that of preventing foreign bodies in t,lie 
water from entering between the plates or filainents of the gill, by means of tlieii~ large 
cilia, while alloming cui-rents of water to do so. 

3 .  Gland cells were present at the sides of the frontal regiou, from one to three 
appearing in a section on either side. The forms in which they were seen in this posi- 
tion were 8olenomya, Arca, Mytilus, Pecten, Anodon, Venus, Myu,  Anomiu, aiicl Ostrcu. 
I was not certain about the matter in Yoldiu, though I believe that I have seen them 
in the gill of that form; and 6he fact that I have seen carinine grains firmly ccmeilted 
into corisiderable masses on the gill of tlic living aiiinial confirms this belief. 

In Mytilus they generally appeared iniiriecliately interior to the outer row of latero- 
frontal cells. Lankester (No. 9) 1iaH describcY1 gland aells as occurring near the iunel. 
edge of the filament in Ostrea edulis quite i ls  c:onstsntly as at the sides of the frontal 
region. In Ostrea virginium 1 h:tve found them present i n  tliis region in certain 
specimens, but not in all. When they occur thciy seein to  be ahvays nearly spherical, 
those outward being constantly elongated. 

111 some instances, gland cells occiir on the inner edge of the filameiit, iriost 
noticeably in Anomia, where they arc extremely :il)nndant, very iniich more RO than iii 

the outer edge (Pig. 85). 
4. I believe that an endothelial liriiiig of the blood c*ayity of the filament or plat(. 

between the chitinous layers will be demonstrated in the iqjority, at least, of the 
L~riiellibrarichiata. I am quite certain of having observed it in  Yo7dia, Pecten, Myti- 
Ius, Anodon, VenuR and probably in Arca and Osfrea. It is c?specially well sliown in 
Pecten and Yoldia. 
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GENEEAL CONSIDERATIONS. 

C1mzge.s in, stricctrire bro~ght idmwt by tlw degcrreration of the foot.-It has been 
deuioiistrahed that the aortat: and sinus venosus i n  Anodon possess v:%lves or sphinv- 
tei-s, which are supl)osed to be operated at different tiintm If the foot is to be 
expanded, the sphiiicter of the posterior :torti% clo,ws aaicl ill1 tlic blood is driven 
tliroiigli the anterior aorta in to  the foot. T1w siipply conies into  the 1Ieart ;It this 
time from the ~naiitle. Dining this proms, tlic. valves of the siiiiis venosus ;Ire a,lso 
&sed, ancl the blood is coii-finecl to the foot, \diicbli i t  cixtends. 

It' the aiiiiuel wishes to \vitlidri%\v the foot bet\\.ei.ii the valvas of tile sllell, tlie 
valves of the anterior eorta, mliich leads to the foot, itre closed, iellcl tlie sphiucter of 
the posterior vessel extending to  the Iilnlitle, as  \ ~ 1 1  thc valves of the sirins '\re1108118, 

is opened. Tlie muscles of the foot, togethei* witli the retractor muscles, llow (~)ntr;i,ct 
;tud foroe the blood into the sinus venosus, t,li(mx to the @Us, heart, and tlieii 
tllrough the only open aorta, the posterior om, into the mantle. 

As has been said, Ostrea lias uo foot, tliongh its :tnct?storr; Inust have possessed 
one, and the mantle, being part of the inecha~iisiii i ~ e c l  by I ~ ~ R I I Y  fi>ruls with 21, large 
foot for its pi~otrusion and retraction, h a s  correspoudiiigly lost nlost, of i t s  great bloOc1 
spaces, which were capable of holding inimeiise ~ i ~ i l ~ i t i t i ~ s  of blood. The iiia,ntle h;is 
become firm by the substitution of conipact tissne : ~ i i d  in dllytil?ta :tiid other forins I)y 
tile reproductive glands, and its great blood S L I ~ ~ I J ~  IliIS been reduced to the rsm:t]l 
a;lIloUll% which the animal iieeds f'jr the 1iou~iShlii~nt of its tiSS1IeS. The posterior 
aorta, heviiig o~ice supplied the niantlc ~ntiinly, is now distributed instwitd tliroiigli t11e 
greatly developed adductor musck. 

I would poiiit out the fact that there seems ti) be M correlntioli between the a1borted 
or abseiit foot ;uid n thick iiiaiitlr with 110 1iLrgP bloi)tl spaces; and also betwren ;i 
fully clevelopecl locomotor foot and ;I iiiniitle wiisistiiig iiiainly of iinmense blood 
spaces. Pecteiz may be exceptioii to this rille, thoiigli 1 tliink i t  very prob:tble tli;it, 
large blood spaces do not exist in its thin ni;intlt~. This, of c~urse, confirms the view 
spoken of above, i:o~icei*ning the physiology of 1ocbo~iiotioii by t l i ~  fimt. It also shonrs 
liow t,lie cmditioii of some of the organs in Ostren and ikfytilus hibs been hroiiglit 
d)out by tlie degeuera;tion of the foot possessed by a locomotor imccstcw. 

Tlic gusole system of Mytilzcs.--It will be noticed froin the figures t h t  the visceral 
niass is relatively sinall and that a large part of it  is filled by the great byssus nius- 
(ales. When the fixed habit was ncqiiireci :mil tho a i i i i d  fastened itself by means of 
tlie byssus, tliese muscles were ])robably c1c:veloped in ortfcr t o  prevent ;t tewing of 
the delicate tissues wliaii fhe a11~11i:tl ~ ; t s  sub,jccted to the. foiw of the waves. ThiR 
injury w)uld easily liitve talken plaae if there 11:d bec?ii 1 1 0  support to the byssus by 
soIne atltac~ment of it to tlie s ~ ~ J I I .  Fig. 37 shows in sei~tion a pornorfill iuuscle on 
chither side, attached to the  diel1 dorsally. These come together on the inediaii line, 
and their combined fibers rim dowumard and become attaclied t o  t,lie base of %lie 
byssus organ. III Fig. 42, a side view of the main innscnlar system, i t  will be seen 
that any downward pull fronl the byssixs ~ o i d d  briiig :I strain to he:la. 011 all trhe 
muscles whose outer ends w e  attn clied to tlie shell. 

Haviiig been crowded out by tlie development of such :I hnl lr  of 111iiscle tissue in 
the visceral ni:hss, it \vas necessary for the geiierictivo g l ~ ~ n d  to find mother yosit,ion, 
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for a decrease iii its size would lead to the ssterniiiiatioii ol'tlie species. As we have 
already seen, a t  the sanie time that tlie clevelopnient of tlirse fixing muscles was going 
011 there was x oorrespoiiding atrolhy of the foot, wliic*li w i j s  no longer iieedecl. But 
the foot, in the exercise of its locomotor fuuc~tioii, had bewi dq)e~ideiit upon the great 
blood spaces of the mantle. These g i . i i d~~ l ly  ciiiiie to be of 1 1 0  value and disappeared, 
aid tlie generative gland pushed out into the ~ J W I I  fol(1s f i ~ m  it8 cwwcled po&hn 
i i i  the visceral mas8 and completely filled theiii. 

Coi~clusioias frank a conkparison oj' the br~ir~cliial r.ltainBcr.s.-The series of figures 
representing cross-sections shows at :I glaiicc. tlicl c*o~iipai*:~tivc~ size and conditions of 
the branchial &iiliiber in the diEerent forms. 

ristio of tliose forms wlii~~li 
me most, active, as Yoldia, Treaus, Pecten, ~ ~ t l  I I I ~ ~ U Y  others. h i  M ~ t i h s ,  where the 
foot] is inudi reduced iu the adult, tlie sllrfit(*e of iiiiioii of t l i ~  111ii1itle to the visceral 
iiiass is ninc~ l i  greater, extentling quite a diStilli(~ tlOWJi the side of' the body, and so 
i*ediicing the size of the branchial chamber. The foot has P J I  tirely disappeared in the 
oyster iInd the bimi&ial clramber is nnic:li reduced, there being only room eJioiigli 
left for the short gills to lie betweeii its folds (Figs. 2 and 4, P1. LXXZX). 

This fookless form is a very degenerate one, and came fkom an active ancestor, 
with a fiilly developed locomotor foot. The c.oinparison of the branchial c:?iainbe~ 
is of interest ill this eo~inection. In air iictive locoinotor forin, like Vverc;us ia l lc l  

e would be a great deal of oxitlatioii going on in tlic tissues, and this woiild 
correspondingly great facilities for the aBratioii of tho blood. Conse- 
find tlie gills greatly develolieil, and A large braiichitil oha8m ber is I N  

siiry i i i  wliich they iiiay be suspended. Then, dso, there being a 1:trge expaiist: of 
thin-miilled iiiaiitle, whose interior is inetle np almost entirely of grciit blood spaces, 
there is :I good chance for the aBratiou of the blood in theni, f o ~ *  water from the exterior 
Imthes tlie mantle lobos a8 well as the gills, ;it least oil their inlier surfaces. It mi~y 
he ob.jected to  this that when the shell is open ancl tlie foot lwotriicled, the blood 
i8 : h o s t  entirely absent from the mantle and preseut iu the hot. But wlicn the 
animal i,s sufficiently buried in the sand the foot is roiitrat.ted i h i i d  t 
the blood is Iield by the mantle. The siphons, projecting into thc w 
a enrrent is cmi~tantly running into tlie I)r,znchial chaniber. 

Suppose the power of 1oc:oluotion to have been lost i111d 6110 itllirnal with its rudi- 
inentary foot to have been fastened by a byssns, as in XytikLs. Oxidation is lessened, 
for about the only tissues which sustain any wear are the large inust:les wliicli siippoi*t 
the byssus from any shock which the animal may experience from the waves. Tlic 
gills are proportionately siualler because less oxidation and less food are required; tho 
inantle lobes lose the blood spaces imd become filled with tlie sexual glnl~rl, awl the 
branchial clzamber is lessened in size, 

The 
miiiitle blood spaces a n d  the foot are both absent, and the form j s  c~wpehlc~ of 110 

movement whatever, exceptilia the closing of tlie shell siid contraction of the ma 11 ttle. 
The breaking clown of tissues is thus reduced to a ininimuin and the need of tlie 
aGratiou of the blood is very slight indeed. So we find,.as a result, an extremely small 
I~rai~cliial oliamber, i d i n i  tti iig of small currents of water, for almost the entire space 
of tlie chamber is oociipied by tlie gills. 

The very large iiiantle ~ I ~ : ~ I & ( T s  SCCIII to b~ (*liitl*iit 

The oyster has become fixed by a valve of it8 shell and has no byssus. 
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of this membrane iiow grows and turns iqtward. There is no incckcmical be7~diuq of 
tlLe$lurncnts, but a growth upward of their fused ends. After the outer edge of this 
iiiembrane formed by tlie fused ends of tlie filaments has grown upw:trd for some dis- 
tance, the inner portion-that first formed-divides SO as to mark out the ascellding 
filaments as continuations of the clescencling ones. It ir; possible that this fiision of 
the ends of the descending filameiits iii:~y not take place in t,he clevelopiiig gills of 
foriris like Arcn, where in the adult tlic troiitignons filameiits are nowhere fused witli 
one another. 

He believes 
Anomia and also the Arcirlm to be directly descended from forms witli plate gills. As 
I have said, these relations ]nay be the true onds, and yet i t  seems clifficnlt to explain 
the structure of the gills of tlie former in  terns of those of the letter. One might 
much more easily suppose, a priori, that the latter lied developecl from tho filamentous 
type, perhaps by the degeneration of tlie ascending portion of its filaaiieiit. 

Fig. 1 
represents two gill plates of one side of the body of Nzccula. The sli:~lecl portion rep- 
resents the chitinoiis ventral edges. The ends of the plates here point downward and 
oiitward. Fig. 2 represents pel sene el"^ hypothetical type, in wlricli the plates are 
much elongated ventrally slid have becoiiie more likc filamrntr;. 111 such a series 
Pelseneer could not place 8olcnomya or Yoldici, but liatl to tliron. tliein out because 
their plates, instead of estei~cliiig- their o1itc.r cwtlr; dow~r~v~ird, erutt.iitlrvl tlreni in quite 
the opposite direction. 

(I 1i;tve figurcd 
the gills of Area pesata.) In this the ascending filaiiient (@) is fiilly fornic~tl, :ind the 
difference between this condition and that of Nzmcla iN wen to be very grent, itotwitli- 
fitsndin g this hypothetical form. 

Pelseneer (No. 17)  now regards Niccula as the most pi4iriitive form. 

The point which I wish to make is shown in tlte accompanying cuts. 

Now come the siiiiplest fi1;tiiientous gills, those of Awa,  Fig. 3. 

P I G .  I .  Yir;. 2.  P I O .  3. 

It is possible that the ~soeiidiiig limb of the filairient is a new structure wlrioh 
has suddenly developed in tliosc forms 1nos.t; closely connected with the forms with 
plate gills; if i t  is, however, riierely R c:oiitiniiation outward of the descending filsinen t, 
it seems as if we ought to regard the gill plate of ATiic.ulu as being liomologous, iiot alone 
to the descending limb of a filament, :is Mitmkuri has douc, hut to both descending 
mid stsoending limbs. 
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EXPLANATION OF PLATES. 

[Drawings by the author.] 

PLATE LXXIX. 
Uxlven riiiyiniuiia-Oy~tw: 

FIG. I .  \Tortical tranavorse section of anterior edge of mantle (m), outer and inner palps cop : L I I ~  

i]~), and bo, blood vessel. 
1210. 5. Same, through posterior end of stomach, 8;  g, generative mi~ss; 1, liver; i ,  intestine; 1 1 9 ,  

water-tube of gill; 07, outer lamella of gill; il, inner lamella; og, outer gill; ig ,  inner gill; 
bre, branchial chamber; wtc, mantle edge. 

1 4 ' 1 ~ .  3. Same, posterior to  stomach ; c p ,  epibranchial chamber; i k ,  interhnellar vonnection. 
FIG. 4. Sicme, throiigh rogion of hcnrt; I * ,  rectum; 11, heart; p ,  pericardium. 

PLATE LXXX. 
OHtrOU l ~ i l ' y i / L i L ~ / L U - ~ ! / 8 f ~ ~  : 

FIG. 5.  Slightly posterior to last. The epibranchial chamber of the right side of the aniinal (and of 
the sectioii, e p )  extends (lorsally and opens to the exterior above, between the mantle 
edges. The Imntle is here figwed as being applied t o  the body above. but in reidity it is 
entirely free from it. 

FIG. 6. Same, tllrough anterior of adductor museh, (1 .  

FIG. 7. Same, through middle of sdductor muscle, a. This fignre shows tlie gelleuti\ o 1UiLbP: !I ,  

~ n i .  8. S:LUIO, tlirough posterior of iLdductor; !I, generative mass a t  extreme posterior eud of vih- 

$-IC;. 9. S;tinr, through c~loaeal chamber posteriorly ; r, ridge ruiiniug baclrward 0 1 1  iiinvr \I ;ill of' 

extended Iieiirly to tho end of thc  rectum, r,  dorsally, aud also far beneath the adductor. 

cera1 iuass; cl,  cloacal chamber. 

mantle, continuous with line of conrrescence of gill to mantle. 
v ~ ~ u a  i~~erceiiuriu--Qtcu/~o!~ : 

FIG. 10. \'erticybl, transverse section through mouth, I ILO,  imd o:sophttgus ; 8,  ailteriur (,I' 
storn;irh, into wliieh opens cesoplisgus; I ,  liver; q, generative ~nitss; pl ,  pdp  (the antorioy). 

1'LATE LXXXI. 
I 'C~L 11 L iILevewi (w iu- Qu u hog : 

FIG. 11. Vertical, transverse section through stOmaC!i, 8 ;  //Le, mantle etlgc; 2, liver; $1, yencruti\-e 
l11ass ; UY, anterior foot-retractor ; cc, epibranchial chamber; ig, inner gill; vi, m a n t h  

1.~1c;. la. Sillnc, through jiiuction of anterior foot-retractors, ar, with the foot,qf; Id, liver duct. 
~"Ic;. 13. Same, tlirough poRterior end O f  liver ; 7?1218, scattered transverse muscle fibers, ,just lienrath 

visccral mass. Threc marlred lincs of vertical muscle8 are also shown. 
1?1(i. 14. Same, through region of posterior end of stomach, a ;  i7, i n i w  lamella of inner gill; WLJ, 

transverse muscle fibers i n  the gericrative mass, !/. 

PLATE LXXXII. 
I *err icu i i ~ e v c e i ~ a i ~ i c c - ~ ~ ~ ~ l ~ ~ ~ /  : 

FIG. 15. Vertical, transverse section in region of anterior end of lieart, which contains rectum, y ;  

p, pericardium; uu, auriclc; !I, generative mass; i ,  intestine; I I I C ,  mantle edge; ee, epibran- 
chin1 chamber; i l ,  inncr 1aiiiell:b of inner gill; og, outer gill; i ~ j ' ,  inuwle fibers in  viscera1 

]<'I(;. 16. Same, through region of vcntriclc of heart, I t ;  p, estreinoly 1:trge pericardium; i q l ,  1 1 0 ~ -  

glandular par t  of nophridiiun ; q7, gl;tndnlar pnrt of iiephridiiiin ; 07, outer lainellit, of olltor 
gill, showing foldings. 

$QG. 17. Same, througli region of posterior elit1 of htt:crt, / I ;  I I W ,  w:dl bct'rrc~en iiep1iridi:c; 1"; poste- 
rior foot-retractors joining foot, J; 1 1 ,  nephridium 

mir5s; f, foot. 
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1’LArN LXXXIV. 
U y t i l i i x  c~rlirlis--C‘oncviro~i micclael: 

FIG. 33. Tr.tut+verso, verticitl section in region of mouth, ino; I ,  liver; o l ,  outer lan~ella o f  outer gill; 
i l ,  iuuer lamella of  iuner gill; m, t h i c k e n d  mantle, contithing sexual glaiid; p l ,  anterior 
palp; nm, iuentle edge, joined anteriorly ( m )  c1i)wu to i t  position almost beneath the  tuonth ; 
ar, auterior retractor of foot; .f, foot cxtenditig forward :hnd flatteuetl ilorso-vcntrally.* 

FIG. 34. Sarue iu region of Rtomoch, 8; p, anterior eud ofpericordium; 1, liver; g, gcnerative uiitss. 
(The visceral mass is seen to  be relatively very small.) 

FIG. 35. diliue, in region just  anterior to b;tse of foot; l ~ ,  :interior eutl of heart; tu, water tub(. 
betweeu gill 1amell:e ; ut., anterior foot-retractors close together, and in  the followiug figurw 
are socii t o  run between the only retractor muscles of the foot, j*m; i ,  intestine. 

IJrci. 36. Same, in myion of b : m  of foot, f; fm, postmior retractors of foot, running directly iip\v:~rfI 
to  becoirie attached t o  shell; ar, :Interior-foot retractors, running between posterior retractors 
to become attached to  byssus organ. 

PIG. 37. Same, in region of bysrun organ :~nd by88118, b; L ,  heart, containing rectum; v (auricles 
inilieatetl st sides) ; bm,  byssus ruusck3H attached to  shell and oombining to  eupport byssiis 
organ. 

Fro. 58. Same, in  region of posterior cnd of heart, I t .  

PLATE LXXXV. 
Mytiliba cduliu-Conwron nLusd : 

FIG. 39. Vertie:Ll, transverse sectiou just  in front of postcLrior atltluctor ; bm, most posterior of 

FIG. 40. Same, i n  region of auterior end of posterior adductor; i ,  iutostirle; r ,  rectum; pa, poste- 

Pic;. 41. 8:mie, in region of posterior eud of posterior adductor. 
FIG. 42. Side view of chief mnselo systein of X y t i h ;  ua, anterior adductor; pa,  posterior adductor; 

at; anterior foot-retractors, running backwimd betweeu posterior foot-retractors, or muscles 
simpending the foot, fm, aud joining the I)yssuR organ. The innsclos of the foot itself arc’ 
entirely free from any connection with these. This organ, f, and its retractors, fin, may bo 
removed from all the other muscles without anywhere iqjuring them; 7m, byssus muscles; 

byssus muscles; ab, posterior regioii of abdomen or visceral I~aSH j r e ,  rectuiii. 

rioi adductor; nb,  extreme posterior cwd of viscwal mass. 

bye, bytJSUS. 

I’octeii ivradians-.Scallop : 
FIG. 43. Vertical, transverse motion iu rcgiou of tnouth; 7, liver; nw,  liirgc n ~ o i ~ t l ~  opeiiiiig iuto 

very wide msophtigus; up, anterior pip; fr, part offringcs of‘ tiuterior lip. the median por- 
tion of the two auterior palps. 

I ~ G .  4.4. Same, in region of stomtkeh, 8,  the \V;L~IS of whicli itre c~xtremely I I U ~ V C I I  alii1 folded; i, 
intestine. 

PLAIT. LXXXVI. 
Ibc.ten irvcidiatie-Soallo~?: 

FIG. 45. Vortical, transverse section in region of heart; p ,  large periciirtliuni; 1 1 0 ,  openiug rtt base 
of pericardiuniinto the large nephrirliuru, IL, below: i, iuteatine; g, gcnorirtive mass; a, por- 
tion of the adductor muscle; urn ,  ventricle of heart with rectum, v, attaclied to its dorsal 
w d l ;  au, auricle of heart running downward to  connect with large vein from gills, g7. 

FIG. 46. Saine, in  middle region of adductor, da, small, closely contribctod portion of addnotor with 
dark, striated fibers ; a, niaiii portion of adductor, composed of white til)ors ; gni, mentbriine 
suspending gillfi. 

FIG. 47. Same, upper, posterior portion of adtiustor, showing position of greatly contr:tcted dark 
portion, da, and mant,le edges, ?ne, not furred abovc. 

Iroldia limatrla: 
FrG. 48. Horizontal section through inner udges of gill plates iu  Yuld io  (Fig. 81, ( E ) ;  nil, uiediiin 

line; a, space in  interior of :I plate; b, spaoc between plates; nif, iuiiwle fibers, occasionally 
shoving niielci, in  interior of pla tr : Tac, lacunar tissiio. 

Mytiluw edulia-CononLnonLon nzucrsel : 
FIG. 49. Diagr htn of lamellm of‘ two gills; b i . ,  IJLoo~I von.tel in i d s  ol‘ outer l:ttuclla, continuous 

thronghont :dl filaments ; i lv,  intorlnmrl1:er rouncction ; i fr, c i h t c d ,  intorfilnmentar con- 
nections. 
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PLATE LXXXVI-Continued. 
Arca (Argina) pexata : 

Cardita borealis : 
FIG. 50. Single gill filament, il, inner lamelle; 01, outer lamella ; ifc, interfilamentar connection. 

FIG. 51. Vertical, transvorse section in  region of pedal gtlnglion; 8, Htomach; 1, livor; g, generative 
mass; ig, inner gill; pp ,  posterior palp; ?the, mantle edge; pg, pedal ganglion, with cerobrd 
commissure running dorsally. 

PLATE LXXXVII. 
Yoldia limatula: ' 

FIG. 5% Rcmoved from shell; right mantle fold dissected off; aa, anterior adductor; pa, posterior 
adductor ; I ,  liver niass and gcncrativo gland, on tho surface of which may be seen the loop of 
the intestine, i; 11, largo palp, oxtending bcncath vjsccml mass. A t  i ts  posterior elld springs 
tho appendage ap; g, gill, oxtending from posterior and of palp to base of siphons, 8; vie, 
mantle edge; f, foot; d, vontral disc of foot. 

FIG. 53. Transverse section across siphon of Yoldia, showing portion of wall of anal, as, a11d bran- 
chial siphons, br, including a portion of siphonal SoptUm, 8s; e ,  covering of exterior of 
siphons; it is more or less transparent, contains nnmerous nuclei, and, a t  places, indications 
of elongated cell boundarios ; trm, rogularly arraiigeil bundles of transverse muscles in  walls 
of both siphons and siphonal septum ; In?, numerous bundlcs of longitudinal muscles (here 
cut transversely), alternating regularly with t h e  transvorse layers. 

Ostrea virginiana-Oyster : 
FIG. 54. Portion of secretory epithelium of nephridiunl in Ostma; cxc, oscretory ~0118, with deeply 

stained bases and transparent globnlar froe ends; 1, lumen of oxcretory tube, intb which 
break off fluid globular cnds of cells. Many of these contain a small stained body. 

Nactra solidissima: 

Pecten irradiane-Scallop : 
FIG. 55. Crystalline style. 

FIGY. 56 and 57. Concretions showing concentric structure, from excretory cells of nephridium. 
FIG. 58. Excretory coll from nephridium; con, distdly placed concretion (theso all show 

End teased off in spiral from softer central axis, ca. 

dceply 
stained central portion of various shapes and sixes); vac, numerous small vacuoles; nuc 
nuclous. 

FIG. 59. Elongated cells from same, containing nUmCrOUB spherical vacuoles of varying sizes. 
FIG. 60. Segmenting eggs found in  nephridium. 

FIG. 61. Single siphonal opening in  mantle. 
Solenomya velum : 

A, walls not bent; B, walls bent to form upper, a ~ ,  
and lower siphonal oponings, ba; t, tentacles. 

Ostvea virginiana-Oyster : 
FIG. 62. Transverse section of palp of Ostrca, near ventral or outer odgo. Inner surface thrown 

In this region these consist of two secondary folds, sf; et, 

FIG. 63. Same, midway between ventral edge and base, showillg differenco in character of folds, f. 
FIG. 64. Same, a t  base. Supporting tissue a t  base of fold8 much thicker, e t ;  

into ciliated ridges or folds, f. 
irregular membrane at base of folds; f c ,  ftlt Cells. 

No secondary folds. 
bw, blood vessel. 

PLATE LXXXVIII. 
Ostrca airginiana-Oyster : 

FIG.  65. Striated muscle fibers in  auricle of heart; 871?f, striated muscle fibers, gonerally, if not 
always, attached to thick, homogeneous, supporting membrane of wall, sm; a, protrusion 
of supporting membrane through epithelium of mall to exterior; pgc, pigment cells; v, 
vacuolated epithelial cells scatterod throughout muscle fibers. 

Arca (drgiaa) pexata: 
FIG. 66. Cross-section of gill filamcnts; g l c ,  gland colls; ZJ1, cilia of straining linc; ch, chitin; 

Cj, ciliated junction; f, frontal opithelium; 88, vascular space betwoon malls connecting 
lower par t  of descending and ascending fi1:mmnts. This filament W ~ S  cut lower down tbhhan 
the other three rcpresentcd in the figure (see Fig. 60). 

F. c.  n. 1890-20 
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PLATE LXXXVIII-Continued. 
Yoldia, Venus, Pecten, Ostrea: 

FIG. 67. A few spermatozoa, to show variation in  appearance in  diffcrent forms and in the same 
indi fdual. “Tails’1 represcuted about half length. a, sperrnatozotin of Tolrlia; b, of Vetins, 
norma % shape; c, of Venux, a very usual abnorrndity; (7, of Pccten, normal shape; e, of Ostrca; 
$, of Pecten, an abnormal condition. 

FIG. 68. Ilioutli fringe on edges of palps. 
Pectesi irradians-Scallop : 

.A, bnnch of fringe, seou from ontcr surface of lip; 13, 
sutdl portion of fringe of lip magnifiecl, view of iuner siirfacc. 

Toldia linaatula: 
FIG. 69. Digestive tract of Yoldia. m, mouth; 8,  stomach; i, intestino; p a ,  posterior adductor; r, 

rectum. 
Venus mercenaria-Quahog : 

FIG. 70. Cross-section of single fold of gill; ra, rub‘nteriug angle of fold; $7, filaments; nwis, 
muscle fibers of partition connecting lamella, of gills; bv, blood-vessel in partition ; pbs, 
grea t  blood sinus from partition wall, sometimes :slmost.filling half of a water tube of gill; 
f bs, blood sinus iii inner edge of the filament, a t  the secondary reZntering angle of fold. This 
sometimes becomes, with the one opposite in the other lamella, as large aR the partition sinus 
in  the figure, the latter disappearing; TILUB, muscle fibers at inner edges of filaments. 

PLATE LXXXIX. 
Pecten irradians-Scallop : 

FIG. 71. Generative gland; ov, ovary; t, testis; ep, ciliated epithelium 011 surface of visceral 
mass; g k ,  gland cells; btn, basement membrane; ct, tissue of irregular cells beneath epithe- 
lium; f’ep, follicular epithelium; d, ciliated ducts, tho onc in the testis containing sperma- 
tozoa, and on its walls a gland cell is shown; bv, blood vessel. 

Ostrca airginiana-Oyster : 
FIG. 72. Hermaphrodite gland; ep, ciliated epithelium of surfacc of visceral mass; glc, gland 

Cell; yep, follicular epithelium, apparently giving rise only to ova; ov, ovum; somc are 
free, some attached to walls of follicle ; sper, apparently ripe spormatoxoa completely filling 
lumen of follicles ; spermatozoa and ova occupy a a m  follicles. 

Venericardia Borealis : 
FIG. 73. Section horizontally across byssus organ; fd, folded sccretiug surface; bs, byssus secre- 

tion in fold; bm, musc~les of byssiis cut transversely; c, largo clear ccllcl near inner edges of 
folds. 

FIG. 74. Excretory epithelium of one of folds of same, marc rtiaguified; cc, columnar cells over 
the distal ends of which is a striated layer probably of the byssus secretion, but  appearing 
much like cilia; bs, evident byssus secretion; I C ,  transparent cells a t  base of fold, without 
nuclei, outer edges indistinct and striated ; bv, blood vessel with endothelial lining. 

PLATX XC. 

Pecten irradiane-Scal lop : 
FIG. 75. Section across mouth fringe; ep, rod-like epithelial cells bearing loug cilia; bm, bese- 

ment membrane; glc, large, elongated gland cells, the  nuelci of R O I I ~  being viHible; bv,  blood 
vessel with endothelial lining. 

Ostrea virginiana-Oyster: 
FIG. 76. Transverse section of gill; 1,2,3,4, folds of lamella betwoeii two la~ncllar partitions; f,, 

ciliated frontal epithelium of filament of fold; $2, oiliatod epithelium of froiital region of 
modified filamcnt. at re6ntering angle of fold; cltl, chitinous rotla in  filament of fold; O I L , ,  
chitinous rods of modified filament; ra, re6ntering:tngle of fold; ZJl, ciliaof cells of strain- 
ing line; g l c ,  gland cells; rims, muscle fibers; pc,  spherical CCIIH in partition connecting gill 
lamella?; tuf ,  water tube; bc, blood corpuscles; ba, blood vcsscl of partition; q, epithelium 
of partition ; f f ,  filament, transitional between filament of fold and filamcnt of re6ntering 
pgle .  
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PLATE XCI. 
Solenoniga velum : 

FIG. 77. Cross-section of two $1 plates; !]le, g h n d  c c h ;  tw,  ciliated, aolulllllar cells of thickened 
ventral edge of plate; oh, chitinous rode, lined interiorly by endothelium; 10, cells of interior 
walls of plate. 

Yoldia liinatula: 
FIG. 78. Diagrammatic viow of ventral edges of gill plates; p ,  ventral edges of plates; gr, ventral 

groove; ej, ciliated junction betNCCll plates. 
FIG. 79. Vortical section across gill plate; C ,  frontal epithelium boaringvery large cilia; ?*, ridge of 

cells forming first compound straining line; 1, cells forming second compound straining line ; 
oh, chitin, inclosing b, a blood-channcl lined by endothelial cells; 8, blood space of interior 
of plate, bridged across by nuuoro118 brllllchhg 1aCunar Cells, lac; ,f, folds in  wall of plate ; 

FIG. 80. Cross-scction of dorsalends of plates of gill; lac, numerous lacunar cells; cp, epithelium 
on surface of sllpporting membrauo of gills; 111, muscles of same. 

FIG. 81. Diagram of plates of gills showing planes ofsections; a, plane of Fig. 79; 11, of Fig. 82; 
e, of Fig. 80; d, of Fig. 48, P1. LXXXVI. 

FIG. 83. Sections of p h h s  of gill, Poldia, in plane f, Fig. 81, showing lines of ciliated junction, 
c j ;  e, lateral edge ofplates; 8, space botwoeii edges Of plate8 where ciliation is absent; lac, 
lacunar tissue; ep, epithelium of supporting membrane Of gllls; m, muscles of same. 

a, ~ I O O ~  s p a c ~  at dors:ri edge of piate. 

PLATE XCII. 
Pecten irradiane-Scallop : 

FIG. 83. Cross-section of single filamont, gill of Pecten; f, ciliated frontal epithelium; glo,  g F n d  
cells; pg, pigment in region of gland cclls; VI, cells of compound straining line; ch, chitin; 
p, soprum of filamcnt showing nucleus. 

FIG. 84. Diagram of portions of threc lilamcnts of' gill, to allow nature of ciliated spurs, 08, which 
form means of interfilementar union ; $1, filament. 

E'IG. 85. Inner ends of filaments of Anomia, to  shorn gland Cells. 

FIG. 86. Cross-section of gill of Pectcm; ra, reijntering angle Of gill folds; sa, filament a t  salient 
angle of gill fold; oh, chitin of modified filaincnt of re6ntering angle; vl, straining linc of 
modified filament; be, blood space of modified filament; UJ, walls of modified filament, 
forming interlamellar union; lac, lacunar tissues; OB, ciliated spurs connecting filaments. 

Anomia simplex : 

Peotcn irradians--Soallop : 

PLATE XCIII. 
Nytilus eddis-Common mnssel : 

FIG. 87. Siphonal region of mantle in Nytilus seen from behind; eo, cloacal opening; brm, branchial 

FIG. 88. Same, seen from in front; co, cloacal Opening; og, outer gill; brm, branchial membrane; 
membrane; me, mantle edge. 

m, mantle. 
Oetrea virginiana-Oyster : 

FIG. 89. Posterior region of mantle in  Ostrca, seen from behind; r,  rectum, opening into upper end 
of cloacal chamber; brp, concrescence of mmltle edges above gills; ig, inner gill; og, outer 
gill ; me, mantle edge. 

T7sniis merosnaria-Quahog : 
FIG. 90. Posterior region of mantle in Tmu8, viow of base Of siphons; 09, outer gill; bm, branchial 

membrane; me, mantle edge. 
Solenomya velum : 

FIG. 91. Gills of one side of body in  Solmbontya; n1, Supporting membrane; gr, groove on median 
line opposite supporting membrane. 

Yoldia limatula : 
FKG. 82. Gills of oue side of body in Yoldia; m, supporting mernbrttne; gr, groove on midline of 

ventral surface, 
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PLATE XCIII-Continued. 
Venus mercenaria-Quahog : 

FIG. 93. Longitudinal vertical section through posterior mantle region, Venus; pa, posterior 
adductor; r, rectum; 02, cloacal i*egion; cpc, epibranchial chamber; ig, inner gill; brm, 
branchial membrane; brc, brauchial chamber; me, mantle edge. 

X y a  arenaria-Long clam : 
FIG. 94. Longitudinal, vertical section of postcrior mantle region in  Mya; pa, posterior adductor; 

r, rectum; cs, cloacal siphon; bs, branchial siphon; brm, fold in  position of branchial mcm- 
brsne of Venus; ig, inner gill; brc, branchial chamber; me, mantle edge; sf,folds in wall of 
partly contracted siphon. 

Mytilua edulis-Common mussel : 
FIG. 95. Anterior end of body of Mytilus, cut off by vertical transverse section just  behind mouth, 

to  show position of palps; ar, anterior retractor muscles; ip, inner palp; op, outer palp; ig, 
inner gill; m, mantle; mo, mouth. 

PLATE XCIV. 
Venus mercenaria-Quahog : 

FIG. 96. Venus, life size, right valve of shell and mantlo fold being removed; aa, anterior adductor 
muscle; pa, posterior adductor; afr, anterior foot-retractor muscle; pfr, posterior foot- 
retractor; Zg, ligament of shell; hg, hinge of shell; cpc, epibranchial chamber; h, heart seen 
beneath; pZ, anterior palp; f, foot; me, mantle edge; ig, inner gill; su, portion of' mantle 
remaining on sides of bmes of siphons. 

Ostrea Virginian-Oyster : 
FIG. 97. Ostrea, life size, right valve of shell and mantle fold being removed; 19, ligament of shell; 

ip, inner palp; ig, inner gill; c, nephridium under the adductor muscle; me, mantle edge; 
c, aloaoal region; r, rectum; a, adductor muscle; h, heart seen beneath the pericardium. 
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Ameiurus.vulgaris .................................. 213 

nebulosus ................................. 213 
Amia calva .......................................... 213 
Aplodinotus grunnions .............................. 215 
Campostomainomdum ............................. 210 
Catontomus tcrcs ................................ 210, 213 
Clupea chrysoohloris ................................ 214 

psoudobarenglis ..................... .187,211, 214 
sapidissima ............................. .i93, 214 

Coregonus art& ........................... .ZOO, 207, 214 
c lup i fomis  ......................... .804. 214 
hoyl ............................. .ZOO, 207, 214 
quadrilatoralis ....................... .ZOO, 214 
tullibeo ................................. 2013 

Cyprinus carpi0 ..................................... 213 
Dorosoma cepeJianum ............................... 214 
Bsox luriiis .................................... ..184, 214 

nobilior 214 
ftlleostoula uigrum ................................. 211 
Hiodon torgisus ..................................... 214 
Hyhopsis kontuckionsis ............................. 211 
Lotsmaoulosa ....................................... 215 
Mioropterus dolomieu ............................... 215 

srtlinoidoa .............................. 214 
kfoxoatoinn anisurum ............................... 213 
Notropis hoterocfon ................................. 211 

hudsonius ................................. 211 
megalops .................................. 211 
whipploi ................................... 211 

Peroa flavcscens ..................................... 215 
Pimophales notatus ................................. 211 
Pomoxis sparoidoa ............................. . .ZOO, 214 
Salmo salar ...................................... .195, 214 
$alvelinus nmaycush ........................... 202,  214 
Somotilus atromaou1atus ....................... ..211, 214 

bullaris ................................... 211 
Stizostorlion canndonso .......................... .209, 216 

vitrcum ............................. 208, 215 
vitreum, var salmonoum ............... 208 

Umbra pygmsa ..................................... 211 
Fungous disoase of alewivos ............................ 101 
Gonosoo customs district ................................ 184 
Bow tho tisbcrics of Lako Ontario may bo improvod .. .21 2-213 
Lako Ontario, cllaraotor o f  bottom ...................... 170 

Fishes reforred to. common names-Continued . 

Fishes reforrod to, scientiflo names: 

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

deptli ................................. 178, 179 
olovation ................................. 178 
niee ...................................... 178 

rdto trout .......................................... .20 2203 
Michignn flsh commission, station of, at Dotroit ........ 2013 

sturgeon hatohing by ........ 187 
Xortdity of alewives ............................... .10 0-192 
New P o r k  fish commission, roport quoted ........... .193, 200 

salmon trout plantedby ..... 203 

shad planted by ........... 193 
whiteflab planted by ... 205, 212 

Yote~ on accompanying plates ...................... .21 9-215 
importaut commoroial fishes ............... .18 6-208 

232 
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Page . 
Oath. form of. taken hy importers ....................... 183 

Persons referred to or quoted : 
Oswego customs district ................................ 184 

Baird. Prof . Spencer F., on salmon ............... 19 8.199 

Colline. Capt . J . W .................................. I77 

Donglaas. Earl  S., on salmon ........................ 198 
Doyle. Edward P .................................... 203 
Edmunds. Dr  . M . C., on salmon ............. .198.199. 200 
Gilbert. Dr  . Charles H .............................. 211 
Green. Seth. on alewife .............................. 188 

salmon .......................... .I98. 200 
shad fry planted by .................... 193 

Green. Seth. jr., on alewife ......................... 188 
Henshall. Dr  . J . A., on black bass .................. 215 
Horton. E . B., ou salmon ........................... 198 
Ingersoll. B . E., on salmon ....................... .1O6. 201 

salmon trout ..................... 203 
lake trout ........................ 203 

Jordan. Prof . D . S., on Hoy's whitefish ............... 207 
Eirtlund. Prof . J . P., on strawberry bass ............. 209 
Learned. Charles. on salmon ......................... 197 
McDonald. Ron . Marahall. on nlewife ................ 191 

Ainsworth. W ...................................... 194 

shad .................... 193 
Bean. Dr  . T . H., on alewife .......................... 188 

Dolley. Prof . Charles S., 011 alewife ................. 192 

salmon ............ .ZOO. 202 
Lake Ontario fisheries . 213 

Matheson,H.L ...................................... 194 
Milner. J . W., on sturgeon ........................... 186 
Nelson. W . E., on salmon ............................ 197 
Norris. Thaddeus. on salmon ..... z ................. 198 
Ryder. Prof . John A., on sturgeon ................... 186 

Page . 
Strowgcr. Charles H., on alewife ................. .189. 192 

ling ........................ 215 
Wilmot, S., on alewife ............................... 192 
Wilson. John S., on salmon .......................... 197 

Physical characteristics of Lake Ontario ............ . I7  8-179 
Pike porches ........................................ .20 8-209 
Prefatorynotc ....................................... 177-178 
Present and past  condition of Lake Ontario fisheries .17 9-183 
Rochester Post-Express quoted .................... .191. 192 
Salmon trout ........................................ .20!2- 203 
Shad ................................................ .I9 3-195 
Statistics of Lake Ontario fisheriee .................. .17 9-183 
Storms. effect of. on alewives ............................ 192 
Strawberry bass ........................................ 209 
Sturgeon ........................................... -185-187 
Tabular statements : 

Capital invested ..................................... 180 
Comparative statistics for 1880 and 3890 ............. 183 
Importations from Canada .......................... 184 
Persona employed ................................... 180 
Products ........................................... 181 
Shad fry planted .................................... 193 
Whitefish fry planted ............................... 205 
Wholesale prices of fish ............................. 182 

Tariff law. effects of .......................... L .......... 184 
Temperature of water. effect of. on alewives ....... ! .... 192 
United States Fish Commission. investigation by ....... 177 

station of. a t  Pubin-Bay 206 
sturgeon hatchingby .. 187 

Whitefish. common ................................... 204206 
Whitefishes. lesser .................................. .20 6-207 

Persons referred to or quoted-Continued . 

whitefish planted by ... 205 

7 . REPORT UPON T H E  FISHES OF IOWA . 
Big Sioux River ......................................... 246 
Boyer River ............................................. 248 
B o p t o n ,  E . P ........................................... 217 
Burnett, Prof . Percy B ................................... 217 

Cednr River and tributaries ......................... .23 0-236 
Clear Lake .............................................. 237 
Des Moines Hiver and tributaries .................... 222225 
Drainage of the Mississippi River .................. ..22 0-244 
Drainage of the Missouri River ..................... .24 5-248 
Gilbert,Prof.C.H ....................................... 217 

Ives. C . J ................................................ 217 
Jackson, W . T ........................................... 217 

Maquoketa River ................................... .!2AO- 241 
MississippiRiver .................................... 220-222 
Missouri River .......................................... 245 
Nutting, C . C ........................................... 217 

Cal1,R.E ................................................ 217 

IowaRiver ........................................... 227-229 

Jordan, Prof . David S .................................... 217 

S h a w , B . F  ........................................... 217, 219 
Silver Lake ............................................. 247 
Skunk River ........ ............................... 226-226 
Soldier River ............................................ 247 
Spocies ouumerotcd : 

Acipenser rubicundus ............................... 221 
Ambloplites rupestris ....... .222,224,226,235,237,23 9.216 
Ameinrus mala8 .... .221,223,226,228,232,237,238,240, 242 

244,247, 248 
ntbtalis ................................... 232 

Species enumerated.Continued . 
Ameinrus nebulosus .................... .221.225.232. 238 

nigrioans ................................. 221 
Amia calva ................................. .221,228, 232 
Ammocmtes branohialis ..................... .225,228, 231 
Anguillil chrysypa ..................... ..222,224,229, 235 
Aplodinotus p n n i e n s  ...................... .222,230, 246 
Campoatoma anomdnm . .223,225,228,233,240,242,243, 244 
Carpiodes velifor ....... ..221,223,225.228,232,238,245, 246 
Catoatomus nigricans .. ..223,225,228,232.238,240,242, 243 

teres ........... .221,223,225.228,232,238,24 0. 
242,243,244,246, 248 

Chrenobryttus gulosus ...................... .222,220. 236 
Chroaomus crythrogaater .. ..223,225,228, 2 3,240,242, 243 
Clioh vigilax ............... .221,223,226,228,233,239, '244 
Clupea chrysochloris ................................ 221 
Cottus bairdi .................................... .242, 243 
Couesius dissimilia .................................. 229 
Cycleptus elongatus ................................. 221 
Dorosoma cepedianum ............. ..221,234,230,245, 246 
Erimyson aucetta ................................... 232 
Etheostoma aqpro ....... .225,226,229,236,239, 241,242, 246 

caprodes ............................ .224, 230 
ccsruleum .................. .220,236,230, 243 
evides ................................... 236 
flabellme .. ..225,229, 236,237,239,241,242, 243 
iowre ...................... ..225,220,220. 236 
jessim .......................... .225,226, 2% 
microporca ......................... .286, 241 
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............................................ Beaver Creek 255 
Big Barren River ........................................ 254 
Big Crook ............................................... 276 
~1~ sandy River ..................................... .28 1-284 

............................................ Blninc creek 282 
Bull Crock .............................................. 276 
Chambers, Charles 0 U9 .................................... 
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.............................................. Coon Cmck 282 
Cumberland River .................................... 264-205 
Catshin Creek ........................................... 277 
Drake Creek ............................................ 254 

...................................... Gilbert. Charles H 249 
Goofle Creek 275 
Green River 255-250 

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

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

.Page . 
Etheostomn nigrum .224.226.229.236.237.239.241.242.243. 

244.216. 248 

Species enumerated-Continucd . 

pellucidum clarum .......... .222.224.230. 239 
phoxocephalum ................. .222.225. 236 
shumnrdi ............................... 222 
eonalc .............. .225.226.236.241.242. 246 

Fundulus zebrinue .............. .224.220.235.237.246. 247 
Eucalia inconstans .................. .235.241.242.243. 244 

tergisus ..................................... 234 
Hybognathus nubi In. ................... .228. 233.238. 242 

nuchalis ........ ..221.223.225.228.233.238. 

iiuclialis plaoita ....................... 223 
Hybopsis diesimilia ......................... .234.239. 242 

................................ Hiodon alosoides .245. 246 

240.245.246. 247 

golidus ...... ..'.. .......................... 245 
kcntuokiensie ........ .224.226.220.234.230. 241. 

242.243.244. 246 
storerianus ........... .221.224.229.234.239. 242 

Ictnlurns furcatus ................................... 221 
i puuctotus ..... .221.223.225.228.232.238.245. 246 

IlitiobuH bubalus ...................................... 221 
cyprinclla ......................... ..221.225. 238 

.................... 242 

.................... 221 
Labidesthes siuculus ............ .222.224.226.235.237. 239 
Lcpieostens osaeua ................. ..El. 223.228.232. 238 

platystomua ............................ 221 
Lopomie cyanellus ............. .222.224.226.229.235.239. 

241.242.246.247. 248 
gibboana .......................... ..222.235. 239 
holbrooki .............................. .229. 235 

megalotis .......... .222.224.229.235.241.244. 247 
pallidus ....... ..222.224.226.229.235.237.239. 241 

Leptops olivaris ................................. .221. 232 
Lota lota maoulosa .................................. 222 
Lucius lucius ........... .%?. 224.226.229.235.237.239. 248 

masquinongy ............................ .222. 226 
vermiculatus ........................ .22i. 224. 235 

Microptorus dolomieu . ~. .222.224.226.236.237.239.24 1.242 
salmoides ....... 222.224.226.220.236.237. 2x1 

Minytrcma melanops ....................... .221.225. 228 
Xorone iuterrupta .................................. 222 
Moxo~toma nnisurnm ........................... .223. 232 

duquesnei .......... .221.223.225.228.232.238. 

sp ....................................... 225 
Notemigonus ohrysoleuous ........ ..221.224.226.234.237. 

aureolum ............................... 225 

240.242.244. 240 

230.241.246. 247 

Page . 
Notropis ancgeuus .................................. 283 

ardena ........ ..224.228.228.234.239.240.242. 244 

Species enumeratcd-Continued . 

ntherinoides ....................... .229.234. 246 . Cayuga ............ .223.226.228.233.239.240. 246 
deliciosus ........ ..221.223.226.228.233.239.240. 

242.244.240. 248 
dilectus ........... .221.224.226.229.234.239.240. 

242.243.244.245. 246 
gilberti .221.223.226.228.233.239. 240.242.247. 248 
hetorodon ......... .223.226.228.233.240.242. 247 
hudsonius ............................ ..237. 246 
jejunus ............................ .221.234. 242 

megalops .......... .224.226.228.233.239.240. 242 
243.244.246.247. 248 

topoka ..................... .223.228.233.246. 248 
whipplei 221.223.21.228.233.239.240.242.244. 246 

Noturos exilis ................................... .223. 225 
232.245. 216 navus 

gyrinus .............. .221.223.225.228.232. 246 

246. 248 Percopsis guttatus 
Petromyzoli COnCOlOr ................... ..221.223.228. 231 

Phoxinus elongatus ................................. 243 

240.242.243.244.248. 247 
promelae ........... ..223.226.233.238.24(3. 242 

243.244.247. 248 
Plncopharynx CWinatuH ............................ 223 
Platygobio gracilis .................................. 245 
Polyodon spathula ...................... .221.228.231. 245 
Pomoxis nnnularis ................... 22% 224.229.235. 230 

sparoidcs ............. ..222.226.229.235.237. 230 
Bhinichthys atronasus .......... .224.234.240.242.7&. 244 

a44 

Salvolinus fontindia ............................ .22i. 255 
Scaphirhynohns plntyrhynchus ............. .221.231. 245 

242.243.247. 248 
stiaostdon omadense ...................... .222.236. 246 

vitreum ................ .222.229.236.237. 246 
Umbra limi ...................................... .229. 235 
Zygonectes dispar ................................... 235 

notatus ............... .224.226.229.235. 239 
Turkey River ....................................... 241-242 
upper  Iowa River ....................................... 244 
Wapsipidcon River ................................ .23 8-230 
pellow River ............................................ 243 
White. Joseph .......................................... 217 

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

Percn fisvcsccns ............. .2'T&225.229.236.237.W6. 247 

Phenncobius mirabilis ............... .224.226.229.234. 248 

Pimephales notatua ......... .221.2.23.226.228.233.237.238. 

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

.............................. catarmtm 
Roccus ChrySopS ............................ .222.246. 247 

Somotilus atromaculatus ........... .221.224.226.234.241. 
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Page . 
Henahall. Jamcs A ...................................... 249 
Horsc Creok ............................................. 275 
Introduction ........................................ .24 9-250 
Island Creek ............................................ 282 
John Croek ............................................. 282 
Jordan, David S ......................................... 249 
Kirsch, Philip H .......................................... 249 
Left  Troublesome Creek ................................ 271 
Levisa Fork ............................................. 282 

Little Barren River ............. .................... 255 
Little Rockcastle River ................................. 264 
Little Sandy Rivcr ...................................... 286 
Lower Cumberland River ........................... .2S 2-263 
Lower Grcen River .................................. .25 2-254 
Lowcr Tennessee River .................................. 268 
MayBeld Creek ................................. 

Middle Fork ............................................ 276 
Monical, Hiram W ..................................... 249 
North Fork  .............................................. 277 
Obion River ......................................... .27 2-273 

Licking River- .................. ................. 28T1286 

McDonald, Marshall ........................... 

Pitplan Creek ........................................... 256 
Pond Creek ............................................. 252 

.................................... 275 
Richland Creek ......................................... 265 
Right Fork of Beaver Creek ............................ 281 
River basins, classiAcation of ........................... 250 
Robinson Creek ......................................... 281 
Rockcastle River ........................................ 264 
Rolling Fork of Salt River ........................... .25 0-251 
Rough Creek ............................................ 252 
Shelby Creek ............................................ 281 
Smoky Fork  ............................................ 265 
Species enumerated i n  lists: 

Acipenser rubiclmdos ........................... .262, 268 
Ambloplites rupcstris ....... .258,266, 268.269.280.284, 286 
Ameiurus natnlis ........................... .256.268. 270 

nobulosus .................... .256,266.270, 274 
Amiacalvs .......................................... 274 
Anguilla chr yaypa ......................... ..261.266, 274 
Aphredodorua sayanus .................. .253,271,273. 274 
Aplodinotus grunniens ..... .251,254, 2 
Campostoma anomdum ............... 

257,261,262, 260. 268,269.278,283.285, 286 
Chroaomns crytlirogaater ...................... ..266, 268 
Carpiodes csrpio ............................. i .. 2 5  1.261 

difformis ..................... .262,272.283, 286 
vclifer .................... .268,270,272,278, 283 

Catoatomus n ip icans  .......................... .233,253, 
257,261,262,266,268,269.270,278.283, 285 

teres ........................ 266, 268,270, 278 
Centrarchus macropterus ........................... 271 
Chreucbryttus guloaus .................. .253,271.273, 274 
Cliola vigilax ........................... .251,262,283. 286 
Clupea chrysochloris ................................ 286 
Coitus bairdi ........................................ 260 
Cycleptus elongatus ................................. 262 
Dorosoma cepedianum ... 251,253.263,268,273,274.284, 280 
Erimyzon succtta oblongus ................. .261.266, 270 
Erirymba buccata .............. .251,266,270,281,28j, 286 
EtheostomP asprellus ................................ 259 

aapro ................................ 254,259, 
262,263,267,268,260,271,273,274,281, 284 

Powell River ............................................ 269 

Page . 
Etheoatoma blcnnioidcs ..... .251.259.267.268.280.284. 286 

cnmurum ....................... .260. 267 
caprodes.251,253,259,263,207,268,26D, 273. 274 
cmrulcwn ...... ..251.254.260.267.281.284. 286 
copelandi .......................... ..253. 259 
cumbcrlandicnm ........................ 268 
c.ymatotamin ............................ 200 
evidca ................................... 200 
flabcllarc .................... .260.281.281. 286 
fusifome ....................... .262. 2 i l .  274 
histrio .................................. 253 
macrocophnlum ..................... .269. 284 
maculatum ......................... .267. 286 
microperca .............................. 260 
nigrum .. 253.258.262.268.271.274.280.284. 286 
obeyense ................................ 267 
ouachitre ........................... ..25 4.273 

259.262.263.267.271. 28.4 
pellucidurn ............. .251.253.259.26.1.267. 

260.280.284.280, 
iufolineatum ............................ 200 
sagitta .................................. 268 
scicrum ............................. .260. 286 
sirnotcrum ...................... .260.267. 280 
shurnardi ...................... ..253.263. 273 
spilotum ................................ 280 
stignircum .......................... 200. 267 
susannrc ................................ 268 
variatum ............................ 260.286 
virgatmn ........................... 260.  267 

Species enumerated in lists-Continued . 

plroxoccphalum ................... ..251.254. 

..... .251.260.267.281.284. 286 

............. .258.263.266. 269 
Gambusia patruelie ............................. .2LiJ. 273 
Hiodon alosoides ................................ .251. 263 

.................... .251. 258 
Hybognathua iiucliillls ......................... .253.257. 

2(i2.268.270.27!2.274.285. 280 
Hybopsis mblops  .............................. .231.253. 

258.261.266.269.270.279.284. 285 
dissimilis .................................. 251 
hyostomus ........................ .258.284. 285 
kentuckiensis .... .253.25&. 266.269.279.284. 285 
storcrisnua ........... .251.253.263.268.2;4. 286 
watauga .......................... .258.26 9. 279 

278.285. 286 
Iotiobus bubalus ........................ .256.ZC2.269. 274 

274.260.284.285. 286 
Lagochila Iaccra ..................................... 266 
Lepisostcus osseus ...... .256.261.262.268.269.272.278. 286 

platyetomus .................... .261.268. 274 
Lcptops olivaris ............................. .251.236. 260 
Lepomis cyanclliis .......... .253.263.266.268.271.281. 285 

garmani ................................. 266. 274 

I c tdu rus  pnnctatns ... ..251.253.256.282.268.270.272.274. 

Labidcsthcs sicculus .. ..253.268.261.263.268.260.271.273. 

heros ....................................... 274 
mncrorlrirus ........................ .261.268. 273 
megalotis ..... .251.253.258.261.263. 266. 268.269. 

271.273.274.280.284.285. 286 
pallidua .... .253.258.261.263.266.274.284.285. 286 

Microptorus dolomieu ..... ..251.253.258.261.263.266.268. 
Lucius vcrmiculatus ..................... .271.273.274. 285 

260.273.274.280.284.283. 280 
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Page . 

XicrOpterUs salmoides .. .253.258.201.263.200.273.274. 280 
284.285. 280 

Species enumerated in lists-Continued . 

Minytrenia melanops ............................. 257 
Moxoatoma anialinuii .............................. 280 

brevicops .............................. 280 

velatom ................................. 208 
Notemigonus chrysoleiiciis ..................... ..271. 274 
Notropis urge .................................. ..258. 270 

‘nriommus ..................... ..251.257.278. 283 
ntherinoidos .. .251.273. 258. 201. 202.268. 208. 272. 

coccogenis ................................. 284 

galnctnrus ................................ 200 
jejonue ........................ .202. 272.284. 280 

spoctruneulus ........................... 200. 270 
teleseopiis ................................. 258 
nmbratilis nrileus .......................... 257 

whipplei .............. .251.253.257.202.200.208. 

duqncsnri . .251.253.250. 20..202. 200. 208.209. 
270.274.278.283.285. 280 

274.279.284.285. 280 

doliciosus .251.257.2G1.200.200.272.378.283.285. 280 
257. 200. 200.279.283. 285 

mogalops .. .251. 43J. 457.261.202.200.208. 269. 272 
278.283. 285 

cynnoceplinliia .. 251.253.201. 200. 208. 
270.272. 279 

200. 274.278.283.285. 280 
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Page . 
tlavna ...................................... 285 

Species enumornteil in lists-Continued . 
Noturus elcutherus .................................. %G 

gyriniis ............................ ..253,270, 274 . miurus ............. .251.253.256.270.278.283. 286 
Opsopmodus bollmuni ............................... 272, 

. emilioo ......................... .203.271. 274 
Plienncobius iiranops ........................... ..258. 200 
Pimephalea uotutus .... .251.253.257.201.202. 200. 208.2ti9. 

Pomoxis annularis .............. .258.201.271.273.274. 280 
spwoides .............................. .273. 274 

Rliiniclitligs nt~onasus .............................. 268 
Roccus clirysoD8 ................................ .203. 208 
Somotilua ntromaculntos ........ .251.258.200.270.280. 284 
Stizostediou cnnadcnse .......................... .284. 280 

Zyponoctes notatus ........ ..251.258.201.203.271.273. 274 
Straight Creek .......................................... 205 
Tnblc of distribntion of fislies ....................... .z8 7-288 
Tradcwnter River ................................... . 2 ~  1-202 
Triplet Crook ........................................... 285 
Tronblesomc Crock ...................................... 277 
uppcr Cumberland River ........................... .283 -207 
upper Green River ................................. .26 4-260 
upper Kcntucky River ............................. -275-281 

zd9 upper Tonnosaoo River 
Whitley County. fishes colboted by D . S . Jordan in .... 208 

270.272.27~. 278.280.285. 280 

vitreum ................ 200.203.208.284. 280 

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

9 . T H E  RIVERS O F  CENTRAL FLORIDA TRIBUTART TO T H E  GULF 0%’ MEXICO. W I T H  LISTS 
O F  FISHES INHASITING THEM. 

Alligator Creek ......................................... 290 
Alligator River ..................................... .20 3.294 
Chnrlio Apopka ......... ............................ 295 
Galligor Draiu .......... ........................... 298 
Hillsboro River ..................................... .20 8-200 
Josliua Creek ........................................... 295 
T, ittlo Witlilacooclicc Rivor .... ..................... 290 
MI11 Crook .............................................. 208 
New River .............................................. 301 
Onk Creek .............................................. 200 
PcnceRiver .......................................... 205-207 
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