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EXPERIMENTS I N  PHOTOGRAPHY OF LIVE FISHES. 

13y I<. W. SHUFELDT. 
Captain, Medica I Corps, United States Army. 

UP to the present t ime very few photographs of living fishes have been repro- 
duced and published, and, as compared with tho photography of other liviug forms, 
attempts or successes in this line are extremely rare. Thore are a number of methods 
by means of which fish may be photographed in their natural element, with natural 
eurroundings, as, for example, it is possible to accomplish i t  beneath tlie surface of 
the water by the use of some such contrivance as the subaquatic camera used by 
Dr. J. E. Itomborsts, or that of M. Bonton, or the apparatus of Regnard. By the 
einployment of instantaneous photography so~ue fishes have been taken iu the air, in 
the act of Lbleaping,” as in t h e  case of salmon, or iu  the act of flight, as in the case 
of the flying-fish. Such pictures as these latter, however, illustrate peculiar habits 
rather than topographical characters of the forms thus secured. To obtain these we 
must resort to the photography of living fishes in suitable aquaria aud under lbroper 
conditions. In such receptacles the types to be photographed may be taken either 
through the glass sides of the aquarium (with or without bar kground) or t h e  exposure 
may be made from above. This, of course, would depend upon the form of the fish and 
its habits in nature, or, in other words, whether the subject was a bass or a flounder. 
Again, certain fish in nature have the habit of occasionally resorting to  thedry laud, 
arid when the opportunity offers species of this kind may be taken upon terra firma in 
various situations, as in the case of the peculiar gobioid Periopl~tl~almus. 

The experiments to be described in the present contribution, however, will be 
restricted to a few the author has made a t  the aquaria of the U. 8. Fish Commission 
building in Washington in July, 1897, and upon various occasions since. The fish in 
these case5 were all medium-sized teleostean types, and the photographs were first 
taken through the glass sides of the aquaria in which they are kept in the Marine 
Grotto”; and afterwards in a special aquarium placed in the court.yard of the build- 
ing during the forenoon of’ a perfectly clear day in July (1898)-two very different 
conditiotis. In the first instance the aquaria consist of a series of tanks arranged 
around a roofless corridor, thus admitting sunlight, when protective awnings are not 
in use, only from above. Within the grotto, this Reries of aquaria comes flush by 
glass-fronts with the wall of the long room, so named. Here they are of glass, 4 or 6 
feet above the floor, and as one enters the grotto the impression is given of mural 
pictures wherein the fish-subjects are alive aid moving about. The walls of the grotto 
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aiid its entrance are of tin, so modeled, painted, and sanded as to give t h e  appearance 
of having been built in solid freestone. Practically all the light that gets into tlic 
place is through the glass fronts of t h e  series of aquaria and the doorwayqassage 
It is an admirable arrangement and admits of the study of the fornis of many kinds 
of fish and plants, aud certain invertebrnta as well. To a limited extent it likewise 
permits the study of some of t h e  habits of the forms exhibited. 

To one having but little knowledge of t h e  use of the camera, i t  would appear to 
be but a simple matter to  photograph under such apparently favorable comd~tions, 
but such is by no means the case. In  the first place, in most instances the incessaiit, 
rapid, and often erratic movements of the fish themselves have to be taken iiito 
account; the aquaria being large, we have iu the second place the difficulty of prompt 
focussing to contend with, due to the latitude enjoyed by the smaller aiid more active 
forms. Thirdly, there is the qiiestion of reflection, and this, taken in connection with 
the light, is a serious problem. - Reflections are especidly troublesome, as t h e  glass 
fronts of the aquaria receive them from all directions, so that, after focussing, acareful 
study of the image upon the ground-glass will show these reflections not only from 
some of tphe other aquarh, but possibly the photographer and his camera besides, 
All this must be carefully guarded against. 

In the early part of July, 1897, I made a number of attempts to photograph the 
fish contained in these aquaria through the glass-fronts, and in several instaucrs I 
was successful. Where failure resulted it was due to some of the causes eiiumerated 
above, or, as iu the case of a catfish, due to the high light upon the fish itself. High 
lights on the bodies of fish, if present a t  the t ime the exposure is made, mill  in the 
prints made from such a negative produce areas o f  white wherein all detail is absent. 
This is to be especially avoided, aud often can only be overcorue by shielding the 
aquarium from the sun above. An umbrella will in nearly all cases serve this purpose. 

The camera employed upon this occasion was an old-niodel Blair tourograpli, with 
a Voigtlander lens (No. 1) (27,967), an instantaneous shutter of the Low pattern, Seed’s 
gilt-edge plates (6 by 8). I used stops as any special case demanded. A tripod is 
absolutely essential to success in this kind of work. The instrument was set up in 
front of one of the more favorable aquaria and focussed upon the part desired and an 
inch or two Beyond .the surface of the glass. An armed plate-holder was inserted in 
place and the “snap” set. Patient waiting for an exposure when the fish swims to 
the place where you want it is necessary. Care must be taken in drawing or pushing 
back the slide to  the plate-holder, and some of my failures were due to complicatio~is 
of th i s  nature. 

The first exposure was made upon a large pike (Luc i z~  Zuciurr), some 18 or 20 inches 
’ long and in good color and condition. It had a duration of about 2 seconds, a t  which 

time the plane of the left side of the fish’s body was nearly parallel to  the plane of the 
glass, and about 3 inches from its inner surface. A quarter of an inch diaphragm 
was used, and the subject remained practically motioriless during the time of exposure. 
Overhead the light was somewhat difl’used, and an additional disadvantage presented 
itself in the fact that  the color of the pike closely siniulated the shade of the metal-back 
of the aquarium, thus rendering strong outlines of the resulting negative a matter 
of doubt. However, the picture (plate 7, lower figure) was fairly good, and on coin- 
paring it with the figure of this species iu  “The Fisheries and Fishery Industries of 
the United States (plate 183, upper figure) it is to be observed that in the living 
fish the pectoral fins are extended almost directly downward; and further, that the 
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extremities of the forks of the tail are distinctly rounded and. not acute, as in  the 
aforesaid drawing. In fact, the caudal fin, or tail, iu. the latter is incorrect i n  outliirr, 
ant1 there are still other cliEerences to be observed upon comparing the figure of the 
present paper wi th  the figure given us by Goode, pointing to iriaccuracies iri the 
latter. Here is where the great value of the camera comes in. Iu time, with suitable 
subjects taken under the most favorable conditions, pictures of fish (as in  the c:we of 
other animal forms), produced by half-toning processes from faultless pliotographs, 
will surely supersede in biological 1iter:dture the often inaccurate figures thiit nom 
illustrate it, This is what m e  strive to accomplish io  our efforts to obtaiii t h o  best 
possible photographic negatives of fish-live fish in their natural elemeut, with normal 
surroundings. 

On the same day I attempted to photograph the two species of sun-fish then in 
the aquaria. One of thew was the commou pumpkin-seed (Eupomotis gibbosus) arid 
the other tlie longeared sun-fish (Lepomis auritus, plate 3, upper figure). In  the 
aquarium at the south eiid of the grotto there were upward of two dozeu speciinens of 
the former, while a handsome male of the latter species, with three or four females, 
were living in another tauk at  the side of the room, where the light was much more 
favorable. By instantaneous exposure I secured two fine negatives of the common 
sun fish. One of these had twenty fish in it, all of which were swimming at the time, 
but the resulting picture shows not the slightest degree of motion in auy one of them. 
There were nearly as many specimens on the secoud negative, here shown in plate 3, 
lower figure, and published for the first t ime in the Photographic Times, of New York. 
These results exemplify w h a t  may be expected from a highly colored fish, though 
rather a dttrk one, attempted under by no means favorable conditions, aiid where 
reliarice was mainly placed upon tact, patience, and the best material that the market 
afforded. It will be observed that those st>ecimens which were deep down in the water 
took the darkest, while those nearer the surface showed better definition. NBarly bll of 
them, however, give the external characters of the species pretty well, and surely are 
far more interesting than many illustrations frequently seen in zoological works. 

In the case of Lepomis auritus the subject selected was the single ma10 fish, and 
for fully two hours, upon an intensely sultry afternoon, I was obliged to wait before 
this beautiful specimen came into the proper place to be photographed. The result, 
however, fully compensated for t h e  delay, arid the photograph ig an absolutely 
accurate representation of the male longeared sun.fish of our American ichthyfauna. 

About a week after making these experiments very good results were also obtaibed 
with the striped sea-robin (Prionotus erolans) and with tlie nakod star-gazer (Astro- 
scopus gwttatus). The former was taken while resting upou the bottom of the aquarium, 
while the latter was secured in two positions, the one where i t  had settletl down upon 
a piece of flat stone, and the other an instantaneous esposure, showing the fish in the 
act of hiding itself in the sand, a very interesting habit that i t  constantly exhibits. 
The reproduction of my photograph of the star-gazer is shown in plate 7, upper figure, 
and it is a very accurate representation of this species as i t  appears in life. 

This work was not resumed uutil July of the following year, when the present 
Coinmissioner, Hon. George M. Bowers, extended me additional facilities. Mr. Edm. 
S. Sclimid had also had a special aquarium uisnufitctured for4 my use, and I had the 
kind assistance in tho experiments of Mr. Leighton G. Earrou,&he superintendent of 
the Aquaria at Uentral Station iu Washington. I made a number of exposures upon 
needle-gars, black bass, and crappie. With both the former species I failed for not 

. 
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having used a shutter of a sufficient degree of rapidity in closing. V i t h  the crappie, 
however, I obtained three serviceable negatives, two of them being very good. 

On July 17,1898, another day was given to this work, a t  which time the same 
methods and materials were used; but by the aid of former experience the results 
were more successful, axid excellent negatives of series of three species of fish were 
obtained. Special good fortune attained the taking of the large-mouthed black bass 
(Micropterus salmoides), of which several negatives were made (see plate 4, upper 
figure). Views of the common sun-fish (Eupomotis gibbosus) were also obtaiued, far 
better than those secured during the year previous. These show in great detail the 
external appearances of this well-known fish (plate 2). The cat-fish (plate 8, upper 
figure) proved to be another fair result, but this form is a difficult one to photograph 
on a number of accounts. 

Success was attaiued in the case of the white perch (Morone americana) 011 

October 16,1895. On this date there were two of these fish, with several sea trout 
(Cynoscion macutaturn), in the northwest a,quarium of the marine grotto. At  the time 
the instantaneous exposure was inade the finer of the two perch was swimming slowly 
over the bottom in search of food, while a broad ray of light lit up the sand just 
beyond him. Plate 4, lower figure, therefore, not only gives a truthful representation 
of this well-known species as i t  appears in nature, but the illustration possesses 
peculiar artistic merit besides, a piece of good fortune that sometimes befalls the 
operator. While thus occupied, this fish lowers its anterior dorsal fin and draws up its 
ventral ones, while the pectoral fins stand out perpendicular to the surface of the body. 

A week later (October 23,1898) a number of very successful exposureswerc made, 
and negatives were secured of the sea trout (Cynoscion maculatum), the tautog or 
black-fish ( Tautoga onitis), and the sea bass ( Centropristes striatus). 

The sea trout, a young specimen, was in slow movement forward at the t ime of 
the exposure, and shows the anterior dorsal and ventral fins slightly drooping. The 
aloutll is open, and the fish was doing nothing a t  the time beyond watching its com- 
panions i l l  other parts of the same aquarium. The light marks on the anterior part 
of the body of this specimen, as well as the emerghatioil of the tail, are due to  injury 
and inflammation, resulting from injuries received during transportation from the 
seaboard to t h e  Fish Commission building. 

The tautog (plate 6, lower figure) is a medium-sized specimen, photographed 
while resting in a vertical position upon the side of a little moand of sand and 
ver i  close to the surface of the glass. It was in one of the west-side aquaria in 
the marine grotto, which also contained some ten or twelve more specimens of the 
same species, of various sizes, These fishin confiuement exhibit all their natural traits, 
and in their aquarium some will be seen swimming about ~ i o t  far above the bottom ; 
others will be lying upon their sides, and still others attempting to secrete themselres 
beheath the rocks, while occasionally exhibitiug 8 peculiar met-hod of combating each 
other. This consists in two fish (males?) coming a t  each other face to face, opening 
their mouths, and, the one bringing his teeth in  contact with those of his antagonist, 
each attempts to force his adversary backward, or if he or the opponent be takeii off 
guard for the instant, the inore watchful fish of the two will make the attempt to 
bite the other. Sometimes there 8eems to be a certain playfulness about the grotesque 
maneuvers, while at others an earnest combative nature is quite apparent. Whether 
the opposite sexes ever engage iu this procedure I am unable to say a t  this writing. At  
the best the tautog is a peouliar fish i n  its habits, and their behavior together ofteu 

t 

(See plate 6,  upper figure.) 
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reminds m e  of that of a litter of little pigs, with some of the movements characterized 
by a certain kind of cat-like fawning. They feed voraciously and take with avidity 
their natural food, but in the aquarium they usuallyreceive crushed crabs. 

The specimen represented in plate 5, lower figure, shows the handsome vertical 
markings and mottlings that the tautog fiequeiitly assumes. A t  other tiines i t  is ot 
a dull leaden-black all over, while some specimens show every variety of intergradation 
between these two extremes. These changes, it would appear, are almost wrought 
a t  the fish’s will, or they may be indicative of the humor it is in, or a color may be 
assunied that renders the fish less likely to be observed, and this is doubtless of 
value to it in its native waters, where all fish have enemies of one kind or another. 

On the same day this tautog was photographed I secured two fiuccessful nega- 
tives of the young of t h e  sea bass (Cewtropristes striatus)..  There were a iiumber 
of these fish of various sizes in one of the aquaria on the west side of the grotto, aud 
the light at the time of taking was excellent. , Instantaneous exposures were given, 
and i n  one instance the specimen was taken just as it came to rest upon the bottom 
(plate 6, lower figure), while in the other it ha’d assumed that remarkable attitude of 
resting upon its pectoral and anal fins that i t  has in  nature (plate 0, upper figure). 
Both of these results present us with all of the external characters of these fish, and 
are valuable on that account. This species undoubtedly has the power of changing 
its color a t  will, both for the purposes of protection as well as to itidicate the play of the 
humor it may happen to be in. The various shades are assumed very suddenly, quite 
as much so as I have seen them to be in’ the American chameleon (Aaolis principalis) 
of the Southern States. 

Sea bass have beautiful ’eyes, that change color a little a t  times, though usually 
they are of a brilliant emerald green, which unfortunately photographs very dull and 
pale. Their large and handsome flns are almost constantly in  motion, renderipg it 
extremelyciifficult to catch this species with the camera. The distal extremity of 
the upper lobe of the tail is seen to project slightly as a blunt point, but is never in 
the young extended as an elongated ornamental filament.* In  the adult, however, 
of a southern species (Cewtropristes ocyurtcs) both the upper and lower lobes of the 
caudal fin are thus filamentously prodwed. 

I have also examined speciinens of sea bass wherein the middle three rays of the 
tail were likewise somewhat drawn out in this nia~iner. These examples were in the 
Washington Center Market (October 26,18!)8), and were said to have come from New 
York. The upper and lower caudal lobes were light-colored, and it was only in the 
former that any indication of a filament was noticed, and that only in some few of the 
specimens. These fish were probably Centropristes ocyurus, wherein the tails had 
suffi.,red mutilations iiue to transportation after capture. 

Some of the difficulties which attend the photography of living fish are seen in 
plate 9, from an instantaneous exposure (made October 23,1898) upou the north end 
aquarium of the grotto, when there were swimming in it 450 rainbow trout (Salw~o 
irideus). Necessarily some of the number were out of focus. The lower ones show 
but little detail, owing to being in the shadow caused by the great mass of fish above 
them, others are indistinct froin lateral shadows, and a t  the best the light at the time 
of exposure was not of the kind to insure the most perfect success; nevertheless, 
this result is a very interesting one, and probably not many photographs extaut, if 
any, show so many examples of swimming fish upon the one plate, where not  a single 
individual of them exhibited the least iriovement in its photograph. 



Blank page r e t a i n e d  f o r  pag ina t ion  



PLATE 2. 
Bull. U. S.  F. C. 1899. (To lace page 6 1 



PLATE 3. 
bull. U. S F. C. 1899. (To face page 6.)  



Bull. U. S. F. C. 1899 (To face page 6.) PLATE 4. - 

- f I 
THE W H I T E  P E R C H  (Jfc>ro~e nsaericovla). Two-thirds natural size. Represents the fish searching for food along the bottom of the aquarium, Similar to the habit 

it has in nature 
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T H E  SPOTTED SEA TROUT OR SQUETEAGUE (Ctpioscion nmc?rln/?r?,z). One-half natural size. 
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NOTES ON THE ‘ r I D w o o L  FISHES OF CALIFORNIA, WITH A DESCRIPTION 
OF FOUR NEW SPECIES. 

BY ARTHUR WHITE GREELEY, 
Teacher of Biology, San Diego State Normal School. 

This paper is based on collections made on several trips along the coast of Clali- 
fornia from San Francisco Bay to Point Sur, ill Moriterey County, in 1897 and 1898. 
The fishes were taken exclusively in the tide-pools exposed at  low water and were 
captured with small hand nets. Ualcium hypochlorite or ordinary chloride of‘ lime 
(bleaching powder) was used with excelleut effect for stupefying the fishes in small, 
isolated tide-pools. The fishes were taken out as soon as they came to the surface 
and were killed in dilute alcohol or formalin. 

The followiiig new species were obtained : Eximia  rubellio, Rusciculus rimensis, 
Dialarclmy snyderi, and Blennicottus recalvus, three of them representing new genera, 
Rusciculus, Eximia, and Dialarchus. One of these species, Dialarchus srtyderi, is 
meiitioned in the addenda of Jordan & Evermann’s Fishes of North and Middle 
America as Oligocottus snyderi, but it is now made the ‘type of a new genus aud is 
fully described and figured for the first time. The group of tide-pool cottoids, the 
allies of Oligocottus, are here subjected to a critical revision, in view of the confused 
state of the literature concerning them. 

The group of Cottidm of the type Oligocottus, comprising the genera Oligocottus, 
Blennicottus, Clinocottus, and Oxycottus, and the new genera Eximia ,  Rusciculus, and 
Dialarchus, is distinguished from the rest of the family by the separation of the gill 
membranes from the isthmus, the presence of palatine teeth, and either t h e  entire 
nakedness of the body or t h e  presence of only rudimentary, prickly scales. They are 
all strictly tide pool fishes of the Pacific coast, ranging from Bering Sea to Lower 
California arid never wandering far from shore. Each species inhabits, with surprising 
regularity, only certain kinds of tide-pools, its distribution depending almost entirely 
upon the character of the rocks aud the kind of algae present. They all imitate very 
closely the color of their surroundings, and two or three species show parallel color 
phases, each copying after a certain kind of alga. Thus, depending on these condi- 
tious of rook aiid plant life, there are along almost any part of the coast two or three 
zones of vertical distribution, one species inhabiting the deeper tide-pools, another 
the shallower, and so on, as will be seen by reference to the descriptions. Qlinocottus 
analis offers a marked exception to these generalizations, however, as it is found in 
every kind of tide-pool within its rauge. 

The first lriiown species of this group were described by Girard as follows: Oligo- 
cottus mnculosus iu 18.33, 0. analis in 1857, aiid 0. globiceps in 1858. These last two 
Qecies were made types of new geuera by Gill iu 1861, giving them the names Ulino 
Cottus and Blennicottue. These two genera of Gill were not reoognized by Jordan & 
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Gilbert in their Synopsis of 1883, the geuus Oligocottus being made to include all 
three species; but they were finally restored in Jordan & Evermann’s Check-List of 
1896. To the genus Oligocottus there have been since added the species acuticeps 
(Gilbert, 189.3), embryum (Jordan & Starks, 18951, and borealis (Jordan & Snyder, 
1S91i); to Blennicottus the variety B .  globiceps bryosus (Jordan & Starks, 1896). The . 
status of these species has remained unchanged, except that Jordan & Evermanil, 
in The Fishes of North and Middle America, have considered Oligocottus acuticeps 
the .type of a new genus, Oxycottus, to which they have transferred also Oligocottus 
emlrryum. This nomenclature is here adopted, except in the genera Oligocottus and 
Blennicottus, where confusion in ~pecific identification has taken place and a reassign- 
ment of specific names is necessary. Girard’s original species, Oligocottus maculosus 
and Blennicottus globiceps, were described respectively from Tomales Bay, north of San 
Francisco, and from the Parallon Islands, off Sen Prancisco. Both are now shown 
to be forms of northerly distribution, the type locality being, in each case, near the 
southernmost limit of the range. Southward along the coast each is replaced by a 
distinct species, both of which are abundant a t  Monterey Bay. Recent authors have, 
unfortunately, identified Girard’s names with specimens from Monterey Bay, while 
the northern specivs to which his name8 should apply have been rechristened Oligo- 
cottus borealis and Blennicottus globiceps bryosus. Therefore these two names are now 
abolished, the epecies becoming Oligocottus maculosus and Blennicottus globiceps, and 
the southern forms are described as new species, Dialarchus snyderi and Blennicottus 
recalvus, the former being also made the type of a new genus. 

The different species of this group resemble each other to a remarkable degree in 
external appearauce, yet most of them are separated by characters which we now 

The characters are all remarkably constant except 
that of color, which varies greatly with the surroundings and can not be described 
with great exactness. The color descriptions given in this paper are all from life, 
and have been made broad enough to cover all the specirnens examined. The character 
and arrangement of the cirri afford perhaps the best specific distinguishing features, 
and not the slightest variation from the adult plan has ever heen discovered in these 
species. The features of generic importarice in this group are the character of the 
preopercular spines, the prestmce or absence of scales, the shape and size of the head 
and mouth, and the nature of the first three or four anal rays of the male. There may 
be one, two, or several rays enlarged, or they may he all of normal size, the number 
of modified rays and the amount of eiilargement always remaiiiing the same in any oiie 
species; furthermore, these enlarged rays may or may not be separated from the rest 
of the fin. I have used the form ant1 size of the preopercular spines for the primary 
divisions of the key, and this arrangement brings together the species nearest alike in 
geographical range and external appearance. The presence or absence of scales can 
not bc considered a mark of less importance, however, and the two together atand out 
distinctly as dividing the species into natural groups. All of these Rpeoies have a slit 
behind the last gill except Blennicottus embryum aud Rusciculus rimensis. This Reems 
to be an important character in determining the relationships of the species. 

The tables accompanying the descriptions @e the various dimension8 of the body 
in hundredths of the total length to base of cnudal. 

The author is undcr deep obligations to Dr. Cliarles H. Gilbert, in whose laboratory 
and under whose direction the work was carried on, and to President David Starr 
Jordan, whose fiuggestions and advice have been of great help. 

. consider of generic importance. 
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Keg to Genera and Species allied to Oligocottus. 

I. Preopercular spine siniple, not forked or branched. 
a. Scales none; no enlarged anal rays in  the male; anal papilla present i n  the male. 

b. B2eniiicoltrta. Head very wide and 1)lunt; mouth terminal, mainly transverse. 
c. Cirri of head few, none on inccrorbital space, two regular rows above the  eyes, and a few on 

sides of head; preopercular spine scarcely appreciable. . . . - -. -. - - . -. B. RECALVUS. 
cc. Cirri of head numerous, entirely covering the occiput and interorbital space, a thick bnucl~ 

above preopercular spine and opercular flap ; preopercular spiue nearly half diameter 
of eye, curved upward.. ~ - -. . - - - -. . - - - -. . ~ ~ - . ~. . . . . - . - - - - - - - - -. . . - - -. . B. GLOBICEIJS. 

Bh. Ozycottus. Head pointed ; mouth cxtending laterally below eye. 
d. Cirri of head mobsy or joined at base; four occipital bunches; dorstll fins separate. 

dd .  Cirri of head single or clonble; three occipital bunches; dorsal fius slightly joined at 
base; anal papilla of male very large, si tuated between vcntrals . . -. 0. ACUTICKPS. 

ua. Husoici~lue. Dorsal half of body closelysctlled; first two anal rays of male enlarged; no anal 
~mpil la ;  oirri of head small, single, or rarely doubled; one supraorbital, three occip- 
ital, one nasal, one maxillary, and t s o  or three preopercular cirri; lower margin of 
preopercle bluntly toothed - . .-. . . . . ”. . - - - -. . . . - . - - - -. . . . - .. . -. - -. . . . - -. R. RIMENSIS. 

0. EMBRYUM. 

11. Prcopercular spine forked at tip. 
e. Scales none; one or more anal rays enlarged in the male; anal papilla iuoonepicuous. 
f. I)ialarchus. First anal-ray of inale enlarged, joined to  second, the two widely separated 

from rest of fin; cirri of head joined at base, two supraorbital bunclics, three 011 

occipital, a thick preopercular bunch, an opercular one, and a few on sides of head; 
a row of cirri along tho dorsal fin close to  i ts  base.. . . - - _ _ _  -. . . ._____ ___. D. SNYDIERI. 

ff. Oli(/ocottus. Three or four auterior anal rays of male enlarged, not separated from rest of 
fin uud becoming progwsively smaller posteribrly ; cirri of head irregular, usually one 
supraorbital and three or fopr occipital bunches in  which all the oirri are joined a t  base; 
n t cirri nloug dorsal fin, except in  the young or one or two soattering ones in  the old; 
mariflary reaching a vertiad below center of pupil. . . - - _ _  . - - __. . __. ~ .o. MACULOSUS. 

ee. Olinocotlue. Scales present, sometimes ohcure  in adults; no enlarged anal rays; anal 
papilla present, large; cirri scatterud irregularly over top of head in  four irregular 
occipital rows, and in old individuals exteudiug back on body d o n g  iiearly entire 
length of dorsal fin, and down over anterior and dorm1 half of body, none below lateral 
lino, no scales on anterior half of body in  the old; a fringe of cirri on preopercle, a 
thick bunch on opercle, and five or six cirri on maxillary.. ___. . . . ._. I ... C. ANALIS. 

Scales none; ego aud nasal spines large; first am1 
rays of male cnlarged, second slightly elongated, not separated from fin; anal papilla 
inconspicuous; cirri not joined et base, threo supraorbital and three occipital pairs of 
bunches of two or three each; c1 maxillary bunch, a preopercular row, and an oper- 
cular bunch of cirri, and c1 few scattered ones on sido of head; e row along dorsal fin 
bgnding downward at end of Apinous dorsal; scattered cirri between the dorsal TOW 

ant1 lateral line, end below lateral line behind pectoral fins . . . . . . .--... E. HUBELLIO. 

111. E x i n h .  Preopercular spine three-pointed. 

LIST O F  FISHES. 

Fig. 1. Bleiiiiicottus recalvus Greeley, new species. 
(‘eatl.iderniic1lllya globicepa Giinther, Cat., 11,171, 1860. 
O l i g O C O t t f f 8  globicepa Jordan 6L Gilbert, Synopsis, 718, 1883. 
Blemicottus globicepe Jordan & sharks, Proc. Gal. Ac. Sci. 1895,808; Jordan LYL. Evermtlnii, Fishes 

of North and Middle America, 11, 2017, 1898; not Oligocotttrs globiaeps Crirard. 
Head 3.66; eye 4.75 in  head; snout 3 ;  D. IX, 15 or 16; A. 11,12; P. 14. 
Body short, stout, broad anteriorly; head very broad, short and blunt; snout obtuse ; interorbitnl 

hpme five-sixths of eye, grooved, the groove leading into II depreseed space behind eyes; mouth 
distinctly terminal, maxillary reaching a vertical below auteTior edge of orbit, lower jaw included ; 
minute conical teetb on jaws, vomer, and pdatines; nasal epinee very small; 110 preopercular spine 
apparent in adults ; edge of preopercle rounded ; opercle ending i n  e rounded flap; branchiostegals 0, 
membranes broadly uuited, free from i,t,hmiiw; gills 34, a slit behind last gill. 
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Dorsal find very long, slightly joincd a t  base, origin of first dorsal directly over tip of opercle, 
that  of soft dorsal in  advance of origin of anal: first dorsal slightly rounded, middle ray longest; 
pectorals reaching origin of anal, membranes of first seven rays deeply crnarginated; ventrals reaching 
vent; anal papilla of male very large; anal low, membranes of all the rays except last three deeply 
emarginated, none of rays enlarged in male; caudal short, slightly rounded. 

Cirri few and small, those of top of head joined a t  base in  conspicuous bunches, two irregular 
occipital rows, a few below these on sides of head and on margins of preopercle and opercle; a few 
above origin of pectoral, and a wrnk row along anterior third of lateral line. 

Color of body light brown, vermiculated with white, and marked dorsally with four or five wedge- 
shaped spots of dark brown, edged with white, and more distinct posteriorly; two pinkish spots 011 

dorsal side of caudal peduncle, and a faint shading of mrne color on sides of head and along anterior 
fourth of lateral line; entire undersurface dull brown, tinged with olive; fins indistinctly barred 
with grayish-white; tail faintly tinged with pink. In some specirncns the  color is :m almost uniform 
dull brown, while in others light markings are prominent. Rome young individnals from among green 
algrr are nniform light green. 

FIQ. l.-l3Zmaicotfus recalvua Greuley. Type. 

Comparative meaaurcmesta of jive apeaimeae of BEeiLniootlus recalvua. 

I I 

I 
Collectors and localities. 

Measurements. Pnci5c 

L. S. Jr. Tf. M 
j Grove 

Extreme length in millimeters ............. 
Greatest height of body ................... 
Lenst liright of cuudal peduncle. .......... 
Length of caudal peduncle ............... 
Len th of head..  .......................... 
W i k h  of he ad.... ......................... 
Width of intororbital s ace ............ 
Length of snout .......................... 
Diaiiieter of orbit.. ....................... 
Distance from snout l o  s inous dol ml.. ... 
Length of spinous dorsafat bane.. ....... 
Height of spinous dorsul ................. 
Length of soft dorsal at base .............. 
Hei ht  of soft dorsal ..................... 
Disgnce from snout to  anal .............. 
Height of longest anal ray ................ 
Length of caudal .......................... 

I 
Distance frtim snout to pectoral 
Leirgtli of pectoral ........................ 
Distance from snout to  ventral ........... .+ 
Number of dorsal spines .................. 
Number of dorpal rays 

Length of ventral 

Number of pectoral rnys .................. 

Height of head a t  pupif . .  . .I.. ............ 

........... 

................. 
.................... Number of anal ruys ....... ...................... 

85 
26 
9 
17 
20 
25 
4 
17 
' 0  
6 
24 
27 

41 
12 
BO 
14 
19 
30 
33 
34 
21 
9 
16 
12 
14 

in 

Greeloy & 
Cowles, 
I'ncifio 
Grove. 

92 
25 
9 
16 
20 
26 
5 
18 
9 
6 
26 
27 
9 
40 
12 
50 
12 
17 
30 
29 a 
19 
9 
16 
12 
14 

~- - 
Grccley & 
Spauldmg, 
Santa Crue. 

80 
28 
10 
16 
28 
24 
5 
17 
9 
5 
25 
33 
9 
39 
16 
55 
14 
20 
28 

I 9  
ai 

Grcele & 
Spauldyng 
Santa crud. 

75 
27 
IO 
18 
28 
24 
5 
18 
8 
5 
24 
25 
9 
42 
I 
56 
14 
19 
28 
20 _ _  -- 31 

21 21 
9 9 
15 16 
12 I 11 
14 1 14 

Greeley 
Spauldi1 
Santa Ur 

72 
26 
10 
17 
29 
24 
5 
18 
9 
0 
26 
28 
11 
41 
13 
57 
15 
24 
30 
34 
31 
22 
9 

16 
11 
14 
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The bluntness of tmout and preopercular spines, and the terminal mouth make B. recalvus easily 

distinguishable from all related forms except B. globiceps, from which it is separated by the Bhape and 
size of its preopercular and nasal spines, the number of its cirri, 12, and size of it8 mouth. The adults 
of these two species cau be readily distinguished, but  the young of B. recalvuais very similar to  young 
of B. globicepa, indicating tha t  B. globioeps is probably the ancestral form. Girard’s old deacription of 
Oligooottua globiceps has been erroneously associated with this fish, which does not extend EO far north 
as the type locality of 0. globicepa. 3. reoalvus is distributed from San Diego to $anta Cruz, where it 
is immediately succeeded by 33. globiceps ou the  north. No specimens of B. reoalvus have been taken 
north of‘ tho region of Santa Cruz. On the other hand several specimens of B. globioqs have been 
collected on the coast of Monterey County south of Monterey Bay, therefore within the range of 
B. reoalvua. The relatione between the two species whero their ranges overlap is still to  be made out. 
B. recalvtcs is quite common throughout its range and everywhere inhabits deep-shaded tide-pools, 
near low-water mark, where a large number will often be found in a single pool. Here described from 
a specimen oolleeted at Pacific Grove by Greeley &. Cowles. (Type, No. 6068, L. S. Jr. Univ. Museum.) 

FlQ. 2.-BlennWott~a globioepo ( G i r d ) .  

Blennicottue globicepe (Girard). Fig. 2. 
Oligocottus globineps Girard, U. S. Pac. R. R. Surv., Fish., 58,1858, South Farallones. 
Blennicottus globioeps bryosus Jordan & Starks, Proc. Cal. Bo. Sci. 1895, 808, Point Orchard, near 

Girard’s original description of this fish has been erroneously associated with the very closely 
related species n. reoalvus, which replaces i t  south of Santa Cruz. B. g lob ioqs  br,yoaua was based upon 
this northern form, the typical globioeps, and to  it the original name is now restored. 

Seattle; Jordan & Evermann, Fishes of Korth and Middlc America, 11, 2017, 1.898. 

Head 3.66; eye 4.75; snout 3; D. IX, 16 or 17; A. 11 or 12; P. 13 or 14. 
Body short, stout ; head dcep, blunt, with a short decurved snout; intarorbital space five-sixths 

of eye, deeply groovod ; mouth nea-rly terminal and transverse, with slight lateral cleft, the  maxillary 
reaching a vertical through the center of orbit; lowor jaw included. Preopercular spine single, 
curved upward, ncarly half diameter of orbit; nasal spines prominent, newly half diameter of eye; 
opercle ending in  D roundod fhp. Dorsal fins long, slightly joined at baso j no End rays enlarged in 
m:tle; anal papilla large. 

Cirri very numerous on top mil sides of head, extending through the interorbital groove to  nasal 
apinea, two rows of prominent joinod cirri on top o f  head, others between these, still others on sides 
of liead; a large bunch above preopercnlar spine and on dorsal margin of opercle, a V-shaped row 
above pectorals, and a thick row along anterior half of lateral line. 

Color, light plumbeons brown, with traces of four or five more or less distinct black transverse 
bands, the whole body more or less vermiculated with white; some specimens largely streaked with 
white vermiculations, others nearly uniform brown ; under parts dull white tinged with brown on 
nuder lip, and with yellow posteriorly ; fins barred with yellow. Thc northern form of this species 
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Greeley & 
Cowlos 

Pillar 1’oQt. 

30 
10 
16 
29 
24 
5 

18 
9 
G 

lighter in color; young individuals frequently uniform pluuibeous black with a conspicuous transveiw 
band of silvery white on anterior part of body. Four to 5 inches long, specimencl from Puget Sound ‘i 
inches. 

ICnown from Pug& Sound to I’igeon 
Point, San Mateo Co., Cal., whereit stops abruptly, U. recalvus succeeding i t  immediately t o  the south. 
A few specimens have been taken, however, immedintely south of Monterey Bay, within the range 
of B. recaliwe. 

Very close t o  B. recaleus, which is its southern representative. 

Its occilrrence to  tho sontli needs further investigation. 

Greeley J; 
Sprtulding 

Pigeon I d t  

I ;; 
10 
16 
29 
25 I 

5 
17 
9 
6 

Measurements. 

Least hei bt  of caudal peduncle.. . 
Length of head .................... 
Width of‘ head ..................... 
Width of interorbital space ....... 

Length o f  caudal peduncle ........ 

Keight of head at pupil ............ 
Length of snout ................... 

E. 0. Starks I E. C. StarkR, 
Neah Bay, ’ 1 Neal! Bay, 

‘Washin ton, Washin ton, 1 L.S..fr.  I L. ~ f r .  
U. M. (3404). 1 U.M.(3404). 

I 

Collectors and locnlities. 

Number of dorsul rave. ............ 
Number of a n d  ravd ............... 
Number of pectoral rays.. ......... 

Oxycottua acuticsps (Gilbert). 

144 77 

15 16 

23 
5 

17 

:I I 2n 
9 , 10 

9 1 9  
3 1 (i 

22 25 
32 1 31 
10 9 
41 ‘I3 
13 11 

14 

26 28 
32 31 
28 I 31 

9 9 

57 1 55 :; i 22 

E I :: 
14 i 14 

21 , 22 

Greeby & 
Cowlcu, 

Pillar h i n t  

63 
28 
10 
10 
28 
24 
5 

17 

G 

25 
2 i  
9 

42 
14 

.55 
16 
25 
30 
33 
34 
24 
9 

16 
11 
14 

n 

Gieele L 
Spauldng, 
’igeon Point 

___-- 
71 

10 
17 
27 
24 
5 

17 
9 
6 

24 
27 
9 

44 
13 
55 
14 
21 
29 
31 
30 
21 
9 

16 
11 
14 

2n 

Oligocottue acuticepe Gilbert, Rept. 1J. 8. )’ish Comm. 1893 (;896), 432, 1’n:rlaske ; \7sncouvrr 

Oxycottus ciciAiceps Jordan & Evermann, Fishes of North and Middle America, 11, 2015,1898. Van- 

This fish has been reported also from Prince William Sound (0011. A. W. Greeley), from ICadiak 

Island. (Coll. Albatross.)  

couver Island to  Unalaaka, Alaska; Bean & Beon, Proo. U. S. Nat. MuE., vol. 21, 1895, 665. 

Island (coll. C. Rutter), and from Sitka and Krtdiak by Dr. Bean. 

Oxycottus embryum (Jordan & Starks). 
OIigOCoitlt8 e m h y u m  Jordan & Starks, Proc. Cal. Ac. Sci. 1895, 808, pl. 83, Neal1 Bay, Washington 

Ozyco tks  embryumn Jordan & Evermtmn, Fishes of North and Middlo America, 11, 2016, 1898. 
(type, No. 3128, L. S. Jr. University Museum. Coll. E. C. Starks). 

Several additional specimens of this interesting and apparently rare species were obtained at 
Point Lobos. Color, dull lavender, marked dorsally with five or six indented spots of black; irregular 
vermiculations of same color on sides of body, which is bounded below by a band of reddish-brown, 
containing many conspicuous Khite spots; a reddish-brown spot on top of head indented and edged 
posteriorly with white; two reddish.browii band8 runuing downward from eye; pectoral pinkish, 
barred with olive; dorsals, anal, and caudal barred with brown; throat and under side of thorax 
silvery-white; belly pale-greenish. Distinguished from the species of Blennicottua by the sharpness 
of the snout and preopercular spines, and the lateral extension of mouth. 

The prevailing lavender 
tint i n  its coloration imitates closely the Corallina, among which i t  lives in the deeper title-pools. It 
is recorded only from Point Lobos, Monterey County, Cal., from Puget Sound, and from Sitka and 
Karluk, Alaska. 

This is one of the  rarest and most beautiful of tlie tide-pool cottoids. 
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Concpurcctire ~~teucrt~rer~centa of five speoimeasl oJ' Oxycotttis cirtbipt~in. 

13 

JExtreine length in mlllimetera.. ................. 
Greatest height of body 
Leaat height of oaudal pedunole.. 
Length of caudal pedunole 
Length of head .................................. 
Width of head.. ................................. 
Width of interorbital spaoe .................... 
b i g h t  of pupil.. ................................ 
Lengthof snout. ................................ 
Diameter of orbit. ............................... 
Distance from snout Bo s iuoua dorsal.. ......... 
Length of spinous dorsafat baee. ............... 
Greatest height of a inoue dorsal.. ............. 
Length of soft doreayat,baae .................... 
Hei h t  of longest ray of soft dorsal ............. 
Dlsfance from snout to  anal ..................... 
Height of lon eat anal ray ...................... 
Length of o a u L . .  .............................. 
Distaucefrom snout to  peotoial.. ................ 
Length of pectoral .............................. 
Distance from anout to ventral .................. 
Length of ventral.. ............................ 

Number of anal rays ........................... 
Number of pectoral rays 

......................... ............... I ...................... 

Number of dorhal spines.. ....................... 
Number of dorsal rays.. ......................... 

................... .. 1 

53 
a4 

8 
.I8 
2s 
21 

6 
J4 
8 
6 

24 
31 
10 
37 
14 
62 
14 
20 
29 
35 
30 
22 
9 
16 
11 
I4 

I 
51 49 
23 23 
8 8 

l V  19 
27 29 
21 31 

6 5 
14 14 
8 8 
7 6 

25 26 
30 28 
10 11 
37 35 
14 14 

15 
20 10 
28 30 
30 37 
30 34 
23 23 
9 9 

10 15 
11 10 
l d  14 

PIG 3.-Ru~cCioulu8 &men& Greeley, type. 

RUSCICULUS Greeleg, now genus. 
r ,  lliis genus is alliud to  O/xycotttts, ilitferiug in  the yresenee of minuto ~wickly scales, wliivh cover 

tlorsal hali'of body. Preopercular Rpinc simple, sharp. No slit, bohind the last gill. 

Rusciculus rimensis Creeloy, new speaies. 
Head 34; eye 4 in head; snout 3& in  liead; D. IS, 17 or 18; A. 14; 1'. 14; V. 1, 3. 
Body compressed, very slender, caudal peduncle us,peoially so ; head doprcssed, flat; nirout 

pointed; interorbital space Q eye, grooved; top of hoed flat and slightly concave; nasal spines large 
:ind blunt, snout abruptly decurved below them. Dorsal half of body covered with minute, imbed- 
(led, prickly soales lmrtially arranged in  obscure oblique rowe, none below lateral line. Minute 
pointed teeth on jaws, vomer, and pelatincs; jaws subequal, mouth horizontal, maxillary reaching a 
vertical below anterior edge of pupil. Margin of preopercle armed with one sharp spine curved 
upward, below which are one and sometimes two vory.short blunt processes; margin of opercle ending 
dorsally in a pointod fiup. Branohiostegnls 6, the membranes broadly unitod, free from isthmus; no 
slit behind last gill. Dorsal fins scarcely joined, soft dorsal very large; firlit dorsal beginning slightly 
in advance of opercular flap, upper edge much rounded, fifth spine longest; origin of soft dorsal j u s t  
in front of origiu of uunl in  feniale, directly :hove it in male, fin vcrr long; pectorals large, reaohiug 
i b  vertical below ninth ray of Noft dorst11; origill of ventrnln posterior to a point midway between anal 

Fig. 3. - 
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Meaauremente. 

_ _ -  

and base of pectorals in male, antsenor t o  i t  i n  female, the difference caused by enlargement of first 
two anal rays i n  male; anal fin small, rags slender, meinbranes of all deeply emarpinated; first two 
anal rays of male greatly enlarged, joined by membrane to  each other and to  rest of fin; posterior 
edge of tail nerdy straight; anal papilla inconspicuous. Cirri small and scarce, always occurring 
singly, never in bunches or joiued at  the base, except a few pairs along anterior third of lateral line, 
one above each orbit, two rows of three each behind these on top of head, one cirrus on inside of each 
nasal spine; a cirrus on end of' maxillary, two or three on margin of preopercle below preopercular 
tq)ine, and a row along anterior half' of lateral line. 

Color, light olive or reddish brown tinged with lavender, marked dorsally with four or five 
wedge-shaped itidented spots of black, a broken band of same color along lateral line, sometimes 
c p d i n g  branohes below it, which show a tendency t o  inclose round spots; a more or less distinct 
spot of black on top of head; a faint poatocular.line, a spot below eye, and apreocular line running 
from eye to snout, all of same color; pectorals and caudal indistinctly barred with brown, anal 
tinged with it, and dorsal covered with fine brown or black spots, sometimes very faint; throat and 
belly pale yellowish-white, unspotted. 

This species is most closely relatcd to  Oxycottua embvyunt, with which it agrees in  general colora- 
tfion, but  differs decidedly in  the presence of scales, the slenclercr body, the larger nnrnber of soft 
dorsal and anal rays, the serrated margin of the preopercle, and the arrangement of the cirri. 

Described from two specimens taken at Point Lobos, Monterey County, Cal., by A. W. Cfreeley. 
(Type, No. 6067, L. 5. Jr. Univ. Musenm.) Rare; only two other specimens from Point Lobos are known. 
It inhabits tide-pools lined with corallines, and in coloration imitates very closely these algeo. 

Grenley 
Point ~ 0 6 0 s  

(type), June,1898 

40 mm. The smallest of our tide-pool fishes. 

Extrenie length in millimetera. .................................. 
Greatest height'of body ......................................... 
Least hei bt of caudal peduncle. ................................ 
Len thof  head .................................................. 
Wi&h of head..  ................................................ 
Width of interorbital space.. .................................... 
Height atpupil .................................................. 
Length of suoilt ................................................. 
Diameter of orbit ................................................ 
Distniice from snout to 8 iinoas dorsal.. ......................... 
Greatest height of R inous dorsal.. .............................. 
Height of longnst ray of soft dorsal.. ............................ 
Difltancefruni snout to anal. ..................................... 
Height of loupest anal ray..-.- .................................. 
Length of caudnl.. ............................................... 
Distance from anout to pectoral. ................................ 
Length of pectoral ............................................... 
Distance from snout to ventral .................................. 
Length of ventral ................................................ 
Number of dorsal spines ...................................... 
Number of dorm1 raya.. ......................................... 
Nnmber of anal raw. .  ........................................... 
Number of ectoral ram.. ....................................... 

Length ofcaudal peduncle.. ..... :. .............................. 

Length ofspinoue dorsalat base.. ............................... 
Length of soft dorsaPat h a m .  ................................... 

Length of &at anal riy (male). .................................. 

Conipurutive meaaurementa of two apecimene of Ilascioulue rimmeis. 

1 

1 Collectare and localities. 

40 
20 

6 
17 
29 
23 

7 
15 
9 
7 

28 
24 
10 
48 
16 
43 
15 
19 
30 

18 
9 

17 
14 
14 
21 

as 
a2 

Greelo 
Point Loka, 
Junc, 1898. 

30 
22 

7 
16 
28 
23 
7 

10 
0 
7 

28 
27 

0 
47 
15 

' 48 
14 
19 
27 
88 
32 
18 

!I 
18 
14 
14 .......... 

Length, 

I 

DIALARCHUS Greeley, new genus. 

Preopercnlar spine forked at tip; scales none; first anal ray of male enlarged, joined to  second, 
the  two widely separated from rest of fin. Closely allied to  o Z ~ ! ~ ~ C O ~ t ~ 8 , d i ~ e r i n ~  only in character of 
anal rays of male. 

~ 3ialarchus snyderi Greeley, new species. Fig: 4. 
Centriderrnickthy8 muculoetia Giinther, Cat. Fishes, 11, 171, 1860; not Oligocottua maculosuo Girard. 
Oligocottue ~ n U C U l 0 8 l L 8  Jordan & Gilbert, Synopsis, 718,1883; Jordan & Evermann, Fishes of Kurth 

Oligocottue anyderi Greeley, in  Jordan & Evermann, Fidies North mid Mid. Amer., 1x1, 2871, 1898. 
and Middle America, 11,2013,1898. 
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Head 3$; eye 4) in head; snout 3&; D. VIII, 18 or 19; A. 13 to 15; P. 13 to 15; V. I, 3. 
Body elongate, slender ; snout pointed, compressed ; minute conical teeth on jaws, vonier, and front 

of palatines; jaws equal; mouth horizontal, maxillary 3 in  head, reaching a vertical below anterior 
odge of pupil. Interorbital space five-sixtbs of eye, shallowly grooved, the groove leading into IL 
depressed space between occipital ridges; nasul spines large. Margin of preopercle armed with a 
strong spino, half as long as eye, from upper border of which at base extends a second spirie pointing 
abruptly upward and inward; both spines coverod with skiii iu life; margin of opercle ending i n  a 
pointed flap, entirely unarmed. Brauchiostegals 6, the membranes broadly united, free from isthmus. 
Gills 34, a d i t  behind last gill. 

Dorsal fins large, scparated by half diameter of eye, whole length oqualing that from caudal t o  
base of pectoral; first dorsal beginning slightly in advance of margin of oporcle, upper edge nearly 
straight, curving abruptly downward from sixth spine; origin of soft dorsal in advance of anal; pec- 
torals large, reaching well beyond origiii of aiial; ventrals almost midway betmoen baso of pectorals 
and anal; anal fin small, rays all feeble in female, in male tho first ray only greatly enlarged, joined 
to  second, the two distinctly separated from rest of fin, niernbrsries of all except last three or four 
rays deeply emarginated. Anal papilla small, present in  male only. Cirri very numerous, usually 
occurring in  bunches of throo m f h r ,  those of head joined a t  base, forming a comb; two pairs of' 
bunches above orbits, with rudiruents of :I third bunch in front oftheso, three on top of head, behind 
orbits, two or three bunches just  below these on sides of head, two or three single oirri on margin of 
preoperole, a thick bunch above preopercular spines, four or five on lower margin of opercle, with II 
thick bunch n u  i t s  uppw margin; 8 short row above has0 of pectorals; II row of bunched cirri a101:g 

FIQ. I.-Dialarohus slb@eri Greoley. Type. 

anterior two-thirds of lateral line, aiiothor well-defined row along dorsal fin froin third spine to  six- 
teenth or seventoonth ray of soft dorsal, this row containing a bunch at base of caol: spine and ray, 
with the occasional exception of the first ray; five or six scattered bunches between dorsal t ind  lateral 
rows on each siJe of the  body; a cirrus at tip of each dorsnl spine. 

Color, light rdddiclh-brown, sometimes almost pink, thickly apotted with fine indistinct white 
spots; four or five irregular dark-brown spots along base of dorsal, a band of same color along lateral 
line, sonietimes very much broken a d  extending ventrally, shdding into uniform reddish-brown 
below, and including three or fonr rouud pinkish spots; a dark-brown postooulir line, another 
running forward from eye, a patch of sauie color on top of head, another on side8 of hend, and two 
or  thrce on edge of opercle; throat reddish-brown, with sovcral distinct white spots ; belly bluish. 
green; a silvery white patch betweeu bases of pectorals; dorsal fins pale reddish-brown, with blaclr 
and clear spots; peotoriils crossed irregularly with white, ; aual fin pale pink, crossed with dark 
brown. There are two or three perfectly distinct types of coloration, as follows: Some specimens 
from pools containing green algm nre pure light green; Otl i erS  from ocirdliiie pooh are tinged with 
lavender, 8s U .  Bmbryun~. 

This species resembles most closely 0. maouloszca, whii h name has boen erroneoiwly applied to it, 
but  it differs markedly in  its slenderer body, more pointed snout, the arraugement of its cirri, and the 
perfertly distinct ooloration, also in  greater length of dorsal flns, the  enlargement of only one anal 
ray in male, and shortness of maxillary. 
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2,s 
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60 
21 

15 
32 
25 

15 
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29 
21 

43 
13 
50 
12 
20 
32 

J.1 
17 

19 
14 
1 4 ,  
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22 

liere dewxibed from a specimen taken at Pacific Grove, by Greelcy & Maddren. (Type, KO. 6846, 
L. S. Jr. Univ. Museum.) Specinlens are a t  lland from 
Crescent City, Bolinas Bay, Half Moon Bay, Monterey Bay, and San Luis Obispo, Cal. Found in all 
ltiuds of pools from San Francisco to Monterey Bay, bnt nowhere common. Length, 60 mm. The most 
bertutifiil and artive of the tide-pool fishes, extremely variable in cbolor. 

Five co type  were taken at the same time. 

Comparative ~rieaaure~twnls of eleven clpcimens o s  Dialar~clitia clnyderi. 
_____ __ __ _ _  

*.s 
k: 

$9; 
* e  
k2 

t 

C'? 

0 

36 
2ti 

7 8  
18 
34 
20 

5 0  
10 

9 9  
6 6  

30 
21 

9 0  
43 
17 
60 
13 
22 
33 
34 
32 
17 

8 8  
18 
14 
14 

I- 

17 
31 
23 

14 

27 
23 
10 
44 
13 
44 
11 
21 
30 
31 
32 
11 

1I) 
15 
14 
22 

~ - 

8 7  
17 
52 
21 

5 8  
15 

9 9  
5 6  

27 
21 
10 
4d 

1 1 4  51) 
13 
1 1  
31 
31 
32 
17 

8 8  
18 
14 
14 ... 
- 

17 
51 
23 

15 

Collector8 nnrl locnlities. 

15 
a1 
24 

5 6  
15 

8 9  
6 6  

Iden th of liead .................................... 
Width of interorbital spaae ....................... 
Hoight of head a t  pupil ............................ 
Length of snout ................................... 
Diameterof orbit .................................. 
Distance from snout to s inoiis d n r d .  ............ 
Greatest height of 8 jinons dorsal ................. 

DiHtnnce from snout to anal ....................... 
Hoight of longest anal ray ........................ 

Wi&h of he ad .................................... 

Length O f  spinOU8 dorsafat base.. . .:. ............ 
Length of soft dorsa\ at  bane ..................... 
Height of longeest ray of spiuons dorsal.. ....... 

Length of oaudal.. ................................ 
Distance from snoiit to  pectoral.. .................. 
Length of peotoral ................................ 
Length of ventral ................................. 
Niimber of dorsalrnys ............................. 
Numbsr of anal rnye .............................. 

Distance from snout to ventral .................... 
Number of dorsal spines .......................... 

Number of pectord rays .......................... 

33 31 
26 24 
5 5 

14 I& 
9 9 
6 6 

, 30 29 
, 23 I 25 

44 1 45 
10 10 

12 13 
43 50 
14  13 
22 21 
32 32 
34 32 
32 31 
17 17 
8 8 

I 9  19 
14 14 
14 14 

15 

27 
24 
9 

43 
12 
43 
13 
20 
29 
36 
29 
17 

- 

:E 
9 
2 z :  
8;  
22 

5 

Z h  

cc 

P 

- 

05 
28 
8 

ID 
31 
22 

8 
15 
9 
6 

28 
26 
9 

44 
12 
45 
13 
18 
29 
32 
27 
17 
8 

19 
15 
14 

15 

6 G  
28 
25 
10 
42 
14 
47  
13 
20 
29 
35 
29 
17 

8 8  

8 9  

G5 i 62 

73 
3 0 

T2 25 
5 1  5 

Length of first anal ray, rmale.. .................... 24 .. ... 23 ...... 

13 
48 
13 
22 
29 
31 
29 
18 

18 
13 
13 ._. 
- . 

Oligocottus maculosus (Girard). 
OMgocottus n~acttlosus Girard, Proc. Ac..Nat. Sci. I'hila. 1856, 153; (Xrard, 11. S. Pac. R. 1%. Sur., X, 

Fishc~s, 56, 1858. 
Oligocoltus borealis Jordan & Snyder, Proc. Cal. Ac. Sei., series 2, vol. VI, 1896,225, Noah Bay (0011. 

E. C. Starks, type, No. 3396, L. 5. Jr. Univ. Museum); Jordan & Evermenn, Fishes of North 
and Middle America, 11, 2014, 1898. 

T l ~ i s  species was described by Girard i n  1856, from specimens takcn at Tomales Bay, $ut this 
account was erroneoilsly associate? with another fish, now recorded as Dialarchua snyderi. It w t t ~  
rediscovered and described as a new species, 0. borealis, by Jorilnn & Snyder, from :I large series of 
specimens taken a t  Puget sound; but  Girard's origiunl name is nom rrstored, as thero in uo .doubt that 
this isGirard's species. A 
series taken by Dr. Jordan a t  Sitka and a specimen rollectcd by me a t  frinve Willianl Sound extend tho 
range nortliward to  the latter point. It is the most common tide-pool fish a t  Crescent City, Del Norte 
County, Cal., and nlso a t  Nnlf Moon Bay, where the shallow open tidc-pools with little algm suit tho 
species very well. South of Half Moon Bay i t  graanally becomes scarcer, but  extends ns far as Pigeon 
Point. Nonewastakenet SantaCruz orPaciElcGrove. Thcabseurooftllisspeciessouth ofPigeonPoint 
is probably due t o  a change in  the cliaracter of Llie tide-pools. Below Pigeon Point the coast is inade 
up of great shelving ledges of very liard sandstone, with few pools. North of Pigeon Point the rocks 
are much softer and contain shallow pools. Wherever found, this species inhabits all kinde of tidc- 
pools, bu t  especially tlionc with dill1 hnrroundings, either brim rocks or rocks covcred with Vumh, 
the brown seaweed. 

In  thisopinion Professor8 Jorclnn and Gilbert and Mr. Snyder fully concur. 
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Young individiials occasionally have a few oirri along the dorsal fin, on the opercle, und above 

the peotoral fins, probably showing a reversion to  a type resembling Dialarchus enyderi. 
Color, light brown, 8 very soft gray in some specimens, varying from almost olive to a dull brown 

in others; marked dorsally with fine white spots, which become larger below and shade into the pale 
olive of belly; some specimens tinged with milk-white or lavender, with a series of spots of same 
color along lateral line; fine dark-brown transverse bands, varying greatly in distinotness, extend 
downward from dorsal fin, first two reaching the  belly, last three interrupted; a white spot a t  base 
of tail, usually one on dorsal side of caudal peduncle; head uniform with body, but more or less 
vermioulatcd with white or olive; throat olive, .spottad with white, the ground color becoming pale 
on belly and along the sides of the anal; fins light olive, barred with brown. 

Comparative measurements of nine specin~ens of Oligocottus maculoauo. 

Measurements. 

Extreme length in millimeters.. ........... 
Greatest height of body .................. 
Least l i d  ht  of caudal peduncle .......... 
Len th of head ............................ 
Width of interorbital 8 ace 
Beight of head at p u p i f . .  .: :::I: ::: 1 : : 
Length of snout .......................... 
Diameter of orbit .......................... 
Distanae from snout to 8 inou8 dorsal.. ... 
Length of spinous dorsarat base . . _. ._._ _. 
Height of npinous dorsal.. ................ 
Length of soft dorsal et base .............. 
Hei .lit of aoft dorsal.. ..................... 
Eefplrt of m a l  ............................. 
Length of oaudal .......................... 
Distance from snout to peoloriil.. ......... 
Length of pectoral. ........................ 
Distance from snout to ventral.. .......... 
Length of ventral.. ........................ 
Number of dorsal spines.. ................. 
Number of d o r d  rays.. ................... 
Number of anal rave.. ..................... 
Number of ectordl rays.. ................. 

Length ofcaudal pedunole ................ 
Wi&h of head.. ........................... 

~ i s k n c e  from snout t o  anal ............... 

Length of &st anal ray,male .............. 

Clinocottus analie (Girard). 
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O~igooottue analio Girard, Proc. Ac. Nat. Sci. Phila. 1857,201, Monterey ; Girard, U. S. Pac. R. R. Sur., 

Cottue uriniger Giinther, Cat.. 11, 522, 1860, Monterey. 
Centridermicktlys analis Glinther, Oat., 11, 171,1860. 
Clinocoltws analis Jordan & Evermann, Fishes of North and Middle America, 11,2012,1898. 
Body light brown, crossed by seven or eight irregular dark bands, broken anteriorly and covered 

uvcrywhere with fine white, yellow, and pink spots, occasionally olive in  some speaimene, and in 
othem uniform white, which may be united in  irregular blotohes; a faint rcddish spot on dorsal fin, 
another on dorsal side of caudal pedunole; head, dull black, shaded with light brown, and thickly 
spotted as body; top of head lighter, throat silvery white, with irregular dark-brown and black spots; 
belly light yellow or white, peatorals and (ail barred with broad bands of olive green, and sometimes 
edged with yellow or red; soft dorsal olive, rays spottqd with white and black, and whole fin of 
breeding niales edged with a row of red spots varying greatly iu extent, but  always oonspicuoiis. 
Some younghpecimens have a distinctly reddish tinge over head and dorsal part of body, others are 01 

x, Fishes, 57, 1858; Jordan & Gilbert, Synopsis, 718,1883. 

J?. C. B. 1899-8 
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a uniform greeii color, broken only by dark markings, and agree closely in  color with the green algm 
( Vlva) ,  among which specimens exhibiting this type of coloration live. 

This is the largest and most common cottoid in the  pools of Monterey Bay, and is found every- 
where about the bay from low to high water mark, but especially in tho shallow exposed pools high 
up on the coast,'which contain almost no algae. Its dull, almost uniform, color agrees very well with 
the bare rocks and sand. It is much less common at  Pillar Point, San Mateo County, wlioro its place 
is partly taken by OZigocottris n~uct~louus. The young have much larger scales proportionally than the 
actults, and the scales extend forward as far as the origin of the  spinous dorsal, while in old indi- 
viduals these anterior scales have entirely disappeared, aut1 their placc is taken by cirri 8s far bsc:lr 
as the soft dorsal, while the posterior scales are greatly obscured. 

1 

Y11.. 5 --E%cimia vubollio Greeley. Type. 

EXIMIA Greeley-, iiew genus. 

Allied to  Olipcottuu, but  differing in the presence of a large three-pointed preopercular spine 
instead of tho simple forked spine o? Oligocottzcs. 

Eximia rubellio Greeley, new species. Fig. 6. 

Skin smooth. A slit behind last gill. 

Head2.83; oye 3.75inhead; suout3.75; D.VII or VIII, 150r 16; A. 12 or 13; P. 13 or 14; V . I , ~ .  
Body compressed, snoot pointed and compressed, head deep, occiput narrow, slightly concave; 

interorbital space narrow, half the large eye, shallowly grooved. Nasal spines promincnt, very large, 
and pointed. Teeth small, pointed, on jaws, vomer, aud palatines; jaws equal, mouth horizontal, 
maxillary 3 in h a d ,  renching a vertical below anterior edge of pupil. Margin of preopercle armed 
with a very strong spine as long as eye, extending backward and downward, bearing on its upper 
surface a second and third spine, both pointing back and up; all the spines covered with skin in  life; 
operole cuding in a rounded flap. Branchiostegals 6, not united to  isthmus; gills 34, a slit behind 
last gill. Dorsal fins not joined; Grst dorsal beginning in advance 
of margin of opercle, first two spines short, upper margin slightly rounded, soft dorm1 beginning 
in advance of origin of the a n d ;  all rays and spincs very slender; pectorals reaching well beyond 
origin of anal; anal fin sma11, rays slender, membranes emarginatcd between each ray; in males the 
first ray enlarged, the second slightly elongated, the two united, and not separatcd froni rest of fin, 
as in Dialarchus rmyderi; ventral8 situated below upper edge of base of pectorals, just  rescliing anus. 
Cirri all distinct, never joined at base in  a comb as in  I)ialarchus unyderi; three pairs of bunches 
of two or thrce cirri each above orbits, Grst bunch directly above nasal spines, threc pairs on top of 
head behind orbits, a few scattered cirri below these 011 sides of head, a bunch of two or three ou end 
of maxillary, a row on lower margin of preopercle, a large bnnch above the  preopercular spines, and 
several scattered cirri on margin of operole; a row of bunched cirri along anterior half of lateral line, 
a row along base of dorsal, including a bnnch of three or  four for each spine and ray, the  row bending 
downward at last spine of first dorsal, leaving a space between cirri and base of dorsal spines; a few 
scattered cirri between dorsal and lateral rows and below lateral line behind pectoral fins. 

Color light brown to all shadcs of light.red, pink, or lavender, spotted everywhere with white 
spots extremely minute on dorsal half of body, bnt more conspicuous ventrally; five wedge-shaped 
f3pOtE of d:mk brown along dorsal Bide of body; head dark brown, sometimes blotched with red or 

Anal papilla iiiconspicnous. 
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greeii, Imcoming lighter ou sides, leaving a dark postocular line extending froin uyu to preopercular 
spine and a dark spot ou lower margin of preopercle, everywhere very fiuely marked with white and 
blue; a white spot with a brown center just  in  front of first dorsal; throat and belly a very light 
bluish-green, shading into a faiut yellow behiud pectorals, and a brownish-green 011 each side of 
anal; all the fins, except ventrals, light brownish-green barred with dark brown; caudal light 
reddish-brown, anal and t ip  of pectorals tinged with.piukish. A young example is lightcr and more 
brilliantly colored. This species i e  most closely allied t o  IIia1archz~s snyderi, from which it differs ill 
presence of a third preopercular spine, greater depth and comparative length of head, larger c j e  and 
iiasal spines, and arrangement of cirri. Many specimens taken at Monterey Bay, but not recorded 
from any other locality. The most brilliautly colored of the tide-pool fishes, inhabiting only deep 
pools rich in plant life. 

19 

Distance from snout to B ,inoiis dorsiil.. ....................... 
Height of spinous dorsal ................................... .?. 

Height of soft dorm1 .......................................... 
Distance from snout to anal ................................... 
Height of lungeat nnnlray .................................... 
Length of caudnl .............................................. 
Distance from snout t o  pectoral.. .............................. 
Lengthof pectoral ............................................ 
Distance from snout to ventral.. ............................... 
Length of v e n h l . .  ............................................ 
Number of dorsal spines.. ..................................... 
Number of dorsal rays.. ....................................... 

Length of spinous dorsal at base ..... ................... 
Length of soft domal at base .................................. 

Coittparatiue eieasurenrenlx of six specimens of Eximia rtcbellio. 
..~ -- 

I Collectors and localities. 
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Artedius lateralis (Girard). 
Soorprmiahfhys lateralis Girard, Proc. Ac. Nnt. Sei. Phila. 1854, 145, San Luis Obispo and San 

Frandisco. 
Artediits lateralis Girard, l'roc. Ac. Nat. Sci. l'hila. 1856, 134; Girard, U. S. Pac. R. R. Surv., x, 

Fishee, 70, pl. 229, figs. 5 nnd 6,1858; Giinther, Cat., 11,174,1860; Jordan & Everniann, l'ishes 
of North and Middle America, 11,1902, 1898. 

Ground color brown, tinged with olive and  broken by many white spots below, lower row shading 
iiito yellow of ventral side, leaving a scalloped margin; body crossed by several lavender bands, the 
extent of which is extremely varinblc, depending on color of a lga ;  wually a broad baud extending 
froin jnst  behind eyes to  the  middle of first dorsal, and reaching edge of opercle on sides, with two or 
three less distinct bauds behind this; a spot of same color at end of soft dorsal, continued on the two 
sider; another morc distinct spot on base of caudal a t  end of lateral line; throe or four smaller spots 
along lateral line which embrace a corresponding nnmber of broad lamella-shaped cirri, much larger 
than the rest; a blotch of pink a t  base of pectorals, with very fine vermiculatious of same color on 
Soft dorsal; spinoue dorafil rcddish ; soft tlorsnl brown, shaded with red and irregularly spotted witb 
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white; under side of throat brown, with tine light spots shading into white posteriorly, and shstled 
with green, which exteuds about the inside of the mouth, back of pectorals, and down middle line of 
belly; sides of belly and ventral side of body on each side of anal ~’8110~.  

The most brilliant and sluggish of the  tide-pool cottoids, usually lying close to the rocks and 
rarely moving rapidly. Distinguished frtim A. aspaulua by the shape and depth of head and length 
of the band of scales, and not by number of rows in  the band. A number of my specimens have nine 
rows, and are idelitice1 in  this respect with A. asperalus. A .  lateralis occurs in all kinds of tide-pools, 
high or low, but is usually found singly, and never are there many i n  the same pool. These solitary 
habit8 differ very noticeably from those of the other tide-pool cottoids in  their strikingly social 
mauner of life. 

Caularchus maeandricus Girard. 
Leppidogaster retioulatns Girard, Proc. Ac. Nat. Sci. Phila. 1854,155, San Luis Obispo, Cal. ; name 

Lqidoguster mu~andrioue Girard, Pacifio R. R. Surv., x, Fishes, 130, 1858, San Luis Obispo, Cal.; 

Goliesox ~eticulatus Jordan & Gilbert Spopsis, 749, 1883. 
Caularchus mnandrious Jordan & Evermenn, Fishes of North and Middle America, 111, 2328,1898. 
Color yellowish green, with faint vermiculations of brown, and spots of clear yellow more 

apparent on top of head; a distinct interorbital line of same color; t ip  of snont tinged with black; 
dorsal, anal, and caudal light-brown, edged with bluish-white. 

Gibbonsia elegans (Cooper). 

preoccupied. 

substitute for veticulntus, preoccupied in Ledadogaster; Giinther, Cat., 111, 505, 1861. 

The only fish of this family (Gobieaooidm) found in tide-pools of Monterey Bay and northward. 

dlyxodee elegana Cooper, Proc. Cal. Ac. Sci., 111, 109,1864, San Diego and Santa Barbara. 
Clinus ooellifer Mocquard, Bull. SOC. Philom. Paris, 1886, 44, California. 
Clinua ecidee Rosa Smith, Proc. U. S. Nat. Museum 1883, 235, specimens from Totlos Santos . not of 

Gibboneia elegana Jordan & Evermann, Fishes of North and Middle America, III, 2353, 1898. 
Originally described from Point Lorna and its geographical range given as from Point Conoepcion 

south to  Todos Santos. In 1883 Jordan & Gilbert described G. ewidee, ranging from Point Concepcion 
northward. The two nomiual species were distinguished as follows by Jordan & Evermann: 

C .  ecider, : Dorsal v-XXXI, 10 ; anal ?I, 26; soft dorsal low ; coloration comparatively plain, the 
soft dorsal without pellucid area. 

G. elegans: Dorsal v-XXVIII, 7;  anal 11, 24; soft dorsal high; coloration more or less variegated, 
soft dorsal with a high pellncid blotch posteriorly. 

My collection from Montcrcy Bay contains some speoimens which are undoubtedly G. elegans, 
thus extending the range of that  form t o  Monterey Bay. Others are exactly intermediate between 
the  two species, with some of the characteristics of one eud some of the other, thus indicating thet  
these two species are not really distinct. The characters of these intermediate forms are: 

Dorsal v-xxx, 9; anal 11, 26; a small pcllucid spot on Roft dorsal; coloration brilliant black 
with longitudinal yellow bands. 

Dorsal v-xxx, 8;  a n d  11, 27; a large pellucid spot on soft dorsal; color light reddish-brown, 
crossed by narrow bands of dark brown; fins yellowish, barred with brown. 

Dorsal v-XXIX, 8 ;  anal 11, 25; a large pellucid spot on soft dorsal; coloration perfectly plain. 
Dorsal v-XHX, 9;  anal 11, 28; small pellucid spot on soft dorsal; coloration perfectly plain. 
I find similar intergradations in  specimens from Sen Diego. 

Jordan & Gilbert. 

It appears that  the two forms can 
not be distinguished at any point throughout their range. The number o f  tin rays and the coloration 
will not serve to separate the species; therefore G. ewides must be identical with I : .  elegana, which has 
the priority of description. 



2. A PART OF THE BAME MAGNIFIED FOUR 



Contributions from the Biological Laboratory of the U. S. Fish Commission 
Woods Hole, Massachusetts. 

- 

THE S Y N A P T A S  OF THE N E W  ENGLAND COAST. 

BY HUBERT L Y M A N  CLARK, 

Professor of Biology, Olivel College, Michigan. 

Throiigh the kindness of t h e  United States Commissioner of Fish and Fisheries 
special opportunities were enjoyed during the spring and summer of 1898 for carrying 
on biological investigations at  the laboratory of the Fish Commission at Woods Bole, 
Mass. The few weeks a t  my disposal were devoted to the study of the two holothur- 
ian8 of the genus 8ynapta common a t  that  place. Primarily the object in view was to  
determine the systematic position of our New England synaptas, their relation to each 
other and t o  European forms. At  the same time experiments were carried on designed 
to throw light on the function of certain organs and on the possibilities of regeneration 
in Bynapta. The latter were, however, limited by the shortness of my stay. 

For the privileges of’ the laboratory I desire to express my thauks to the Commis- 
sioner, and particularly to the director of the laboratory, Prof. H. 0. Bumpus, whose 
constant kindness and sympathy made the work doubly pleasant. I desire also to 
acknowledge my indebtedness to Mr. Charles M. Pratt, of New York City, for a very 
fine lot of synaptas from Naples, without wliich the relation of the American to the 
European species could not have been positively determined. 

T H E  SYSTEMATIC POSITION O F  T H E  N E W  ENGLAND SYNAPTAS. 

On February 5, 1851, at a meeting of the Boston Society of Natural History, Mr. 
W. 0. Ayres (’81) described under the name tenuis a synapta which he had found 
abundantly in BoRton Harbor and also a t  Provincetown, Mass., and Stag Harbor, Long 
Islaud. He separated it from the European species on account of slight differences in 
the ‘4 hooks 7’ and ‘6 plates.” How little the anatomy of the animal was understood is 
shown by the description of the calcareous ring which he says consists L L  of 12 pieces of 
granulated structure, some of which are pierced with holes for the admission of water 

-in respiration.” The same year Pourtales (’51) read a paper a t  the ineetiug of the 
American Association for the Advancement of Science, in Cincinnati, ( 6  On the Holo- 
thuriss of the Atlantic coast of the Uuited States,” in which he described the common 
Now England synapta under the name girardii, but he says t h a t  the only differences 
he can find between it and the European H. inherens (0. E’. Mull.) are that the anchors 
are less curved and the plates more rounded. He seems to have been unacquainted 
with Ayres’s paper, which was presented three months before his own. 

In 1867, Verrill(7G7) refers to our common synrtpta tinder the name of tenuis, and 
proposes to make i t  the type of a new geuus Leptosynapta, “distinguished by their 
more slender form, the absence of prominent verrucae, fewer (12), shorter, arid more 

21 
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digitate tentacles, etc.,” from ‘!the typical species of synapta,” which LLIlir~e I 5  tenta- 
cles and prominent verruc:e.” This proposed genus has not been accepted by any 
writer on holothurians, because the form of the body and the prominence of the 
verrucae are so closely connected with the degree of contraction of the muscles that 
they are virtually worthless as characters, while the number and shape of t h e  tenta- 
cles dift’er in different species to such an extent t h a t  generic distinctioiis can not be 
based exclusively on them, Since Verrill proposed his genus Leptosynapta three 
species of synapta with normally 13 tentacles, one with 11, and two with 10 have been 
described, and species with 20 and 25 are also known. Doubtless the genus Synapta 
as at present constituted includes two or more natural genera, but Verrill’s genus 
Leptosynapta is not sufficiently well cliaracterizetl to stand. The same year in which 
this change was proposed saw the publication of Selenka’s (’G7) well-known mono- 
graph on the Holothurians. He pointed out that the name tenuis had been used for 
a synapta by Quoy & Gaimard in 1533, and accordingly suggests try~esii as a name 
for the form Ayres had called fenuis. He gives girardii Pourtales as a form from 
Cape Florida, evidently having read the original description hastily or carelessly, and 
he eritirely overlooks its sirnilarity to ten& Ayres. In addition, he describes a species 
gracilis from Boston Harbor, which, as Thbel (’86) has pointed out, is obviously based 
on specimens of tenibis Ayres, in which the calcareous bodies have evidently undergone 
some change due to the alcohol or other preservative used. 

In 1874, Verrill (’74) gives the common New England synapta the nime Lepto- 
synapta girardii, accepting Selenka’s objection to the name tenuis and recognizing 
the fact that Selenka’s names ayresii and gracilis are but synonyms of‘ Pourtales’s 
name girardii. At the same time he gives a very brief and hasty description of a 
species of synapta from the New England coast which he calls Ileptosynapta yoseola. 
Thirteen years later Lampert (’85) gives gracilis Sel. the rank of a good species, but 
places tenuis Ayres, girardii Pourt., and ayresii Sel. as synonyms under S. inhccrens 
(0. F. Mull.). He ignores Verrill’s roseola altogether,not even giving it the place of a 
synonym, though i n  his literature list he gives Verrill’s paper (1874) as containing the 
description of one new synapta. The following year Thi.el(’86) placed the names teniris 
and yirardii in the list of synonyms of inlmrens. He says of Selenka’s gracilis that it 
“seems very doubtful; doubtless identical with inAccrens,77 and of Yerrill’s roseola, 
“doubtless not a distinct species.” The very best authority on the group, Ludwig 
(?$a), gives gracilis Sel. and roseola Ver. as good species, but ignores tenuis Ayres, 
girardii Pourt., and ayresii Sel., apparently regarding them as synonyms of inl~ccrens. 

American zoologists heve generally followed Verrill in recognizing two American 
species of synapta, both distinct from the Europeau species, and the names Leptosynupta 
gi rard i i  and Leptosynupta roseola have been in common use in this couiitry. European 
zoologists, on the other band, have generally credited us with but a single species, and 
that one identic‘al with the common European form, inkccrens. A careful comparison 
of niimerous specimens convinces me that truth lies between these two positions. 
American zoologists are right in supposing we have two speciea, but European writers 
are correct in considering girardii identical with inhmrens. The identity of the two 
forms seems to me to be beyond question, for there are absolutely no constant differences 
in either the gross or microscopic anatomy. A comparison of anchors and plates, both 
in size and shape, shows that while the individual diffbrences may be great, they are 
entirely inconstant, and I could not find a single point by which the specimens from 
Naples could be distinguished from those collected a t  Woods Hole. 
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The name and synouymy of the coinmon white syiiapta of the New England ooast 
are therefore: 

Synapta inherens, (0. F. Mull.), Zool. Dan. 1779-1784. - Synupta teviuis, Ayres, Proc. Bos. Soc. Nat. Hist., vol. IV, p. 2. 
girardii, Pourtales, Proc. Am. Ass. Ad. Sci., 1851, p. 14. 
uyrcsii, Selenka, Zeit. f. wiss. Zool., 1867, vol. XIV, p. 362. 
gracilis, Selenlra, h i t .  E wiss. Zool., 1867, vol. XIV, p. 363. 

I,eptos~ynupta tmuis, Verrill, Trans. Conn. Acad., vol. I, p. 325. 
girardii, Verrill, Rep. ou Iuv. Aui. of Vineyard Sound, p. 422. 

The status of Verrill's Leptosynapta roseola is quite different, and I believe that it 
must be accepted as a valid species. I n  living specimens there is never the slightest 
difficulty in distinguishing between roseola and ipka:rens. I have never Been but one 
specimen in which the color alone was not sufficient to distinguish them, and in that 
specimen even a very superficial examination showed that it was roseola. Alcoliol 
makes the color differences even more marked, so thot in preserved material the t w o  
species are very easily separated. But there are three points in the microscopic 
a,netomy of roseola which serve to distinguish it readily froin inlhmrens, and on these 
three poiuts its claim to good standing as a species must rest: 

(1) The most important point is found i n  the radial p1,lstes of the calcareous ring, 
In innjimrcns these plates are about three-fourths as high as broad, and each is perfo- 
rated through the cell ter for the passage of the radial nerve. 111 roseola, on the other 
hand, tho radial plates are only about half as high as they are wide, aud they are not 
perforated, the radial nerve passing over the top qf each in a slialloui notch. At first I 
tliougli t this was simply R stage of development in the formation of the plate, but I was 
finally convinced that such could not be the case. No specimen of inhmrens, however 
small :ind immiiture, had a radial plate which was not distinctly perforated through the 
center, a i d  no specimen of roseola, however large, showed any condition beyond the 
notch. The difYerenc:es in the calcareous ring are sliown in figs. 1 and 2, plate 11. 

(2)  Tho calcareous spicules of the body wall present the second distinguishing 
characteristic of roseola. I n  form, proportions, and distribution of anchors and plates 

. I  could find no constant differences between the two species; aiid Verrill errs in sayiiig 
that in  roseola "the perforated plates are smaller arid 6he anchors relatively much 
longer, with R very slender elongated shaft." Careful measurements, with the aid of a 
cmmra lucida, of a large number of anchors and plates taken at  random in specimens 
of roseola arid inkwens from Naples and from Woods Hole, gave the following results: 

, I. - I- - 
Inhmrons, Naplos .... 177p 17+p I Inhi~ri+;u, :._.: 1 104 1 17+ 
Roseoln Mnss ....... 1 142 

~ 10 

Ratio of 
breadth 

to 
length. 

.10 
108 
11 

44p  .25 
49 .EO 156 .a2 OJ 
88 

fi  Ablirevintion f w  micron. ' 
111 A still larger series: 

Aserago Aserago 
length of loiigtli of 
anchor. plate. 

Spooies end loonlitg. 

. _______ 
Inlimrens, Naples. ................................ 

........................ I 1 Inhaarena, Mnssnoliusetts.. , 130 1 Roseoln, Massachusetts ................... _ _ _ . _ . I  164 1 131 j 
- - - _ _  -_ -~ - __ _- 

Ratio of 
plato t o  
anchor. 

.74 

. 78 

.70 

- -_ __ 

- 
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It would be absurd to attempt to make ally specific character dependent on such 
slight diBerences, but in the other calcareous particles in  the body wall, roseola dif- 
fers markedly from inhcerens. In the skin of the tentacles, especially on their inner 
side, we find in inhmens some small, simple particles, not a t  all branched (fig. 3). I11 
roseola these particles are more numerous and are always very much branched and 
perforated (fig. 4). In the longitudinal muscles of inhmrens are numerous small, 
round, or sometimes dumb-bell shaped, particles; they are never branched or perfor- 
ated (fig. 5). I n  roseola the concretions of t h e  longitudinal muscles are either 
C-shaped or perfect circles; more rarely they are soinewhat branched (fig. 6). These 
differences, though seemingly slight, are remarkably obvious and constant and no 
signs of intergradations were found. 

(3) The third characteristic of roseola is found in the size and shape of special 
ciliated funnels. In both species these large ciliaijed funnels seemed to be confined 
chiefly to the mesentery of the left dorsal interradius and occur singly every milli- 
meter or two. Semon (’87) speaks of two sorts of ciliated funnels in digituta, but h e  
does not seem to have observed them in inhmrens. I n  the latter species the large fun- 
nels are from 400p to 1 , 2 0 0 ~  high, and from 150 ,~  to 400p in diameter. Their shape is 
shown in fig. 7.  I n  roseola they are smaller and much more slender, measuring less 
than 300p high and 80p in diameter (fig. 8). 

In addition to these points of anatomy, there are noticeable differences in habitat 
between the two species; inhmrem occurs iu sand or sandy mud, or even in pure mud, 
less commonly along gravelly shores; roseola occurs on rocky or gravelly shores under 
stones or among the pebbles, and never in pure sand or mud. I have never found 
roseola except where there was sufficient iron present in the soil to give it a decidedly 
rusty color, and i t  has occurred to me that there might be some connection between I 
the very unusual amount of pigment developed in ro8eoZa and this excess of iron. 
Some specimens of inhcerens show more or less pigment when carefully examined, and 
several specimens among those received from Naples were as rosy in color as the 
average roseola, but none of them show any approach to that species either in the 
calcareous ring, the concretions in the body wall, or the large ciliated funnels. Until 
intergradations are shown and some better explanation is ofYered of the constancy 
with which these characters separate roseola and inhcerens, i t  seems to me they must 
be regarded as distinct species. As Verrill’s description of roseola is so incomplete 
and is also erroneous, I venture to give the following summary of its characters: 

Synapta roseola (Ver.). 
Leptoeynapta roeeola, Verrill. 
Synapta roeeola, (Ver.), ThOel. 

Rep. on the Inv. Ani. of Vineyard Sound, 1874, p. 422. 
Report of the Challenger, The Holothurians, vol. XIV, 1886, 

More slender than dnl~cerene and general appearance much more soft and delicate; usually much 
smaller, rarely exce’eding 100 mm. in length, even when eqtended. Body wall white or colorless, thin, 
but  thickly covered with verrucae, which contain numerous pigment grandee of a reddish color, 
giving 5 generally bright rosy color to the animal. The pigment resembles tha t  found in-S. digilata 
(Mont.) (see Semon,’87) in tha t  i t  is scarcely at all bleached by aloohol even after months, bnt i t  is 
entirely destroyed by acids or corrosive sublimate. Rarely the body wall is yellowish or pale buff, 
making the general effect reddish-yellow. Tentacles 12, eaoh with 2 or 3 (raroly 4) pairs of digits 
and with 7 to  15 eenaory cups on the inner side. Genital glands much branohed, and when filled with 
the sexual products very conspicuous through the pink Bkin. No 
cartilaginous ring. Calcareous ring narrow, the radial pieces not perforated for the p’tesage of the 
nerves, but  simply notched on the upper edge. Ciliated fiinnels numerous, of‘ two kinds; the largest 
ones, measuring about 300p high by 60,u in diameter, infrequent, confined almost exolusively to  
the left dorsal mesentery; the smaller ones meamre hardly one-fourth as m w h  in height but 

pt. XXXIX, p. 25. 

Polian vessel generally single. 
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EXPLANATION OF P L A T E  

1. Pari uf calcareous ring of S?/nrrptrf ~ I ~ L ~ I ’ ) . c ’ I L . s .  

2. Part of calcarenus r ing of S2/napliL loseolrr. 
3. Calcareous partlcles from the tentacles of S. i r r h r i ! w i i n .  

4. Calcareous particles from the tentacles of S. ,,iseolrc. 
5. Calcareous particles from the longitudinal muscles of S! lvurp t f r  

4 5 x .  6. Calcareous particles from the longitudinal muscles of .S!llq’trr 

7 .  Large ciliated funnel of Syiiiiptit iitlia.~cits. Seen from behind 

8. Large ciliated funnel of Syitrrplir i ~ o s t ~ o l f r .  Seen from in front. 

4 5 X .  1 I’OSefJkl. 4 5 0 X .  
4 5 0 ~  

450 i- . 1 2 5 X .  

idiccre?rs. 450 X  , 1 337x. 
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nearly as muoh in diameter. Anohors and plates not esseirtially different from those of inhmret~. 
Calcareous rods in the sides of the tentacles and in tho digits slightly curved and knobbed as il l  

inhcerens; besides these, numerous branched, curved, and perforated rods and plates occur abundantly 
on the inner surface near the base of the tentaclee. Calcareous particles ill the longitudinal muscles 
C or doughnut-shaped, rarely branched. 

This speaies occurs between high and low wa,ter mark in gravelly banks or on rocky beaohes, 
where there is oonsiderable iron in the soil. Usually found near the surface and often underneath 
rocks. 

PHYSIOLOGICAL NOTES. 

Contrary to previous experience and to several writers on holothurians, I found 
during the summer of 1898 that 8ynapta inhwens is very easy to keep in aquaria 
and roseola is about as hardy. On account of the greater abundance and larger size 
of the former, most of my observations were made o n  that species. When left in a 
vessel containing sea water only, the synaptas crawl about relltlessly on the bottom, 
and unless fresh sea water is supplied they soon begin to constrict off parts of the 
body, beginning near the posterior end, and after a time nothing but small pieces will 
remain, and these soon die. If the supply of aea water is abundant and well aerated, 
this process may be delayed some hours, but it usually occurs in less than half a day. 
When, however, there is a sufficient amount of' clean sand in the dish to allow the 
aiiiinals to burrow at will, they will live indefinitely if the supply of water is coii- 
stantly renewed. By filling glass jars half full of sand, one is able not only to keep 
synaptas alive, but to study more or less of their underground habits. I agree 
entirely with CuBnot ('91) in believing that autotomy is not normal or defensive, but is 
due entirely to pathological conditions. I never saw a case of it in synaptas supplied 
with plenty of sand and an abundance of sea water. The fact that portions constricted 
off can not live is good reason for supposing the process is abnormal. An excess of 
magnesium sulphate in the water cauws stupefaction and ultimate death, so that 
excellent specimens, either for laboratory purposes or for the cabinet, may be obtained 
by narcotizing with this salt and killing in strong alcohol or corrosive sublimate. 

Both species of synapta breed during the spring and early summer. The sexual 
glands are well developed by the last of April, and individuals with ripe ova may be 
found well into August. About the last of June or early in July seems the height of 
the breeding season at  Woods Holc. Personally I have had no success with artificial 
fertilization of the eggs, but Dr. W. R. Ooe, of Yale University, states that he has 
found no difficulty in fertiliziug the eggs of 8. roseola artificially, though he has made 
no attempt to carry their development beyond the segmentation stages. In that 
species the ripe genital glands show plainly through the body wall, and individuals 
in which the male elements fill the glands are easily distinguished from those in which 
the ova are mature. Further investigations into the breediug habits arid embryology 
of our two synaptas are very much to be desired. 

Synaptas burrow into the sand head first and almost alwaye go straight downward 
for 8ome distance, but when once completely buried, they turn in any direction up or 
down or on the horizontal plane. They can aiid do turn in their burrows, but as a 
rule they make new tubes when they come to the surface. They are seldoni still, and 
the old idea that they remained in the tube they have formed with their tentacles just 
above the surface is scarcely true. Sometimes they assume that position, b u t  seldom 
remain so very long. They rarely leave their burrows and come out on the surface of 
the sand, and I doubt if they ever do so under normal conditions. 

Passage through the sand is chiefly accomplished by means of contractions and 
extensions of the body, but is materially assisted by the tentacles. With the latter, 
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Number ___.__.... ~ _.._ _... 
Ratio of plate to anchor . .’ 

l Perrentinrreasriii lcngth. 
I Maximum length of nn. 
1 chor in each eection ..... 
__ ___ 

which are alinost continually in motion, the sand is loosened and the grains more or 
less separated. By the contraction of the longitudinal muscles the rear of the body 
is brought up nearer to the head, and then the circular muscles coritract and extend 
the body again. It is prevented from slipping back by the anchors, which are elevated 
by the contraction of the circular muscles and hold against the sand. Siiice the 
contraction begins next to the rear end and moves forward, the head end is pushed 
onward, the anchors there lying flat in the skin. 

This process of alternate contractions of the two sets of muscles is very obvious 
to an observer, and takes place very continuously, though not rapidly. In this way a 
synapta can move through the sand from 2 to 3 ceutimeters a minute, and an inlmrens 
of average size can get entirely out of sight in 5 or 6 minutes. One of the most 
remarkable provisions for the uee of the anchors in locomotion is their ~~auch greu,ter 
abundance and their considerably greater length in the posterior part of the body. The 
use of this is clear when one realizes how the rear of the body acts as the resisting 
base against which the rpnscles work ~ I I  pushing the anterior end forward. This dif- 
ference between the ancliors of the anterior and posterior ends of the body seems to 
have beeii overlooked hitherto, so great an authority as Ludwig (’98) saying of inhm- 
vens “Anker und anker platten differieren in vorderen und hiri teren korperabschnitt 
nicht merklich von einander.” In the same paper, Iiowever, he calls attention to the 
fact that in 8. digitata the anchors of the posterior end of the body are about 50 per cent 
longer than those in the anterior end. While the difference in inhmvens is not quite so 
great as that, yet it is very noticeable, being above 33 per cent. In both species there 
is a u  increase also in the length of theplates, but, as would naturally be expected from 
the passive part they play, i t  is not nearly as great. The following figures will bring 
out the condition in inhmrens very plainly. A specimen 14 em. long was ohosen at 
random and cut into seven approximately equal pieces, and in each piece LO anchors 
and plates, selected entirely at random, were measured with these results, No. 1 being 
t h e  most anterior, No. 7 the farthest back; measurements are all in microns: 

I 
No.1. No, 2. I No.3. No.4. 1 No.5. ’ No.6. I N0.7 

__ ___ 

- _ _  -- ___ 
‘04 1 145 ‘ 197 136 

.71 I ._... 
_. ~08+009 .Ol7 .23-1’41 .OOD --.077 -.03 -.07 

1,4 .68 1 - -I-- I== , 220 ’ 
i 141 j 124 ’ 153 134.5 1 162.5 135.6 164 138 202 157 

.R3 ...... .E4 . _... .76 ...... ! ._. 
!‘.OD .OS 

,157 i . . .... 
- - _ _ _  

155 ~ 171 1 178 1 197 1 220 
_- ~- __ ~~ ~ 



THE SYNAPTAS O F  THE NEW ENULAND COAST. 27 

Longtlr of lnngmt pinto posteriorly .............................. 
Percentage of inerense in ~ e n g t ~ i  of plates.. .................... .' 
A vornge length of auchors nnteriorly ........................... 

increase in the leugth of the auchors of the last two sections over those of the first 
one is over 40 per ceut. 

In two other specimens of inhawens and oue of roseola, also selected at  random, the 
following measurements in microns were made : 

InImwons ................................ 
Do ................................... 

llosoola ................................... 
Average of n Iiirge wries .......... 

10.3 1 14 ~ 86 
6 . 8  . 11.2 65 

12 23.6 96 ----_- 
9.8 I 16.6 I 59 

160 
226 

41 
144 
IO9 
17 

149 
134 
. 00 
200 
148 
.74 
33 
10 

160 
249 

66 
131 
178 
36 

140 
121 
.86 
220 
150 
.70 
57 
20 

I51 
195 
29 

125 
153 
22 

142 
118 
.83 
188 
115 
.77 
38 

23 

These figures prove conclusively that the anchors a t  the posterior end of the body 
are from30 per cent to 40 per cent longer than those near the head, while the plates 
only increase 10 per cent to 25 per ceut, and, consequently, there is a decided drop in 
t h e  ratio between anchors and plates in the two regions. 

Now, iu regard to the relative abundauce of anchors and plates auteriorly and 
posteriorly, the following figures show that not only are the anchors shorter near the 
head but they are decidedly less frequent: 

Avorage ~ Avorage 
i~itmher of I number of recent. 

I . . . . .  . . . .  I l ....... i d  

There does not seem to be any distinction in the size or. abundance of the anchms 
between the dorsad and ventral surfaces of the animal. 

Ssmon ('88) has expressed the opinioii that synaptas are not subtermliean in their 
mode of life, :tiid he bases his opinion largely on the color o€ S. dig i ta ta .  The question, 
however, does not admit of debate so far as inlmrens and roseola are coucerned, for 
not ouly do they never. appear normally on the surface of the sand either aloug shore 
or in aquaria, hut the arrangement of the anchors just described could only be of 
much practioal service in a close.fi tting burrow. The whole structure of the animal 
shows iuodification adapting it to underground life and the increasein size and number 
of the anchors posteriorly is one of the most interesting. When placed in a glass dish 
without sand, synaptas 8oon cease to contract the muscles of the body wall but drag 
themselves slowly along by means of the tentacles, thus showing that the anchors are 
of little use on a smooth surface. In  crawling by ineans of the tentacles, the glandular 
outside of the tentacle tips aiid digit8 IS used, so that many of the tentacles are 
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continually twisted around, making the process appear somewhat ?wkward. When in 
their tubes, however, the outer side of the tentacles would be most uaturally used, and 
i t  is by their adherence to that side of the tentacles that particles of food and sand are 
brought to the mouth. This use of the outer side of‘ the tentacles in locomotion was 
observed by Pourtales (’51) in the synapta from Florida, which he called S. vir idis. 

The New England synaptas seem to have organs of special sense of two kinds, 
olfactory and equilibratory or positional; 110 evidence of ability to distinguisli between 
light arid darkness could be detected and there are no anatomical structures to  whicli 
this seuse could be ascribed. The sense of smell is centralized in the cups on the 
inner side of the tentacles; that of position in the so-called “otocysts77 or 
organs. Semon (’87) has shown that X. inhcerens possesses the sense of smell, and 
similar experiments made a t  Woods Hole confirm his results. 1f.a piece of any rank- 
smelling substance is placed near the tentacles of a synapta they are immediately 
retracted and the head is turned away. Small bits of decayed starfish were used 
and i t  was found that the synaptas would avoid them even when they did not actually 
touch them, and they seemed to avoid sand with which decayed starfish had been 
mixed. While the experiments were not conclusive by themselves, they were satis- 
factory as confirmation of Semon’s work. 

In  regard to the so-called ‘Lotocysts ” more numerous and more careful experilneuts 
were made, with results which seem to show conclusively that these organs are used 
to show the posit,iou of the animal in the water or sand. Semon (’87) has demonstrated 
the fact that synaptas appear to have no sense of sound and no ability to detect eveti 
strong vibrations in the water. He, however, left the function of these LL~tocysts’7 
undetermined, but in a previous paper (Clark, ’98) I suggested that iu 8. vivipara 
they determiued the animal’s position in the water. Experinleiits on itilbcerens and 
roseola have fully coufirmed this opiuiau and there can no loiiger be auy doubt that 
this is their true functioti. I n  regard to their structure there is little to be added to 
Semon7s (’87) description, as i t  has not yet been possible to deuionstrate the cilia which 
line them. That they are lined with cilia, which are in coustaut motion, can be easily 
seen in the living auimal under the microscope. ‘The single vesiculated cell or 
“otolith” which each  tocys cyst'^ coutains may be seeu to be constantly revolving and 
never actually rests against the wall of the sac, but is kept out from it, apwrently, by 
these cilia. 

O u h o t  (,91) in his description of these organs says that there are L‘un grande 
nqmbre d’otolithes spheriques,’ in each “~t~ocys t ,~’  and Semoii (’87) sa’ys there are one 
or more (often six or more) “bl%ische~i’~ in each sac. I have examined a large number 
of living specimens of both inlmrens and roseola and I have never yet found a case 
where there was more than one. Whether these so-called otoliths are calcareous, as 
Cuenot thinks, or vesiculated cells filled with fluid, as Semon says, I have not been 
able to determine positively, though I incline to the latter view, as they do not appear 
calcareous when compared either by transmitted or reflected light with any undoubtedly 
calcareous body. But there can be 110 doubt that they are heavier thau the tluid which 
surrounds them in the sac, as may be readily shown by the following simple experi- 
ment: If a pair of the sense organs are cut from a living synapta and placed under a 
cover-slip and examined under the Iriicroscope, t h e  otolith will be seen in the center 
of the sac so long as the slide is perfectly horizontal. But if the microscope be tipped, 
so that the slide approaches a perpendicular position, the otolith will be seeti to Rink 
slowly to the lower side. (Owing to the reversal of upper and lower sides under the 
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microscope, of course the.otolith appears to rise.) If the slide be turned around 
slowly the otolith keeps constantly a t  the lowest point, though kept out from the wall 
and in motion by the cilia. 

In  the case of AS. vivipara I expressed the opinion that this otolith or vesiculated 
cell .floated in the liquid and by touching the cilia or sensory hairs a t  the higliebt 
point gave rise to sensations of changed position. NOW I am convinced that the 
inclosed cell does not float a t  all but always rests upon the cilia a t  t h e  lowest point, 
thus arousing new sensations with every change of position. That the animal is 
ail’ected by change of position was proven by the following experiment: Synaptas 
were placed on a piece of thin board which sloped sharply to the bottom of a dish of 
sea water. They always sought the bottom of the dish, no matter in what position 
they were placed on t h e  board. Not a single instance occurred of the animal crawliitg 
upward. A single synapta was placed on the board and after it was well started on 
its way down the slope the board was very gently reversed so that the lower end 
became the higher. As soon as the board passed beyond the horizontal plane the 
synapta would stop and as the slope became greater it would turn and s&rt back in 
the opposite direction, and every change in the slope of the board caused a reversal 
of direction in the movenient of the synapta. This experiment was tried a number of 
times and on diBerent individuals, but with uiivarying results. The change in the 
position of the board was accomplished with the least possible disturbance of the 
water, and no one mho saw the actions of the synaptas could doubt that it was 
the change of position which caused the change in the movement.of the animal. In 
the light of these facts and the entire absence of any evidence to show that sound 
vibrations of any sort can be detected by these or any other organs, it would seem out 
of place to speak of them as “auditory” organs or even as otocysts, and I suggest the 
name positional organs. 

A number of experiments were made to determine if possible the function of the 
ciliated funnels, and while the results were not entirely satisfactory they throw some 
light, I think, on the use of these curious organs. A large amouut of carmine was 
thoroughly mixed with clean sand and, after it had settled and fresh sea-water had run 
over it for a little while, half a dozen specimens of i?dmrens were placed in the dish. 
They lived in the brightly colored santl for one week’and were theu washed and killed. 
They showed a very decided pink tinge, which was due ,only in a very slight degree to 
the carmine attached to the skin externally. Microscopic examination showed that in 
the connective tissues there were numerous reddish-brown granules and these were 
most abundant near the lines of ciliated funnels. No such granules were ever found 
in synaptas living in sand free from carmine. 

While this experirnent seemed to indicate that carmine taken in with the sand 
was in some way absorbed and formed the granules, i t  does not show that the ciliated 
funnels were in  auy direot way coiinected with the process. Accordingly another line 
of experiments was begun, carmine mixed with sea-water or t h e  bodycavity fluid of 
other synaptas being iqjected directly into the body cavity by means of a fine canula 
through the body wall. Synaptas so treated were then killed at intervals of about 
twenty-five minutes for two or three hours, and then at intervals of several hours up 
to twenty-four. It was found that in a very few minutes the carmine began to gather 
along the lines of funnels and in a shorter or longer time, according to the individual 
synapta, the body would resume its normal more or less transparent whiteness, except 
along those lines which appeiwed as dark-red longitudinal stripes. An examination 
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under the rriicroscope showed that the funiiels were actualJy choked up by the excess 
of carmine, sometimes being almost buried in it. After a few liours these dark-red lines 
became less prominent and in it few days they generally were completely obliterated. 

Microscopic examiiiatiou of tlie various stages showed plainly that the ciliated 
funuelswere very closely coiicerneil with this change, and that with the disappeiirance 
of the carmine from the body cavity the reddish-brown granules appeared in the 
connective tissne. In spite of careful study and lorig search I was never able to dis- 
cover a grain of cltrniirie or one of the grtmules actually i 7 b  the stalk of the fuuiiel, 
yet in some way the carluiue must pass from the inside of the funnel into the body 
wall. Since it is aii uridoubted fact that the stalk of the funnels is solid and riot a 
tube, t h e  orily way by which particles could be conveyed from the cavity of t h e  funnel 
into the connective tissue would be by means of ‘‘ wandering cells,” and I believe that 
is the process which actually goes on. Semon’s (’57) view of the funnels, a8 “grosse 
und complicirt gebaute Lymphstomata der Leibeshollie,7’ seeiris to iiie a correct .one, 
and I believe they perform their excretory fuiiction not orily by sweeping up and 
collectiug tHe waste matter in the body-cavity fluid, but also, as Semon suggests, by 
acting as startingpoints for tlie movement of L.phagooytic7’ wandering cells which 
destroy or carry into the connective tissue of the body the waste matter collected 
by the funnels. I t  seems to m e  that iu view of these facts the ciliated funnels are 
evidently associated with the function of excretioii and i t  is proper to regard them as 
excretory organs. Cubnot (91) considers that their function is to keep up currents in 
the body-cavity fluid, but every movemeut of the animal starts new currents so that 
special organs for that purpose would be superfluous. 

A number of experiments were made to test tlie tenacity of life and the possi- 
bility of regeueration in syuaptlts, and the results shorn that inhccrens is not a very 
sensitive animal. If an individual is cut in two the anterior end will live and grow 
as well apparently as any normal specimen, but the posterior eud will only live for a 
few hours, or perhaps a day. So far as I could see, the oiily reason for its death wits 
its iuability to take in food; and I am iiicliried to think that i f  food could be provided 
the posterior half would live a8 well as the anterior. I t  seemed to make no difference 
whether the bisectiori occurred iiear to the head or far from i t ;  the head always lived, 
arid in  the course of two weeks Would show pe’rceptible signs of growth, All that 
seemed to be necessary W R ~  the mouth and a small part of the digeative tract. That 
it was not the tentacles wliicli were esseiitial was shown by the fact that synaptas 
lived all right without them. Two or more tentacles were cut from a number of syn- 
agtas-in two cases every oue being removed-yet they all lived and burrowed in the 
sand with more or less ease; and uot only did they live, but regeneration began at  
once, so that in two weeks the riew tentacles were large enough to bear ft digit 011 

each side. A t  first 1 thought the nerve ring was the essential part,,but that seeInR tto 
be doubtful, for the nerve ring was carefully and coiiipletely severed in a synapta 
without apparently causing any incotivenience. In other specimens it was cut in two 
or eveu three places, but with the same result. 111 no case were any serious efi’ects 
shown, aud the animals lived and burrowed in the sand with apparently as much ease 
as ever. 1 made no iriicroscopical examinatioii to show whether the nerve ends 
reuiiited or not, but the cuts apparently healed ia a short time. The most striking 
fact was that with the cutting of‘ tlio ucrve ring there was not the least evidence of 
any lack of’ coordiriation in the movements of the teutaclea, nor of tbe  muscles of the 
body. 
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CONCLUSIONS. 

For the sake of clearness and conciseuess the results of these investigations may 

1. The common white synapta of the New England COaRt  is 8. inhmrens (0. F. 

2. Verrill's genus Leptosynapta can not stand. 
3. There is a second species of synnpta found in suitable places along the New 

England coast easily recognized by it,s reddish color, 8. roseola Ver. 
4. 8. roseola Ver. differs constantly from 8. inkwens in the calcareous ring, the 

deposits in the tentacles and longitudinal muscles,. and in the large ciliated funnels. 
5. There are no important differences between the auchors or the plates of the 

two species. 
6. The anchors are of real use to the animal in moving in its burrow, and those 

a t  the posterior end am most so. Accordiiigly we find they are there longer, larger, 
and inore abundant. 

7. The so-called otocysts are not auditory but  are undoubtedly positional organs. 
8. They never contain but a single otolith. 
9. The sensory cups OD the tentacles are seemingly olfactory organs. 
10. The ciliated funnels are large and complex lymphstomata and may properly be 

11. Eegeneration takes place readily and rapidly in synaptas where the mouth 

be summarized as follows : 

Mull.). X, girardii Pourt. aud N. tenuis Ayres are synonyms of that species. 

called excretory orgaris. 

a i d  part of the adjacent digestive tract are left intact. 

Anaherst, J!los.v., October, 1898. 
AMHERST COLLEGE, 
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SCUP (Steiiotonzus c l w ~ ] s f ) p )  Three views of the same fish taken while allve in the aquarium of the Unitod 
States Fish Commission at Woods Hole, Mass 



Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

____ ~ ____. 

Corun1ou unnio. 

Wintor flounder ........... 
suuinwr iIouudor .......... 
Hog cholror ............... 
T:cutug .................... 
lornood.. .................. 
Squirm1 huko.. ............ 
Hnko ..................... 
Sua-robiu .................. 
Soa.robiu .................. 
Putfir ..................... 
‘l‘ond-fish .................. 
Stloklobaeic. ............... 
Cumor. .  .................. 
Pipo.tisll.. ............. _ _  .. 
Sou bass ................... 
Ihitt,or.liah.. ............... 
lttil\ilor.iisli.. ...... *. ..... 
sc:np ....................... 

I !  

_____ - . - -. .. 

‘THE GAS-BUBBLE DISEASE OF FISIH AND 1‘TS CAUSE. 

. 

iJat,l~y~uotrii 

Fatliro?iis. 
Pseudo ileuroiioctoa nmoriciiuus .......................... 1 to 30 
~ u r a l i c h t ~ i y a  c~outntus ............................... , .... 1 30 
Aehirus fuaoiutus.. ... ., .................................. 1 30 
Tuutoga oriitis ............................................ 1 30 
Microgadustolocod ....................................... 1 Ib 
Uropliyois t,onuid ......................................... 1 :loo 
Uropliycie elinas .......................................... 1 150 
I’riouotiia aarolinua.. ..................................... 5 80 
l’riouotus atrigatus.. ..................................... b 80 
Sphoroiclus ruuculutua.. ................................... 2 10 
Opeanus tnu .......... ._. ................................. 1 8 
Gnstorostcus bia ,inosuR .................................. 1 5 
laiitogolnbriin tdsporsus ................................. 1 35 
Sipllostonm Alsourn ....................................... 1 100 
Coutropristoa strintus .................................... 1 40 
Illiombue t,riacantlius:. ................................... 3 10 
P~ilinuriclitliys perciformiu ............................... 1 
Stunotomns ;llrysopY ..................................... 2 20 

Soiautifio nume. I--- rllllga. 
.- -. ..... 

r .  

- . 

BY F. P. GORHAM, A. M., 
Assistad Pro fecsor of Biology, Browa Uiiiversily. 

For several years i t  has beeu noticed tlmt marly salt-wtiter iish wheii kept ill 
aquaria develop, after a longer or shorter period, a disease which is first iuaiiifestecl ill 
the formation of vesicles of gas ou the fins or otlier parts of the body. Theso vesicles 
gradually increase iu size and number, and finally invade all superficial parts of the 
animal. The fins, orlo after mother, become aftxted, m c l  the vesicles frequently forill 

111 the eyeball, beueath the u o r ~ i e ~ ,  or in tho loose connective tissno of the orbit, so tllat 
tho eyes are forced froin their sockets; less frequently tho bubbles gather boimtll  the 
iiiucous membraue liuiug the Iriouth aiid gill-arches, or boneilth tlio intcgamout, lmrtic- 
ularly dong the lateral line, so that the scales are raised from the surface. The pros- 
e11ce of these vesicles ofteri disturbs the equilibriuui of the fish so that i t  swims about 
with its head elevated, or, more frequently, directetl clowiiward or tilted to one side. 

The disease lias beoii noticed only iu fish kept ill the aquaria. I t  Bas not beoil 
fouiid in specimens taken from the sea, uor has it been observed in fish kept in ‘icars” 
iu deep water, nor in those retained in ~ i p ~ ~ ~ d ~ , 7 7  tlie water of whicli is from 6 to  12 
fcet in depth. Tlie affected fish live a shorter or longer time after tlio -\wicles begin to 
q)pmr, some succumbiug iu a few hour&, others rosistiug tho disease for several weeks. 
Young “puffers” usually die in less than 24 hours after beiiig placed iu the aquaria, but 
several scup lived for weeks after their eyes had actually dropped from their sockets. 

Tho following fish were aiTected by the disease during the spring and suminer of 
15‘38, and the list iucludes all the fish, with two escoptious, which were kept i n  blte 
tquuria of the Fish Oommissiori a t  Woods Hole, Mass., from March to September: 
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The following invertebrates showed signs of the disease : Squid, naked mollusks, 
scallops (Pecten tenuicostata), hydroids (Paryplm crooea). Squid egg-sacs and some of 
the green algte also developed internal bubbles apparently of the same nature. 

Minnows ( Fundulus heteroclitus and Cyprinodon variegatus) and skate8 (Ruja 
erinacea) in no case were affected. 

In  most fish the disease manifests itself first on the fins, but in the scup it attacks 
the socket of the eye and gradually forces the oyeball from the orbit (plate 12). I n  
the adult puffer the dorsal fin is first attacked; in the young puffer the base of tlie 
tail. I n  the pipe-fish the bubbIes appear about the snout arid later spread to other 
parts of the body. I n  young winter flounders (about 1 centimeter long) the body 
cavity frequently contains a large bubble. 

The disease is not confined to the aquaria a t  Woods Hole. Mr. L. B. Spencer, 
who is in charge of the Battery Park Aquarium in New York City, writes me that he 
has noticed it there for several years. 

From the appearance of the fish, from the rapid development of the disease in fish 
introduced into the aquaria, aud from the nonappearance of the disease in fish outside 
of the aquaria, i t  at first seemed to me that the aquaria had become infected with some 
disease-producing organism, that the organism was a gas producer,” and that it 
spread rapidly through the tissues of the fish and produced the gas which collected as 
bubbles in various parts of the body. With this idea in mind tlie task of finding, 
isolating, and studying the organism was begun. 

All of the tissues of the fish were searched thoroughly .for foreign organisms; 
hundreds of cultures were made 011 the ordiiiary arid also on special media, such as 
fish-bouillon, fish-gelatin, and fish-agar. The cultures were kept warm, cold, and at 
the temperature of the water in the aquaria; cover-glass 6‘ smears” were repeatedly 
examined; but all to no purpose. Not a sigii of any pathogenic orgaiiism was found. 
The only pathological change noticed in the tissues was a remarkably emphysematous 
condition of epidermis, muscles, connective tissue, fat, etc., in the neighborhood of the 
vesicles. I became convinced that the disease could not be attributed to the invasion 
of micro-organisms. 
. Two pheuomena suggested a new line of inquiry: (1) None of the small shallow- 
water fish developed bubbles; (2)  the deep-sea fish when brought to the surfhce by 
line or dredge often show a protrusion of the eyes and* an expansion of the tissues, 
comparable to the conditions under consideration. Could not the disease be the direct 
result of the reduction of pressure upon the tissues of the fish, a reduction which 
must occur when animais habituated to a life in deeper water are compelled to 
live in the Sliallow water of the aquaria? 

To answer this question the following experiment was made: Several young A C U ~  

were placed in water in a flask; the air was then exhausted from above the water, 
thus reducing the pressure. As soon as the pressure was at all diminished, the fish 
immediately sought the bottom of the flask, heads down, and made every effort to 
seek deeper water and thus regain their normal pressure. By their coutinued struggles 
they soon became exhausted and came to the surface. The atmospheric pressure was 
then restored and they became quiet and swam about naturally. The reduction of 
pressure was repeated three or four times a t  intervals of 30 minutes. After the 
experiment the eyes of the fish showed well-developed bubbles: The experiment was 
repeated on the following day, with the same fish, with the result that the bubbles 
enlarged until the eyes began to protrude. 
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Other experiments, indicated in the following table, were niade : 

Scup (5 om. long) .................... 
Sumo l i d i  ............................ 
SW]I (5  CUI. long) .................... 

I Son-robin (6  em. lonrrl.. .............. 
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IIra. Afins. 
1 o 
1 0 
1 12 
3 40 

Fish. 

Total lenpli o 
time subpctec 
to roduciion o 

atmosphoric 
prossuro. 

Son.robin.(ti cni. lousj ................ o 14 
Piiffor ............................... 4 4 
Minnow (Oypr imdon varicgatzrr) .... 6 0 

ltounlts. 

Uubblos i n  oyos. 
lhibblus oiilrirgod ; CYCH proisudo. 
One eyo S ~ O W N  buiitlea 1111d iioinorrliagc. 
Ihibbiea OII pcotorul fin aud ou "feelers." 
Biibblos on lowur jaw. 
Biibblos on tail. . 
No change. 

Normal fish wem kept as controls in a11 cases and showed no change. Wlienever 
scup were subjected to this reduction their eyes were affected first; bubbles formed 
and the eyes protruded in much less time, but in exactly the same way as in scup 
placed in the aquaria. In the young sea-robins bubbles appeared on the pectoral fins 
aud 011 the finger-like appendages, while in the young puffers they appeared at tho 
base of the tail. I n  all these cases the parts first a,ffected were the same as those 
subject to the disease in the aquaria. The minnows unaffected in the aquaria were 
unaff'ected by the removal of the atmospheric pressure. . 

Now, the question iiaturally arises, will the increase in pressure improve the 
condition of the fish already sutforing from the disease? Small scup taken from 
the aquarium, already showing protrusion of the eyes and bubbles on the head and 
fins, were subjected to a pressure equal to 16 feet of water. In 24 hours many of the 
bubbles had disappeared, and the eyes had returned to their normal conditiou. 
Under this treatment putfers recovered from a dccidodly diseased condition iu 34 hours. 
Thu data of these experiments may be tabulated as follows: 

Fi8h. 
1 Len Yt;octocl th of t i m  to 

ressuro of lo  
oet of wator. 

Hauro. 
24 Scup with bubbles on hoad ......................... 

Scup with rotrodoil oyo ........................... 
sou wit11 Eabbles on jicnct nnr1 protruclocl oyo ..... 
pn&rs (3.5 em. lour). ~i ibblos  at  bas8 of tail. _. _. 
l'uffor (3.5 om. l o i i g ~  J%ubblorron dorsnl fin.. ....... 24 
Puffer (3.5 om. long). Bubbles on CYO niid on fin.. .. 
I'nffor (3.5 cin. long). Lnrgc bubblo uudor right En. 

l%ubblos disapponred. 
Eye iionrly normal. 
Entirely normal. 

Do. 
Normal. 
Eye noarly normal. Btibblos 

Normal. 
on fln disapponred. 

Oontrol animals cllecked the results of these experiments. 
Iu both the reduced and tha illcreased pressure experiments above tabulated 

Youug fish were used, but whenever adult auimals were employed similar results were 
Obtained. 

The change in pressure which fish must undergo when transferred from the ocean 
to  aquaria is not small iu amount. We have only to consider that at the surface tho 
Pressure is about 14.7 pounds per square inch, mid that for every foot in depth it 
illcreases a t  the rate of 0.445 pound per square inch. At a depth of 5s fathoms the 
1)ressare is just double that a t  the surface, and at a depth of 300 fathoms it would. 
amount to over 800 pounds. 
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Now, as may be seen by referring to the table of tlie depths from which the fish 
under consideration were taken, a reduction of pressure must take place wheii fish 
are con’fined iu  shallow aquaria. Their tissues relax under the reduction, and any 
gas present must expand. Since, according to the law of the expansion of gases, a 
volume of gas occupies just twice the space at  the surface that it does a t  54 Sathoms, 
i~ fish drawn from 300 fathoms to the surface must suEer an expansion of its contained 
gases to over 56 times their original volume. 

Gas is preseiit in all fish, in the alimentary tract, in the air bladder, a u d  in the 
blood aud other fuids of the body. As this gas expands and seeks an outlet the 
tissues are loosened and toru apart; the intestine and air bladder are greatly disteuded 
and perhaps ruptured, the circulation of the blood is impeded or stopped, and 
vesicles of gas fern1 in various parts of the body. 

These phenomena have been noticed Sor a long tiine in fish taken from great 
depths. Such fish are usually dead when they reach tlie surface, their eyes are pro- 
truded, their air bladder is ruptured, their intestines are everted from mouth or anus, 
arid their scales are often lifted from the skin. The greater the depth from which 
they come the more pronounced are the changes. So great is the pressure to which 
some of the deep-sea tish are subjected (17felanaplLneu b e m i i  froin 2,949 fathoms sustains 
a pressure of 3.9 tons per square inch), that the structure of tlie bones, connective 
tissues, aiid niuscles is peculiarly modified. Even in fish taken froin 15 or 20 fathom 
oiie may note tlie protrusion of the eyes, the eversioii of the intestine, and the noise 
of’ the expancling gas working through the tissues. 

We are thus led to the conclusion that the “gas bubble disease’, is caused by a 
reduction of pressure. Naturally, the disease has uever beeii noticed except iu  the 
aquaria; normally shallow-water fish are never afl’ected, slid the greater the normd 
depth of a fish tho more severely is it affected. Occasionally certaiii deep-water fish 
voluntarily seek the snrhce, but i t  is only when they can not returii to deeper water 
that the chaiiges brought about by the expansion of gases become evident. 

It is interesting to compare these changes in fish with those observed in higher 
animals when subjected to alterations of‘ pressure. Animals at tlie surflace of the 
earth are subjected to an  atmospheric pressure of about 14.7 pounds per square inch. 
When this pressure is diminished or increased, physiological changes result. Moun- 
tain dimbers, at a11 elevation of 9 miles, suffer from iricrceseii rapidity of’ respiration, 
quickened pulse, painful, throbbing headache, iioy of blood from the nose, eyes, and 
mouth, nausea, and vomiting. On the otliur haud, whea the 1)ressure is increased to 
from BO to GO pounds per square inch, as in caissons, workmen experience an annoy- 
ing sensation about the tympauum, an irritation of tlie skin called tlie “puces,” aii 

alteration of the voice, deep, slow, and easy respiration, active digestion, an absence 
of thirst, and an increased secretion of sdiva and urine. ltoturn to normal pressure 
has the sanie o&ct as goiiig into rarefied air. The “puces” is replaced by a chill, 
respiration beconres dificult, the pulse is rapid iintl hard, there are paiiis in tliejoiuts aiid 
iiiuscles, and persistcut cramps, paralysis, and couia are frequent; death may result 
in a few minutes. In such cases autopsies have shown congestion of the viscera, 
einphysematous spots on the lungs, and other indications that the blood contained 
bubbles of gas.” 

“I aui imlebted to  Mr. Fr‘edcriclc T. 1,uwis for calling my nttention to thoso facts. See “The 
physiological cll’cctu of’ comprossud air,” in the Boston Medical ant1 Surgical Jourual, October 6, 1898. 

________ ___ __ - ___ - _ _  ___ ______ .__ 



THE GAS-RUBBLE DISEASE OF FISH AND ITS CAUSE. 37 

Elsperirnents have shown that uriiler compressed air the :tinonnt of oxygen absorbed 
by tlie blootl increases with the pressure, according to the h m  of the absorption of 
gases. It may be the liberation of this oxygen and other gases iiricler recluced pressure 
that caiises death in  tlie :shove c:~ses. 

In recordiiig experiments iipon the intlueiico of high 1)ressures npoii various 
aiiinia1s, Monsieur 1'. I<egn:trd says : IF 

A fish withoiit ab nir blnddor, nr nno iii wliicli tho air b1:uldor lins bcen oiriptiotl of g : ~ ,  cnn bo 
8ilbmittod t o  n pressure of' 100 ntmnsphercs, 1,470 pounds pur sqiinro irich, withoiit injury. Wlioii 
the iiir blnclcler is not oinptietl II, very uiirioiis plienoiiinnnn is obsorved. IJridcr prossiiru of 8ovcr:~l 
:ltinospheres tho pis of tho air bladder clissolvos ii i  tho blond, mid at t h o  momont of tlocomprcssinn 
it sncltlenlg bccornes disrngngod in  tho Iilootl v e s 8 ~ 1 ~ ,  f'orniing a fonni wliicli stops all circuhtioii, nnd 
tho nilitriel dios; for t,lm mmo rcnsoii fish dr:iwn from tho (Ieptlis of tilo 8rn are de:d when they rciich 
the surface. 

The beitring of this m:btter of pressure on geograpliical distribution slioiiltl be 
consitleretl. It iniglit seem that there are no barriers to iiiiiversal distribution in tlie 
sea save tliose indicated by the isotherms, but the isobars must indicnte tlie 1oc:btion 
of' enbctnal barriers for certain species. 

Sirice eveii slight changes of pressure are detrimental, and each fish swimming in 
the sen tends to remniii a t  about one level, i t  is reason:iblc to suppose that wlieii a fish 
leaves this level the cliffereirco of pressure becomes uuconifortablo aiid tliere is a 
toildency for it to return to its uornial habitat, Tlie air blndcler is at present considered 
liot mi organ nncler tlie iuiluence of the muscles of the fish, by means of wliicli i t  alters 
its specific gravity, but rather :I cle1ic:tto gauge, which notifies tho animal of changes 
of pressure above or below tlie normal. 

Were a fish to pass too far beyond itsnormal depth, either up or clomn, tlio cxpansion 
or contraction of tho gas of tlio air bladdcr mould so chango the specific gravity of tlie 
animal that its muscular activity would no longer bo able to cope with the upward or 
downwaril toiidoncy, aiid tlie fish mould be carried to tliesnrfaca or the bottom. Thus 
t l ~ e  very presence of au air bladcler works the destructioii of tlie fish. Cnses are 
reported where deep-sea fish liave come to the surfaco i i i  this may, evidently linving 
b ~ c n  carried too far from tlieir normal level in struggles with tlieir prey. 

It is true that slight changes of level may be brought about by the secretion or 
absorption of g:ts by the malls of the air bladder. That the ~valls of the air bladder 
secrete m d  absorb gas has beeii shown by experiment. 1. have rcpuutedly cniptied the 
air' b1:iilders of fish and found a sinall ainoiint of gas secreted i n  24 hours. But this 
Process of secretion and absorption is relatively slow, ant1 perinaiicnt changes of 
habitat coulc1 be brought about only very grailu:i~ly; nioreover, only very sliglit 
changes arc possible for cach species. 

Thus me see that fish are surrounded by barriers of pressure, and that c:wh species 
a1ld probably eacli int1iviilu:LI is coiistrained to roiiiain at a certain IcveI, and the 
restricted distribntioii of certain fish is thus explained. 
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THE CLAM PROBLEM AND CLAM CULTURE. 

BY JAMES L. KELLOGG, 

l‘roJessoi* of Biology in WiZZiams College. 

A t  the present day the public seems to recognize quite fully the value of the work 
of our fish commissions-State and national. They know that through the artificial 
rearing of young shad from the egg the United States Fish Commission has saved 
our shad industry on the Atlantic coast from inevitable ruin. T h y  have also seen 
tlie direct benefit, in thousands of instances, of the stocking of inland streams and 
lakes with fish wliich have been hatched and cared for until they were old and strong 
enough to care for themselves. There does not, however, seem to be so general an 
appreciation of tlie fact that the shellfish-the oysters, clams, and scallops-of our 
eastern coast also nced to be very carefully conserved in the immediate future. For 
some years past there lins been considerable study and discussion of the artificial 
inethods of oyster propagation, and in some of the North Atlantic States, especially 
Rhode Island and Connecticut, ‘( oyster farming ” lias been the means of saving the 
industry. But the oyster question is not yet solved, and much remains to be done i l l  

the clevelopment of new methods of artificial propagation, if the supply 1s to meet the 
increased demands of the future. The appropriations for State and national commis- 
sions are much too small to allow extended investigations along these lines, though 
public money could probably not be expended with better results to the whole people 
than in this way. 

Quite unexpectedly we are confronted with a new problem. Over the greater 
part of the New England coast the supply of clams has suddenly diminished to an 
extent which has become alarming. Extensive areas which four or five years ago . 
produced great numbers of clams are now practically barren. The explanation is 
simply that the demand has increased a t  such a rate that  too large a number of the 
natural “seed” clams have been removed, aild extinction sudclenly follows. The beds 
Should recover themselves quickly, but one man, in wandering. day after day over 
an area of many ncres thus impoverished, is easily able, by digging up the few large 
clams which he may find here and there, to absolutely prevent the possibility of 
establishing a new supply. Not only are the larger clams now sought for, but in 
some localities those which will measure little more thrtu one inch in length are dug 
IIp and sent to market. The demand is increasing and prices are rising.” When a 
certain locality is exhausted, the amount taken from others still productive is conse- 

.____ - ~ _ _ _  
* Largo clams sell in tho Fultoii iiinrlrot for 6 conta apiece. 
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quently much greater. We may thus understand why the calamity-for such i t  really 
is-has sutltleirly fallen. 

Iii oertaiu localities, of course, this exhaustion of the clam beds took plt~ce many 
ye:m ago, and it is interesting to iiotice that, for the reasons given above, they have 
ever sirice remailled practically barren. The history of one of these regions demands 
especial attention, beiiig particularly instructive a t  preseiit, because a coiisiderable 
efl'ort lias beeii made there to  reclaim the barren flats. 

A t  the mouth of the Essex River, just nortli of Gloncester, Mass., are some very 
extensive flats, upon mliicli immeiise iiuinbers of' clains were formerly Sound. Several 
yc:w ago tliesc flats iverc rendered practically unprotluctive through excessire tliggiiig, 
and have reniained so uiit,il the present time. About ten years ago the only serious 
experiment a t  cl:im culture of which we liave any record in this country was atteniptetl 
liere. It proved to be a failure, and yet the reasons for the failrirc are easily found, 
and the fact is demonstrated that tlie methods eiuployed mould have been en tirely 
.suocessful if the experimenters had been protected from outsiders aiid from each other. 

In the report of the United States Commissioner of Fish and Fisheries for IS04 
mc find the following reference to the Essex experiment, quoted €rom Mr. Ausley 33 all : 

I fouiid qiiitc an interesting feature in  connection with t h e  clam fisheries at lh30x, Mass., in  the 
shape of' clam cultiire. In 1888 an act was passed by tlic legislature authorizing the selectmen of tho 
tomii to stake off, in lots of I acrc or less, each of the  flats along tho Essex River, atid let thoin to persons 
desiring to  plmit clanis, for a rental of $2 per acre or lot for five years atid mi additional fee of 50 
milts. 'I'hiis far 3'74 acres Iiavc bcoii t:dtcn up and socdod with clams. Sinal1 clams are dug on tho 
n:itnral beds and p1:inteil on these hitherto unprodiictivo flats. Mr. J. Bennett Fuller states that 
about 600 bushels arc m p i r e d  to  platit an acrc propcrly. Diiring tho first two ycnrs (1889 mil 1890) 
tho peoplc were slow to  a w i l  tlicmsclvcs of tho privilege of planting for fear that  after they liad 
Rpeiit tlicir time : u i d  hbor they would not, be :iblc to  seciire protection from trespassers. But in  1891 
atid 1892 lots wcrc obtaincd aud planted. Tlic priucipal dilliculty encouutcred Iias boon tlic 1 0 ~ s  of 
c~airis 1,y tlic snnd wasIiing ovcr thcln, the Iiottoni in soiiic InbrbIitics boing soft and shifting. 111 1892 
there were 26 :icrcs that  moro qiiitc productive, about one-third of tlio etitiro catcl: of tlic Rection 
bcing o1)taiuod froiu thcui. Tho catch from these lots is not clcfinitely known, but is estiuiatcd at 
about 2,500 barrels. 

'Hie cwltivxted clarus posscsfi some advniitagc over tlic natural growth from tlie fact tliat they arc 
moro nuiform iu sizc :wd :wc :IS largo :is t h e  besk of tlio natural claiiii. They bring $1.78 per h r r c l ,  
wliilc the natiir:~l claiiis sell for $1.50 per barrel. This is tlie pricc received by thecatchors. 0110 acrc 
nf tlicsc c lan i~  is coiisidered to bo worth $1,000, if well sceded and favorably located so as not to  bo in 
danger of being subiiierged with s and. . Tliis valuation mould bo too high for an average, Hinco all tlie 
acres arc not cqri:rlly mcll seeded and located. Tho clarriiucrs are gonorally iniprosscd thaf; tlic indus- 
try can bo cxteiisivoly and profitably ilevcloped, rind their only fcar is that  they mill not bo able to 
securolots pertnnnently. The grcatcr part of tho land available for this purpose is covcrcd by tho tloods 
of people owning farms aloug tho river, aiid tho consont of tho land-owners htbs to  bo obtained before 
IOhY can bo takcii up. It seeins probable, Iiowcver, that  the business will continuo to  progress nnless 
checked by coniplicatioiis tliat may arise rclativc to  tho occupancy of the grounds. 

This report is in the main correct,, but there are some points in  which i t  seems to 
be in error. Perhaps its author in stating that the liats were previously unpro- 
ductive did not mean that they had always been so. The testimony of the olcler 
inliabitauts is that at oiie time most of the flats, and the river banks back to the 
town of X;ssex, were covered with clams. 

Another statement is that marly planted clams mere lost by shifting sand. I n  
one or two instances trouble of this kind occurred on sonic of the river clam batnks, 
but i t  was very iiisignificant,coiisidering the total area, seeded. For the last two 
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years at least, so far as I $111 able to determine, there lias been very little cliange i i i  
the contour of the flats. There has h e n  sowe shifting of sand aiid extension of tho 
thatch pla~its, but these changes have beeu relativoly unimportant. 

Very much less tliaii tlie estinieted 600 busliels were put upoii mi acre of ground, 
ant1 the clammers generally believe that half of that amount woiilcl be snflicierit. As 
:L matter of fact, few of tlie areas leased were properly planted, aucl for this aud other 
reasons all estimates of tlie amounts mliicli sliould be obtained as a resulto of plaiiting 
under tlie most favorable circuinstniices arc of little value. 

As stated i n  llin report, tlie cultivated clani rapidly became largo and uniform in 
size, and lieiico had a high marlret value. 

We Iiave much evidence that tlie clmn industry in Essex lias in tho past beeii 
esteusivn. From a curious little volume, which was published in 1868 by a locd  
clergyman, 011 the “History of the Town of‘ Essex from 1634 to lSGS,” I find the 
followjng paragraph : 

For tho last twenty yoars * about 50 mon aud boys havo bcon omplogod, chic:fly in tho spring 
and fall, in iliggiug clams for fishing bait. For this purpose the clam flats in oach town (Essox and 
Ipswich) aro, by law, free t o  all ita rosidents, aiid to no others. Fivo bnsliols of clnnis in the sholl, 
i t  is usually reckoned, nialto oue biishol of ‘‘ meats”; tiboiit 24 busliols of the latter are put into oach 
barrel, and this quantity :in able-bodied man c:in dig in tlireo tides. One bnshol of dry salt is used 
for ooch barrol. l)oring this poriod of twenty years about 2,000 barrole of clame have beeu dug 
yearly, on tho average, and eold at nu avcmgo price of $6 per barrel. Deducting tlie cost of the 
barrel, $1, and of tho salt, 75 coiits, the suni of $4.25 por barrol, or $8,500 por year, has beon earnod in 
this busiiicas. 

Mr. J. 13. Puller, a11 old resident of Essex, has this to say of the former industry: 

Whuii I wa9 $1. boy thoro wore about 100 inon who wore rnnliing n business of digging clams in 
ICssex, whilo to.day thero are not 10 who got tlioir whole living by it .  I n  thoso days a iuan cotild 
nialto from $2 to $5 and BOITIO times $7 or $3 a (lag. Now thoy obtain froin 50 cents to $1.50 per day, 
withjust as mauy acres capablo of bearing clams as formerly aiid with a much bettor nmrltot. The 
dci~~aud,  d s o ,  i R  rapidly growing. Then, agaiu, tho amount of labor nom I N C ~ S B W ~  is only about two- 
thirds of t h t  formorly reqiiirod, for tlioti CISUIS uHiially had to bo talcon out of tho fihell, aiid now 
they aro sliippod aa they aro takeii from tho boil. 

The bait has beon insrkoted chiefly in Gloucestor. 

Mucli more testimony of a similar cliaracter may be hac1 to shorn that the flats, 
once very productive, have almost entirely failed, and in spite of the effort made to 
reclaim them. 

It is iiot difficult to determine the reasoxis for the failure of tho cultiire experimcnt 
a t  Essex. The areas upon which clams were planted were those which were at the 
time unproductive. The beds still cou taining clams-the “town flats’7-were free to 
any native of Essex. The o m  thing which was absolutely necessary to the success of 
any planter was that the clams on his leased ground should not be disturbed by other 
diggers. This protection was appareutly not given in aiiy case by the town autliori- 
ties, aiid, as 110 persou lived within siglit of tho majority of the beds, it was quite 
impossible for any 1nax1 to guard his property much of the time. 

As to what followed it is not easy to obtain definite testimoiiy from the clammers 
themselves. Other citizens of‘ the town, homever, and so1110 few clninmers, iiitiuiate 
that most of the inen began to take clams from auy property but their own, and that 

* Prevumnbly datiug from 1868. 
- - __ - __I__ 
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in this way tlie full result of no man's labor in planting was ever realized. Others 
who did not make clam-digging a regular business, but only dug occasionally, are 
said to have had no respect for the rights of those who had leased property. It was 
said that at times when vessel builders and the shoe factoryreleased employees, many 
of them, for lack of other occupation, turned their attention to clam digging, with the 
result that too many clams were at the time taken from the flats. 

Another reason for the failure of the Essex experiment is t ha t  a number of short- 
siglited clanimers began to fear, after tlie clams had been planted, that the production 
miglit suddenly become so great as to glnt their marlret and, as s consequence, force 
prices down. Some few individuals, inspired by this fear, are reported to have said 
and to have done everything in their power to prevent the success of the experiment. 
In all cases, it is said, tho selectmen of the town, who issuecl the leases, refused their 
aid in tlie prosecution of trespassers. 

In spite of the fact, which liad been demonstrated in the experiment, that when 
properly planted the clams grew much more rapidly and became much larger than  on 
the natural beds, no applications for a renewal of the leases were made ~vhen the first 
ones expired. No change in the condition a t  Essex may be hoped for until there is 
some evidence that a lam protecting the planter will be strictly enforced. With proper 
protection a great industry might, and probably would, be quicldy established, not 
ouly in Essex, but in any region wliere clam flats are now unproductive because of 
excessive digging. 

It would be comparatively easy to forniulate plans which, if carried out in this 
region, should reclaim the Emex flats. No single method would, however, be accept- 
able to all who are interested in tlie clam industry, and w e  have reason for believing 
that the few dissatisfied might easily defeat the cff'orts of the majority. The whole 
problem, as sliown in the history of the oyster industry in this country also, narrows 
itself down to tlie simple question of protection. The leasing of lands to individuals 
is the necessaryfirst step, and when the town or State authorities are willing to 
protect the lessee, the problem will be solved. This plan of leasing to individusls 
would seem to be t h e  best one. Much may be said positively in its favor. A strong 
negative argument we have also, when we consider that  any other sclicme must 
clepend for its success upon the cooperation of a11 concerned for the common good. 
We miglit know that this would .hardly be possible, even if we had not the history 
of past events on these flats to guide us. 

Mentioning a few of those plans which do not consider the lease, the first is a closed 
season. If all digging could be prohibited for one or two years, many clams would 
come to maturity, the young would establish themselves, and tlie beds would once 
more become productive. Undoubtedly this recoverywould be rapid. But i t  must 
be remembered that in this process the clams would probably crowd each other closely, 
as they have done on the few natural beds existing to-day, and a season or two of 
thorough digging and thinning out would be necessary before many clams reached a 
large size. This thinning process would not be immediately advantageous, on account 
of the small size of the clams, aud hence would probably iiot be done at all. 

Another plan, proposed by some of tlie clammers, is that every man who makes a 
business of digging clams be required by law to deliver and plant on barren flats, set 
aside for the pnrpose, a certain number of sinal1 clams in the montlis of April or 
May--this planted area to be protected for a season, and eventually extended until 



THE CTAAM PROBLEM AND CLAM CULTURE. 43 

all the barren flats are covered, all flats upon which clams had matured to become 
common property. The fatal objection to this, as well as to the closed season, 
is that every man’s interest is bound up in that of his neighbor, and he would be 
constantly haunted with the fear of not realizing his full share of the profits. This 
would prompt him to  make sure of his own, and the result would be tlie quick and 
certain defeat of the whole plan. These communistic schemes have been tried often 
in our country in recent years, and we. are able to know from their almost universaI 
failure that this would certainly fail. 13esides, the difficulty of determining who mere 
really engaged in the clam business-making it a means of livelihood-would be very 
great. How much work, in planting for the public, sliould be asked of the inan who 
digs clams for market only occasionally? It would also be difficult to determine when 
the public work had been done. 

The lease, with swift and certain enforcement of a law against trespassers, would 
at once establish a great industry where there is now only the prospect of continued 
desolation. 

Tlie flsts at  Bssex aflord an opportunityfor producing an immense number of clams. 
Great tracts, with here and thoro a growth of thatch plants, are exposed a t  low tide. 
Down near the opening to the sea the sands shift to some extent, but in almost every 
other locality the changes are so slow and so slight that clams are not affected by 
them. A glance a t  tho appended map mill give 80me idea of tho immense size of this 
tract,. But the map itself shows only what are known as the south flats. Stretching 
in a northwesterly clirection from tlie region about Choite Island is an area of flats 
which many oE the clammers claim to be larger than the one shown in the map. Unfor- 
tunately I was not able, wlien I visited Essex in August of 1898, to go over this ground 
as I did the south flats, but I could see from Choate Island that it was extensive. 

In constructing my map I havo represented tlie natural beds-areas where clanis 
can now be found-by stippling. The beds which were planted in the culture experi- 
ment are again almost entirely barren. Of course clams may be found fiere and there 
on these tracts, but they are few in number. The clams of the natural beds are 
generally too small to market, chiefly because they aro so closely paclred together. If 
the majority of such clams were removed for planting elsewhere the natural beds 
tliemsclves would soon produce an abundance of large clams. 

The most important feature shown by the map is the extent of nonproductive 
ground, where every natural condition is favorable for the growth of clams. Thesc 
areas vwre formerly, as I have indicated, natural beds. They are represented by the 
oblique sliading lines. Almost every foot of ground for hundreds of yards about the 
point where the Essex ltivsr widens out into the great flats, might and should be 
yielding great quantities of the finest of clams, and this without glutting the markets 
near a t  hand, which are now forced to obtain their small supply from the Maine coast. 
These barren beds estend far up tho river toward the town and into the mouths of 
the numerous creeks emptying into it, some of which are indicated in t h e  diagram. 
I liave beeii told by old clnmmers that :It one time the mouths of these creeks were 
stocked with fine clams, and t h s t  in the late fall and early spring they afforded good 
shelter from the wind for men engaged in digging. The tliatch banks, represented 
by short lines and stipples, contain a t  present great numbers of clams. The tough 
roots of tho thatch vegetation, however, prevent digging, excopt along the edges and 
where the plants are scattered. 
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Tlie map represents tlie extensive clam flats a t  the mouths of the Esses and 
OaLstle Neck rivers within tlie townships of &sex, Ipsmich, and Gloucester. To tlie 
north and west of Choate Island, aiid connected with this, is am area of beds nearly 
as exteusive as those represented in the inap.* The main features illustrated are- 

J. The present extent of the “natural beds” (this was determined in August of 
1S98). These are represented by stippling. Though the beds appear to be extensive, 
the clnuis are in some places much scattered, and in others so deiisely pnclied as not 
to be able to grow. 

2. The great areas-rel)resenteiIl by oblique sliacling lines-where every natural 
condition is favorable for the gromtli of clains. These beds ;we :ind liave been for 
years practically barren. A t  one time producing ; ~ n  immense harvest, they were 
reduced aid have since been kept domn by excessive digging. The flats planted in 
the culture experiment arc those directly west of Conouio Point aid  along the river 
banks. 

3. The thatch bnnks, submerged a t  high tide, which, on account of their tough 
roots, liolcl great3 iiuinbers of clams safe from molestation. They probably produce 
great numbers of young, wliicli under favorable conditions should replenish tho IosseR, 
from ,judicious digging, of’ the entire area. 

4. The extent of tile flats as a whole, indicating how great an industry miglit be 
supported in this region. 

Very few innrketable clams are talren from these beds. 

, _ _ _  ~ . - _ _ _  _- 
* Wltilc many kindly gave thoii assistnnce, I am expccially indobtod to Mr. .J.  13. Fnllor and 1,o 

MY. E. I-iobbs, of ESSOX, for tlteir ikid in collecting the data used in text and map. 
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lll~SCRIl’Tl’lONS OF NEW SPECIES OF FISHES FROM THE HAWAIIAN ISLANDS 
BELONGING TO THE FAklICIES 01: LABIWiE AND SCARlDiE. 

BY OLIVER P. JENKINS, 

Professov of Plysiolog-y, Ledatid Staitfoi-d J uuiov University. 

The fishes here described are part of three collectioiis from the Hamaiiaii Islands. 
The largest; collection, ooiitainiiig over 200 species, \vas made by 111e iu 1SS9 under 
tho generous auspices of De l’aum University. The second, of about 45 species, was 
obtained, under the direction of Dr. Ihvid  Sttarr Jordan, by the United States Fish 
Coiurnissioii steamer Albatross i i i  189G, oil the return of the vessel from the work of the 
Pur Seal aomiiiissiou of Investigation. The third contained some SO species, anti was 
IU;&? by Dr. Thomas Deuisou Wood, of Stauford University, in 1S9S, for the museum 
of tho uuiversity. To this a small but valuable collection was added by his brother, 
Mr. A. B. Wood, of IIonolulu, iu 1890. A fuller account of these collectious will 
appmr in a subsequerit paper. Of the 28 new species here described, 1 7  were first 
obtained by me in 1S80 and 5 were first seen iu Dr. Wood’s collection. 

With but one exception the fishes collected by me were examined in a fresh state 
and careful notes of the color were taken. Of the 5 from the collection made by lh .  
Wood, all were seen aftur they had been in forinaliu for some wceks. While the 
nierlriiigs were fairly well preserved, aud in some cases brillimt coloration still remailled, 
still the quickness with which the colors of these groups fade or change makes definite 
statemeiita of color of these 6 species inipossiblc. 

I n  a11 42 spccios of labroids and scaroids were obtained. The largo percentage 
of these that appear t o  be new would iiidicate that these islands aud their iieighbors 
lying \vest aid south forni a most iiiterestirig field for the study of these forms. While 
this fauna has already received the attention of 13leeker, Giinthcr (oil Garrett% col- 
lections aid drawings), Steindachner, aud other ichthyologists, our knowledge of it is 
oiily in j ts begiiiiiing. 

The fishes of these groups were inainly obtained froin tho market iu  Honolulu, 
lvhich is supplied by the native fishermeii. The species arc ali valued highly by the 
native Hawaiians as food, the scaroids especially so. Some suiall specimeiis of the 
latter bring large prices. They are eaten raw by the mtfves, as are most of the other 
fishes, cooking beiiig regarded as especially inimical to the food qualities of a scaroid. 
The Honolulu fish-market is the richest source of tho collector’s material. Fishermen, 
who know the habits :bud hzluiits of these fishes, elid who have great skill in catching 
them, are urged to briiig them here by the high price and ready sale of these forme. 

The types of these species are deposited iu the inuseurn of Lelmd Stanford Juuior 
University. Series iuore or less complete are also placed in the Do Pauw University 
~ ~ ~ U S R I ~ U I ,  the United States Fish CoinmisRion, and tlie United States Natioiial Museum. 

. 

. 

.I .j 
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LIST O F  SPECIES. 

Macropharyngodon aquilolo Jenkins, new species. Nativo name, IIinalca akilolo, applied i ~ l s o  to 

1). IS, 
11. A. III, 11. Scales 2-28-10. Tubes two to  three branched, or single. Head ~ralced. Four  front 
tooth in  each jaw, strong, the  socond on oatoh side of upper j aw turned backward, prominent posterior 
canines at each angle, two at one angle in one specimon. 

General color in  life a light-brown, sometimes darker; a very bright-blue spot 011 each swale, this 
spot with a black posterior border; fivo bright-blue lines on side of head running obliquely ilownward 
and forward; two parallel onus from eye t o  month, the third from jiist below lower bordcr of eye to 
chin below angle of mouth, the  remaining two lower; bright-blue spots and short lines on top of h c d  
and on opercle. Dorsal 
and anal with three longitudinal series of bright-bluu spots with blnck borders, the inucr aiid ruiildlo 
series being large and distinct spots; anterior dorsal spot betwoell first and third spines bright-scarlet, 
bordered below with bright-yellow, and below this with dark-grecn ; pectoral plain-browii ; ventral8 
bright-brown with about six transverse series of bright-bluo ocelli ; eoudal with :Lboilt, five trannvovne 
series of bright-blue ocelli. The coloration is quite constant in tho fivo specimena taken, varying 
only in  darker or lighter shade of brown of the general color. 

other fishes. Fig. 1. 
Head with flap 3.33 in length of body to  base of caudal; 4 in  totiil; depth 2.5; in  total 3. 

The positions of these lines are constant in  the fivo spccirnens examined. 

. 
FIG.  l . -Mac70~~1iaryi~gorlos aqailolo Jenkius, 110w spuoioa. Typo. 

Allied to  M .  p o f r o y i i  Uleoker, I'roc. Zool. Soc. 1861, and Atl .  Iobth , 1). 129, tab. 37, fig. 5,  from 
which i t  differs in form of body and pectoral end ventral fins, and i n  coloration of body, head, and fins. 
'l'he peculiar form of tho pharyugeal tout11 soems to  be a suficieut character upon wliicli to  found 
Sleeker's genus Illacropharyngoclon, which is hero rutaiiietl. Type No, 6130, L. 8. Jr.lJnivorsity i7iusunitt. 

This very beautiful fish is not common at IIonolulu; sonlo fislicrinon had never seen epecimeiis 
befbre. Thoir ~~ieasi~rernents were as follows: The five obtained by IIIU were taken with the  hook. 

Lon h t o  ham of oandrtl. 

Total length. ............ 
Head .................... 
Depth ................... 
Eye. ..................... 
slluut.. .................. 

I 
c!a,,f& .................. 

wm. 
99 
15 

116 
30 
40 
7 
0 

wm. 
103 
23 

120 
34 
44 

7 
11 

vnm. mm. 
112 90 
23 22 

135 112 
34 30 
40 40 
7 6  

11 10 

wm. I 
Height of first dorsal ................... ... 

................. ................... 
7 1 Pectoral .................. 

Width of body ............ 11 I 

m7n. m n .  

IO , 8 
15 10 
15 I 19 
25 j 21 

11 I 11 
25 27 

Yo. 3 
__ 
inrn. 

10 
18 
18 
20 
29 
1G 

__ 

_____- 
To. 4. Nu. 5. 

7nm. mw. 

16 
15 
24 
24 
11 
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Halichceres iridescens Jenkins, new species. Native name, Ohua paawela. Fig. 2. 
Hood with flap in length of body to  base of cauda13.5, iu totallongth 4 ; depth 3.1G, 3.66. D. IX, 12. 

A. 111, 12 (in one spooimcn III, 11). Outlino elliptical, body ~orripros8cd, somewhat 
elevated; teeth 2-2, posterior canine in oacli jaw. Typo No. 6131, L. S. Jr. TJuivorsity Muscam. 

Coloration in lifo: Each soale with a dark-red croscont spot, convex anteriorly, this spot bordorod 
posteriorly with blue; hoad bright-red, with bright-green stripo on median line from suout to bow of 
o:tudal, a bright-green stripe aloug upper margin of oye on to  body, where it continlies more or less 
dixtinctly just abovo latoral line about half tho length of body; a uarrow grocn line from suout to  
~i i i t ld~e of anterior margiu of eye, a bright-groen stripo froiii noar aiigio of month a101ig lowor margin 
of oyo to oporoular flap, whore i t  is confluent with a wido bright-green bond froiii tliu chiu backward 
over lower limb of prooperole and tho suboperclo and oporcle; this grceu gr:iilually shading iuto 
blue ou throat aud bolly ; a black spot behind eye surrouuded by bright-green, with red spots iu souio 
specinlens; dorsal fin dark-rod, with a row of dark-green oblong spots 011 proximal border, 0110 S])ot 
on each intorspinons mombrano, a groou lougitudiual band ou outor portion, with a vory narrow outor 
xuargin of light-blue; :L black spot in  mombrano botwoen first aiid socoiid spines; in ouo xrrooimon a 
cloi~ble blotch botwecn first aud third soft rays, a median row of groon spots. The dotail of inarkiiigs 
iu this fiu varies in tlio throo specimens. Aual dark-red with a, green band algng central portion, outor 
u~argin with iidrrow bliio line; c:mdal dark-red with n orossb:md of bluish-groen at tho base, wit81i 
two or three otliur crossbauds oftoii brokeu up into spots of groen with oriinge oentcrs; vontrals bloi~, 
with dark line on auterior portioii ; peotorale pale-rod, with baso aud axils bright-groon. 

Scales 3-27-8. 

Longost soft ray of dorrral.. ............ 
Lonyost eoft riiyof'arial. ............... 
I'oot,ornl ............................... 
Voiitral. ............................... 
Eyo .................................... 
SllOllt .................................... 

BIG. !2.-Halicha?rw iridcvomis Jonkins, now Hpooios. Typo. 

Coloration similar to  that  of Julis oraatiasinius Garrett. G:irrett's dosoription is incorup1ete, but 
8hCJWs that this fish diflerw in marked points of coloration, notably in conspicuous black Bpot behind 
"Yo, spot on mtorior portioli of dorsal, form of iiiarltings oii tho soalo~, i~nd iu number of :mol rays. 

Throe spot:imo~is 
Dotailod luoasurolnents of the last aro 

A very brilliant fish, t,aken from tho cord roofs, apparontly not vory commou. 
taken by me, moasuring 140mm., 130 xuui., and 120 uim. 

given below : - 

18 
17 
22 
30 

G 
1.2 

Milli. 
n1utors I .  llaliolrcllrue irldoscuns. 

I 
Uodv t o  baso of caudal ................ 

Hond wit flap ......................... 
CaiiCTd.. ............................... 

Hend witlioot flap ..................... 
Uoptl1 of body.. ....................... 

Total lotifth ........................... 
120 
ao 
140 
84 
S O  
38 

__ .... - ... . I-I 
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Halichaeres lao Jonkins, now species. Kativo namo, Lao. Fig. 3. 
Head with flap 3.4 in body to baso of caudal; in  total 4. Depth 3.4. D. IX, 12. A. 111, 13 (tho 

first anal spine showing only on disseetiou). Lat4eral liiio continuous, tubes braucliuil. 
Posterior oaniues present, two prominent canines iu front portion of eecli jaw. Body compressed, not 
elevated; fins moderate; caudal rounded; anal reaching vent; soft dorsal and soft anal equal in  
height :tnd aro om-half length of head with flap. 

Coloration, body pink, lower parts blue; dark-brown spot on each scalo; a green line on middle 
line of liead froiu suout t o  origin of dorsal; a bright-green liue from snout b:tokward j u s t  above eye 
to body, wliero i t  is continued as a row of iudistiuct spots j u s t  abovo lateral line nearly to  caudal; 
anotlier green liuo from mouth just  under eye to  opercular flap; another broad green b m d  covering 
lower limb of preoperclo auil subopercle, and lowor portion of opercle joining the last OII posterior 
portion of opercle; space between last two green bands a bright pink; coloratioii o f  hoad similar to 
that  of IT. iridescens; a black spot behind eye; dorsal fin with threc black ocollated spots; the first, 
small and least distinct, is betwocn first and second dorsal spines; the secoud, larger tliau eye, from 
lirst to third soft rays; tho third, smaller, from tenth to  eleventh soft rays; base of pectoral grccn; 
b:lhO of caudal orangc and green. 

Scalos 2-29-9. 

JhIy to bsso of c:iridsl ................ 
clbu'clal ................................ 
lotal laiiptli .......................... 
Head with tlep ....................... 
IIcnd witlioiit ilal) 

r 1  

..................... 
l)eptl1 of body ......................... 

- 

Fro. 3.-IfalicHmrea lao Junkina, iicw bpccics. Typo. 

Allied to  I I ;  irideaceirs, from which i t  cliflbrs iu tlic l i m o  sleniicr mil less elevaf ai l  body, sou~owl~at  
The most conspicuous point of din'erenve is the 1)roscuco of black louger liead, :tud in coloration. 

CJcelkLtd spOfB 011 d O I T d .  

Type No. 6132, L. S. Jr. University Musoum. 
One tqmcimen WDB taken by mu, the measurements of which were as follows: 

L O I I ~ Y L  aofL my of clor~al .............. 

Eye ..................................... 0 

1% 

95 1'octor:il ............................... I O  
24 Voiitrnl. .............................. 18 

2 / I  T,ongost soft layofanal ................ 12 

; / /  sIlont ................................ 8 
- - - _-- - II __ ._ - 

Ilulicl~wrus luo. 
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Uoc~d with fli!p.. ....................... 
Flap ................................... 
Longtli to basu of cnudnl___. .......... 
lotnl length.. ......................... 
Deptli ................................ 

LEeight of soft dorsal .................. I 

Coloratiou iu lifo: General color bright-blue, sides rosy, a series of abont fivo or six short (about 
one-fourth depth) oblique indistinct dusky bars on sides of body just  behind pectore1 fiu, behiiid this 
en indistinct rosy patch; head, throat, breast, and belly covered with bright-golden spots and short 
irregular bars of same color. All  tho fiiis bright-blue with golden reticulntious, which are especiailly 
bright on vertical fins; operoulnr Asp large, terminating with a blaok spot as large as oyer, posterior 
border of this spot with a narrow yellow border, antkior  goldon border. This spot is very similar to  
that  seen on a, snufish ( C q o n & ~ ) .  

One fino speoiuien of this beautiful fish ‘was obtained by me. Type No. 12141, L. S. Jr. Uni- 
versity Museum. It gave the following measurements : 

123 IIeiglit of soft nnal.. ................... 45 
23 Ventral ................................. 65 

388 Puutornl.._. ............................ 73 
450 Eyo.. ................................... 15 
127 Snoot ................................... 40 

46 
- --- 

-- r--. Coria lopomis. Coria lopomis. 
- I Milli- 

meters. 

FIG. .i.-Ooris Zcpomiu Joukins, now spooios. Type. Figure not quitu iiocurato in proportional monsureruents. 

Bemicoris remedius Jenkins, new spooies. Fig. 5. 
IIead with flap 3.66 in body to base of caudal; in total longtli 4.33; liead withont flap 4.40 and 

5-25, Depth 2.66 and 4.5. 1). IS, 12. A. III, 12. Candnl roui1dod; first rays of vctntrul produced, 
roaching second anal spine. Scales 3-54-17; tubes simple; scales with tubes 60; sc:Lles on tliront 
small, those on belly not much snialler thii 011 body; head naked; rows of small soalcs esteniliiig on 
nlenibralies botween the caudal rays. Teeth, four proniiiient oaniiics in  upper jaw, two in lowor, the 
seco~ld pair not muoh larger than those of series following; posterior canine tooth prescut. 

Coloration in life: Body brown, dark above, light below; a, bright-rod b i d  from eye along 
llbtoral liue t o  its dowuwarcl bond; a bright-roil bmcl from opercular flap oxtunding baokivard to  

Of poctoral, i k o n  which i t  is broken up into a, serics of’ short oblique orossbars on evory alteruate 
fo” Of scales, becoming loss distinct toward c:iuilal podunclo; a, bright-rod bnnd curving downward 
Jus t  below anterior portion of middle line of body, becoming indistinot about bolow ti vortical from 
twelfth dorsal spine ; another bright-rod band from axil curving downward und extending backward 
to abont second soft ray of anal; a bright-red band from nngle of mouth curving upwnril to lowor 
margin of eye, arid down to  edgo of operclo j l l N t  below flap; a bright-red band from :I, trhort distanco 
behind symphysis curving upward over ohoek and downward across middle of posterior mirgin of 
OPercle on to breast to a point just  behind base of veiitrals; Q bright-red band on each siclo of middle 

F. C. II. 1899-4 
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me of throat; a short red bar at symphysis; a red spvt just  above and back of eye; anterior portion 
of operoular flap scarlet, bordered posteriorly first with black, then with bright yellow j spinous dorsal 
wjfi 8 longitudinal band of red on middle portion, which on soft portion is broken up into small 
wavy lines and reticulations. In one young individual there is a black spot at root of sixth dorsal ray, 
1)ne at root of the third from last, and one at roots of last two. These spots do not appear in  the four 
large specimens. Ctiudal with crossbars of red alternating with yellow, somewhat wavy; pectorals 
plain yellow, base red; ventral8 golden-yellow. A very bright fish. 

Bodv to base of onudal ...-;. .......... 
c a t h i  fin ............................. 
Total longtlr ........................... 
Head with flap.. ....................... 
Haad without Bnp ..................... 

FIG. 5.-Hciemnicoris remediw Jonkins, IIUW species. Typo. 

133 
24 

157 
86 
50 

Pin. G.-Hcmicorio kelezpionis Jonkins, now apeoies. T y p .  Figure not quito nccurate in Iroportionnl mensuremonte. 

Formerly valued by the natives as a medicine, the purpose not clearly stated. 

Type No. 6133, L. S. Jr. Univ. Mus. 

This species scems 
t g b e  well known by the natives. 

Five specimens, taken by me, had total length, including 
caudal fin, 15. cm., 15.5 cm., 14.3 om., 15 cm., 12 om.. respectively. Measurements of one are given below. 

- _._____ - -______. - -. ____ __ ___- 
Milli- 1 . 

meters. Hemicoris remodius. Hemicaria rornodius. I-, r ----. 
__ 

Longest soft ray of dorsal.. ............ 
Longoat Raft ray of ann1 ................ 
Poctornl fin.. ........................... 
Ventral fin ............................. 
Eye ..................................... 

IO 
IO 
25 
32 
7 
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r Hcmicoris keleipionis. meters, Milli. 

Total length. .......................... 224 
Len th t o  base of caudal .............. 190 
Caufal ................................ 34 
Bead .................................. 69 
Depth ................................. 60 

4 irst dorsal @ne 22 ..................... P- 

- 
Hemicoris keleipionis. I meters Miiq 

Soft dorsal.. ............................ 25 
Soft mal . .  .............................. 20 
Pectoral. ............................... 38 
Ventral ................................ 30 
Snout ................................... 

22 I - 

. 
FIQ. l.-l'halaoaonta pyrrhovinotum Jenkins, new species. Type. 

Thalassoma pyrrhovinctum Jenkins, new species. Native name, Hinalea lauli. 
Head with flap in body to  batle of caudal 3.4, in tot,al, 4; dep.th in  body t o  base of caudal 3.25, 

3.6. D. VIII, 13. A. XI, 11. Scalos2-28-9. Lateralline continuous, tubes three-branched. Teeth, two 
Prominent orinines from which the remaining ones of the series are graduated iu size, no posterior 
canine. Caudal lobes produced, veutrals somewhat prolonged. 

Coloration in life: Colors very bright; the wholo head dark urple without markings, this color 

* body from head as far back as third goraal spine; remainder of body, with dorsal, anal, and caudal 
fin8 dark pnrple, with (in some specimens) reddish coloratiou; upper lobes of caudal sometimes 
distinctly reddish-brown ; upper lobes of caudal much produced, amouut varying, in  some equaling 
three-fourths length of head; pectoral with a broad dusky bar extending from middle of fin to t ip ;  axil 
and base of fin a, dark purple; ventrals produced. JIrcl. Whitney, of Honolulu, has tlhown me D series 
of Colored drawings of Hawaiian fishes made by her, in which the colors represented are as contaiued in 
mY notes with the exception of representing color of body behind the orange bnr as dark green, eaoh 
Scale with a vertical brown line; dorsal and anal fins very dark purple. 

This fish is similar to T. melanoptwa (GUnther), differing in conspicuous orauge .band from head 
to third dorsal spine extending around body, in dark-purple color of oaudal, and in  ventrale being pro- 

Fig. 7. , 

extending a very short distance on body ; behind this coloration, a \ road orange area extending around 
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duced. The fish identified by Streets, Bull. U. S. N. M., No. 7,1877,118 ?.Tulis nielalzoptwa, is probably 
this species In his specimen the colors were faded, which may account for absence of orango area. 

T h i R  fish is common.' Many specimens mere obtained by iue and three by Dr. Wood, the largest 
being 165 mm. inlength. TypeNo. 6138, L. S. Jr. Univ. Museum. Themensurements of one aregiven: 

- 

Bodv to baso of caurlal ................ 137 Eeight of longest soft doreal ........... 15 

Total leufth. .......................... 159 Pectoral ................................ 31 

Head without flap 35 Snout 
Depth of body..  44 Eye.. 

Csuhal (middle) ....................... 22 Height of longost soft nrial ............. 14 

Headwit flap ......................... 40 Voutrnl.__.._ ........................... 23 ..................... ................................... ....................... ................................... 
- 

FIQ. 8.-Novaculioht1iys woodi Jenkins, now spucim. Typo. 

Novaculichthys w o o d  Jenkiiis, new species. Fig. 8. 
Head 3 in  body to  base of caudal (3.5 in total) ; depth 2.6 in  body to base of caudal (3.1 in total) ; 

D.rx, 12. A. 111, 12. Scales 27 (24 with tubes single). Body deep, compressed; profilc of head 
obtuse, evenly curved; eye but  sm:dl distauce above axis of body; distance from margin of eye to  
angle at mouth 3) in head. Scales 2-27-9; head naked; tho area in  front of ventral6 naked, or with 
few deeply imbedded scalcs; scales on sides of breast somewhat smaller thau on sides of body. 
Teoth conical, in  a single series, two anterior canines in  each jam, the lower two fitting in  between 
upper two; no posterior canine. Auterior spine flexible, ncxt loss BO, tho reiuaiuing pungent; origin 
of dorsal in advance of base of pectoral; height of the soft dorsd ncarly 3 in  head; ventral spine 
short, strong, pungent; first soft ray filamentous, reaching soniewhat beyoud origin of anal; caudal 
rounded; pectoral 14 in head. 

Coloration : In ulcohol, general color body pale without markings ; fins wliiio, except immbrt~ne 
of spinous dorsal, which is black; >lock dots on membrane botween first 3 or 4 soft rays. 

Similar t o  NovacuZic7~lli~cr c?ilargyreua Jenkins. This species is named for Dr. Thomas 1)enison 
Wood, professor of hygicne in Stau ford University, who obfaincil two specimens a t  Honolulu. 

Type No. 6029, L. S. Jr. Univ. Mus. The mcasurcments of two specimens are given : 

I ___._ 

Bodv to baso of oeudal.. ........ 
Cauanl. ......................... 
Totd loii tb .................... 
Depth of body .................. 
Longest. spine of doreal.. ....... 
Iienil wit% nap .................. 

mm. 
130 
25 

155 
44 
40 
12 

mm. 
131 
27 
158 
44 
50 
13 

Longost soft ray of dorsal.. ..... 
Peotord ........................ 
Ventral.. ....................... 
Eyo ............................. 
Snout (from margin of oyo) ..... 

mm. 
10 
29 
37 

0 
10 

No. 2. 
__ 
mm. 

16 
$0 
31 
9 
11 
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Novaculiolithys outarpyroiia. 1  it^.^ 
Body to baso of cnndiil.. ............... 117 ! 
Caudal ................................ 23 
iota1 longth. ........................ :. 140 1 
Head (with h p ) .  ...................... 17 

Longout epinu of dorsal ............. :. D 

.-__.__ - __- 

I .  

Dogtll of ....................... 44 j 

Novaculichthys entargyreus Jenkins, new species. Fig. 9. 
D. IX, 

12. A.  III, 12. Scales 27 (24 with tubes, tnbos single). Body deep, compressed ; profile of head obtuse, 
evenly curved; eye only moclcrately high; distance from margin of eye to angle of uiouth about 4 
in head. Scales 2-27-9; head naked; &rea in  front of ventral8 naked or with few deeply imbedded 
scales; scales 0 1 1  sides of breast somewhat smaller than on sides of body. Teeth conical, in a single 
series, t w o  anterior canines iii each jaw, tho lower two fitting in between upper two; no posterior 
cmine. Dorsal fin continuous, tho anterior spines not protruding, the spinous portion lower than 
Aoft portion; :interior spine flexible, the next less so, remaining ones pungent; origin of dorsal in  
adv:~ncs of base of pectoral; soft dorsal 2.5 in head; ventral with II ~l ior t ,  pungent spine; first soft 
ray filementous, just  reaching vent; cand:il rounded ; pectoral 1.5 in heed. 

Coloration (in :~lcohol) : Body and fins pale, without distinct niarkings; two broad longitudinal 
silvery bands along sidcs of body, tlic pigment beiug ill t h o  skin below tho scales bnt showing throngh; 
transverse narrow silvery niarlciugs on poritonei~ni show through between ventrels and vent. 

Oiie spocimen of this fish, 140 rum. in length, is in the collection made by Dr. Wood, at Honolulu. 
Typo No. SY84, Lelaiicl Stanford Jr. Uiiiversi ty Museum. 

Head 3.2 in body to base of oandal(4 iii total); doptli 2.7 to base of caudal (3.2 in total). 

Its ineasuremunts follow : 

Novaculiohthys ontargyreiis. 

Longest soft ray of doraal.. .......... 
Longest euft my of a i d . .  ............ 
Peotonil______ ......................... 
Vontrnl.. .............................. 
Suout ffroni iiiargiu of oyo). .......... 

_____..-.--.___I_______. 

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

mobre. 

14 -- I 
28 ii 8 1 
8 1  

BIQ. D.--Nuvaci~lichthy~ e?itarg!/rws Juiiklua, UOIV spocioa. Type. 

Bemipteronotus umbrilatus Jenkins, new species. 
Head, with flap, in length to baso of c:iudal 3.8, in total 4; depth 2.8, 3.2. D. 11-VII, 12. A. 111, 

12. Sca~es 2-25-9, tnbos  simple, Iater:iI lino interrnpted; scales behind eye, checks co\wred with 
flrnall scales, operclos and preopercles scaleless ; tho two antcrior spinus of the ilorsiil not produced, 
Separated from reniaindor of dorsal by n:irrow space not quite twice eye. Teeth, two prominent 
canines iu  anterior part of each jaw, the lower fitting between the upper. 

Coloration. iii life; general color a light-drab, with posterior portion of each scale white or 
Whitish; D large clerk-brown blotch, large as h e d ,  nu middle portioii of body, in which blotcli the 
Posterior 11:~lf of eacli sciile is whito; the :interior separated portion of dorsal duslry; no distinot 
nlarkings 011 tho fins. 

Nibtive name, Lae ailid. Fig. 10. 

Type No. G138, L. S. Jr. Univcrclity Mnwuni. 
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Hemipteronotus umbrilatus. ] ~ & ! ~ ,  
__ 

Body to base of caudal. ................ 107 
Canha1 ................................ 16 
Total lenph. .......................... 123 
Head wit flap ........................ 31 
Head without flap ..................... 27 
Depth of body.. ....................... 38 

I3  Longest soft ray of dorsal_._.. ........ 

BULLETIN OF THE UNITED STATES FISH COMMISSION. 

One specimen obtained by me, of which the following table of measurements was taken: 

Hemipteronotus nmbrilattns. 2:;;. -I Longest soft ray of anal ................ 13 
Pectoral ................................ 22 
Ventral ................................. 20 
Eye ..................................... 7 
Snout ................................... 15 
Anterior portion of dorsal ............. 12 

................ 
au al. ................................ i god$ t o  ~mse of caudal ' Head w i d  flap .:.. I IIead without flap 

I Depth of bodv ......................... 
1 Height of soft dorsal .................. 
I -- - 

......................... ...... .............. ..................... 
Total len th 

Y 
Flo. lO.-HeTnipteronotus urnbritatus Jenkins, new species. Type. 

Iniistius leucozonus Jenkins, n. sp. 
D. 11-VII, la. A. III, 12. Scalcs 2-26-9; 

lateral line interrupted, tubes simple. Two prominent canines in anterior part of each jaw, the pair 
in lower jaw fitting between those in  upper and projecting above the jaw;  no posterior canine; gill- 
rakers minute; upper edge of head sharp; the two anterior rays of dorsal produced, and separated 
froin remainder of dorsal by a space cqnal to  snout; a very few scales j u s t  behind eye; rest of head, 
cliceks, opercles, and preopercles scaleless. 

Native name, h e  nihi, applied to  other fishes, also. Fig. 11. 
Head in body to  base of caudal 3.2, i n  total 3.7; dcpth 3.5. 

One specimen va8 obtained by me, from which were taken the following nieasurements: 

..................... 
18 Height of anterior dorsal. .............. l* 30 I 112 Heiglit of soft ann1 

130 Pectornl 
85 Ventral 
29 Eye 
37 Snout ................................... 14 

................................ ................................. ..................................... i! I 
16 Depth of head .......................... I - 

Iniistiua leucozonus. I Milli- 
meters Iniistius lencozonus. Milli. I I motere. 
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Allied to  Inistiue tetvazonue Bleeker, which i t  resemblcs, but from which i t  differs in  having three 
ocelli 0x1 dorsal, sud a distinct black spot on scale below third or fourth dorsal spine also. Typo 
No. 6137, L. S. Jr. Univcrsity Museum. 

1 
FIo. ll.-ki<stizrs Zeucoronus Jenkius, new SpOCiOH. Type. Tho flret ann1 ray in figure should be a RpiUO. 

FIQ. t2.-1nniistiu.4 vrmtev Jenkins, iiem species. Type. 

Iniistiui verater Jenkins, new spocies. 
' 1). 11-VII, 12. A. 111, 12. Eye 6 
in head; snout 2.2 in  head; body deep, comprcssed; profile of head vertical; cyc high near ilpper 
margin of head; posterior angle of month in n vertical lino bolow front margin of eye, distanoe of 
eye from this nearly half the length of hoad. Scales 2-28-11; hoad naked oscept ileoply inibodcled 

Fig. 12. 
Head 3 t o  base of caudal, 3.5 in total; depth 2.75, 3.1 in total. 
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scales on nape and faint trace of iriargius of two or three scales dceply imbeddcd just  behind cye; 
scales ou breast smaller tliaii on Bides of body; each scalo with a delicate vcrtical ridge runuing 
across i ts  centcr; tubes i i i  lateral liuc singlo. Teeth conical, in IL single series, the two :Lnterior in  
each jaw onlarged caiiincs, the two lower fitting between those of upper; tho core of each tooth 
black, showing through. T w o  anterior dorsal spines stand over cyo frec from rust of dorsal, the spacc 
bctwccu them and remaining dorsal equaling half length of scconcl spine, theso two spines prolonged, 
the first filamcntous, its height nearly oqualiug hcail; vontrsls just  reaching vent, oaudsl rounded. 

Coloration in  alcoliol: The whole body tiud fius black csccpt tips of po~ter ior  two or throe r a p  
of dorsal aud aiial fins, posterior half of caudal, and most of tliu pectoral fius, which are whitc, being 
black-blotched at  tho base. 

This descriptioii is bascd on two specimens collected iu the Honolulu iiiarlcet by Dr. T. D. Wood 
in  1898. The ineasurcrnents of the two are giveu bcloiv: Type No. 5990, L. S. Jr. University Museum. 

Iniistiiis verator. Iiiiistius vorater. No. 1. 

mm. 
Body to base of tho caudal.. ... ...... 17 
C:iiiclal.. ....................... ........ 19 

28 l o t n l  lell*th .................... ........................ ................. 42 Vontrnl ......................... 26 .............. ............................. 8 
Depth of body .................. ... 23 
Lollgostray of anterior (1orn:il.. 

~ e n c ~  wjtl; flap. 
Hoad without flap 

I ' __ - ~-_. 

, I  

No. 2. 

mm. 
17 
19 
25 
23 
7 
19 

_ _  

F l O .  13.-O?~eili?wu zonui'w Joukius, uoiv qmoioa. Typo. 

Cheilinus zonurus Jenkins, new species. Native name Z'oou. Fig. 13. 
D. IX, 10. A. 

111, 8. Swles 2-21-6; lateral liue iuterrnpted, 23 or 24 in  upper portion; 14 or 15 scdes with tubes, 
somo simple, wuie brauchccl. Two strong canines iu anterior portiou of each jaw, no postcrior canines j 
lower jaw produced, its canines fittiug iu bctwcen those of the upper; gillrlrers, on lowcr limb 10, 
short, couic:d; oil uppcr about 6, inostly rudinientary. Body Bornowhat compressed, olliptical, con- 
tracted snddeiily at caudal podnnclc; lower jaw produced; lieacl couoavo :tborc oyc; caudal roundcd; 
soft dorsal like Hoft :tnnl, posterior portion of oaoh the higher; t\vo.rows of sc:tles on clicok, preoperclc 
ii:tkecl, oporclo with two, subopcrclo 0110 row of scalcs. 

Goiicral color a dull red to drab, caoh sonlo with a vertical liue of' brighter red; :I soricsoforauge 
lines runuiiig obliquely donnward and baclward on caoh sido of faee to cdgo of opercle, :tnd froiii 0x0 

forward to  iuouth ; a light-rod bmd around cauilnl poilunolo j u s t  behilid dorsal i~ud :~nitI fiiis; spinous 
dorsal mottled will1 dark, with two longitudiiial oriingc stripes more distinct anteriorly; posterior 
portion of soft dorsal light piiilc; : r i d  fin rosy, brigliter mtoriorly ; caudal with i~i:iny dull ~liadings, 
witli olive lirevailiug toward oniwnrd niargiu ; pectoral pale-red, mith yellow base; veutral raym rosy, 
iiieiiiliraiies white, i i  largo dusky-roc1 spot on aiiterior portion, sliowing oiily on iipp?r snrface. 

Head, with flap, tCJ basc of caudal 2.9, in  total 3.4; depth 3 (3.8 in  total length). 



FISHES FROM THE HAWAIIAN ISLANDS. 57 
This fish appcars to  bo tho same as that  identilied by Sruitli 65 Swain as Clteilinus diagvamma 

LacOpidc, Proc. U. S. Nat. Museum 1882, 133, in  a collection of fish138 from Johnson Islmd, Pacific 
Ocean. Type No. 6134, L. S. Jr. University Museum. Tho mcasurements follow : 

Dody tu bsso of cnodnl ................. 
Caudal.. ............................... 
Hund wvitli ilnp ........................ 
r >  lotnl leugtli.. ......................... 

188 ~ Longest soft ray of anal.. .............. 20 
38 , Puotoral.. .............................. 33 

220 ' ventral. .  .............................. 29 
06. I Eye ..................................... 19 

14'10. 14.-Anamnpsen evrrmammi Jeiilciiis, iie\v Hpocieu. Type. 

Anampses evermaiini Joukins, ncw specics. 
D. Ix, 12. A. 111,12. 

Scalcs 4-26-11 ; scalcs with tubcs 28, tubes mainly simple. La terd  line continuous, Two prominent 
c:miiie tceth in  c:icli jaw, flattcucd with ciittirig cdgc. Body oval, dceper in front; scales large, those 
in front of dorsal nud on brcast sniall; a row of small scales at base of aual and at base of auterior 
part of dorsal; caudal truncate; vontrals not much produced, reaching origin of and. Opercles with 
proniincut Htrintions radiating from upper anterior angle; striations also on subopcrcle, prcopercle, 
and iiiteropcrcle; dorsal spiucs flesible at tips. Coloration, brownish-rod, with a vertical blue line 
011 carli scale; snout blue; chin, throat, aud sides of face with blue reticulations; dorsal fin color o i  
body, outor iiiargiii bluc, fin csovcred with 7 or 8 longitudinal wavy blue lines and rows of dots, 
some runniiig into cach other and inalring reticulatiom ; and ,  ground color red, outer margin blue, 
fin with 4 or 5 distinct bluc longitudinal lincs; ventral, anterior margiu blue, fin red with blue 
lines and dots; pectorril olive, anterior margin blue; caudal red, with longitudinal blue linc. The 
rolorntion (if tho first is dniost esartly the same as in Anampam caaieri. 

Four 
Spccimeus t:tlceu by ino; total length of each, rcspcctively, 297, 260, 295, 296 mm. Typc No. 6136, L. S. 
JY. Univcrsity Mnsouin. 

Yig. 14. 
lIcad, with fl:~]), ill body to batic of caudal 3 (in total 3.6); depth 2.2 (2.6). 

Allictl 1,o dita?tq~ics godefroyi Gunther. differing in coloration aud number of scales. 

Tho nieasurcments w e  given below : 

Duptli of body.. ....................... 00 
20 Loilgest soft ray of dorsul. ............ .! 

I 
Snout.. ................................. 27 

Anaiiipaes orormniini. meters. 

Lei1 tli of body to 1,nse uf c:nuiliil ...... 250 Soft ( l o r d  .............................. 
Cnii$nl ................................ 47 1 Soft iiiml. ............................ :. . 
l o t n l . .  ................................ 207 , Eyo ..................................... 
JIead with flnp ........................ 82 : Siiont ................................... 
Head witliont flap.. ................... 74 . Vetibrnl.. ............................... 

. Milli- Anruiipaea ovoriiinniii. 
__.~_I_ ____ __-_̂ ___I 

I " 
Milli- 

inoterf 

35 
32 
11 
30 
42 
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Calotomus irradians Jenkins, new species. 
Head 3.33 (in total 3.9) ; depth 2.33 (2.9). D. IX, 10. A. 111, 9. Scales 25. Teeth pointed, both tips 

and margins free, posterior surface adnate to  dental plate, of about equal size in both jaws; at least 
one strong tooth at posterior angle of each upper jaw, curved backward and downward; teeth in 
oblique series of about 5 series in  each half of upper, and of about 8 series in each half of lower jaw ; - 
3 t o  4 teeth in each series. Scales OII cheek in a single series, 6 in number, 4 scales in median line 
before dorsal, 3 scales before ventral, this line continued by 2 scales between bases of ventrals, form- 
ing a sort of appendage in  this position; scales not reduced on breast; one and one-half series of 
scales between lateral line and base of dorsal, the half series only slightly sheathing base of dorsal 
fin. Dorsal spiues flexible; origin of dorsal, base of pectoral, and base of ventral fins i n  a vert,ical 
line; posterior margin of caudal a straight, linc, except moderate prolongation of upper rays, longest 
ray 2.4 in head; ventrals reaching halfway to vent; pectoral fin broad as long, longest rays (second 
and thirdj  1.5 in  head. 

Fig. 15. 

Posterior margin of fin slightly convex. 

Calotomus irradians. 
- - ._ - -_- - - 

Length total (to end of middle 
of caudal) .................... 

Len th to base of oandal ....... 
Cicn%~l (mldclle) ................ 
Caaclal, longest npper lmib ..... 
Hcnd Wlth nap ................. 
H08d Wltllout flap .............. 

F I G .  15.-Oalotomus irradians Jenkins, new speclea. Type. 

Color i n  life: General color of body and finti blue; heed, chin, and throat bright-blue, marked 
with pink, arranged as follows: About 8 bands radiating from eye aud a number of bands aud irregu- 
lar figures on snout, face, and occiput, and a few small spots on chin; of the  pink bands radiating 
from eye 2 reach region of angle of mouth, 2 join the irregular markings on face and occiput, and 4 
radiate over the region of cheek and behind eyo; a vertical bar of pink on each malo; in  somu regions 
h i s  bar i s  partly concealed by overlapping scale; vertical fins bright-blue, with reticulations and 
spots of pink; ventrals blue; pectorals blue, olive, and pink. 

This very beautiful fish is somewhat rare and is very highly prized by native fishermen for 
virtnes they suppose j t  to  possess. They usually ask an exorbitant price for it.  The dewription is 
based on two opecimens, one obtained by me in 1889 and one bythe AZbatross in 1896. Type No. 12142, 
L. S. Jr. University Museum. The measurements of the two are given below: 

No. 306 
___ 

mm. 

415 
550 
05 
79 

108 
90 

mm. mn. 
Depth .......................... 150 

410 Height of longest soft dorsal.. . 45 
345 Height of loiigest soft ann1 ..... 47 

65 Pectoral ........................ 73 
75 Ventral ......................... GO 

108 Snout ........................... 47 
94 ............................. Eye 16 

I! ........ 
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mm. inm. mm. Inm mm. 
Total longth to middle of cnudal. 9% 185 143 Height of flrst dorsnl spine ....... 18 16 13 
Longtli to  bas0 ofoaudel ........ 182 152 118 Height of soft dorsal raja ........ 22 19 15 
Hend ............................ 02 63 39 Height ofsoftanalrays .......... 18 17 14 

Eye .............................. 11 10 8 Pectoral .......................... 50 39 30 
Depth ........................... 70 00 43 Ventrnl ........................... 33 29 24 

Scarue brunneus Jenkins, new species. 'Fig. 16. 
Head 3 in  length to base of caudal; in total (to middle of 

caudal) 3.5. Depth 2.6 in  length to  base of caudal; in total (to middle of caudal) 3.1. Scales 24; 
lateral line interrupted, scales s1,ightly roughened by striations of minute tubercles ; tubes, Home 
single, some once or twice branched. Body deep, compressed. Teeth whitish, a tooth at posterior 
angle of upper jaw ou one side in one specimen, the  largest, none in  7 others. Upper lip double the 
wholc length, broad, nearly covering dental plate; lower lip covering more than half of lower dental 
plate. Cheek with two rows of scales, 6 in upper and 5 in  lower row; no scales on anterior limb of 
preopercle; a row of scales along margin of' opsrcle; a series of 4 scales on median line before first 
dorsal spine. Dorsal spines flexible, spinous portion nearly equaling the soft portion in  height; 
margin of caudal fin convex in the snialler specimens, with lobes not produced; lobes produced in 
larger ones; height of caudal peduncle 2 i n  head; pectoral 1.2 in head, its breadth about 1% its own 
length; ventral 1.9 in  head, not reaching the vent by a distance equal t o  half the whole length of the 
fin, inserted on avertical through the anterior point of insertion of base of pectoral. 

D. IX, 10. A. 11, 9. P. 13. V. 6. 

I Snout ............................ 

FIG. 10.-Scanrs bruiineus Jenkins, new species. Type. 

Coloration in  life: Body, head, and vertical fins dusky-brown; pectorals and ventrals lighter; 
no distinct markings anywhere. This fish appears to  be similar t o  Scatws dzidiue Bennett, whose 
description is very meager. In that  given, it differs in not having scales on anterior limb of tho pre- 
opercle, in  having a pointed tooth a t  angle of jaw, i n  having 13 rays in  pectoral, and iu the caudal 
not being white on posterior edge. 

Measurements of 
three of these are given below: 

Typo 6139, L. S. Jr. University Museum. Seven specimens were obtained by me. 

r scarus brunneus. ~ N O . I . I N O .  2 . k o .  3.11 Scarus brnnneus. ~ N O . I . / N O .  2 . k O .  31 

24 20 15 Depthofoaudalpcduncle ......... 30 
27 l9 I 

Scarue gilberti Jcnkins, new species. 
Head 2.76 in length to  base of 

caudal, 3.47 in  total. Depth 2.44 in  length to base of caudal, 3.1 in  total. Scales 24; lateral line 
interrupted; scales sliglitly roughened by very fine striations of minute tubercles; tubes but little 
branched. Body decp, comprcssed. Teeth whitish, lower jaw included. Upper lip double the whole 
length, covering whole of dental plate; lower lip covering about half of lower dental plate. TWO 

Fig. 17. 
D. IX, 10. A. 11, €I (3 anal spines show on dissection). P. I, 12. 
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Total Ion@ to middle of cnuclnl. 
U per lobe of onadd produced 

Lon 7th to base of caiidnl ........ 
Hen5 ............................ 
Dcptl1 ........................... 

eeyond nboro. ................. 

I Eyo .............................. 

teeth at posterior aiigic of upper jaw, one a t  angle of lower jaw. Cheek with two rows of scales, 
seven in upper row and 4 to6  in lower, the niargin of one or two sralos of lower projecting over anterior 
limb of preoperclc; a scrim of scales along margin of opcrcle; ii series of 4 scales dong median line 
before first dorsal spine. Dorsal spines flexible; caudal fin middle margin straight, the lobes pro- 
cluceil nearly the length of middle portion of fin in longest specimen, less so in smallcr ones. Caudal 
peduuele 2 in head. Pectoral 1.3 in head, its breadth about two-thirds its own length; ventral 1.6 
in  head, not roaching vent by one-half to one-fourth its length, inserted but slightly back of a verticd 
from anterior insertion of pcctoral. 

Specimens in alcohol (evidently much 
faded) are pale, mith uppcr parts of' body somewlist dusky; upper lip greenish-bluc, margin of B ~ J U O  

color. This color from each lip uuitcs bchind :~ngle of mouth into a baud which extends to  aiiterior 
margin of eye and p:isses along lower margin of eye, ending in  a sinall, indistinct (in alcohol) area 
behind eye; tr;insverse bar of H~IIIC color acrofis the chin. Beck of thk,  or1 the throat, are markings 
of bluish-green; outer margins of dorsal and vcntral and upper and lower margins of caudal fins 
bordered by sitme color, also mterior inargins of p a t o r a l  and ventral lins; indistinct markings of 
same color appear 011 caudal. 

Color notes from freshly collected specimens not obtained. 

mm. 
278 

20 
2'20 
80 
00 
12 

FIQ. 17.--Scarus gilberli Jenkins, new species. Typo. 

This spccies rcseiiibles Scar168 octodori Sleelcer. Five specimens were obtained by me in  1889, nut1 
one by the Albatross in  1896. Type 6140, L. S. Jr. University Museum. The measurements of throo 
are given below : 

mm. 
261 

15 
208 
70 
82 
12 

mm. mm. mm. mm. 
318 Snont ............................ 32 28 a6 

Eoight of first dorsal spiuo. ..... I8 10 20 
30 Height ofsoftdor~nlrnys ....... 28 28 30 

255 Height of sort nnnl rnys .......... 25 23 20 
88 Voiitrnl .......................... 50 40 59 
02 Poctornl ......................... 64 53 08 
14 Breadth of cnudnl padunole ...... 40, 35 42 

Scarus paluca Jenkins, new species. Native mme,  I'uldmlwka. Fig. 18. 
Dcptli in body to 

base of caudal 2.8; in total to  tips of middle cauclitl rays, 3.5. Scales 
24; 1ater;tl line interrupted; tubes niostly many-brandied, a, few single. At interruption two scales 
with tubes stand inimediatoly above first two of series following interruption ; soales very slightly 
roughened by radiating liucs of granulations oxtentling t o  margins of scales. 13ody moclerately deep, 

Head in body to base of caudal 3, in total to  tips of middlu caudal rays 3.68. 
D. IX, 10. A. 11, 9. P. 14. 
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compressed; profile concave, teeth whitish, lower jaw inchiled, 110 pointed tooth a t  angle of either 
jaw; upper lip doublo its entire lcngth and coveiing little more thau half of dental plate; lower lip 
covering half of lower plate. Cheek with 3 rows of scales, 6 in nppcr row, 4 to  5 in  middle, 2 in  
lower row,which extends upon anterior limb of preopercle; posterior limb of opercle with two series 
of scales, anterior limb with single series; a series of 6 scales on inedinii line bcfore first dorsal spine. 
Posterior margin of caudal fin truncate, lobes not produoed. Pectoral with 14 rays, its lcngth 1.5 
in head, its breadth being more than half its length; ventral 1.85 in head, not reaching vent by 
two-thirds its own length, its origin but  slightly behind a vertical from anterior point of tho base 
of pectoral; dorsal apines flexible, first spiue less than the succeeding ones, nearly equaling the soft 
rays; the soft anal ono-sixth higher thau soft dorsal. 

Coloratiou in life : Upper portions reddish-brown; lower parts, including ventrals and mal, a 
brighter red ; vertical fins, and ventrals somcwliat mottled, but body and hcad without, distinct 
markings. 

Sonrus paluca. 

Total longth to rniddlo of margin of 
caudal ............................... 

Length to bueo of cnitdnl .............. 
Diatanco of snout to vent ............. 
Head .................................. 
Doptl1 ................................. 
Eyo. ................................... 
Sl lOUt  ................................... 

__ 

B r a  18.--J’carus~~aZuca Jonkiiis, now spooica. Typo. 

One spcoimeu was obtaincd by 1110. Type No. 6141, L. S. Jr. University Museum. This fish is 
sirnilar to  Soartts rnbro-violaceus (Blooker), but diffors in having 14  r:hys in  pectoral, caudal lobes not 
produced, markings of fins, and in  the absence of markings of body. The specimcn gave tho following 
measurements : 

Milli. 
iuoturs 
___ 

184 
180 
88 
BO 
63 
10 
20 

Helght of timt dorsnl spino. ........... 
Hoiglit of soft anal .................... 
V on tral ................................ 
rcctolal ............................... 
C8ullnl ................................. 
Doptli of caudal pudunclo.. ............ 

l idght Of HOl% t ~ ~ I l ’ W 1  .................. 14 

21 
27 
34 
34 
3 

18 

Scarus  ahula Jenkins, new spccius. 
Depth 

in  length to  base of oaudal 2.34; in total to  middle margin of caudal3. D. IS, 10. A, IT, 10. P. 14. 
Scales 24, lateral line interrupted; tubes single or once or twice b r a h h e d ;  scales slightly rougliened 
with very minute granulations extending their margins. Body deep compressed, profile slightly 
depressed. Upper lip double 
its entire length and covering about two-thirds of dental plate, lower lip covering about half of 
lower plate. Cheeks wit11 one row of 4 scale8, behind which iwe 2 scales placed one above the 
other; preopercle naked, posterior limb of operclo with 2 series, the anterior with 1 series of soales; 

Native names, U-hu-ida, Fnuulrumtihu. Fig. 1% 
Head in length to  base of thecaudal 2.8, in total length to middlc of iunrginof caudal 3.5. 

Teeth whitish, lower jaw included, no pointed teeth n t  angles of jaws. 
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a series of 4 scales on median line in front of first dorsal spine. Caudal fin convex, lobes rounded, 
length in  head 1.26; height of caudal peduncle 2 in  heed; pectoral 1.35 in  head, breadth being more 
than half its length; ventral 1.8 in  head, not reaching vent by  about half its length, inserted on a 
vertical from posterior limit of base of pectoral; dorsal spines flexible, but little less in  height than 
soft portion, which equals soft anal in  height. 

Coloration in life : Head, body, and fins uniformly brown, with reddish tinges, which are more 
pronounced on fins and throat. Base of caudal paler. No distinct markings on any pert of body. 

Three specimens obtained by me of a total length of 218, 192, and 156 mm., respectively. One in  
Dr. Wood’s collection is 237 mm. The fish was not rare, as it was frcquently Reen in market. It 
is not distinguished from Scarus paluca and brunneus by the fishermen. They are exposed for sale 
together and bring very high prices. Type No. 6142, L. S. Jr. University Museum. 

The details of the measurements of the four examined are given below : 

Scarus ahulrr. Soarus aliula. No. 1. No. 2. No. 3. No. 4.1 

mm. mm. mm. mm. mm. mm. mm. mm. 
Total t o  middle of caudal.. .. 224 192 156 237 Hejght of first dorsal spine.. . 22 17 17 21 
Length to baseof caudsl ..... 175 152 125 193 Helghtofsof t  dorsnl . ._ ._ .  ... 

FIQ. 19.--Scarus ahula Jenkins, new spooios. Type. 

25 22 I0 

Scarus miniatua Jenkins, new species. 
Depth in  length t o  base of caudal, 2.6; 

in  total, 3.3. D. IX, 10. A. in, 9. P. 14. Scales 24. Lateral line interrupted. Body robust, deep, 
compressed. Teeth reddish or white; lower jaw includcd. A pointed tooth a t  angle of mouth on 
one side, the  base of such a tooth only on other side i n  0110 specimen; only the bases of such teeth 
in  anglcs of mouth in  other specimen, the teeth being worn or broken off. Upper lip double only 
posteriorly, covering about half of dental plate of upper jaw j lower lip covering about a third of lowor 
dental plate. Cheek with a single row of scales nearly imbedded, in one specimen so deeply imbedded 
that  they are barely visible; no scales on lower preopercnlar limb; e series of scales on n i a r g i ~ ~  of 
opercle, those on its lower limbs nearly imbedded. Caudal fiu slightly conoave, lobes rounded, not 
produced; pectoral 1.35 in heed, i ts  breadth more than half its length; ventral half length of head, 
inserted jnst baok of middle base of peotorale, and failing a h u t  half i ts  own length of reaching vent; 
dorsal spines flexible; first few spines of dorsal, anal, s n d  ven.trd with somewhat flesliy membranes. 

Coloration i n  life: Body, head, and fins a duil red, becomiug a lighter red on lower parts and 
dnrker t o  a dusky reddish-brown on upper portions of body; uo distinct markings, escopt a narrow 
violet line on outer margins of dorsal and anal fins; iris brown. 

Fig. 20. 
Head in  length to base of caudal 2.74, in total length 3.5. 
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The description is base& on one specimen, 600 mm. total length, obtainod by nio in 1887. The 

measurements are given below. A somewhat smaller spectimen obtained by tlie dlbatvoss in  189G answers 
to  this description in every particular. It brings a11 extravagant 
price among the  natives in  the market. 

The fish is apparently not common. 
Type No. 12144, L. S. Jr. University Muscum. 

The measurements are given below : 

Total length.. ......................... ... 55 
Length to base of oaudal... ............ ................... 45 
Head with flap ........................ ............................... 70 
De th ................................. ............................... 105 
Hefght of first dorsal spine ........... I .- - 

Fro. ZO.--8carus ?hirbiatus Juukins, IIOW speoios. Yypo. 

Pseudoscarus jordani Jenkins, new spocies. 
Dept,h 

in  length to base of caudal 2.64, iu total length t o  middle inargiii of the caudal 3.3. Dorsal IS, 10. 
Anal III, 9. Pectoral 14. In this specimen two scales a t  the 
interrupted portiou out of the series bear tubes. They are located o m  each over first two scales in  
the series following interruption. Tubes much branched; surfaces of scalos, cscept at posterior 
margin of each, much roughened over the whole body by striations composed of rows of minute 
tubercles. Body robust and greatly compressed. An adipose lump over snout. Tooth green, lower 
jaw inolnded; a strong tooth at eaoh angle of nppor jaw. Upper lip double only posteriorly, covering 
more than half of dental plate; lower lip covering less thau half of dental plate. Cheek with 3 rows 
of mdes, upper of 7 scales, middle row of 7, the  lower row of 2 scales, which extend on lower preoper- 
cular limb; a s e r i e ~  of scales along eutire margin of opercle; a series of six scales on median line 
before Bmt dorsal spine. Lobes of candal fiu muoh produood, being louger than body of tlie f iu;  
height of caudal peduncle in  head 2.64. Pedtoral 1.5 in  head, its breadth beiug less than half of i ts  
own length; ventral 1.75 in  head, not reaching vent by one-half its own length, iuserted on a vertical 
from about middie of baee of pectoral; dorsal spines flexible; membrane of first few spines of dorsal, 
anal, and ventral somewhat fleshy on outer margin. 

C o W o n  in  life : General color blue, the sides o f  body and head rosy or piiik ; region of body 
just  below posterior two-thirds of dorsal and the caudal peduncle greon; iris orange; margin of upper 
lip 0- above whioh it is bright blue; margin of lower lip blue, below which is an orange area, 
below again it'& bright blue whioh changes t o  a lighter blue; posterior to  this a piuk area; a 
pink line from angle of mouth to eye; dorsal fin piuk with upper and anterior border blue, and 
with a blue bar along each spine; anal yellowish with bright blue anterior outer thud posterior 
mar@; ventral blue anteriorly and pink posteriorly; caudal, upper and lower bordors bright blue, 
interior portions with reticulations of piuk end blue, colors almost wholly disappearing in  alcohol; 

Fig. 21. 
Head in  length to base of caudal 2.7, in total length t o  middle margin of caudal 3.37. 

Scales 24; lateral line interruptccl. 
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Pseudoscarus jordani. Pseudoscarus jordnui. r -_ 

there remains tho green bclow the posterior two-thirds of dorsal a n d  on caucld peduncle a8 a 

Milli- 
moterH 
- 

pigment on the scales. 

caudal. 
But oiie specimen of this brilliant, fish was obtained by me, 700 nim. in length, including lobes of 

Type No. 12143, A high price was asked for it indicating that  tho natives esteem it as food. 

Total length to middle of margin of ’ 
aandel._____ ____.. . .._. . . ._ .-..._._.. j 

Length of uppor caudnl lobe. ._._ .. . .,. .! 
Lonath to  base of caudal _____..__.....I 
Head . . - -. ~. . - - -. . . - - -. . . - - - ~. ~. . . . . - -. 
Depth.. ~ ~ ~. ._. . ~ -. ~. - ._ . . . ~. . ._._ ._. . - ./ 

GOO 
100 
480 
17R 
182 
20 I Eye .................................... 

Snout ..__.. ....._...... ._..__ __._...__. 
Height of first dorsal spine __._ _ _  ___. . . 
Height of soft dorsal . .. . . . . __. . . ._._ ._ 
Ventral ____.. ...___ _._... .____.__... ._. 
Pectoral . . . . . . . ~. . . . . . . . . . . . . . . . . . ~ ~. . . 
Breadth of narrowest portioii of caudal 

85 
30 
54 

100 
120 I peduncle ... __.____________._ ____.___.  70 

-. 

\ 

Tia. 2l.-l’~cuduecarusjordani Jenkins, ne\v spccios. Typo. 

.. 
FIO. 22.--PeeudacheilLus octotmnia Junkins, new sgooies. Typo. 

Pseudocheilinus octotzenia Jenkins, new species. Pig. 22. 
D. IX, 11. 

A. 111, 9. Body moderately slender, head mid snout 
moderately loiig, profile slightly concave. Tooth in a single series, no posterior canine; tliree pairs 
of large canines in  antcrior of upper jaw, the posterior pair of which bends outward and backward; 
one pair of strong canines in anterior of lower jaw. Cheolr witfh mainly two row8 of scales; anteriorly 
the scales are oonfused, but  apparently of three serics, encroaching somewhat on prcopercle j operele 

Head in length to  middle margin of oaudal3.1, to base of caudal 2.5. Depth 3.7 (3). 
Scales 24; lateral line interrupted; tubes single. 
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wit% a single series of scales ; a series of 5 scales in middle line before dorsal; a series of scales largely 
sheaths base of dorsal; a flimilar series sheaths to  less extent the base of anal. First dorsal spine 
shorter than the following, which are subequal, but of less height than soft dorsal; spines pungent, 
wch boaring a produced filament; second anal spine slightly longer than third; soft anal about equal 
to  soft dorsal; caudal rounded, vcntral does not reach vent by about half its length; pectoral nearly 
half of head. 

Coloration in formalin : General groundwork pinkish, a conspicuous dark longitudinal band 
running along center of cach row of scales, making eight bands on side of body, the one at base of 
dorsal through sheathing scales less distinct posteriorly; a similar but narrow band through middle 
of scales in median line before dorsal spines; faint traces of markings on head; apparently the three 
upper bands of bodx estending on to  head, the chceks and lower parts being unmarlred. Spines and 
rays of dorsal and anal blue. 

Dr. Hleelror founded the geuus IJsetuZocldZi?zus on a single species described by him as P. hma- 
lamia, from Amboyna. This species is included under this genus from its closer relation to  P. Lexalmnia, 
its solo representative, than to Cheilinus, as shown in dentition, there being three pairs of strong 
anterior canines in upper jaw, the third being largest and turning outward and backward. The 
second anal spiuc is, however, only slightly longer than third, tbnd the squamation of the cheeks shows 
anteriorly more than two series. 

This description is based on a single specimen, 115 mm. total length. It was obtained by Mr. 
Ibleipio, of Honolulu, for tho colleotion of Dr. Wood in the minter of 1899. Type No. 6122 L. S. Jr. 
University Museum. The measurements follow : 

Psoudocheilinus octotmnia. 

Totnl length to  ruiddlo margin of cnudal 
Len th tu bnso of caudal .............. 
=ea! .................................. 
Deptli ................................ 
Snout.. ............................... 
Snout to  vent .......................... 

_ _ - ~  

Eye .................................... 

Depth of caudal poduncle ............. 
Height uf first dorsal spine.. .......... 

Milli. 
meters 

115 
02 
51 
31 
7 
15 
00 
16 
5 

Height of ninth dorsal spine.. .......... 
Height of soft dorsal ................... 
First anal spine ......................... 
Third anal sp no ........................ 
Soft anal. ............................... 
Ventral. ................................ 
Poctoral ... :. ........................... 

Second anal a p i o e  ....................... 

LELAND STANFORD JR. UNIVEBBITY, May 26, 1899. 
F. C. B. 1800-5 
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CONTRIBUTIONS TO THE BIOLOGY OF THE GREAT LAKES. 

ROTATORIA OF THE UNITED STATES, WITH ESPECIAL REFERENCE TO 
THOSE OF THE GREAT LAKES." 

BY H. S. JENNINGS, 
Imtyuctor in Zoology, Uytiversity of Michigan. 

INTRODUCTION. 

Among the objects to be attained in the biological investigations of the Great 
Lakes, inaugurated by the Uiiited States Fish Clommission,.a preliminary one is the 
collection and determination of the animals and plantR found in the lakes and tho 
placing of these on record. A portion of the first summer in the field (1898) was spent 
by the writer in a study of the Rotatoria of the region of Lake yrie abont South Bass 
Island, where the summer laboratory was situated ; the observations and collections 
there made form the basis of the present paper. Three summers had been spent previ- 
ously by the writer in study of the Rotatoria of other parts of the Great Lakes and of 
some of the inland lakes of Michigan; other observations in the Great Lakes have 
been made by Rellicott ('DG and '97) on the Rotatoria of Lake Erie. These researches, 
taken together, make possible a11 extended, though of course incomplete, list of the 
Rotatoriaof the Great Lakes. As the work on the Great Lakes has included the 
larger number of species observed in the United States, i t  has been deemed advisable, 
in this first report of work doue for the United States Fish Ooinmission, to include a 
record of all the Rotifera bhus far observed in the United States, together with all the 
localities in which they have been observed, so far as possible. Notices of the Rotifera 
are \scattered through many publications, aiid it is believed that nothing will serve 
better as a basis for futuro mork than to bring these scattered notices together. 

In  beginning a study of a circumscribed group of animals such as the Rotatoria, 
in connection with a general biological survey of the Great Lakes, it is well to have 
clearly jn mind a11 outlirie of the problerns upon which work is to be done. The lake 
is to be looked upon as an organism, the various groups of auimals and plants iu the 
lake, as well as the chemical and physical conditions and forces there present, being 
the organs which make up the whole. These organs are necessarily as closely corre- 

* The papers in this series are based on investigations Of th! u. S. Fish Commissiou, under tho 
direction of Prof. Jacob lteighsrd, of the IJiiivorsity of Michigan. three other artioles of the series, by 
the aamo author, hiire bcen published in the American Journal of Physiology, vol. II, 1898 (pp. 311541, 
and 355-379), and vol. 111,1900 (pp. 229-260), as follows: (1) The Mechanism of tho Motor Reaotioptl of 
Paramecitm; (2) Laws of Chemotaxis in Parameaiurn; (3) On the Movements and Motor Reflexes of 
the Plagellnta and Cilista. 

--__ _ _  - . ~ . 

G7 
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lated and adapted to each other as the organs of an animal, and the network of 
interrelations forms the chief object of study for such a biological survey. Our 
special problem is to determine just what place the Rotatoria occupy as members of 
this organic whole. For this a study of the group in all its relations will be necessary. 
Such a study will follow some such lines as the followirig: 

First, the objects of study must be I~nown and described. To this end there must 
be on record somewhere full and complete descriptions and figures of all the Eotifera 
found in the lake, with their correct names. An important preliminary feature of the 
work consists, therefore, in figuring and describing such forms as have been incor- 
rectly or incompletely described or not described a t  all. On account of the large 
number of minute species found among the Rotifera, and the unsatisfactory work that 
has been done upon many of them, much remains to be accomplished in this line. 
The best method of carrying on this work will consist in studying carefully circum- 
scribed groups-the species of a single genus, perhaps-describing and figuring all the 
species, and going critically over the literature of the group in such a way as to set 
the synonymy in order. Studies of this sort on the genus &lonostyla, on Cathypna and 
Distyla, on Hetopidia, on Colzrrus, on the RattiLlidm, or, for a much more extensive 
problem, on the Notommatadm, would be exceedingly valuable. 

Lists of all the species found in the given body of water must also he placed upon 
record, in order that  the investigator may know with what material he has to deal. 
Such lists, carefully prepared, are also of much interest for a study of the general 
problem of the geographical distribution of the group with which we are deitliug. 

The work above characterized must be considered as purely preliminary to the 
main object of study; the present paper includes only such preliminary matter. The 
distribution of the animals within the lake and the study of the conditions under 
which they live constitute a problem of much greater iuterest. Most of the species 
of rotifers seein fitted to some special enviro~lmental conditions; what tliese conditions 
are may be determined by observation and by experiment. Prom the side of observa- 
tion,lists should be kept of Rotifera of the different regions into which a body of 
water may be divided-distinguishing thus, as is usually done, limnetic species, littoral 
species, bottom species, and swamp species. This classification is, however, much too 
general to give precise results. It should be supplemented by a careful study of the 
ltotifera of regions of diEerent character, with regard to the depth of the water, the 
character of the bottom, and especially with relation to the plant life of the water. 
The rotifers from the Charn beds, Cerntopliytlum beds, Naias beds, Potamogeton beds, 
the Cladophora-covered surfaces, should be studied and listed, to see what relation 
there is between the animal and plant life of the lake. A beginning of this work was 
macle-during the summer of 1898, but in the two months during which t h e  party was in 
the field not enough could be done, in  addition to other work, to permit the drawing 
of any conclusions, so that the results will not be presented till further study is made. 

The changes in the character of the fauna with different seasons of the year and 
with variations in climate must be studied as ail important feature of the conditions of 
existence. The problem may be attacked more directly under experimental conditions. 
The animals may be kept in laboratory cultures, aud suitabh changes produced artifi- 
cially iu the conditions witgin these cultures. The results of tliese changes on the 
life of the animals may thus be observed. Proper control cultures will always be 
necessary in such work. 

The eEects of varying conditions in modifying a given single species is a problem 
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. of tlie greatest interest, leading to the general question of the origin and nature of 
species and to the deepest questions of morphogenesis. The variations of a given 
species sliould be recorded m d  studied; from a sufficient number of records the laws 
of the variations may be qeduced. More important still is a study of the causes of the 
variations. The variations occurring with a change of conditions, or with a change of. 
season, are worthy of careful study, such a, study as has recently been made by Lauter- 
born (’98) of Anzwcea cochlearis. An experimental study of the production of variations 
promises most for this problem; to this end the very variable and hardy species 
Braclvioizuu bakeri would probably be a most useful form. 

The life-history and reproductive habits of the animals furnish afurther important 
field for study. Many features in the life-history of the Rotifera are of much interest 
and need such study as has been carriedon thus far onlyfor Hyda.tiiza senta, by Maupas, 
Niissbaum, and others. The striking sexual dimorphism ; the conditions of the occur- 
rence of males a t  certain periods; the determination of the different kinds of eggs pro- 
duced at  different times; the sex of the offspring-all present problems of the greatest 
interest for an experimental study. 

A most important and neglected field lies in a study of the activities by which 
the aiiiinals respond to their environment. Proper conditions of existence are neces- 
sary, but tliese are not sufficient done to preserve the life of th6 organisms; the animals 
must respond to their environment by appropriate activities. We must know what 
these activities are and the laws which govern them. I n  other words, a study 
of the physiology and especially the psychology of the animals is necessary before we 
can underst,and the interactiou of organism and environment ; the functions and inove- 
meuts of the organisms constitute one of the chief factors in the network of interrela- 
tions of the ‘6  organs 7’ of the lake. Having determined the gencml laws according to 
which the organisms respond to their environment-in other words, having made a 
study of the psychology of the animals-it will then be possible to determine by obser- 
vation and experiment the specific factors which cause migratious, the sudden ailpear- 
ance of tlie animals in a given locality, their quick disappearance from another locality, 
aud the like. In  any group of animals the investigation must follow some such line 
as marked out above, in each case a study of the normal psychology of the animals 
being a prerequisite to an understanding of the laws of their migrations aucl other 
striking activities. Commencing at the beginning, a study of this nature was made 
on the Protozoaduring the suinmer of 1898, the results of which are resumed in 
anotlier paper, which deals with the Protozoa; it is hoped soon to extend this study to 
the Rotatoria. The psychology of the Rotatoria has beeu studied scarcely at all; 
notes as to the nature of the food and the method of taking it, together with descrip- 
tioils of the method of forming the tube in sonie tube-dwelling species, being the chief 
rnatters that can be gleaned from the literature. 

The only way in which the problems above characterized can be solved, the 
relations of the Rotifers (or of any other group) to their environment worked out, is 
for investigators to choose definite limited problems for solution and devote time and 
energy to observation and experimentation till the questions proposed are answered. 
Mere isolated observations, collected during a systematic study of tlie group, can do 
little; investigators must take up tlie work in the same spirit in which morphological 
Problems are attacked, concentrating d l  efforts upou a given point until that is 
settled. The activities of animals are as worthy of such study as are their structures. 
Until a large amount of investigation has been done it will not be possible to give m y  
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satisfactory discussion of the place occupied by the Rotatoria in the life syatem of 
the lake. I n  this paper i t  is only attempted to point out here and there problems 
that await settlement at the hands of careful investigators. 

The paper is, therefore, purely preliminary in character, aiming to show merely 
what species have thus far been recognized in the United States and where they are 
found, as well a8 giving descriptions and figures of some species that are in need of 
study. Futurereports need not take the shape of a formal list, but will give accounts 
of special studies in any line or record additions to the fauna. Forinal lists of species 
are perhaps the most uninteresting of scientific writings, yet they form a disagreeable 
necessity as a basis for further work. An ideal list is such a one as that give11 by 
Weber (’98) of t h e  Rotatoria of the basin of Lake Geneva, every name accompanied 
by a beautiful figure of the animal. The short time spent on the work t h u s  far has 
rendered this impossible for the Rotatoria of the Great Lakes. Most of the figures 
m u s t  be reserved for the future development of the work along this line. Iu the case 
of new species, or where there are other causes for special interest, figures are given 
in the present paper. These figures were drawn by Mrs. Louise Jennings from 
camera sketches made by the author. 

The author has endeavored to avoid, as far as possible, the naming of new species. 
Since the publication of Hudson and Gosse’s Monograph of the ltotifera, about ten 
years ago, study of this group has been very active, resultiiig in the multiplication of 
papers on the subject, often without relation to oue another, and describing the same 
forms uuder digerent names. A certain amount of this was perhaps inevitable at 
first, but heedless work has multiplied the resultant confusion many fold. No one 
has a right to cumber scientific literature with the names of species L‘presumably 
undescribed,” as a recent paper naively puts it, without recognizing the fact that a 
vast volume of literature has appeared on the group since the publication of Hudson 
and Gosse’s Nonograph, iricludiug descriptions of many new species (295 up to 1897, 
according to Rousselet, ,97), The recoguition and description of ;t new species must 
therefore be regarded as a most laborious piece of work, involving a careful examina- 
tion of large numbers of papers in various languages, besides a consultation of 
Hudson and Gosse. There is no excuse for omitting such a study before publishing 
descriptionk of species as new, in view of the full lists of new rotifers published a t  
iiitervals by Mr. Charles Rousselet (’93 and ,973, with the titles of the papers in which 
the descriptions are published. I f  a student finds himself unable to see a large shere 
of these papers it is his duty to recognize the fact that he is not in a position to 
publish names of new species. If he wishes to publish his notes aiid’drawings, these 
may be of great use to other workers, but if he proceeds to append iiew names to his 
descriptions, increasing the already heavy burden of synonymy, his work becomes B 
positive injury to science aud a nuisance to all careful scientific students. The record 
of American workers on the lZotifera has not always been so good in this matter as 
might be wished. I n  the American paper above referred to as giving names to 
‘ 6  presumably undescribed 77 species, six so-called new species are figured on the plate, 
with new specific names in the descriptions. Of these ais, four are easily recognizable 
as old friends by anyone hmi l i a r  with the receiit literature of the subject, while 
the other two are thought by another reviewer to be old species. This illustrates the 
value of the description of “ presumably new ,’ species without comparison with those 
described in recent papers. Science is burdened with four, perhaps six, uow synonyms. 

Another mistake to be avoided, as has been emphasized by Rousselet (796), is the 
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making of new species because the observer finds some structure not previously figured 
or described in what would otherwise be considered an old species. It must be 
recognized that very fow of the older figures and descriptions are in any sense 
complete; it was the purpose of inany of the older authors to give merely such a 
figure and description as would lead to ready recognition of the animal, not to give an 
exhaustive anatomical account. Moreover, the improverncnts in optical instruments 
and in technique have been such as to enable even the amateur to see much that 
formerly remained hidden to the best investigators. 

A third opportunity for the introduction of confusion into the study of the 
Rotatoria lies in the great variability of many forms. There are few species that are 
not sufficiently variable to permit an observer to find specimens that differ from the 
type enough to allow him to immortalize his name by appending i t  to a synonym, if his 
ambition runs in that direction. Rousselet (’97) has already pointed out that many 
of the recent new species are but slight variations of well-known forms. It must be 
recognized, however, that the limits of variability arenot easily defined, and that it is 
often very difficult to say whether a given specimen should be considered a new 
species or a variation of an old one. Mistakes from this source are therefore to a cer- 
tain extent excusable, while those resulting from the first two causes above mentioned 
are usually due to carelessness or ignorance; 

To describe a new species, one should therefore have access to all the papers in 
which new species have been described since tho publication of Hudson and Gosse’s 
Monograph, or at least to all papers describing any species belonging to the genus 
under consideration. The titles of the papers bearing directly on the genus of which 
i t  is proposed to describe a new species may be determined-up to 1897, a t  l e a s t  
from Mr. Charles Rousselet’s lists of new species of Rotifers (Rousselet ’03 and ’97). 
As a further precaution against error, i t  would be well to submit either mounted sped- 
mens or drawings and notes on proposed new species before publication to someone 
thoroughly competent to judge as to their claims. Mr. Charles Rousselet, 2 Pembritlge 
Orescent, Bayswater, London W., England, is doubtless as well acquainted with the 
Rotifera as anyone in tho world, and is always willing, with uniform courtesy and 
kindness, to give expert advice as to the publication of what seem to be new species. 

On account of the recent great niultiplicatiou of new species, a description of a 
new rotifer should be accompanied by a careful comparison with any other species of 
the same genus that a t  all nearly resemble i t  and the points of dswence brought out 
clearly. I n  a number of recent cases the lack of ground for giving a new name would 
a t  once have been evident if this had been done. For example, Stenroos (’98) in his 
recent valuable paper on the animal life of Lake Nurmijiirvi, in Finland, after describ- 
ing as new Cathypna magna n. sp., gives a list of the known species of Cathypna, 
amor~g them Cuthypna zclzgulata Gosse. A careful comparison of Cathypna inagna 
Stenroos with Oathypna i q p l a t a  Oosse mould have disclosed their identity. 

The publication of a new species without a figure, which has been practiced by 
Some American authors, as well as by some of those of Europe, is greatly to be 
deprecated. Usually t h e  figure is the most important part of the account of a rotifer, 
and a description could, as a rule, be much better dispeiised with than a good figure. 

To sum up, therefore, anyone who proposes to publish a desoription of a rotifer 
88 new should fulfill the following conditions: 

1. Not ouly Etudson and Gosse’s Monograph, but all subsequent papers contain- 
ing descriptions of rotifers in any way related to the one in Iiand, shoiild be consulted. 

‘ 
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2. New species should not be described as a result of the discovery of some 
hitherto unmentioned anatomical detail in an otherwise known species. 

3. Great care should be exercised not to describe as new species mere variations 
of an old species. 

4. If any doubt can possibly exist, the figures and descriptions should be 
submitted, before publishing, to some expert who has all the literature a t  hand. 

5. A description of a new species should be accompanied by a detailed comparison 
with any: very closely related species that may exist, to show wherein this one differs 
and why it is considered new. 

G. Every desoription of a new species should be accompanied by a good figure or 
figures. 

For the two cases in which it has seemed necessary to describe certain forms as 
new in tfie present paper, an attempt has been made to fulfill these conditions. 

The subjoined list contains not only the species found by the author in Lake Erie, 
in the region of South Bass Island in the summer of 1898, but also, so far as known to 
the writer, all the species that have been found in  the United States, together with the 
localities from which each species has been recorded. An attempt has been made to 
make this list as complete as possible, but the references to the Rotatoria are exceed- 
ingly scattered, so that I can not hope that none have been overlooked. Nevertheless 
it is believed that the omitted references are very fern. 

A brief review of the history of tlie study of the Rotatoria in this country may be 
of interest in this connection. The first recorded observation of any inember of the 
group in America seems to be that of Bosc (1802), who observed some rotifer belonging 
to the P7~iZodi.nidcc in Carolina. Ehrenberg in his great work ('38) lield BOSC'S animal 
to have been Rotifer vulgaris, while in a later paper (Ebrenberg, '43) he considers it to 
have been probably Callidina rediriva Ehr. 

The next notice of American Itotatoria that I have been able to find js that by 
Ehrinberg ('43). He lists a few rotifers obsewed by him in material sent t o  him from 
this country by various men of science. 

In 1855 Bailey ('55) described Liniiaias awndatus Bailey. 
Schmarda ('69) in his trip around the world, 1853 to 1857, observed two rotifers 

"in brackish water near New Orleans.'? 
From this time on, up to 1879, little notice of the Rotifera is to be found in American 

journals, save a few iiotes by Leidy ('51? '57, '74, and ' 7 4 b )  and one by Yeirce ('76), in 
the Proceedings of the Academy of Natural Sciences of Philadelphia. 

In 3879 the late Dr. D. 8. Kellicott published his first note ou the Rotifera, a 
description of Notholea longispina Kellicott. This was followed by many other papers 
on the group, up to the year before the death of this author in 1898. The decade from 
1880 to 1890 was marked by numerous brief papers and notes on the group, by Kelli- 
cott, Herrick, Leidy, Attmood, Vorce, Forbes, Foulke, Stokes, Up de Graff, and others. 
The first formal list of American species was that of Herrick ('85) of rotifers found in 
Ohio and Minnesota, followed with one by Eellicott ('88) of rotifers found a t  Oorunna, 
Mich. 

In  the decade now coming to an end, work on tfhe group has been much increased, 
especially in connection with the founding of fresh-water biological stations. Extended 
local lists of species have been published by Turner ('92), the present writer ('94 and 
'96), Eellicott ('96 and '97), and Hempel ('98). 
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I n  the following list those species representing the autaor’s investigations of Lake 
Erie during the summer of 1898 are numbered consecutively; those not observed here 
are not numbered. After each locality is given the name of the investigator who has 
recorded it, followed by numerals showing the year in which the publication took 
place, The exact reference niay then be determined by turning to the list of litera- 
ture at the end of the paper, where the authors7 naines are arranged alphabetically, 
and the papers of a given author are distinguished by prefixing to each the nuniber 
of the year (in the century) in which i t  was published. In certain cases species are 
recorded in proceedings of societies as having been exhibited by some member of the 
society; in every such case the citation is given under the name of the member who 
made the exhibit. I n  some cases I have recorded here for the first time localities other 
than Lake Erie in which I have st some time observed a species; these localities are 
signed Cvith my own initials (E. S. J.). 

The region studied by the author during the summer of 1898 consisted of the 
waters about South Bass Island, especially the waters of the lake along the shore of 
the island. Naturally the waters i n  the immediate neighborhood of Put-in Bay were 
most carefully examined, since the laboratory was situated on the shore of this bay. 
Many excursions, however, were made to more distant regions. East Harbor, south 
of the island, on the northern shore of Ohio, furnished many of the rotifers. Others 
came from towings made in Lake Erie at a distance from shore. Two swamps on 
South Bass Island were carefully examined; one lies close to the United States fish- 
hatchery, while the other lies on the east shore of the island, just east of the village 
of Put-in Ba,y. The latter is referred to in the list as “Bast Swamp.” The swamp 
near the fish-hatchery is connected with the lake by a channel about BO feet long, aiid 
is situated a t  such a level that a t  times water flows from the lake into the s m a q ,  while 
again it flows from the swamp into the lake; therefore, as might be expected, the 
limnetic rotifers of the lake sometimes occur in the swamp, while a t  other times the 
fauna of the swamp is of the most pronouiiced stagnant-water type. East Swamp 
has no connection with the lake. 

The proper classification of the Rotatoria presen ts great difficulties. The system 
most in use is that of Hudson and Gosse, as given in their Monograph of the notifera. 
This classification is unsatisfactory in  many ways, aiid what I consider a better one 
in many respects has recently been proposed by Lund (’99). After consideration it 
was decided, however, not to introduce this new classification into the present paper, 
as most workers on the group are IIOW better acquainted with the classification given 
’by Hudson and Cosse, so that the use of their system will best facilitate reference to 
the list. The sequence of orders, families, and genera adopted is tlrerefore that of 
Ixudson and GOYSC, in the Monograph of the notifera published in 1889, with some 
lnodifications rendered absolutely necessary by more recent investigations. 
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A LIST OF ALL ROTATORIA HITHERTO FOUND IN THE UNITED STATES, 
AND THE LOCALITIES WHERE THEY HAVE BEEN OBSERVED, 

WITH DESCRIPTIONS OP TWO NEW SPECIES. 

[Aocompanied by plates 14-22, figs. 1-46.1 

Order I. RHIZOTA. 

Much less stiidy has been given to  the Rhizota, or attached Rotifera, by the present writer, than 
to the free-swiinn~iug forms, and thc same 8ecms to  be true of other students of American Rotntoria. 
Doubtless much remains to  bc done before eveu au approximately full list of t h o  American Rhizota 
can be given, and some of the forms already listed are sadly in  need of careful study. There is much 
roo1ii for work in preparing full and accurate descriptions and figures of the American Rotifera of 
this group. 

lily 1. FLOSCULARIADX. 

FLOSCULARIA Oken. 
1. F. cornuta Dobie. 

On .E7odea from East Harbor, Lake Erie. 
Pond near Bangor, Me. (J. C. S., '83). Nigger Creek, Grand Island, Niagara River (Kellicott, 

'87). Shiawassee River a t  Corunna, Mich. (Kcllicott, '88). Chippewa Lake, Mecosta County, Mich., 
and Lake St. Clair (Jennings, '94). Sandusky Bay, Lake Erie, and Buffalo, N. Y. (Kellicott, '96). 

' 2. F. algicola Hudson. 
On Cladopliora and Cltara, in  East Swamp, South Bass Island. 
The specimens found agreed perfectly with the description given by Hudsou in the small size 

(210p=0.01 inch in length), in  the dots on the corona arranged in symmetrical patterns, and in  othcr 
respects; but they inhabited evidcnt tubes, while Hudsou was anable to find a tube. 
3. F. mutabilis Boltou. 

This free-swimming form seem8 widely distributed in waters of the Great Lakes, although it is 
never p5esent in  large nombers. It was frequently taken with the tow net  sad plankton net in  tho 
open lake about South Bass Island, in Lake Erie. Also found in a swamp cloae to  Unitccl Stmates 
fish-hatchery on South Bass Island, at timefj when the watcr of the lake flowed into the swamp. 

Lake St. Clair (Jennings, '94). Lake Michigan, Pinc Lake, Round Lake, and West Twin Lake, 
near Charlevoix, Mich. (Jennings, '96). 
4. F. pelagica Rousselet. 

1 found i t  in collections 
made with the tow net snd plaukton net  in Lake Erie a t  vnrioiis places near South Bass Island. It is 
noteworthy that  neither o f  these limnetic PZo8cuZa~*ia8 havc been reported from the carcfully stuclicd 
waters of the Illinois River. 

Lake St. Clair (Jennings, '94). Lake Michigan, Round Lake, and Pine Lake, nee; Charlevoix, 
Mich. (Jennings, '96). 
5. F. millsii Kellicott. 

A single specimen attached to a Diflugia shell, from the Portage River, Ohio, about a mile from 
Lake Erie. 

Black Creek, Ontario, Canada (Kellicott, '85). Nigger Creek, Grand Island, Niagara River 
(Kellicott,'87). Sandusky Bay, Lake Erie (Kellicott,'97). AIBO found by Mr. .J. B. Shearer a t  Bay 
City, Mich. (according to  Kellicott, '97). 

"American species" (Kellicott, '84). 
Minnesota (Herrick, '85). Nigger Creek, Grand Island, Niagara River (Ibllicott, '87). Shiawessee 
River at Cornnna, Mich. (Kellicott, '88). Exhibited in  Now York (Helm, '89 and '91). In the ncigh- 
borhood of Cincinnati, Ohio (Turner, '92). Chippewa Lake, Mecosta County, Mich., and Lakc St. Clair 
(Jennings, '94). Sandusky Bay, Lake Erie (Kellicott, '96). Waters connected with the Illinoib River 
at Havana, Ill. (Hempel, '98). 

F, campanulata Dobie.-Black Creek, Ontario, Canada (Kellicott,'85). Nigger Creek on Grand 
Island, Niagara River (Kellicott, '87). Shiawassee Rivcr at Corunna, Mich. (Kellicott, '88). West 
Twin Lake, Muskegou County, Mich. ; McLaren Lake, Occana County, Mich. (Jennings, '94). West 
Twin Lake, near Charlevoix, Mich. (Jennings, '96). Ssriili18ky Bay, Lake Erie (Kellicott, '96). 

Saudusky Day, Lake Erie (Kellicott, '96). 

The distribution of p. pezagica is about the same as that  of p. ntutabilis. 

F. ornata Ehrenberg,-Pond near Bangor, Me. (.J. C. S., '83). 
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F. edentata Collins.-McLaren Lake, Oceaiia County, Mich. ; Chippewa Lake, Mocosta County, 
Sinall pond at Ccdar Point, San- 

Sandusky Ray, 

Shinwassee River a t  Cornnna, Mich. 

Corunna, 

Midi. ; Crooked Lake, Nowaygo Connty, Mich. (Jenuings, '94). 
dusky, Ohio (IEellicott, '97). 

Lako Erie (Kellicott, '96). 

(ICellicott, '88). 

Mich. (Kellicott, '84, as F. tr(fo2iitnb). 

Swamp near Norwich, Vt .  (H. s. J.). 
F. anbbigua Hudson.-Shiawassee River, Corunna, Mich. (Kellicott, '84 and '88). 

3'. oovonetta Cubitt.--"Amoric:Lii spocies" (lbllicott, '84). 

F. trilobntn Collins.-Pond near Bangor, Me. (J. C. S., '83, under the name F. It*ifoZiz~in). 

F. regalis I-Iuclsou.--Fouud by Up de Graff a t  Elmira, N. Y. (aocording to ICollicott, 'Si). 
Aoyclus iizquietua Leidy.-Schuylkill River, near Philadelphia (Loidy, '82). 

APSILUS Metschnikoff. 

(Plate 14, figs. 1 slid 2.) 
What secms to  bo the young free-Mwiinining form of a specics o i  this genus was found sparingly 

amid LenLiia, &inxlcla, and Wolgia iu tlie swamp near the IJuited Statos fish-hatchery, on South h s s  
Idaiid, in July, 1898. It is not possible to  dotermine the species of' young specimens from the pub- 
lished descriptions of the members of this goniis, bocause they deal entirely with the adult. In my 
paper of 1894 I assumed tha t  this was A. Zenti.oi*nais Metsch., that  being the only species recognized ae 
certainly wellestablished by Huclsonand Gosse. But if Stokes ('960) is correct in his contention tha t  
four species of the genus am t o  bo recognized, then this niay belong to  any of them. A thorough study 
of tho animal wns uiidortaken, bot they disappeared before this was coiiiploted; I give my notes and 
drawings, however, so far as they go. A sidc view, accurate as far as i t  ~ O G R ,  but not showing all 
dotails, is giveu in fig. 1. 

The body is thick aud csluinsy and slightly curved, so as to be couvex dorsally and concave ven- 
trally. It tapere slightly toward both ends, endiug in a truncate i'ashiou, a t  the :interior end in the 
head, at the posterior end in  the broad disk which sorves ae a foot. The head is separated from the 
body dorsally by a slight depression, while ventrally the outline of the body continues iiiiinterruptedly 
iuto tho hoad. The postcrior disk is marked of€' from the body by a broad sliallow coiistriction. The 
animal ?B very transparent nncl eutiroly colorlees, except for the two rod eyes. 

The ciliated fane a t  tho anterior end is slightly obliquc, a nou-ciliated p i r t  prqjecting above the 
ciliated portion. The cilia iirc rather long and seem to form a simple circle, but observations on this 
point are not complete. A largo lobed 1)raiu lies behind the corona,, bearing in  front the  two red eyes, 
in which crystalline lenses are clearly visible. The head may be extended considerably farther thau 
is shown in the figure, or may be entiroly retracted. 
. The body of the aiiimal is filled with a bowildering confusion of glands, digestive organs, 
mnsclos, and nerve cords. Much of interest might be brought out by a minute study of these parts; 
1 h a w  soen nn rotifer that  appeared so favorable for a study espocially of the muscular and nervous 
Systems. The figure, accurate so far as i t  goes, gives an idea of the complex of detail8 awaiting 
disentangleinout. I shall not, in  the abseuce of minute study, attempt to  interpret the  structures 
Shown. The prominent trophi lie, as in  othor members of this genus, at the bottom of a large sac; 
they are of the  peculiar form characteristio of the genus. 

It appears to 
be poseible t o  distinguish four layers, beginning with the outside: (1) A thin cuticula; (2) a thick, 
gelatinous cellular liqwr; (3) a layer of transvcrse niuscles; (4) a layer of longitudinal muscles. The 
two muscular layers are not completely aoparated, and some of the longitudinal musclos traverse the 
body cavity, but in  a gencral way the distinction into two layers is evident. The posterior disk is 
rotractiJe into a sort of mautle which partly oovers it, Rnd tho whole, mantle and all, may be drawn 
within the body. The disk is coucave, with lines radiating from the deeper central portion, and is 
oiliated. The movements of the animal much resemble those of Asplanchna. 

Lund ('99) holds that  dpsilus should b6 removed from the $'~osct1~air'adm and placed in  a Meparate 
family near the A s p z ~ ~ t o l i n u a ~ .  

The.present author ('94) recorded this same form from Lake St. Clair as A .  Zentifornais Motsch. 
A .  vovux Leidy.-Schuylkill Biver aud Fa i rmoi~~i t  Park, Philadelphia (Leidy, '57, '82, and '84). 
A. bipcva Fou1ke.-Fairmount Park, Philadelphia (Foulko, '84). Pool a t  Trenton, N. J. (Stolrcs, 

d .  Zuciitedax I~'orbes.-In an aquarium at Normal, 111. (Forbcs, '82). Pool at Trenton, N. J. 

They are shown in fig. 2, plate 14. 
Tho body wall seeius much more complex thau is usually tho case in the Rotifera. 

'960). Sandusky Bay, Lake Erie (Iiellicott, '97). 

(Rtolres, '960). 
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A. Zentiformis Metsch.-In Phipps Conservatory tanks at Allegheny, Pa. (Logan, '95). 
Stephanoceros eichhoinii Ehrenberg.-Philadelphia f! (Peirce, '75). Bangor, Me. (J. C. S., '83). 

Ponds in  New Jerscy (Balen, '83 and'85). Found by E. B. Grove i n  Rogers Glen, Oncida, N. Y., by W. R. 
Cross at Canden, Me., and by C. F. Park near Poughkeepsie, N. Y., according to Balm ('83). In  Can- 
ada, across from Buffalo, N. Y. (Kellicott, '84). Pittsburg, Pa. (Mellor, '89). Exhibited in  New York 
(Cox, '89, and Helm, '97). McLaren Lakc, Oceana County, Mich., and Horsehead Lake, Mecoste 
County, Mich. (Jennings, '94). Sandusky Bay, Lake Erie (Kellicott, '97). 

Family 2. MELICERTADX. 

MELICERTA Schrank. 
6. M. conifera Hudvon. 

East Swamp, South Bass Island, on Characeo. 
Shiawovsee River at Corunna, Mich. (Iiellicott, '88). 
N. ringens Schrank.-Niagaro River (Fell, '82). 

Sandusky Bay, Lake Erie (Kellicott, '96). 
Baugor, Me. (5. C. S., '83). New Jersey (Balen, 

'85). Exhibited in New York (Helm,'89, and 
Walker, '94). Lake St. Clair and West Twin Lake, 
Muskegon County, Mich. (Jennings, '94). Phipps Conservatory tanks at Allegheny, Pa. (Logan, '95). 
Susan Lake, North Michigau (.Jennings, '96). Black Channel, Sandusky Bay, Lake Eric (I<ellicott, '97). 

H. janus Hudson.-In the following inland lakes of Michigan: McLaren Lake, Ooeana County; 
Crooked Lake, Newaygo County; Horsehead Lake, Mecosta County ; Chipyeso Lake, Mecosta County 
(Jennings, '94). Mr. John Hood has recently called my attention to  the fact that  the Mclicertapoccu- 
Zosa, dcscribed (without figure) by Kellicott ('96), from Sandnsky Bay. resembles in  almost, if not 
quite, every respect M.janus, except in the possession of a tube without pellets. Now, Mr. Hood finds 
M.jaiiua in Scotland inhabiting tubes without pellets, eo that there is a stroug probability that  he is 
right in believing Kellicott's H.$occulosa to be really N.janus. Kellicott's description of dl.$occulosa 
is so meager that  it is difficult to find facts upon whirh to  base a positive opinion; the only point in 
the description of M.$occulosa which might be heldnot  to coincide with that  of M.janusis that  Kelli- 
cott says the chin is spatulate, n-hercas in Hudson's description the chin is said to be two-pointed. It 
will probably be best to  consider M.pocculosa, a t  least provisionally, RS a synonym of M. janus. 

iY. tubicolaiia Ehr.-Exhibited in  New York (ITelm,'89). Sandusky Bay, Lake Erie (Kellicott, '97). 
M.$occulosa 1Cellicott.-See M.janus. 
Zimnias ceratopliylli Schrank.-"Abundant in our rivers " (Leidy, '74). Pond near Bangor, Me. 

(J. C. S., '83). Shiawassee River at Corunna, Mich. (Kellicott, '88.) Sandusky Bay, Lake Erie, and 
Niagara River (Kellicott, '96). Exhibited in  New York (Hclni, '97). Waters connected with Illinois 
River a t  Havana, Ill. (Hempel, '98). 

L. shiazuasseeneis 1iellicott.-Shiawassce River at Corunna, Mich. (ICellicott, '88). Sandusky Bay, 
Lake Erie (I<ellicott, '96). 

L. annulatue Bailey.-West Point, N. Y. (Bailey, '55). Shiawassee River a t  Corunna, Mich. 
(Kellicott, '88). Sandusky Bay, Lake Erie (I<ellicott, '9G). 

L. socialis Leidy = L. ccratopliylli Schranlr. 
Ccphalosiphon limnias Ehrenberg.-Along shore of Niagsra River (Mills, '81). 

Shiawassee River at Coruuna, Mich. (Kellioott, '88). 
Exhibited in  San Francisco (Breckenfeld, '89). 

Buffalo, N. P., and 
Shiawassee River Michigau (Kellicott, '87). Corunna, Mich. (Kellicott, '88). Olentangy Crcek 11 t 
Columbus, Ohio (Kellicott, '89). Lake St. Clair (Jennings, '94). Sandusky Bay, Lake Erie (Kellicott, 
'96). Watctrs conuected with Illinois River a t  Ravaua, 111. (Hempel, '98). 

C. aandidus Hudson.-Olentangy Crcelr, Colnmbus, Ohio (ICellicott, '89). 
C. furaillatus Kellicott = CEcistes melicevta Ehrenberg. 
(Ecistes meliccrta Ebrenberg.-Olentangy Creek at Columbus, Ohio (Kellicott, '89, under the name 

CepWalosiplioi~ furcillatus). Swamp on the shore of Lake St. Clair (Jeniiings, '94). This sptcies is 
reprmented by Stokes ('81, fig. 2) without a name, probably from New Jersey. Tho two dorsal hooks 
are developed in many specimens into two great branched antler-like structures, which are shown in 
plate 14, fig. 3. There seems to  be no justification for the change of the specific name from mclioerta, 
as given by Ehrenberg, to  ptygura, a8 given by Hudson and Gosse. 

Lake St. Clair aud 
McLaren Lake, Oceana County, Mich. (Jennings, '94). Sandusky Bay, Lake Erie (Kellicott, '96). 
Exhibited in New York (Helm, '97). 

Sandusky Bay, 
Lake Erie (Kellicott, '96). Waters con- 
neoted with the Illinois River a t  Havana, Ill. (Ilempel, '98). 

0. longicornis Davis.-Shiawassee River a t  Corunna, Mich. (Ibllicott, '881. 

0. mucicola Iiellicott.-Shiawassee River a t  Corunna, Mich. (Ihllicott, '88). 
West Twin Lake, near Charlevoix, Mich. (Jeuuings, '96). 
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0. crystallinua Ehrenberg.-Shiawassee River at Corunna, Mich. (Kcllicott, '88). 

0. umbella Hudson.-Sandusky Bay, Lake Erie (Ihllicott, '97). 
0. intermedius Davis.-Waters connected with the Illinois River at Havana, 111. (Hcmpel, '98). 
Laaimlaria socialis Ehr.-Exhibited in New York (Balen, '83; Damou, '86 and '88). 

Sandusky Bay, 
Lake Erie (Kellicott, '96). 

Shiawnssee 
Pond near Norris Pltss, on the Shoshone Trail, Yellowstone 

West Twin Lake ncar Charlevoix, 
It seeins probable that the 

River a t  Corunna, Mich. (ICellicott, '88). 
Perk (Forbes, '93). 
Mich. (Jennings, '96). Much less common than Megalolroelta albojlavicaiis. 
latter is often mistaken for it. 

7. M. alboflavicans Ehrenberg. 

Sandusky Bag, Lake Erie (Kellicott, '96). 

NEOBLOTI1OCHA Ehrenberg. 

Vcry abundant on Cliara in East Swamp, South Bass Island. 
Along shore of Niagara River (Mills, '81, under name M,$awicairs). Sdiuglkill River, Pennsylvania 

(Leidy, '82, under name M, alba). Exhibited iu Now York 
(Helm, '94). Lake St. Clair; Mona Lake, Muskegon County, Mich., end Horsehead Lake, Mecosta 
County, Mich. (Jennings, '94). Wators connected with 
the Illinois River a t  Havana, Ill. (Hempel,'98). 

Pond near Bangor, Me. (J. C. S., '83). 

Sandusky Bay, Lake Erie (Kellicott, '96). 

M. semibullata Hudson.-Waters connected with Illinois River a t  Havana, Ill. (Hempcl, '98). 

TROGBOSPHIERB Semper. 
8. T. solstitialie Thorpe. 

Swamp near United States fish-hatchery, South Bass Island, in August, 1898. 
The genus Trochosplimra was instituted by Semper in 1872 (Zeilschr. f. wise. Zool., Bd. 23, p. 311) 

for the remarkable rotifer Dochoephmva equatovialis Semper, found by that  author in  the Philippine 
Islands. Troclmaplimra equatorialis, as is well known, is a spherical rotifer, w!th a girdlc of cilia divid- 
ing the surface of the sphere into two hemispheres. It approaches closely, in  many respects, t o  the 
structure of the Trochophora larva of annelids and mollusks, and great importance has been attached 
to  i t  as the nearest representative of the hypothetical ancestor of those groups. Trochosphwa seems 
'not to have been seen again until found by Surgeon V. Gunson Thorpe, of the English Navy, in  1889, 
at Brisbane, Australia. In 1892 the  same investigator discovered in  China a second species of the same 
genus, differing from T. epatorialis in  tha t  the ciliary girdle passes not around the middle of the 
sphere, but nearer o m  pole, like the  tropic of Cancer around the  earth. To this species Thorpe ('93) 
gavo the appropriate specific name soletitialis. Much interest was arouscd whim in 1896 (Science, 
Doc. 25,1896) ICofoid announced the discovery of [I! solstitialis T h o r p  in  tho Illinois River and waters 
connocted therewith ncar Havana, Ill. Kofoid raised the question whether its presence i n  America 
was due to recent importation from China, or whether it is to be considered a native American form. 
Its occurrence a t  a station so distant from that recorded by IEofoid, on a suiall island in Lake Erie, 
seems to  indicate tha t  the  latter alternative is probably correct, It is not unlikely that  Ti*oclboapltmra 
will be found to  be widely distributed in America when proper search for i t  is made. 

The swamp in which [I'l.ochospJ,limra occurred at Put-in Bay has over its bottom a dense growth of 
Ca~atoplyllum, while the surface is completely covered with a mantle of plant material oonsisting of 
Lentna, S'irodela, and Firoljia intermixed. It is connected with the h k e  by a narrow short channel, 
and is situatcd at such a level tha t  when the lake is high it receives mater from Dhe lake, while undcr 
the  usual conditions water flows out of the swamp into the lake. Many of the Rot,ifcra in  the swamp 
are common to i t  and to  the lake, while a numbcr were f w n d  in the swamp alone; among the ]titter 
W a s  Tvooliosphmra. The animal was never abundant, only a few individuals being obtained, and it 
W a s  found for only a few days in  August. 

Waters connected with the  Illinois River at Havana, Ill. (Kofoid, '96, and Hempel, '98). 

CONOCHILUS Ehrenberg. 
9. C. unicornis Rousselet. 

Common in surface towings and plankton hauls from Lake Erie i n  the region of South 13ass 
Island aud from East Harbor. 

Lewis Lake and Yellowstone Lake in the Yellowstono Park (Forbes, '93, under the name C. 
%topua Forbes). Lalrc St. Clair (Jennings, '94). Sandusky Bay, Lake Erie (Icellicott, '97). Waters 
connccted with the Illinois River a t  Havana, Ill. (Hempcl, '98). 

Bangor, Me. (J. C. S., '83). 
Exhibited in New York (Balcn,'85, Helm, '89, and Walkor, '94). Qnincy Bay, Mississippi River, Illi- 

C.  wolmz Ehrcnberg.-Water from Plainfield, N. J. (ITitchcock, '81 b). 
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nois (German, ’90, p. 182). Lake St. Clair and Chippewa Lake, Mecosta County, Mich. (Jennings, ’94). 
Saudusky Bay, Lake Erie (Kellicott, ’96). West Twin Lake, near Charlevoix, Mich. (.Jennings, ’96). 
Van Cortlandt Lake, New York City (Helm, ’97). 

Waters connected with the 
Illinois River at Havana, Ill. (Helppol, ’98). 

C. doseaarius Hudson.-Sandusky Bay, Lake Erie (Kellioott, ’97). 

C. leptopus Forbes= C. uiticoritis Rousselet. 
“Apmcia ameZia.”-In the .Journal of the New York Microscopical Society, vol. 13,1897, on p. 15, 

among the ‘I objects exhibited” occurs the following: “Rotifer, dpcccia amelia, living, from New Jersey, 
by Frederick Kato.” Further on occurs the following: “Mr.  Walker said of Mr. Kato’s rotifer, that  
i t  is mentioned in Trans. Acad. Nat. Sci.of Phil., and is the same as Mr. A. D. Balen’s rotifer of 
“pond 61,” 2& miles from Westfield, N. J.” I have not been able to  discover any reference to  a rotifer 
with this gcneric or specific name elsewhere, though I myself and others have searched carefully 
through thc publications of the Philadelphia Academy for an account of the animal. Through the 
kindness of Dr. Emily G. Hiunt, however, I am able to  present the following facts: The rotifer was 
discovered by Dr. W. Gibbons Hunt, of Philadelphia, about twenty years ago, on the under side of 
partially decayed water-lily leaves, in a lake in New Jersey. “I t  was a very large and unusually 
beautiful rotifer, existing in colonies, the individuals of which had the titi18 all attached to one com- 
mon point and radiated out on all sides in a sphere, the whole embedded in a clear jelly.” Dr. Hunt 
named the rotifer Apuxia aBmilia, and is supposed to  have published somcwhore a description of the 
new genus and species thus foundcd; this description, if it exists, it secxns impossible now to trace. 
From the above dcscription i t  is apparent that  the animal belonged to the Rhizota. 

Order IT. BDELLOIDA. 

Family 3. PHILODINADB. 

PHILODINA Ehrenberg. 
10. P. roseola Ehrenberg. 

One of the commonest of the Rotifera; abundant among the plants of the bottom of Lake Erie 
in the region studied. This rotifer was one of the few species found in the small landlooked pools on 
the rocky surface of Starve Island, just  south of South Uass Island. 

Pond near Bangor, Me. (J. C. s., ’83). Shiawassee River a t  Corunna, Mich. (ICellicotA, ’88). 
Pools in the neighborhood of Cincinnati, Ohio (Turner, ’92). Lake St. Clair and the following inland 
lakes of Michigan : White Lake, Muskegon County ; Crookod Lake, Newaygo County ; Chippown, 
Lake, Mecosta County (Jennings, ’94). I n  old channel 
connecting Round Lake and Pine Lake, near Charlevoix, Mich. (Jennings, ’96). 
11. P. citrina Ehrenberg. 

Bottom of Put-in Bay Harbor and East Harbor, Lake Erie; also in  the swamp near the fish- 
hatchery on South Bass Island. 

Lake St. Clair and the following inland lakcs of Michigan: White Lake, Muskegon County; 
MoLaren Lake, Ocemna County, and Crooked Lake, Newaygo County (.Jennings, ’94). Sandusky 
Bay, Lake Erie (Kellicott, ’96). Round Lake and swamp on the shore 
of Pine Lake, near Charlevoix, Mich. (Jennings, ’96). Common in pools, Hanover, N. H. (H. S. ,J.). 
12. P. megalotrocha Ehrenberg. 

Common in bottom vegetation of Lake Erie in the region of South Uass Island. Also from East 
Harbor and thc small pools on Starve Island. 

Pool in  the neighborhood of Cincinnati, Ohio (Tnrner, ’92). Lake St. Clair (Jennings, ’94). 
Sandusky Bay, Lake Erie (Kellicott, ’96). Pine Lalm, near Charlevoix, Mich. (Jennings, ’96). Waters 
connected with the Illinois River a t  Havana, Ill. (Hempel, ’98). 

Saodusky Bay, Lake Erie (Kellicott, ’96). 

Trenton, N. J.9 (Stokes,’96a). 

’ 13. P. aculeata  Bhrenberg. 
Swamp near United States fish-hatchery, South Bass Island. 
Shiawassee River at Corunna, Mich. (ICellicott, ’88). Lake St. Clair and McLaren Lake, Oceana 

County, Mich. (Jenniiigs, ’94). Trenton, N. J. (Stokes, 
’96a). Apparently 
the species describcd by Stokes (’81)) os ‘ I  Philodina 11. sp.?.” 

P. macrostyla Ehrenberg.-Lake St. Clair (Jennings, ’94). Bottom of Lake Michigan, and pool 
on the shore of Pine Lake at Charlevoix, Mich. (Jennings, ’96). I have lately found it in  some Utvi- 
oularia sent from Norfolk, Va. Wntcrs conneated with tho Tliinois River at Havana, Ill. (Hempel, ’98). 

Sandusky Bay, Lake Erie (Kellicott, ’96). 
Tamarack swamp on shore of l’iiio Lake, near Ch:wlevoix, Mich. (Jennings, ’96). 
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ROTIFER Schrank. 
14. R. vulgaris Schrank. I 

Common among the plants of the bottom of Lake Erie about South Bass Island and in  East 
Harbor; also from the two swamps on the island. 

In dirt from the crevices of pavements of Philadelphia (Leidy, '74b). Summit of Roan Mountain, 
North Carolina (Leidy, '80). Lake Erie (Vorce, '82). Pond near Bangor, Me. (J. C. S., '83). Exhib- 
ited in  New Pork (Mitchell, '86, Helm, '89). Shiawassee River a t  Corunna, Mich. (Kellicott,'88). Pools 
near Cincinnati, Ohio (Turner, '92). Lake St. Clair and various inland lalres of Michigan (Jennings, 
'94). Pine Lake, near Charlevois, Mich. (Jeunings, '96). 
Waters connected with the Illinois River at Havana, Ill. (Hempcl, '98). Hanover, N. H. (H, S. J.). 
15. R. tardus Ehrenberg. 

Abundant i u  the swamps on South Bass Island and in East Harbor, Lake Erie; also in  Portage 
River, Ohio. The specimens found in this region had the spurs much shorter and thioker than are - 
figured by Hudson and Gosse ('89) and Janson ('93). In cvory other rcspect, however, it was exactly 
Ehrenberg's R. tardue. I have since seen a t  Hanover, N. H., specimens having the long narrow spurs 
figured by Gosse and Janson. 

Sa.ndusky 
Bay, Lake Erie (Kellicott, '96). Pool on the shore of Pine Lake nt Charlovoix, Mich. (Jennings, '96). 
Waters conn?cted with the Illinois River a t  Havana, 111. (Hempcl, '98). 

R. macroceros Gosse.-Shiawassee River at Coriinna, Mich. (Kellicott, '88). Lake St. Clair (Jen- 
nings, '94). 

R. eloxgatus Weber.-Bogs, Corunna, Mich. (Kellicott, '92). Bottom of Lake Michigan in  the 
neighborhood of Charlevoix, Mich. (Jennings, '96). 

R. triseoatus Weber.-Lake St. Clair and pools 011 shore of Pine Lake near Charlevoix, Mich. 
(Jennings, '94 and '96). 

R. niento Anderson.-Lake St. Clair (Jeunings, '94). 
R. itep~,taniU8 Ehrenberg.-Pittsburg, Pa. (Mellor, '88). Lakc St. Clair (Jennings, '94). Waters 

conuocted with the Illiuois River a t  Havana, Ill. (Hempel, '98). 
R. mac~uriis Schrank.-Shiamassee River at Corunna, Mich. (Kellicott, '88). Sandusky Bay, 

Lakc Erie (Kellicott, '96). Waters connected with Illinois River a t  Havana, 111. (Hempel, '98). Very 
abundaut in water from a ditch at Hanover, N. H. (H. S. J.). 

Callidinapapillosa Thompson. Swamp on shore of Pine Lake near Charlevoix, Mich. (Jenninge, '96). 
C. conslrictu Duj.-With the last (Jennings, '96). 
C. magna P1atc.-With the last (Jennings, '96). 
C. ntusculosa Mi1ne.-Bottom of Lake Michigan near Charlevoix, Mich. (Jennings, '96). 
C. cre&ta Bryce.-Swamp 5 miles from Norwich, Vt. (H. S. J.). 
C. ClefJa?&S Ehrenberg.-Doubtfully reported by I<ellicott ('96) from Sandusky Bay, Lake Erie. 

C. socialis 1iellicott.-On the larva of Psepkenus Eecolttci, Shiawassee River a t  Corunna, Mich. 

C. rediviva Ehrenberg ?-North Carolina, Bosc. 

Sandusky Bay, Lake Erie (Kellicott, '96). 

Shiawassee River at Corunna, Mich. (Kellicott, '88). Lake St. Clair (Jennings, '94). 

Sandusky Bay, Lake Erie (Ibllicott, '96). 

, 

Waters connectod with Illinois River at Havana, Ill. (Hempel, '98). 

(Kellicott, '88). 
(See Ehreuberg, '43.) 

Family 4. ADINETADB. 

Adineta vaga Davis.-Tarnaraok swRmp, on shore of Pine Lake, ueiir Charlevoix, Mich. (Jen- 
niugs, '96). 

O r d e r  111. PLOIMA. 

Sub-Order  ILLORICATA. 

Family 5. MICROCODONTIDB. 

Hiorocodon olaaus 1Chrenberg.-Pond near Bangor, Mu. (J. C. S., '83). Crookcd Lake, Newaygo 

ilIicrocodides orbiododiscus 'l'horpe.-Lalro St. Clair (Jennings, '94). Pool on shore of I'iiie Lake, 
Pond in sand on shoro of Sandusky Bay, Sandusky, Ohio 

County, Mich. (JenningH, :sa). 

near Charlevoix, Mich. (Jenuings, '96). 
(Icellicott, '97, under the  name dl. dubitcs Bergcndal). 

West Twin Lakc, near Chmlevoix, Mich. (Jennings, '96). 
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Family 6. ASPLANCHNADZ. 

ASPLANCHNA Gosse. 
16. A. priodonta Gosse. 

In towings from Lake Erie. 
Pond in BufEdo City Park (Kellicott, '87). 

Not abundant. 
Abundant in Lake St. Clair (Jennings, '94). Lake 

Michigan, Round Lake, and Pine Lakc, near Charlevois, Mich. (Jennings, '96). Sandusky Bay, Lake 
Erie (Kellicott, '97). 

A.' kerrickii de Guerne.-It is charncteristic of the poorness of the plankton iu Rotifera, i n  Lake 
Erie, about South Bass Islantl, t8hat Asplanclina herrickii was not found there at all in the summer of 
1898, and that  8. priodonta was not abundant. In  prcvious examinations of Lake St. Clair and Lake 
Michigan both had becu found very abundant. This species was first figured by Herrick ('84, plate V, 
fig. 8) from Minnesota, under the title '( flask-shaped rotifer, hermaphrodite, with eggs and sperm." 
Other localitics wherc i t  has since been found in America are as follow8: Lake St. Clair (Jeunings, 
'94); Lake Michigan, Round Lake, Pine Lake, and Susan Lakc, in north Michigan (Jennings, '96); 
waters connected with the Illinois River at Havana, Ill. (Hempel, '98). 

A .  brightzuellii Gosse.-Neighborhood of Cincinnati, Ohio (Turner, '92, under the name A. cincin- 
natiensis Turner). Waters connected with 
t!w Illinois River at Havana, Ill. (Hempel, '98). 

Waters connected wiBh the Illiuois 
River, at Havana, Ill. (Hempel, '98). 

Waters connccted with the  lllinois River at Havana, 111. (Hempel, '98). 

Phipps Conservatory tanks at Allegheny, Pa. (Sniiley, '95). 

8. ebbesbornii Hudson.-Pond near Philadelphia (Leidy, '87). 

A.  girodi de Guerne.-Waters connected with the Illinois River a t  Havana, 111. (Hempel, '98). 
A. amplioru Hudson.-Founil a t  Philadelphia by Leidy, according to Hudson and Gosse, '89 

A. cincinnatiensia Turner = A.  briglitwellii Gosso. 
A .  magni.ous Herrick = Aaplancltnopus myrnrsleo Ehr. 

(Supplement, p. 13). 

ASPLANCHNOPUS De Guerne. 
17. A. myrmeleo Ehrenberg. 

East Swamp, South Bass Island. 
Minnesota (Herrick, '84, under the title "deadly enemy to Chydorus," and '85, under the name 

Asplanclmu magni$cua n. sp.). Pinc Lake and West Twin Lakc, near Charlevoix, Mich. (Jennings, '96). 
Marshes in the region of Sandusky, Ohio (Kellicott, '96). Waters connected with the Illinois River at 
Havana, Ill. (Hempel, '98). 

Ascomorphu ecaudis Perty (SucouZus viridis Gosso).-Shiawassee River at Corunna, Mich. (Kelli- 
cott, '88). Lake St. Clair and Whitmore Lake, near Ann Arbor, Mich. (Jennings, '94). Round Lake, 
uear Charlevoix, Mich. (Jeunings, '96). Waters coiinected with the Illiuoifi Rivcr a t  Havana, Ill. 
(Hempel, '98). 

There seems to be some question as to  the  proper specific name of this animal. According to  
de Guerne ('88) Perty's name eeaudis has the priority, dating from 1850. Bu t  Weber, '98, in his recent 
very careful paper, uses the name helvetica, likewise credited to  Perty, without giving the date of this 
name, though he cites also the name ecaudis as a synonym. Perty's papers have not been at my com- 
mand in  order to  settle the uncertainty. 

Lake St. Clair and Whitmore 
Lake, Mich. (Jennings, '94). 

Weber 
('98) holds that  this species was described from contracted examples of Gastropua slylifer Imhof (Nolops 

pJgniU32l8 Calman). This appears not improbable. 

HERTWIQIA Plate. 
18. H. parasita Ehrenberg. 

Many. 

A .  iiyalina Kel1icott.-Pool a t  Corunna, Mich. (Kellicott, '88). 

A .  orbicularis l~ellicott.--"Biemuller~ Cove," Sandusky 13ay, Lake Ihie  (Kellicott, '97). 
West Twin Lake, near Charlevoix, Mich. (Jenuings, '96). 

In  Volvox from East Swamp, South Bass Island. 
A rotifer parasitic in Volvox, and therefore doubtless this specics, has beon recordod from Pateraon, 

N. J. (N. N., 'E), and from Hydo Park, Chicago, 111. (Attwood, '78). It has also been recordoil by 
nanie from Sandusky Bay, Lake Erie, and Minerva Park, Columbus, Ohio (Kellicott, '97). I have also 
found i t  in the reservoir of tho town water supply of Hanover, N. H. (,H. S. J.). Though often placed 
with the Notomniatadn, the opinion expressed by many authors tha t  this creature is more nearly related 
t o  B~comorpLa is probably correct, so that  it meme best to  place i t  here in  close juxtaposition with 
that  genus. 



ROTATORIA O F  THE UNITED STATES. 81 

Family 7. SYNCHirETADiE. 

SYNCHZTA Ehrenberg. 
19. S. stylata Wierzejski. 

on South Bass Island at times when the lake water has poured into the swamp. 

near Cherlevoix, Mich. (Jennings, '96). 
with tlie Illinois River at Havana, Ill. (Hempel,.'98). 

County, Mioh. (Jeuuings, '94). 
Illinois River at Hava'na, Ill. (Hempel, '98). 

hood of Sandusky, Ohio. 

Rather rare in  the harbor of Pot-in Bay, Lake Erie. 

Lake St. Clair (Jennings, '94). 

Few in the swamp near the fish-hatchery 

Lake Michigan, Round Lake, Pine Lake, and West Twin Lake, 
Waters connected 

Whitmore Lake, Washtenaw 
Sandnsky Bay, Lake Erie (I<e!licott, '97). Waters connected with the 

S. tiemula Ehrel;berg9--Doubtfiilly reported by Kellicott ('97) in marsh water in  the neighbor- 

Sandusky Bay, Lake Erie (Kellicott, '97). 

S. peotinata Ehrenberg.-Pond near Bangor, Me. (J. C. S., '83). 

Family 8. TRIARTHRADIE. 

POLPARTERA Ehrenberg. 
20. P. platyptera Ehrenberg. 

Abuudent iv surface and bottom towings and in collec- 
tions of plants from the bottom of Lake Erie in  the region of South Bass Island, and from East 
Harbor. 

Shiawassee River at Corunna, 
Mich. (Kellieott, '88). Lake St. Clair; Chippewa Lake, Mecosta County, Mich.; Whitmore Lake, 
Washtenaw County, Mich. (Jennings, '94). Sandusky Bay, Lake Erie (Kellioott, '96). Lake Miohi- 
gau, Round Lake, Pine Lake, and West Twin Lake, near Chorlevoix, Mich. (Jenuings, '96). 
oonnected with the Illinois River a t  Havana, Ill. (Hempel, '98). 

(Hempul, '98). 

One of the  commonest of the Rotatoria. 

Also in the two swamps on South Bass Island. 
Lake, Erie (Vorce, '82). Near Minneapolis, Minn. (Herrick, '85). 

Waters ' 

1'. platypteia var. euiypteia Wierzej8ki.-Waters conneoted with the Illinois River a t  Hnvana, 111. 

Anarlhra aptera Hood.-Waters conneotud with the Illinois River at Havana, Ill. (Hempel, '98). 

TRIBRTERA Ehrenberg. 
21. T. longiseta Ehrenberg. 

Swamp near United States fish-hatchery on South Bass Island. 
Water from Lake Erie at Sandusky, Ohio (Kollicott, '96). 

Pedetes saltator Gosee.-Waters oonnected with the Illinois River a t  Havana, Ill. (Hempel, '98). 

Few. 
Waters eonneoted with the Illinois 

River a t  Havana, Ill. (Hempel, '98). 

Family 9. HYDATINADB. 

Hydatina senta Ehrenberg.-This large and interesting rotifer is said to  be common in Europe, but 
in all the  waters which I havo examined for rotifers in this country Zydatina has been conspiouously 
absent. But it has been reported by Ihllicott ('88) from tho Shiawassee River at Corunna, Mich., 
and by Hempel ('98) from waters connected with the Illinois Fiver a t  Havana, Ill. 

NOTOPS Hudson. 
22. N. clavulatus Ehrenberg. 

Numerous a t  times in the swamp uear the IJnited States fish-hatchery on Soiith Bass Island, in 
company with Trookorrphmra eolstitialis. Also in East Swamp. 

There seem to be no very cxact figures of the ciliary apparatus of this species; for the sake of 
coUpari8on with Notop8 pelagious n. sp. (see the next) I have made a study of it and present herewith 
afigure (plate 15, fig. 10). The oorona of Notops claviilatna consists of the following parts: A oirule 
of large oilia extends around the oircumferenoe of the head, interrupted (if a t  all) only at the mouth 
on the  ventral side. The ventral half of this crown of cilia approaches a sernioircle in  form, but  
laterally there is a notch on each sic!e, and the dorsal half is much lees rcgular. Within this outer 
coronal wreath are three large styligerous prominences siirrounding the buccal funnel, corresponding 
with the three prominenoes of N. pclagioics, and doubtless also with those of N .  braciiionur. The dorgal 
One of the three prominences is smaller than in N .  pelagious, and bears six long styles sheathed at the 
base, of the sort described and figured by Hudson and Gosse a8 occurring in  N. brachionus. The two 

F. C. B. 1890-6 



82 

lateral prominences bear ten (or sometimes nine$) sitdilar styles. To right and left of the dorsal 
median prominence are two small bundles of very slender bristles. These take the place of the two 
large single styles i n  N. pelagicus. As is well known, such large single styles are often formed of 
cilia or small styles united in  bundles; this is probably the case in  N. pelagious, so that  it is not 
surprising to  find a large style in  the one species corresponding to  a bundle of small styles in the 
other. The buccal funnel descends directly from the  lateral styligerous promin,enees; on its lateral 
walls are two elevations, each bearing five styles that project horizontally across the furrow through 
which the food passes. These correspond exactly with the two elevations in  the buccal funnel of 
N. pelagicua (fig. 8 )  and with those described by Hudson and Gosse for N. brachionus. 

Thorpe (’93) has described as a new species Notopa lOtO8 ,  from China; the only difference between 
this and N. clavulatue is that  the former has but  three styligerous prominences on the corona, whereas 
Hudson says that (‘N. clavulatus has a greater number of styligerous lobes” t h i n  N. braohionus, which 
he says has three (Hudson and Gosse, ’89, vol. 11, p. 12). Hudson’s figure shows’ in  N. olavulatus some 
six or seven or more of such lobes (vol. I, plate xv, fig. 3). But i t  is difficult to  say how exact Hud- 
son’s figure wns meant to  be in  this respect. From the figure it is  not possible to say which structures 
represent styligerous prominences and which parts of the outer ciliary wreath, and the impression is 
given that  the exact number and position of the prominences was not clear in the mind of the author. 
Such being the case, it has seemed most probable t o  me that my specimeus are N. olavulatus, though 
but  three large and t w o  small ~~sty~igerou8,prominences” exist. Moreover, the two small prominences 
to right and left o f  the  median one are very easily overlooked, and it seems to  me possible tha t  they 
were thus overlooked by Thorpe, and that  his specimens were also N. olavulatus. Some exact iuforma- 
tion aa t o  the corona of the typical N. olavulatus of Europe would be a valuable contribution from 
some of the European workers i n  this field. It is possible tha t  such information may shoG that  our 
form should be given Thorpe’s new name Notops lotos, but I think this highly improbable. In  case 
this should turn out t o  be  N. lotos Thorpe, it is worthy of remark that it was found here, as Thorpe 
found i t  in China, d o n g  with Dochoapkara solatitiala‘s. 
23. N. pelagicus n. sp. (Plate 15, figs. 7, 8, and 9.) 

This interesting new member of the limnetic fauna of Lake Erie occurred rather sparingly in 
surface and bottom towings and plankton hauls from parts of Lake Erie i n  tho  neighborhood of the 
group of islands about Put-in Bay. 

It has in many 
respects the  general aspect of a Brachionus, seeming, like N .  brachionus, t o  form a connecting link 
between the genera Notopa and Braokionra. Its closest affinities are apparently wj th  Notopa bracirionue 
Ehr., bu t  with its partially loricated body it seems to  reseuible very closely nlso tlie Braoltionus mollis 
of Hempel (’96). Through the kindness of Dr. C. A. Kofoid, snperinteudent of the Illinois Biological 
Station, I have been able to  examine the type speeimeu of Brachionus mollis. While the resemblance 
between the two is striking, Hempel’s species is clearly a Braclionns, while this is as evidently a Notopa. 
The body is thick and clumsy, the dorsal surface rising in a regula: arch from both ends t o  the 
middle (as seen in  side view), the  ventral surface nearly flat, but  its posterior third sloping upward 
t o  join the dorsal surface (fig, 7). A w n t r a l  view shows a broad surface, widest some distance from 
the  rear, thence narrowing snddenly backward to  a blunt point (fig. 8). The coronal surface is so 
prone as to  seem to form an almost direct continuation of the surface of the body. A short unringed 
foot with two inconspicuous toes completes the animal posteriorly. 

The integument is thickened to form a partial lorica, much as i n  N. hyptopua Ehr., to  judge from 
the account given by Hudson and Gosse. In  front the loricate nature of the integument is extremely 
evident, the dorsal edge having even four short teeth, as in species of Bracldonits or Bnnra.a, while 
at the junetiou of the  dorsal and vontral parts of the lorica there are in front two marked teeth or 
augles. The anterior ventral edge is nearly smooth, there being merely a rounded notch a t  its middle 
point. The corona can be partly withdrawn within the lorica, giving exactly the appearance of an 
Anuraa or Brachionus, with partlyretracted corona-the edges of the lorica with its teeth standing out 
sharp and clear. Over the remainder of the  animal the iutrgumeut is merely stiffened, much as i n  
some of the  large species of Diglena, forming thus oertain permanent folds. A pair of such folds 
extends backward from the head on either side, separating the lorica into dorsal and ventral portions 
(fig. 7). Just in  front of the base of the foot a transverse fold passes across from one lateral fold t o  
the other (fig. 8), seeming to  set a posterior limit t o  the ventral plate. Yet the entire lorica, if it is 
t o  be so called, is pliable, not forming a n  unyielding shell as in the typically loricate Rotifera, and 
especially is the posterior region soft and yielding, so that  there is no sheath or any indication of 
lorica about the place of attachment of the foot. Above the foot the body projects backward iu a 
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thick point (fig. 7), yet this is comparable in  texture merely to  the "tail" of Copeus p a c l t ~ u ~ t t s ,  rathor 
than to  a projection of the lorica, such as occurs in  a Braohionus. 

A little above the two lateral longitudinal €old8 above mentioned there is a broad longitudinal 
deprossion, above which the arched dorsal part of the body is much less in width than the ventral 
part. 

The eorona (fig. 8), is of the typical Notops character, resembliug in all oasential details that 
of N. olavulatua, just  described, and in  many respects very closcly that of N. bzacl~ionus, as figtired by 
Western ('90). A ncarly circnlar outer ciliary wreath is interrupted on each side by an car-like 
unciliated projection, with a deep notch in  frontof i t ;  therc is also a short ventral unciliated region. 
Within this wreath are three curved styligerous prominences about the buccal funnel; these corre- 
spond iupositiou to the three main prominences in  AT. clavitlatirs and, I should judge, t o  the middle 
dorsal and the two ventral promineiices shown by Western ('90) in N. brackioim~. The exact number 
of styles on each of those prominences was not noted, so that  the figure does not attempt to be 
aecurate on that  point. At the side of the middle prominence, between it and the laheral prominences, 
are two thick styles or antenna, taking the place of the  two buuches'of small cilia to  right and left of 
the middle prominence in A? clavulatus. The ciliated buccal funnel descends from within the three 
prominences; some distance within there are on the sides two smell elevations, eaeh witha numbcr of 
stiff se ta  extendigg transversely across the buccal groove, exactly as in N. clavulatus. As previously 
mentioned, the coronal eurface is very nearly a direct continuation of tho ventral surface of the animal, 
80 that  a ventral view permits a thorough study of the corona. A thick dorsal antenna projects from a 
notch in the anterior dorsal margin of the lorica, exactly as in  Brachionue. Lateral antenna wore 
not observed. 

I t  is scarcely at d l  extcnsible, 
varying little in  length, so far as observed. The two toes are very inconspicuous, at times retracted, 
RO as to  be quite invisible. Each ends in a minute tube, through which at times a thick mucus is 
exuded, by means of which the animal adheres to  objects with whioh i t  comes in  contact. A broad 
canal can be traced from each toe to a group of small glands at the base of the foot. The trophi 
(fig. 9) are malleate, agreeing in  all essentials with thosc of AT. cZavuZattts as figured by Wierzejslri ('93) 
and Gosse ('56). Each uncus contains five broad blunt teeth. On each side of the mastax, situated 
apparently in  some portion of the alimentary canal, therc is-in many specimen8 at least-a bright rod 
spot, the two making almost the appearance of eycs. The large brain, triangular in  side view, carries 
at its posterior dorsal point the  single large red eye. The other internal organs were not studied. 

The cgg is carried by the mother, attached just  above the base of tho foot, in  exactly the position 
in  which a Bvaohionzls carries its eggs. 

Notops pelagious feeds upon the unicellular alga: which float in the clear waters of the lake and form 
the primary food supply of almost all the water organisms. Thus, if we cousider the organisms of the 
lake as forming a chain, of which these unicellular alga, deriving their sustenance directly from the 
inorganio constituents of the water, are the first link, while tho highest carnjvorous fish are the last, 
this rotifer forms a part of the  second link, standing in relatious of depeudcncy only to  the primal 
source of food supply. 

It scenis 
to  belong unquestionably to  N o t o p ,  and to  be morc closely related to  tho soft-bodied members of tha t  
genus; yet it has an evident partial lorica. I n  spite of this lorica, i t  clearly does not bclong at all 
with those loricate members of the (former) genus Notope tha t  have recently been separated off by 
weber  ('98) as Gastropus. Its relations are not with Ga8t1-OpU8 stylifer, G .  minor, and G. kyptopus, but  
with Notops olavulatus and N. brachioims; a t  the same time, it is evidently related to the species of 
~rachionue. I believe with Lund ('99) that the Hydatinada are to  be  grouped naturally with the 
Brachionidm, aud that  the softnest, or stiffness of the outicula (upon W i c h  depends whether the animal 
is called loricate or illoricate) is u oharaeter of little signifieance in  classification. 

It is t o  be noted tha t  in the two important papers tha t  have appeared most recently on the 
Rotatoria, the species of the genus Notops have been divided in the same manner, but  tha t  the namc 
NOtOp6 has been left with a different division in each case. Both Weber ('98) and Lund ('99) separate 
Notope clavulatutfand N .  braahion.ua on the one hand from N. hyp60pt48, N. minor, and .,Y stylifw ( p y g m m ~ )  
On the  other. But while Weber leaves the  name Notope to  the  former group, calling the others Gas- 
bopus, Lund gives the name Notops to  the hYplOp8 group, relegating the othcrs t o  Hydatiita. I have 
followed Weber, for reasons given under the discussion of the genus Gaatropue. 

This depression is indicated by a strip of deeper shadiilg along the sidc in fig. 7. 

. 

The foot is short and thick, and is quite without annulations. 

NotopspcZagic~te is noteworthy for its bearing upon the classification of the Rotatoria. 

N. minor Rousselet ; N.pygma.ue Calman.-See Gastropus, under Loricata. 
N. laurentinus Jennings.-Seo Proal08 laurentilrue Jenniugs. 
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TRIPHYLUS Hudson. 
24. T. lacustris Ehrenberg. 

the male ant1 the female being found. 
This rare and interesting rotifer occurred abundantly in  East Swamp, South Bass Island, both 

Western ('92) given a figure of the male of this species. 

CYRTONIA Rousselet. 
25. C. tuba Ehrenbtrrg. 

East Swamp, South Bass Island, abundant. 
Trenton, N. J. (Stokes, '97, under name Proales lqalina n. ep.). 

* Family 10. NOTOMMATADX 
Albatia naidiis Bousfield. 
Lake St. Clair (Jennings, '94). 
It seems possible that  the  Anelcodiscus pellucidus described by Loidy ('51), from the intestine of 

Stylaria fossularie Leidy, in the neighborhood of Philadelphia, may haw been a rotifer of this genus. 

TAPHROCAMPA Gosse. 

26. T. annulosa Gosse. (Plate 14, figs. 4, 5, and 6.) 
Swampy parts of East Harbor, Lake Erie; common. 
There is so much characteristio detail about the form and striicture of this animal that is not 

brought out i n  the published figures, tha t  I have thought i t  worth while to give some camera figures 
of specimens killed in  extension. The animal is here represented as curved 
more than other published figures show it, but  in my experience this is about the form the living 
specimen usually has when moving along the bottom. On account o f t h e  fact that  i t  is so curved, the 
entire body can not well be shown in a single dorsal view. Fig. G gives a dorsal view of the anterior 
three-fourths of body, while fig. 5 gives a corresponding view of the posterior three-fonrths, showing 
the toes, with the broad tail above them. In regard to  tho interual anatoniy, i t  needs to  be said 
that the intestine does not open iu the  broad dorsal depression near the posterior eud of the body, as 
Weber ('98) has represented i t ,  but  the opening lies just  above the tow, beneath the tail. Mr.  Gosse's 
statement in  the monograph that  the opening of the  intestine is Bevieatb the two toes is equally incorrect. 
This is perfectly clear in mouuted specimens. 

Shiawassee River at Corunna, Mich. (Kellicott, '88). Lake St. Clair, and the following iiiland 
lakes of Michigan: McLaren Lake, Oceana County; Crooked Lake, Newaygo County; Chipptiwa 
Lake, Mecosta County (Jennings, '94). Channel between Round and Pine Lakes, mar Charlevoix, 
Mich. (Jennings, '96). 
27. T. saundersize Gosse. 

Fig. 4 gives a side view. 

Waters connected n i t h  the Illinois River at Havana, 111. (Nempel, '98). 

Portage River, Ohio, among Utricularia. 
Shiawassee River a t  Corunna, Mich. (Kellicott, '88). 

East Harbor, Lake Erie and swamp near fish-hatchery on South Bas8 Island. 
Lake St. Clair (Jenninge, '94). 
1: clauigera Stokes.-Trenton, N. J. (Stokes, '9Gb). 

Lake St. Clair (Jennings, '94). 

28. T. selenura Gosse. 

Trenton, N. J. (Stokes, 9Ga). 

PLEUROTROCHA Ehr. 

29. P. parasitica n. sp. 
Parasitic on the anuelitl Nuis Zacustris, from among plants of tho bottom of' Lake Erie about 

Sokth Bass Island. 
I n  waters connected with the Great Lakes I have several times noticed a I'lcurotroclia attached 

by its jaws to  the external siirfaco of the sinal1 annelid Xais lactistvia. The first one observed I 
thought I could identify with Ehrenberg's P .  constricta (Jennings, '94, p. la), but  I have since been 
able to  make a more carefiil study, with the result of showing that  this identificatibn is wrong, the 
body being much too ahort and broad. It resembles more nearly 1'. yibba Ehr., yet is clearly dintin- 
guished from that species by the much greater a i m  of the toes, as well as by the totally different form 
of the body and head. I t  resembles no other of the receiitly described species of this genus, so that  
i t  is necessary to describe i t  as a new species. Ventral and side views of the animal are shown in 
plate 16, figs. 13 and 14. 

(Plate 16, figs. 13 and 14.) 
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Body very short and broad, oval in dorsal or ventral view. Head much narrower than body, 
tapering t o  the obliquelj truncate corona, composed of a singlo wreath of cilia. Body truncate 
behind; from the lower side of the truncate surface rises the single joint forming the short foot. The 
trro tapering toes are about as long as the body is thick at the posterior end; they stand some dis- 
tance apart a t  base. The internal anatomy offers nothing especially noticeable save the lack of an 
eye, which is of coursc the character that  places this form in the genus Pleuroti*ooha. Length, 110,~. 
Animal cctoparasitic 011 the annelid Nais Zacustris. 

Pool near Lake St. Clair (Jonnings, '94, under the name P ~ C I W O ~ T O C ~ C Z  constvicta Ehr.). 

NOTOYMATA Gosse. 
30. N. aurita Elircnbcrg. 

Rare, among plants on bottom of Put-in Bay Harbor, Lake Erie. 
Lake St. Clair (Jennings, '94). Sandusky Bay, Lalro Erie (IEellicott, '96). Water6 conneoted 

with the Illinois River a t  Iiavhna, Ill. (Hempel, '98). 

31. N. tripus Ehrenberg. 
East Harbor, Lake Erie, in  Utricularia. 
Shiaanssee River at Corunna, Mich. (Kellicott, '88). Lake St. Clair and White Lake, Munkegon 

Waters County, Mich. (Jennings, '94). 
oonnected with the Illinois River at Havana, Ill. (Hempel, '98). 

32. N. truiicata Jennings. 

Trenton, N. J. (Stokea, '96b, under name N. mirabilis n. sp.). 
Brook, Hanover, N. H. (H. S. J.). 

In Naias and Ckava, bot,tom of Put-in Bay Harbor, Lake Erie. 
Lake St. Clair (Jeunings, '94). 
N. braciyota Ehrenberg.-Lake St. Clair (Jennings, '94). 
AT. collaris Ehronborg.-Lalre St. Clair (Jeunings, '94). 
hr. torulosa Duj.-Lake St. Clair and Chippewa Lake, Mecosta County, Mich. (Jennings, '34). 
N. nrowopcte .Jounings.-Lake St. Clair (Jennings, 'Y4). 

N. ?>ora% Stokes.-Trenton, N. J. (Stokes, '97). 
.ii. cyrtopus Gosse.-Waters connectcd with the Illinois River at Havana, Ill. (Hempel, '98). 
N. mirabilis Stokos.=AT. t r i p s  Ehr. 
3. lacinnlala Ehrcnberg., Bec Diaschiza laciiinlata Ehrenborg. 

This specios has recently been found by Stenroos ('98) in Finland. 

Lake Michigan, Round Lake, Pine Lake, 
West Twin Lake, and Susan Lake, near Charlovoix, Mich. (Jennings, '96). 

Sandusky Bay, Lake Erie (Kellicott, '97). 

COPEUS Gosse. 
33. C. pachyurus Gosse. 

Bottom of sliallow parts of Lake Erie near Put-in Bay. 
Tamarack swamp on the  shore of Pino Lake, near Charleroix, Mich. (Jennings, '96). 

C. 7abiatccs Gosse.-Shiawassee River at Corunna, Mioh. (IEellicott, '88). 

C. olirsnbergii Gosse.-Sandusky Bay, Lake Erie (IEellicott, '97). 
C. ce~bcvus Gosse.-Lake St. Clair and the  following il~land lakes of Michigan: MoLaren Lake, 

Oceana County ; Crooked Lake, Nemaygo County ; Chippcwa Lake, Mecosta County (Jennings, '94). 
Bandusky Bay, Lako Erie (Kellicott, '96). 

I have found a Copeus at Hanoror, N. H., 
having five lobes t o  the brain, bu t  agrecing in every other particular with C. paohprus; this also 
A~enis  truo of Stokes's c'. quinqtialobalws. But the specimens a t  Hanovor occurred along with typical 
SPecimens of C.pachyurus, hnviug but three lobos to  tho brain; nioreover, the  specinions with five lobes 
Were a little larger than those with threc lobes. I can not but think i t  probablo that  C.paohyui*we 
develops anotlier pair of lateral lobes on the Imnin as i t  Imcomes larger, and that  tho Npecies qtbiicquelo- 
batus is foundod on such 8peciuiens. This is rendered the more probable by the fact that  in the speoi- 
mens 8een the  development of tho two lateral lobes varied greatly. 

c. amcricaiius Pell.-LocaIity not given by describer, but probably Highland Falls, N. Y. (Fell, '90). 

Reservoir of 
a 

Lake St. Clair (.Jennings, 
the water mpply, Hnnovor, N. H. (H. S. J.). 

'96). Pine Lake, near Charlevoix, Mich. (Jennings, '96). Brook, Hanover, N. H. (H. S. J.). 

C. quinquelobatue Stokes.-Trenton, N. .J. (Stokes, 96c). 

PRQALES Oosee. 
34- P. sordida Gosse. 

Bottom of Put-in Bay Harbor, Lake Edo. 
Lake St. Clair (Jennings, '94). 
p .  fo l ia  Ehrenbcrg.-Laku St. Clair (Jonnings, '94). 

Sandusky Bay, Lake Erio (ICellicott, '96). 
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P. werneckii Ehrenberg.-In Paucheria from ponds along Paxton Creek, Harrisburg, Pa. (Wolle, 
Lake St. Clair; rivulet at Ann Arbor, Mich. (Jennings, '94). 

P. Zaurentinus Jenning8.-Lake St. Clair (Jennings, '94, as Notops laurentinus). Channel betwecn 

P .  decipiens Ehrenberg.-Sandusky Bay, Lakc Erie (Kellicott, '96.) 
P. gibba Ehrcnberg.-Sandusky Bay, Lake Erie (Kellicott, '96). 
P. algicola Kcl1icott.-Sandusky Bay, Lake Erie (Kellicott, '97). 
2'. lkyalina Stokes = Cyrlonia tuba Ehr. 

'82 and '87). 

Round Lake and Pine Lakc, and in  West Twin Lake, near Charlevoix, Mich. (Jennings, '96). 

, 

FURGULBIlIB Ehrenberg. 

35. F. forficula Ehrenberg. (If'. Irikamata Stenroos, '98). 
Very abundant in bottom and littoral vegetation of shallow parts of Lakc Erie about South Bass 

Island. 
Shiawassec River at Corunna, Mich. (Kellicott, '88). Lake St. Clair and the following inland 

lakes of Michigan : McLaron Lake, Oceana County; Chippewa Lake, Mecobta County; Round Lake, 
Mecosta County (Jennings, '94). Waters con- 
nected with the Illinois lliver at Havana, I$ (Hempel, '98). 
36. F. longiseta Ehrenberg. 

Pine Lake, near Charlcvoix, Mich. (Jennings, '96). 

Common among water plants in East Harbor, Lake Erie. 
Shiawassee River at Corunua, Mich. (Ihllicott, '88). Lekc St. Clair and the following inland 

lakes of Michigan: White Lake, Muskegon County; McLaren Lake, Oceana County; Crooked Lake, 
Newaygo County; Chippewa Lake, Mecosta County (Jennings, '94). Sandusky Bay, Lakc Erie (Kel- 
licott, '96). Pool on the shore of Pine Lake; West Twin Lake, near Charlevoix, Mich. (Jennings, '96). 
Waters connected with the lllingis River at Havana, Ill. (Hempel, '98). Swamp near Norwich, Vt.; 
pond, Hanover, N. H. (H. S. J.). 
37. F. semisetifera Glasscott. 

In Chara from East Swamp, South Bass Island. 
Hood ('95) holds that  this species is identical with FurcuZaria eva of Gosse. My specimens did not 

have the large anterior dorsal hump which Gosse mentions i n  his description and figures prominently, 
so that  I feel it necessary to  acccpt Miss Glasscott's name, the specimens agreeing with her figures. 

Pool on the shore of Pine Lake near Charlcvoix, Mich. (.Jenninge, '96). 
F. gracilis Ehrenberg.-Shiawassee Rivcr at Corunna, Mich. (Kellicott, '88). Lake St. Clair (Jen- 

F. gibba Ehrenberg.-Lake St. Clair; Chippewa Lake, Mecosta County, Mich. (Jennings, '94). 
If'. micropus Gosse.-Pool on the  shore of Pine Lake, ncar Charlevoix, Mich. (Jennings, '96). 
TriopAthalmus doraualis Ehrenberg.-Round Lake and Pine Lake, near Charlevoix, Mich. (Jen- 

ning8,'g.l). Pool on t h e  shore of Pine Lake near Charlevoix, Mich. (Jennings, '96). 

nings:'96). 

38. E. aurita Ehronberg. 
EOSPHORA Ehr. 

East Swamp, South Bass Island; Portagc River, Ohio. 
Lake St. Clair (Jennings, '94). Round Lake, Charlevoix, Mich. (Jennings, '96). Sandusky Bay, 

Lako Erie (Kellicott, '97). 

39. D. grandis Gosse. 

Watcrs connected with the Illinois,River at Havana, Ill. (Hempcl, '98). 

DIGILENA Ehr. 

Bottom vegetation of Lake Eric about South Bass Island and East Harbor. 
Lake St. Clair (Jennings, '94). Old Channel and West Twin Lake, near Charlevoix, Mich. (Jen- 

nings, '96). 
40. D. forcipata Ehrcnbcrg. 

Waters connected with the lllinois River at Havana, 111. (Eernpel, '98). 

In  Naias from bottom of Put-in Bay Harbor and East I-Iarbor, Lake Eric. 
Lake 8t. Clair, and Chippewa Lake, Mecosta County, Mich.; Crooked Lake, Ncwaygo County, 

Mioh. (Jennings, '94). Old Channel, Charlevoix, Mich. (Jennings, '96). Sandiisky Bay, Lake Erie . 
(Kellicott, '97). 
41. D. catellina Ehrenberg. 

Bottom of Put-in Bay Harbor, Lake Erie; land-locked pools on Starve Island. 
Round Lake, Charlevoix, Mich. (Jennings, '3G). Waters connected with tho Illinois River at 

Havana, Ill. (Hempel, '98). 
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42. D. biraphis Gosse. 

Swamp near fish-hatchery, South Bass Island. 
Lake St. Clair, and Chippewa Lake, Meoosta County, Mich. (Jcnnings, '94). Waters connected 

D. circintctor Gosse.-Chippewa Lake, Mecosta County, Mich. (Jcnnings, '94). 
D. caudata Ehrenberg.-McLaren Lake, Ocema County, Mich. (Jenninge, '94). 
D. contorta Stokes.-Trenton, N. J. (Stokes, '97). 
Distemnta forJcula Ehronberg.-Pond near Rangor, Me. (J. C. S., '83). 

with the Illinois River a t  Havana, Ill. (Hempel, '98). 

Suborder LORICATA. 
Family 11. RATTTJLIDB. 

There is much confusion i n  regard to the identification of tho spccics belonging t o  this family, SO 
The n o u p  is badly that  I have thought i t  best to  give figurcs of the EpeCies listed, so far 'as possible. 

in need of a thorough revision. 
MASTIQOCERCA Ehrenberg. 

43. M. bicornis Ehrenbcrg. (Plate 17, fig. 15). 
East Harbor, Lake Erie. 
Pond near Bangor, Me. (J. C. S.,'83). Lake St. Clair, and Chippewa Lake, Mecosta County, Mich. 

Sanduslry Bay, Lake 
Pools 

(Jennings, '94). 
Erie (Ibllicott, '96). 
about Hanover, N. H. (H. S. J.). 
44. M. carinata Ehrenberg. 

Round Lakc, and Pinc Lake, Charlevoix, Mich. (Jennings, '96). 
Waters connedted with the Illinois River at Havana, Ill. (Hempel,'98). 

(Plate 18, fig. 19.) 
East Harbor. Lake Erie; swamp near fish-hatchery on South Bass Island; Portage River, Ohio. 
Pond near Bangor, Me. (J. C. S., '83). Shiawassec River, at Cornnno, Mich. (Kellicott, '88). 

Lake St. Clair and the following inland lakes of Michigan: West Twin Lake, Muskegon County; 
Crooked Lake, Newaygo County, and Chippewa Lake, Mecosta Coilnty (Jennings, '94). Lake 
Michigan, Round Lake, and Pine Lake, near Charlevoix, Mich. (Jennings, '96). Sandusky Bay, Lake 
Erie (Kellicott, '96). Water8 coiinected with the IllinOis River at Havana, Ill. (Hempel,'98). Common 
at HItnovert N. II. (H. S. J.) .  
45. M. elongata Gosse. (Plate 17, fig. 16.) 

In Utricularia from Portage River, Ohio. 
Sanduslty.Bay, Lake Erie (Kellicott, '97). Waters connccted wit11 tho Illinois Rivcr a t  Havana, 

Ill. (Hempel, '$3). Pools, Hanover, N. H. (H. 5. J.). 
46. M. bicuspes Pell. (Plate 16, figs. 11 and 12.) 

In Ut&uZaria from East Harbor, Lake Erie. 
This form has rocently been redescribed by Stolres ('97) as M .  spinigcra n. sp. 

and figure of Pell ('90) seem not well known, I give figures of dorsal and lateral viows. 
this speoies has five sensory projections on the  corona, as shown in the figures. 

iK. apinigera n. sp.). 
47. M. mucosa Stokes. (Plate 17, fig. 18.) 

One of the most abundant of tho Rotifera among the vegetation of the shallow parts of Lake 
Erie about South Bass Island. 

This is the two-keeleb species mentioned without identification in  my first paper on the Rotifera 
('sa), as heing abundant in  various lakes; it has since been described by Stokes under the abovc name. 
It differs from X.  bicricrtata Qosse (fig. 17) in its shorter thicker body, and in the fact that  the two 
keels extend only about one-half the length of the body. Lake St. Clair, Chippewa Lake, Mecosta 
County, Mich., and Croolted Lake, Newaygo County, Mich. (Jennings, '94, as "form with two large 
dorsal keels"). Round Lake and Old Channel, Charlevok, Mich. (Jennings, '96, unnamed, p. 91). 
Trenton, N. J. (Stokes, '96b). Pond, Hanover, N. H. (H. S. J.). 

M. bioristata Gosse. (Plate 17, fig. 17.) West Twin Lake near Charlevoix, Mich. (Jennings, '96) ; 
Sandusky Bay, Lake Erie (Kellicott, '97 ; possibly this was bl. ntucosa Stokes). Waters conncoted with 
the Illinois Rivcr near Havana, Ill. (IIempel, '98). 

West Twin Lake near Climlevoix, 
Mi&. (Jennings, '96). 

As the description 
Like dl. lata, 

Highland Falls, N. Y. P (Pell, '90, locality not stated). Trenton, N. J. (Stokes, '97, under name 

N. capucina Wierz. and Zaoh.-Lake St. Clair (Jennings, '94). 
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M. lata Jennings.-Lakc St. Clair (Jennings '94). West Twin Lake near Charlevoix, Mich. 
Waters connected with the Illinois River 

This species has recently been found also by Stenroos ('98) in  Finland. 
a. rattus Ehr.-New York (Ehrenberg, '43). Near Minneapolis, Minu. (J. W., '83). Near 

(Possibly the same thing was seen by Herrick ('85)' who speaks of a 

(Jennings, '96). 
at Havana, Ill. (Hempel, '98). 

Cincinnati, Ohio (Turner, '92). 
rotifer resembling Monocerca rattus.) 

Sandusky Bay, Lake Erie (Kellicott, '96). 

Sandusky Bay, Lake Erie (Kcllicott, '97). 
M. niulticrinis Kel1icott.-Sandusky Bay, Lake Erie (Kellicott, '97). 
M. spinigera Stokes = M. bicuspes Pell. 

RATTULUS Ehrenberg. 

48. R. tigris Miiller. (Plate 18, figs. 20 and 21.) 
In Naias, Put-iu Bay Harbor, Lake Erie. 
The animal described and figured by Gosse in the Monograph under the above name is apparently 

not Ehrenberg's species a t  811; iriy specimens seem to agree with those of Ehrenberg. Characteristic 
seems to be the curved body, not enlarged in front as is figured by Gosse, but tilpering gradually from 
about the middle to  the foot; also the single large tooth a t  the anterior margin of the lorica. The 
anterior par t  of the lorica has about nine longitudinal folds, extending from tho anterior margin to 
the constriction separatiug that  part of the lorica covering the head from that  covering the body. At 
the base of each of the two main toes are four minute sobstyles (fig. 21). 

Pond near Bangor, Me. (J. C. S., '83). Turner ('92) records "Ratfulus tigri.9" from the neighbor- 
hood of Cincinnati, Ohio, citing Ratlulus t ipie  of Hudson and Gosse and Diicrella tigris of Herrick ('85) 
for accounts of the animal. Now, these two latter represent two eutirely different animals, Herrick's 
animal being Cmlopusporcellus, while, ss noted above, the Rattulus described by Gosse is not the real 
Rattulus tigris. 
49. R. sulcatus Jennings. 

It is therefore impossible to  say what the animal observed by Turner was. 

Not uncommon in shallow parts of Lake Erie about South Bass Island. 
Lake St. Clair (Jennings,'94). ' Old Channel and West Twin Lake near Charlevoix, Mioh. 

E.  palpitatus Stokes (= Cmlopua brachyurus Gosse V).-Trenton, N. J. (Stokes, '96b). 

Diurella insignis Herrick ('85). 

(.Jennings, '96). Ssndnsky Bay, Lake Erie (I<ellicott, '96). 

Jliurella ligrio Bory," Herrick ('85) = Cmlopus porcellus Gosse. 
See Cmlopus tenuior. 

CELOPUS Gosse. 

As has been several times pointed out of late, this is a genus which was founded on an incorreot 
interpretation of the structure of the toes. When the Rattulida, are subjected to the  revision which 
they 80 much need, probably the name Cmlopus will disappear; until tha t  is done it will be best to  
retain the names commonly used. 
50. C. porcellus Gosse. (Plate 18, figs. 22 and 23.) 

Not uncommon in the vogetation of sballow parts of Lsks  Erie about South Ba8s Island. 
Ohio and Minnesota (Herrick, '85, under the name Diurella tigris Bory). Shiawassee River at 

Lake St. Clair, Crooked Lake, Newaygo County, Mich. (Jennings, '94). 
Waters 

Corunna, Mich. (Kellicott, '88). 
Old Channel, Charlevoix, Mich. (Jennings, '96). 
connected with the  Illinois River at Havana, Ill. (Hempel, '98). Pools, Hanover, N. H. (H. S. J.). 
51. C. brachyurus Gosse. 

Sandusky Bay, Lake Erie (Kellicott, '96). 

(Plate 18, fig. 24.) 
East Harbor, Lake Erie; swamp near fish-hatchery on South Bass Isfand. 
Shiawassee River a t  Corunna, Mich. (Kellicott, '88). Pools, Hanover, Pi. H. (H. S. J.). 
C. tenuior Gosse. Doubtfully reported by Kellicott ('S8) from the Shiawassec River at Corunna, 

Mich. Old Channel, Charlevoix, Mich. (Jennings '96). Sandusky Bay, Lake Erie (Kellicott, '96). 
Waters connected with the Illinois River at Havana, 111. (Hempel'98). Diurclln insignis Herrick ('85) 
apparently should be referred t o  this species. Weber ('98) refers i t  to  CdOpuS porccZZus, yet an 
inspection of Herrick's figure shows that  the proportiom are totally different from those of the latter 
species, while they agree fairly well with those of C. tanuior; moreover, Herrick had already described 
C. porcellirs on the preceding page of his paper, uudcr the name Diurella iigvi.9. Diurella insignis (C.  
tensior) was found in  Minnesota. 

Heterognatlius nolomniata Schmarda (= ca!'lOpiL8 tenuior?). Brackish water noar New Orleans 
(Schmarda, '59). 
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Family 12. DINOCHARIDX. 

DINOCHARIS Ehrenberg. 
52. D. pocillum Ehrenberg. 

East Harbor, Lake Erie, in bottom vegetation. 
Minneapolis, Minn. (J. W., '83). Pond near Bangor, Me. (J. C. S., '83). Minnesota (Herrick, '85). 

Shiowassee River, at Corunna, Mich. (IEellicott, '88). Lake St. Clair and the following inland 
lakes of Michigan : McLareu Lake, Oceano County; Crooked Lake, Newaygo County; Chippewa Lake, 
Mecosta County (Jeunings, '94). Round Lake, Charlevoix, Mich. (Jennings, '96). Sandusky Bay, 
Lake Erie (ICellicott, '97). Waters connected with the Illinois River at Havana, Ill. (Hempel, '98). 

53. D. tet ract is  Ehrenberg. 
Bottom vegetation of Put-in Bay Harbor end East Harbor, Lake Erie; more numerous than tho  

last. Herrick ('85, p. 62) mentions as occurring in Minnesota a species of pinocharis resembling 
D.pocilZzcm, but  lacking the spine on last joint of the foot; this was evidently D .  letractis. Shiawassee 
River, at Corunna, Mich. (Kellicott, '88). Lake St. Clair and the following inland lakesof Michigan: 
Crooked Lake, Nemaygo County ; Chippewa Lake, Mecosta County (Jennings, '94). West Twin Lake, 
and pool on the shore of Pine Lake, near Charlevoix, Mich. (Jennings, '96). Hanover, N. H. (H. S. J.). 

POLYCHASTUS Perty. 
54. P. subquadratus  Perty. 

Bottom vegetation, Put-in Bay Harbor and East Harbor, Lake Erie. 
Lake St. Clair (Jennings, '94). Old Channel, Charlevoix, Mich. (Jennings, '96). Sandusky Bay, 

Lake Erie (Kellicott, '97). 

55. P. collinsii Gosse. 

from the mouth. 
In Myriophyllum from East Harbor, Lake Erie; in  Utriculaiia from Portage River, Ohio, not far 

1'ools arid Old Chmnel, Charlevoix, Mich. CJennings, '96). 
1'. swica Tho~pe.-Sanduskg Bay, Lake Erie (IEellicott, '97). 

SCARIDIUM Ehrenberg. 

Very abundant in  hallow parts of Lake Erie about South Bass Island and in  East Harbor. 
Shiawassee River, at Corunna, Mich. (Kellicott, '88). Near Cincinnati, Ohio (Turner, '92). Lake 

St. Clair and the following inland lakes of Michigan: McLareu Lake, Oceana County; Crooked Lake, 
Newoygo County; Chippewa Lake, Mecosta County (Jennings,'94). Pine Lake and Old Channel, 
Charlevoix, Mich.(Jennings, '96). Trenton, N. J. (9) (Stokes, 
'96a). 

S. eudactylotum Gos8e.-This animal is represeuted in  fig. 1, plate IV, of Herrick, '85, under the title 
"undetermined." It was thus evidently found by Herrick somewhore iu America; no locality is given. 
Chippewa Lake, Mecosta County, Mich. (Jenuings, '94). 

8/ephanops muticus Ehrenberg.-Said by Herrick ('85) to occur somewhere in America. Lake 
St. Clair; Chippewa Lake, Mecosta C o b t y ,  Mich. (Jennings, '94). Sandusky Bay, Lake Erie 
(I<ellicott, '97). 

S. laselZai*i.g Ehrenberg,-Minneapolis, Minn. (J. W. '83). Shiawassee River, at Corunna, Mich. 
(Kellicott, '88). 

S. oldma Qosse.-Sanduslry Bay, Lake Erie (Kellicott, '96). 

56. S. longicaudatum Ehrenberg. 

Sandusky Ray, Lake Erie (Kellicott, '96). 
Waters connected with the Illinois River a t  Havana, Ill. (Hempel, '98). 

Saudusky Bay, Lake Erie (Kellicott, '96). 

57. 

58. 

Family 13. SALPINADEI. 

DIASCHIZA Goese. 
D. semiaperta Gosse. 
Abundant in  bottom vegetation of Put-in Bay Harbor aud East Harbor, Lake Erie. 
Lake St. Clair (Jennings, '94). Round Lake and pools, Charlevoix, Mich. (Jcnuings, '96). 

Common in vegetatiou of bottom of shallow parts of Lake Erie about South Bass Island. 
Shiawassee River, at Corunna, Mioh. (Kellicott, '88). Abundant in Michigan lekos (Jenniugs,'94). 

D. lacinulata Ehrenberg. (Notommata lacimulata.) 
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Round Lake and West Twin Lake, Charlevoix, Mich. (Jennings, '96). Sandusky Bay, Lake Erie 
(Kellicott, '96). Waters connected with the Illinois River a t  Havana, Ill. (Hempel, '98). Pond, Han- 
over, N. H. (H, S. J.). 

59. D. trigona GOW. 
DIPLAX Qosse. 

Rather common at times in the swamp near the fish-hatchery on South Bass Island. 

SALPIXA Ehrenberg. 
60. S. brevispina Ehrenberg. 

Bottom vegetation, East Harbor, Lake Erie ; swamp near fish-hatchery, South Bass Island. 
Shiawassee River, a t  Corunna, Mich. (Kellicott, '88). Near Cincinnati, Ohio (Turner, '92). Lake 

St. Clair and the following iniand lakes of Michigan: McLaren Lake, Oceana County; Crooked Lake, 
Newaygo County; Chippewa Lake, Mecosta County (Jennings, '94). Sandnsky Bay, Lake Erie 
(Kellicott, '96). 
61. 9. macracantha G o E ~ ~ .  

In swamps on South Bass Island; in Utricularia from Portage River, Ohio. 
8. uentrali8 Ehr.-Lake St. Clair; Chippewa Lake, Mecosta County, Mich. (Jennings, '94). San- 

S. nwwonata Ehr.-Near Cincinnati, Ohio (Turner, '92). 
8. eustaEa Gosse.-wsters connected with the Illinois River at Havana, 111. (Hempel, '98). 
8. macrocera Jennings.-Chippewa Lake, Mecosta County, Mich. (Jennings, '94). 
5. aimilis Stokes (=5. maoracantha GosseT).-Trenton, N. J. (Stokes, '96b). 
8. afinis Herrick (=S. muoronala Ehr. ?).-Miuneapolis, Minn. (Herrick, '85). 

dusky Bay, Lake Erie (Kellicott, '96). 

Family 14. EUCHLANIDZL 

E U C W I S  Ehrenberg. 
62. E. dilatata Ehrenberg. 

Very common in vegetation of the bottom of Put-in Bay Harbor and East "arbor, Lake Erie; 
also in swamps on South ]Bass Island, and from Portage River, Ohio. 

Minnesota (Herrick, '85). Near Cincinnati, Ohio (Turner, '92). Lake St. Clair and the following 
inland lakes of Michigan: West Twin Lake, Muskegon County; White Lake, Muskegon County; 
Crooked Lake, Newaygo County; Chippewa Lake, Mecosta County (Jennings, '94). Sandusky Bay, 
Lake Erie (Kellicott, '96). Waters connected with the Illinois River at Havana, 111. (Hempel, '98). 

63. E. deflexa G O E E ~ .  
In  bottom vegetation, Put-in Bay Harbor, Lake Erie. 
Lake St. Clair and Chippewa Lake, Mecosta County, Mich. (Jennings, '94). Old Channel, Charle- 

voix, Mich. (Jennings, '96). Waters connected with Illinois River at Havana, Ill. (Hempel, '98). 
64. E. pyriformis GOSSO. 

In Zzodea from East Harbor, Lake Erie. 
Waters connected with the Illinois Eiver a t  Havana, Ill. (Hempel, '98). 

In bottom vcgetation of Put-jn Bay Harbor and East Harbor, Lake Erie. 
Shiawassee River, a t  Corunna, Mich. (Kellicott, '88). Kear Cincinnati, Ohio (Turner, '92). Lake 

St. Clair; McLaren Lake, Oceana County, Mich. ; Chippewa Lake, Mecosta County, Mich. (Jennings, 
'94). Pool near Charlevoix, Mich. (Jennings, '96). Sandusky Bay, Lake Erie (Kellicott, '96). Waters 
connected with the Illinois River a t  Havana, 111. (Hempel, '98). Brook, Hanover, N. H. (H. S. J4). 

66. E. oropha Gosse. 

on South Bass Island and in pools on Starve Island. 

Pond, Hanover, N. H. (H. S. J.). 

65. E. triquetra Ehrenberg. 

Common in bottom vegetation o f  Put-in Bay Harbor and East Harbor, Lake Erie; also in swamps 

Lake St. Clair (Jenuings, '94). Round Lake and Old Channel, Charlevoix, Mich. (Jennings, '96). 

8. ampuliformia Herrick.-Minnesota (Herrick, '85). 
E. parua Rousselet = E. oroplca G o E ~ ~ ,  according to Rousselet. 
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Owing t o  the large number of species of this family, and the confusion and obscurity in regard 
to their determination, I have wherever possible introduced a figure of the species found in Lake Erie, 
in order that the animal may be identified without regard to considerations of nomenclature. 

CATHYPNA fiasee. 

67. C. luna Gosse. (Plate 19, figs. 28 and 29.) 
Abundant in bottom vegetation of Lake Erie near the  shore, in  the region of South Bass Island. 
Shiawassee River a t  Coruunn, Mich. (Kellicott, '88). Lake St. Clair and the following inland lakes 

of Michigan : McLaren Lake, Oceans, County; Crooked Lake, Newaygo County; Chippewa Lake, 
Mecosta County (Jennings, '94). Old Channel and West Twin Lakenear Charlevoix, Mich. (Jennings, 
'96). Waters connected with the Illinois River at Havana, 
Ill. (Hempel, '98). 

68. C. leontina Turner. 

Sandusky Bay, Lake Erie (ICellicott, '96). 

(Plate 19, fig. 25.) 
In  Cltara from East Harbor, Lake Erie, and East Swamp, South Baas Island. 
This species was recently redescribed by Stokes ('97) a8 C. acutaria and by Daday ('98) as C. macro- 

daclyia. The identification of C.  lcontina Turner with Diatyla ictltyoura Anderson and Shephard ('92) 
(Cathypna appendiculata Levander, '94), as proposed by Rousselet ('97, p. 12) and Stenroos ('98, p. 162), 
seems to  me impossible. I believe tha t  a comparison of fig. 25 of C. Zeontina with the figures given by 
the above-named authors makes this at once evident. Cafltypna leontim is broad and short ( a  true 
Cathypna), with immensely long, slender toea, and with the lorica cnding in a ehortplate whioh projects 
backward at the angles into two large points with a concavity between them. DistyZa iothyoura, on 
the other hand, is slendcr (a true DiBtyh), the toes are short, and the posterior projection of the lorica 
is much broader a t  the distal end and is there squarely truncate. 

Smdusky Bay, Lake Erie 
(Kellicott,'97). Trenton, N. J. (Stokes, '97, under the name C. crcutaria). Waters connected with the 
Illinois River at Havana, Ill. (Hempel, '98). 

69. C. Ungulata Gosse. 
Common among aquatic plants of East Harbor, Lake Erie, and Portage River, Ohio; also in East 

Swamp, South Bass Island. 
This is the largcst of the Cathypnadre, measuring 310p in length, including the toes. It is one of 

the commonest of the Rotifern. in  the Great Lakes. This species has recently been redescribed by 
Stokes ('97) as C. glandulosa n. sp., and by Stenroos ('98) as C. magna n. sp. The variety tcnnior of 
Stenroos was common in Lake Erie among the type speoimens. 

Minnesota (figured by Herrick, '84, plate v, fig. 5, without a name). Lake St. Clair (Jen- 
nings, '94). Trenton, N. J. (Stokes, '97, under the name C. gZanduloaa n. sp.). 

C. iwutaria Stokes ('97) = C. Zeontina Turner. 
C glardulosa Stokes (97) = C. Ungulata Gosse. 

Near Cincinnati, Ohio (Turner, '92). Lake St. Clair (Jennings, '94). 

(Plate 19, figs. 26 and 27.) 

'WTYLA Eaketein. 
& _  

(Plate 20, fig. 30.) 70. D. ohioensis Herrick ('85). 
East Harbor, Lake Erie, and East Swamp, South Bass Island. 
This species resembles iu many respechs D.  ictlryoura Anderson and Shephard ('YZ), (Cathypna appen- 

dicu2ata Levander, '94). But it differs from that  in  the fact that  tho posterior projection of the lorica 
is not broader a t  the end, so as to  make it l r  fish-tailed," and in the presence of the facets on the dorsal 
Surface. Herrick's description and figure of D .  ohioeuais ttre exccedingly poor, yet his account diff'ers 
from those of the above-named authors in  exactly the poiuts just  mentioned. Herricks name is 
therefore accepted for this species. All distinctive features are shown in the figure. 

. Ohio (Herrick, '85). Near Cincinnati, Ohio (Turner, '92). Lake St. Clair and Crooked Lake, 
Newaygo County, Mich. (Jennings, '94). Waters con- 
eected with the Illinois River at Havana, Ill. (Hempel, 'Y8). 

71. D. gissensis Eckstein ('83). (Plate 20, figs. 33 and 34.) 
Swamp near fish-hatchery on South Bass Island. 
Waters connected with the Illinois River at Havana, Ill. (Hempel, '98). 

Sandusky Bay, Lake Erie (ICellicott, '96). 
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72. D. ludwigii Eckstein ('83). (Plate 20, fig. 32.) 
On aquatic plants in Put-in Bay Harbor, Lake Erie. 
The specimens found agree precisely with D. ozycauda as described by Stenroos ('98). This author 

holds that  the diff'erences between the specimens found by him and Eckstein's figure of D, ludwigii 
are sufficient to justify describing thein as a new species. These differences concern chiefly the form 
and distribution of the facets on the dorsal surface, and the shape of the toes. But Eckstein's figure 
certainly gives the imprcssion of trying to represent the facets only in a most general way, without 
attention 'to detail; aud as for the toes, a study of Eckfitein's other figures, of known forms, shows 
that  he made little attempt to be precise in his representation of such extornal characters. I therefore 
agree with Weber ('98) in considcring D. oxycaiida a s p o n y m  of D. ludwigii. 

73. D. stokesii Pell. 
Lake St. Clair (Jennings, '94). 

(Plate 20, fig. 31.) 
On aquatic plants in Put-in Bay Harbor, TAre Erie. 
Pell ('90) describes this form without giving tho locality where found; i t  was probably at High- 

Waters land Falls, N. Y. 
connected with the Illinois River a t  Havana, Ill. (Hempel, '98). 
74. D. flexilis Gosso. 

Lake St. Clair and Chippewa Lake, Mccosta County, Mich. (Jennings, '94). 

In  Cltarncca, froin Put-in Bay Harbor, Lake Erie, and from East Swamp, Snuth Bass Island. 
D. signifera Jennings.-West Twin Lake near Charlevoix, Mich. (Jennings, '96). 
D. inernti8 Brycc.-Sphagnnm swamp near Pine Lakc, Charlevoix, Mich. (Jennings, '96). 
D. spinigeva Western.-Sandusky Bay, Lake Erie (Kellicott, '97). 
D. hornemanni Ehr.-Waters connected with the Illinois River at Havana, Ill. (Hempel, '98). 
D. niinnesoteissis Herrick.-This is an unracognieable species; i t  is said by Herrick ('85) to  occur 

"in America,"-from the name, doubtless in  Minnesota. 

MONOSTYLA Ehr. 

The species of this genus have fallen into confusion that  seems almost inextricable; the genus is 
in greet need of a critical revision from a single standpoint. Four flpecies of Mowostyla are very 
comnmn almost everywhere, and the same four species are to  be found frequently descrilried and figured 
in the literaturc of' the subject. Four specific names are usually distributed among these species- 
ill. quadiidentata Ehr., ill. lunarie Ehr., M. cornuta Ehr., and M. bulla Gosse-but the names and figures 
are joined together in the most varied ways. I give herewith figures of these four specics (figs. 35 
to  41) and will attempt by analysis of previous accounts to  show the proper name to  he applied to  each. 

The name Xonostyla quadridentala Ehr. unquestionably be longs^ to  the form shown in fig. 40, 
plate 21. This species is so strongly marked by the two great spines a t  the anterior margin of the 
lorica that  coiifiisiou with any other species is almost impossible. 

Hudson and Gosse ('89) figure under 
this name the rotifer, :L ventral view of which is shown in ruy fig. 41, plate 21. It is possible also that 
the ill. lrcnaris figured by Levantler ('94) is the same, though he represents the animal as having two 
claws at the end of the toe. 

Eckstein ('83) and Weber ('98) figure under this name an entirely different animal-that shown in 
my figs. 37, 38, and 39, plate 21. 

Referring to  the origiiial (loscription of M .  lunaris by Ehrenbcrg ('38), we find that  the chief dis- 
tinctive feature of this species is the lunatc concavity at the front of the lorica--"fronte lunutim 
excIsa." This character gives the specific name lunaris, and Ehrenberg's figures show a broad cres- 
ccntic inward curve from oiie laternl angle to  the other at the wide front edge of the lorica when the 
animal is retracted. This shows that  the animal called M ,  hflari8 by Rckstein ('83) and Weber ('98) 
can not possibly be that  species, as i t  lacks precisely the distinctive feature that  gives the name to  
the species-namely, the crescent-shaped concavity at the front edge of the lorica, No matter how 
much contracted, this ariiuial never shows a crescentic curve a t  the anterior margin; the actual con- 
tours at the anterior cnd in retraction aro shown in my fig. 39. On the other hand, the animal called 
M. h ~ n U ? %  by Gosse (and Levauderf) has this cresceiitic curve as tlie anterior margin of the lorica; 
hence I accept their determination as correct. This same animal (fig. 41) seem to be tha t  figured by 
Eckstein ('83) as M. cormta .  

In regard to  M. covnutn Ehr., its distinctive featnres, according to Ehrenberg ('38), are the oval 
form of' tho lorica, not clccply excised in front. Ehrenberg rnentioue also its remarkable reeemblance 
to C a t h y p a  luna, almost the only difference between tho two animals being the presence of two toes 

As to  M. lunnri8 tlicrc is much confiision i o  tho literature. 
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in the latter. An animal fulfilling preciscly these requirements is very abundant, and is shown in 
figs. 35 and 36, plate20. This seems unquestionably the animal figured under the name M. cornuta by 
Hudson and Gosse; by Levander ('94); by Bryce ('gl), and by Ehrenberg himself ('38). The animal 
figured as M. cornuta by Eckstein ('83) is too bljoad and deeply excised at the anterior margin for this 
species; i t  seems more likely to  have been M. lunaris Ehr. 

For AI, bulla, Gosse's specific characters are as follows: "Lorica a pointed oval; dorsal and 
ventral plates both gibbous and nearly coequal; toe rod-shaped in vertical aspect, with a two- 
shouldered claw, but  decurved and tapering gradually in lateral aspect." Further along in his 
description ho says that  the true distinctive charhators are " The great rotundity of the ventral plate, 
the regular decurvation of the tapered toe, and the deep narrow sinus in both the occipital and the 
pectoral fronts of the lorica," his figure 4c showing that the sinus in the front of t,he ventral plate of 
the lorica (''pectoral front") is deeper than tha t  in  the.dorsa1 plate. An animal fulfilling all theso 
couditions and agreeing with Gosse's figures is o m  of the most abundant rotifers in America. It is 
8hown in figs. 37,38, and 39, plate 21. This is the species figured by Ecksteiu ('83) end Weber ('98) as 
M. lunaris. As already pointed out, the contours of the  anterior iuargins of the lprical plates abso- 
lutely forbid that  identification, while they as clearly point to M. bulla Gosse a8 the correct determina- 
tion. Stokes bases his new name on 
the fact that  there is  a line running lengthwise in  the middle of the suiall claw (a  fact that  had been 
noted or figured by various previous observers), and that  he has seeu the two halves of the claw spread 
apart at this line in dead specimens. Stenroos ('98) finally figures this animal correctly, as I believe, 
as M. bulla Gosse. 'J'he animal figured by Weber ('98) as M. b t d h  seems, to  judgo from Weber's 
figures, to have had almost nom of the distinctive fentiires of M. hZ2a Gosse. 

I give the distribution of these four speoies in the following four numbers: 

75. M. quadridentata Ehr. (Plate 21, fig. 40.) 
Very abundant in the bottom and littoral vegetation of shallow parts of Lake Erie about South 

Bass Island and in  the swamps on the island. 
Minnesota (Herrick, '85). Near Cincinnati, Ohio (Turser, '92). Lake St. Clair and Crookod 

Lake, Newaygo County, Mich. (Jenniugs, '94). West Twin Lake, Charlevoix, Mioh. (Jennings, '96;. 
Sandusky Bay, Lake Erie (Iiellicott, '96). Trenton, N. J. (Stokes, '9Ga). Waters connected with the 
Illinois River, at Havana, Ill. (Hempel, '98). 

76. M. lunaria Ehrenberg. 

The same animal is figured by Stokes ('96b) as M .  bipcs n. 81). 

Pond, Hanovcr, N. H. (H. S. J.). 
(Plare 21, fig. 41.) 

Synonym.-M. comuta Eckstein ('83). ( 9 )  
Common in littoral arid bottom vcgetation of Lako Erie about South Bass Island and in the 

swamps on the island. 
Shiawassee River at Corunna, Mich. (Kellicott, '88). Lake 

St. Clair and the following inland lakes of Michigan: West Twin Lake, Moskegon Conuty; McLareq 
Lake, Oceana County; Crooked Lake, Newaygo County ; Chippewa Lake, Mecosta County (Jeuniugs, 
'94). Saudusky Bay, Lake Erie 
(Kellicott, '96). Waters connected with the Illinois River a t  IIavana, Ill. (Hempel, '98). 

77. M. cornuta  Ehrenberg. 
In  littoral and bottom vegetation of Lake Erie about South Bass Island and in the swamps on 

the island. 
New York (Ehrenberg, '43). Shiawassh'River at Corunna, Mioh. (Kellicott, '88). Lalie St. Clair; 

West Twin Lake, Muskegon Countv ith., and White Lake, Mnslregon County, Mich. (Jeuuings, '94). 
pool on shore of Pine Lake, m a  Charlevoix, Mich. (Jenninge, '96). Waters connected with Illinois 

78. M. bulla (Xosse. 

Near Cinciumati, Ohio (Turner, '92). 

Round Lake and Old Channel, Charlevoix, Mioh. (Jennings, '96). 

(Plate 20, figs. 35 and 36.) 

River a t  Havana, Ill. (Hempol, a" 98). Pond, Hanover, N. H.; Swamp near Norwich, Yt. (H. 5. J.), 

(Plate 21, figs. 37,38, and 39.) 
Synonyms-M. lunaris, Eckstein ('83), and Weber ('98). 
One of the commonest rotifers amoog aquatic plants in parts of Lake Erie about South Base 

Idand and in the swamps on the island. 
Shiawassee River a t  Corunna, Mich. (I<ellicott, '88). Lake St. Clair arid the following inland 

lakes of Michigan: ,McLaren Lake, Oceana County; Crooked Lake, Newaygo County; Chippewa 
Lake, Mecosta County (Jennings, '94). Old Channel and West Twin Lako, near Charlevoix, Mich. 
(Jennings, '96). Sandusky Bay, Lake Erie (Ihllicott, '96). Waters connected with the Illinois Rivor 
at Havana, 111. (I-Iempel, '98). 

M. h i p s  Stokes ('96b). 
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Single specimen taken in towings in Lake Erie 24 miles north of Kelley Island. 
Lake St. Clair (Jenninga, '94). Lake Michigan, Round Lake, and Pine Lake, near Charlevoix, 

Mich. (Jennings, '96). Waters connected with the Illiiois River a t  Havana, Ill. (Hempel, '98). 
80. M. hamata Stokes. (Plate 22, figs 42,43, and 44.) 

East Swamp, South Bass Island. 
Trenton, N. J. (Stokes, '96b). 
Ill..truncata Turner.-Near Cincinnati, Ohio (Turner, '92). 
Af. mollis Gosse.-Lake St. Clair (Jennings, '94). Waters connected with the Illinois River at 

M .  robusta Stokes.-Trenton, N. J. (Stokes, '96b). 
M. ovata Forbes.-Warm spring on the shore of Yellowstone Lake, Yollowstone National Park 

M. bipes Stokes.-This is the same species as is reoorded and figured above as M. bulla. Trenton, 

Havana, Ill. (Hempel, '98). 

(Forbes, '93). 

N. J. (Stokes, 96b). 
Family 16. COLURIDZ. 

COLUItUS Ehrenberg. 

This is one of the genera which would r o p y  a thorough study and revision. 

On BZodea from East Harbor, Lake Erie. 
Chippewa Lake, Mecosta County, Mich. (Jennings, '94). 

81. C. bicuspidatus Ehrenberg. 

Waters connected with the Illinois 
River at Havana, Ill. (Hempel, '98). 
82. C. deflexus Ehrenberg. 

Bass Island. 

Ill. (Hempel, '98). 
83. C. obtusua Gosse. 

In Chara from bottom of Put-in Bay Harbor, Lake Erie; in swamp near fish-hatchery uu South 

Sandusky Bay, Lake Erie (Kellicott, '96). Wators connected with the Illinois River a t  Havana, 

On aquatic plants in shallow parts of Lake Erie about South Bass Island., 
Shiawassee River at Corunna, Mich. (Kellicott, '88). 

C. agW Stokes.-Trenton, N. J. (Stokes, ,960). 
'12. cauaatus Ehrenberg.-Shiawassee River a t  Corunnr, Mich. (Kellicott, '88). 

Waters connected with the Illinois River 
a t  Hawna, Ill. (Hempel, '98). 

XETOPIDIA Ehrenberg. 
84. M. lepadella Ehrenberg. 

Abundant in vegetation of shallow and swampy parts of Lake Erie about South Bass Island and 
in the swamps on the island. 

The species to  which I have applied thc above name is abundant everywhere and is very variable, 
so as to give much opportunity for the creation of new species, an opportunity which has been fully 
utilized. A thorough revision of the species of Metopidia would bo of much value to the systemittist, 
besides d6ubtless furnishing an interesting study in the field of variation. 

Shiawmsee River a t  Corunna, Mich. (Kellicott, '88). Lake St. Clair and McLaren Lake, Oceana 
County, Mich. (Jonnings,'94). Pool on the shore of Pine Labe; Old Channel, Charlevoix, Mich. (Jen- 
nings, '96). 
85. M. acuminata Ehrenberg. 

Sandusky Bay, Lake Erie (Ihllicott, '96). Pools, Hanover, N. 13, (H. S. J,), 

Common in aquatio plants from bottom of Put-in Bay Harbor, Lake Erie. 
Pond near Bangor, Me., (J. C. S., '83). Lake St. Clair; Crooked Lake. Noweygo County, Mich. ; 

Chippewa L., Mecosta County, Mich. (Jennings, '94). Round Lake, Charlevoix, Mich. (Jennings, '96). 
Waters connected with Illinois River a t  Havaua, Ill. (Hempel, '98). Pool near Norwich,Vt. (H. 8. J,). 
86. M. rhomboides Gosse. 

In  Characea: from Put-in Bay Harbor and East Harbor, Lake Erie, and from swamps on South 
Baee Island. 

Chippewa Lake, Mecosta County, Mich. (Jennings, '94). Waters conneoted with the Illinois 
River a t  Havana, 111. (Hempel, '98), 
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87. M. solidus Goese. 
East Swamp, South Bass Island. 
Sphagnum Swamp near Pine Lake, Mich. (Jennings, '96). Sendusky Day, Lake Erie (Kelli- 

cott, '96). Waters connected with the Illinois River at Havana, 111. (Hempel, '98). 
88. M. triptera Ehrenberg. 

In Cham from East Harbor, Lake Erie. 
Shiawassec River a t  Corunna, MicB. (Rellicott, '88). Lake St .  Clair, and the following inland 

lakes of Michigan : McLaren Lake. Ooeana County; Croolred Lake, Newaygo County (Jennings, '94). 
Swamp on shore of Pine Lake, Charlevoix, Mich. (Jennings, '96). Waters connected with the Illinois 
River a t  Havana, Ill. (Hempel, '98). Pool near Norwich, Vermont (H. S. J.). 

89. M. ehrenbergii Perty. 

' 

(Notogonia shrenbergii Perty.) 
In hfyriophyllum from East Harbor, Lake Erie; in swamp near fish-hatchery on South Bass Island. 
Lake St. Clair and the following inland lakes of Michigan: McLaren Lake, Ooeana County; 

Crooked Lake, Newaygo County; Chippewa Lake, Mecosta County (Jennings, '94). Pool on shore of 
Pine Lake; West Twin Lake; Old Channel a t  Charlevoix, Mich. (Jennings, '96). Sandusky Bay, Lake 
Erie (Kellioott, '97). 
90. M, salpina Ehrenberg. ( N .  oxysternum Gosse.) 

Swamp near fish-hatchery ou South Bass Island. 
As Bilfingor ('94) has shown, Gosee's M .  oxyslornum is the same as Ehrenberg's Lqadellal  salpina, 

Sandusky Bay, Lake Erie (Kellicott, '96, as M. oxysternunt). Waters connected with the Illinois 

M. oblonga Ehrenberg.-Near Cincinnati, Ohio (Turner, '92, as N. slliptica n. sp.). Waters con- 

hf. dentata Turner.-Near Cincinnati, Ohio (Turner, '92). 
N. bractea Ehrenberg.-Minnesota (Herrick, '85; identification uncertain). Near Cincinnati, Ohio 

Waters 

80 that  there seems no sufflcient reason for using Giosse'8 specific name any longer. 

River a t  Havana, Ill. (Hempel, '98, as M. oxysternunt). 

nected with the Illinois River a t  Havana, Ill. (Hempel, '98). Ditch a t  Hanover, N. H. (H. S. J.). 

(Turner, '92). 
connootod with the Illinois River at Havana, Ill. (Hompel, '98). 

Lake St. Clair, aud McLaren Lake, Occane County, Mich. (Jennings, '94). 

hf. collaris Stokes.-Trenton, N. J. (Stokes, '96b). 
dl. collaris var. sintilis Stokes.-Trenton, N. J. (Stokes, '96b). 
dl. (Lepadella) cornula Schmarda.-Brackish water near New Orleans (Schmarda, '59). 
M, slliptica Turner= M. oblonga Ehr. 
Cochleare tnrbo Gosso.-Lake St. Clair ; also Crooked Lake, Newyago County, Mich., and Chippewa 

Lake, Mccosta County, %ich. (Jennings, '94). 

' Family 17. PTERODINADAX 

PTERODWA Ehrenberg. 
91. P. patina Ehrenberg. 

Common in aquatic vegetation of Put-in Bay Harbor and East Harbor, Lake Erie; also from 
Portage River, Ohio. 

Herrick ('85) figures this species, but does not give the locality where found. Niagara River 
(ICellicott, '87). Shiawassee River a t  GoruLa, Mich. (ICellioott, '88). Near Cincinnati (Turnor, '92). 
Lake St. Clair, and tho following inland lakes of Michigan : McLaren Cake, Ooeana County; Crooked 
Lake, Nowaygo County; Chippewa Lake, Mecosts Couuty-(Jenuinp, '94). Pool on the shore of 
Pine Lake and West Twin Lake near Charlevoix, Mich. (Jonnings, '96). Sandusky Bay, Lake Erie 
(Kellicott, '96). Trenton, N. J. 1 (Stokes, '96a). Waters oonnectcd with the Illinois River a t  Havana, 
111. (Hempcl, '98). 
92. P. renexa Gosse. 

In aquatic vegetation from East Harbor, Lake Erie. 
Lake St. Clair, and the followiug inland lakes of Michigan: McLaren Lake, Ooeana County; 

Crooked Lake, Newayygo County; Chippewa Lake, Meoosta County (3ennings, '94). Pine Lake and 
West Twin Lake near Charlevok, Mich. (Jennings, '96). Sandusky Bay, Lake Erie (Kellioott, '96). 

p. bidentata Ternetz.-Lake St. Clair (Jeuuings, '94). 

p .  valvata Hudson.-W&ters connected with the Illinois River at Havana, Ill. (Hempel, '98). 
* P.  parva Ternetx.-West Twin Lake, near Charlevoix, Mich. (Jennings, '96). 
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Family 18. BRACRIONIDB. 

BRACEIONUS Ehr. 

93. B. bakeri Ehrenberg. 
One of the commonest rotifers in  East Harbor, Lake Erie, and in the swamps on South I%ass 

Island. The animal varies exceedingly in  the form of the  lorica and in the development of the spines 
on the lorica. In  small land-locked pools in the glacial markings on Starve Island, a form with very 
short spines (fig. 45) was abundant; in  the swamps of South Bass Island the long-spined variety 
(fig. 46) waa found. The pools on Starve Island are subject to  evaporation and frequent drying up 
by the Bun; possibly the different form found in  these pooh is due to  the greater concentration of 
various salts in  this water or t o  some kindred factor. B. bakeri is known to vary excessively (see 
Rousselet, '97b, for figures of the chief variations); i t  would probably be a favorable form for an 
experimental study of the causes of variation. It seems hardy, and can usually be procured in  
quantity, so tha t  it could probably be cultivated uuder experimental conditions. 

Near Cin- 
cinnati, Ohio (Turner, '93). Lake St. Clair and Chippewa Lake, Mecosta County, Mich. (Jeunings, 
'94). Pool on shore of Pine Lake, and in West Twin Lake, near Charlevoix, Mich. (Jennings, '96). 
Trenton, N. J. (Stokes, ' 9 6 ~ ) .  Waters connected with lllinois River a t  Havana, 111. (Hempel, '98). 

B. bakeri var. brevispinus. Waters connected with Illinois Rivcr at Havana, 111. (Hempel, '98). 

94. B. militaris Ehrenberg. 
Very abundant in swampy parts of Lake Erie, in Portage River, Ohio, and in the swamps on 

South Bass Island. 
In Hemlock Lake, near Rochester, N. Y. (Attwood, '81, under the name B. conium). Croton water, 

tlie New York water supply (Hitchcock, '81, under the name B. conium Attwood). Minnesota (Herrick, 
'84, plate v, fig. 6, not named). Creek on Grand Island and in 
Buffalo City Park (Kellicott, '87, under the name B. conium Attwood). Shiawassee River at Corunna, 
Mich. (Kelliaott, '88, under the name Noteus conium Attwood). Near Cincinnati, Ohio (Turner, '92). 
Lake St. Clair (Jennings, '94). Susan Lake and WeNt Twin Lake, in north Michigan (Jennings, '96). 
Sandusky Bay, Lake Erie (Kellicott, '96). Water connectcd with the Illinois River at Havana, 111. 
(Hempel, '98). 

B. pula Ehrenberg.-Near Minneapolis, Minn. (J. W., '83). Near Cincinnati, Ohio (Turner, '92). 
Sandusky Bay, Lake Erie (Kellicott, '97). Watcrs connected with the Illinois River at Havana, Ill. 
(Hempel, '98): 

B. urceolaria Ehrenberg.-Near Cincinnati, Ohio (Turner, '92). Waters c&nected with the Illinois 
River at Havana, 111. (Hempel, '98). 

IZ. tubercuks Turner.-Near Cincinnati, Ohio (Turner, '92). Sandusky Bay, Lake Erie; also found 
by C. C. Mellor at Newark, Ohio (Kellicott '97). 

B. mollis Hempel.-Waters connected with the Illinois River at Havana, Ill. (Hempel, '96 and'98). 
B. dorcas Gosse.-Waters connected with the Illinois River at Havana, 111. (Hempel, '98). 
B. dorcaa var. spinoeue Wierz.-With the typo (Hempel, '98). 
U. punctatus Hempel.-Waters connected with the Illinois River a t  Havana, Ill. (Hempel, '96 and'98). 
B. rnbens Ehrenberg.-Shiawassee River at Corunna, Mich. (Kellicott, '88). Waters connected 

B. variabilis Hempe1.-Waters connected with the Illinois River at Havana, Ill. (Hempel, '96 

B. angularis Gosse.-Sandusky Bay, Lake Erie (hdlieott, '97). Waters connected with the 

B. angularie var. bideirs Plate.-Waters connected with Illinois R. at Havana, Ill. (Hempel, '98). 
B. gZeasoni Up de Graff.-Elmira, N. Y. (Up de Graff, '82 and '83). 
B. conium Attwood= U. militaris Ehr. 
B. intermedius Herrick ('85).-Insufficiently described for recognitiou. It seems probable from 

Bchizocerca diversicomis Daday.--Waters connected with Illinois R. at Iiavana, 111. (Hempel, '98). 
S. divemicornis var. ho?lcoceros Wiere.-With the type (Hempel, '98). 

(Plate 22, figs. 45 and 46.) 

Granville, Ohio (Herrick, '85). Shiawassee Eivcr at Corunna, Mich. (Kellicott, '88). 

"Common in the West" (Herrick, '85). 

with the Illinois River at Havana, Ill. (Hempel, '98). 

and '98). 

Illinois River at Havana, Ill. (Hempel, '98). 

the points meutioned that the  animal was Noteus quadvicornis Ehr. Locality not given. 
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NOTEUS Ehr. 
95. N. quadricornia Ehrcnberg. 

East Swanip, South Bass Island. 
Near Minneapolis, Minn. (J. W., '83). Shi:iwassee River :tt Cornnii:i, hlich. (ICellicott, '88). 

Pool ou the shorg of Pine 
Waters 

Ditches, Hanover, N. [I. (11. S. .J.). 

Lake St. Clair and Chippewa Lake, Mecosta Connty, Blich. (Jenuiugs, '94). 
Lake near Charlevoix, Miclr. (,Jennings, '96). 
connected with the Illinois River a t  Havana, 111. (TIeiupel, '98). 

Smtlusky Bay, Lake Erio (ICellicott, '96). 

Nofelts coiiiuni Attwood = Uracliioiius niilitari?. 

Family 19. ANURmADB. 

ABUREA Gosse. 
96. A. cochlearis Gosse. 

Abundant in toiviugs from Lalto Erio in the region about Sontli Ihss 1sl:iud. 
Lake Erie (Vorce, '81; figiired (fig. 181) but not nained). Near Ciucinnati, Ohio (Tiirner, '92). 

Water from 1,alte Michigan a t  Chicago (JelliHB, '93). Lake St. Clair and tho following inland lakes of 
Michigan : McLaren Lako, Ocean3 County j Crookcd Lake, Nowaggo Couuty ; Chippcwa Lakc, Mecosta 
County (Jonnings, '94). Lake Michigan, lionnd Lake, Pine Lake, West Twin Lake, and Swan I A m ,  
iii north Miqhigan (Jennings, '96). Waters connected with 
the Illinois River at Havana, Ill. (Ilempel, '98). 

A. cochkzris  var. tecta Gosso.-Near Cinoinnati, Ohio (Tamer, '92). Sandusky Ihy ,  $Ita Erie 
(Kcllicott, '97). Waters connected with the Illinois lEivur at Havana, Ill. (Hempel, '98). 

A .  actileafa E1ir.-Lake St. Clair and in Whitutorc Lake, Wnshtcnaw County, Mich. (.Jennings, '9.1). 
Lake Michigan, near Cliarlevois, Mich. (Jennings, '96). Waters connectcd with tlre Illinois ltivcr a t  
Havana, 111. (Hempel, '98). 

A.  acccleafa var. valya Ehr.-Waters connected with the Illinois River a t  Havana, 111. (Hempel, '98). 
A. serrirlata Ehr.-This is tjgnred by Herrick ('85) as ".lvicraa sp.,":ind is said by  him to be "very 

Waters oonnectcd with thoJllinois River at 

d. hypelasma Gosse.--WaterB connected with t h d  Illinois ltiver at Havana, 111. (Hempel, '98). 

A. etippitata Ehr,-New York (Ehrenberg, '43). Niagar:i 

Saudnsky Bay, Lake Erie (Kellicott, '96). 

common in the West." Lake St. Clair (Jennings, '94). 
Havana, Ill. (IIempel, '98). 

Pond at  Hanover, N. 11. (1%. S. J.). 
Lake Erie (Vorce, '81, and Kcllicott, '96). 

River (Mills, '82). 

97. N. longispina Kellicott. 

- 

ROTHOLCA Qosse. 

In towings from Put-in Bay Harbor, Lako Erie; few. 
Niagara River (lCellicott, '79, and Mills, '82). Lake Erie (Vorco, '81). L:tke Xlendota, Wisconsin 

Lnlte 
Sandusky Bay, Lake 

(Forbes, '90). 
Michigan, Bound Lake, and Pine Lake, near Charlevoix, Mich. (Jennings, '96). 
Erie (ICellicett, '97). Waters conncctod with the Illinois River a t  Havana, 111. (Hempel, '98). 

Lake St. Clair and Chippewa Lake, Mecosta County, Mich. (Jeunings, '94). 

N.  crcapha Gosso.-Lake Michigan and Houiid Lake, near Charlevoix, Mich. (Jennings, '96). 
N, foliacca Ehrenberg.--Round Laku, Charlevoix, Mich. (Jennings, '96). 
N. acriminata Ehr.-New York (Ehrenberg, '43, identification doubtful). 

Ar, labio Gosse.-Huron River a t  Ann Arbor, Mich. (13. S. J.). 
AT. stviala Ehrenburg.-Lake Michigan, near Chicago (Forbes, '83, p. 1OG). 

Family 20. PLCESOMADfE. 

Pollowing the exaluplo of Weber ('98), I place together, at the end of the Loricata, tho throe 
families Pla~sornsda~, Gastropodidm, and AuapodidLu, comprising loricatn llotifera that  have beer1 
dosoribcd for the most part since the publication of Hudson and Gosse'o Monogritpb. In  a former list 
('94) I placed PkE80im~ and Oastropie in  the Hydatinadm, while dnupiicr W:M given a place next to . 
Ascontorplia; all three genera thns among t he  Illoricata. I sfdl believe Such an arrangement oxprcssos 
more nearly tho relatiouship of tho animals; that  the soparatioil of tho Rotifbra into two great groups, 
according as tlio ciiticula is or is not stiffelled to form a lorica, is an artificial olassifioation, often 
widely separating spccics that  arc really closely reliltcd. Bot since 1 aur, from motives of conven- 
icnce, using in this list IIudsou and Gosse's classification, it will be more logical to place those threc 
loricated groups among tho Loricata; this will not separato closoly rclated spccies any inore widely 
(hau is done by thie clrtssilication in inany other parts o f  the systom. 

Water8 oonnected with 
tho Illinois ltiver at Havana, Ill. (I-Iempel, '98). Huron ltiver at Ann Arbor, Mich. (H. S. J.). 

B. C. B. 1899-7 
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PLCESOMA Herrick. 

From aquatic plants in Put-in Bay Harbor, Lake Erie; also in  towings from the  open lake. 
The synonymy of this species is much confllsed and has led to  a greet deal of discussion; an 

excel1cn.t summary of this is given by Hood ('95). In  a mote in the Zoologicrolter Anreiger of 1894 I 
pointed out that the generic name Plwcronia, due to Herrick ('85), has the priority for this genus, and 
this has been generally accepted, exrept by Scandinavian investigators, mho cling to the name Gaslro- 
sclriza, proposed by 3 Scandinavian, without regard to the laws of priority. I n  that  note I comiclored it 
probable that  this species is the Euahlanis ( f )  Zyncetcs of Ehrcnberg, and in accordance with that  view 
I havc used tho name P. Zyrtceun in my papers of 1894 ;Ind 1896. The noto abovo relerred to concludes, 
however: "If i t  be held that  this is not the fhohZanis l!jnceus of Ehrenberg, then Iforrick's name, 
Z'lmoma lenticularc, has the priority." In view of rccent! studies on tho genus by various authors 
this conditional statement must be held to  rapresent the more probable view, so that  the name 
P. lenticulave should be used for this species. 

Weber has recently founded the family Pltrsrruadio for this and related rotifers, placing the family 
among the Loricata. In  my previous papers I have followed Wierzejski ('93) in placing this genus in  
close proximity to  the genus Notops (as formerly consti tuted), among the Hydatinadx. This disposi- 
tion of the gciius has repeatedly been rreditcd to  me (Hood,'95; Weber,'98, p. 737). While I believe 
that  its relationship is inucli better espresscd in this way than by transferriug it to  the purely artificial 
gronp Loricata, I innst disclaim having originated this view. 

Lake Erio (Vorce, '82, as " remarkable rotifer, uudescrihed"; Vorce, '87, as Gowzpltogaeter areolatitn 
Vorce; Kellicott, '96). Lake St. Clair; Crooked Lake, 
Newaygo County, Mich. ; Chippewa Lake, Mecosta Couuty, Micli. (Jcnnings, '94, as P. Zynceus Ehr.). 
Lake Michigan, Ronnd Lake, Pine Lake, West 'Twin Lake, nncl  Sutlan Lake, all in north Michigan 
(Jennings, '96, as T'. lynceun Ehr.). Waters connected with the Illinois River at Havana, Ill. (Hem- 
pcl, '98, under name P. Iynceus Ehr.). 

P. kudaoni ImhoE.-Lalre St. Clair (Jennings, '94). Lakc Michigan and Round Lake, near Charle- 
voix, Mich. (Jcnniugs, '96). 

P. truncatum Levander.-Among the spechens  of Z'. lenficulare found in Lake St. Clair in  1893 wero 
niimbers of a smaller form, with a morc wrinkled, less angular lorica. Notes were made a t  the tiine, 
but thinking i t  might possibly bo a young form of P. Z~nlictilave, I did not describe it. It has since 
been described as a new species, Z'. tvunratuni, by Levander ; this innst, then, be added to  the list of 
specics inhabiting Lake St. Clair. It, ha8 sincc been found by Kellicott ('97) in Sandusky Bay, Lake Erie. 

98. P. lenticulare Herrick. 

Rcservoir near Hchron, Ohio (Ilerrick, '85). 

E'. n d Z e  Kellicott.-Sandusky Bay, Lakc Erie (Kellicott, '97). 

Family 21. GASTROPODIDE.  

GASTROPUS Imhof ('88). 

Weber ('98) has revived this name for the animal which has been called Huudsonella picta and 
Nofopn pygmawa. The name Gastropucr, published in  1888, nndoitbtedly has the priority as a name for 
this distinct gcnns nnless i t  be held that  Imhof's description is ineufficieut for :I rccognition of the 
animal described. The dcscription is undoubtedly meager, :md most investigators have sinre been 
inclined to  disregard tho name as insufi3ciently founded; on that  account 1 also have iu previaus 
papcrs used another name. Brit one investigator in good standing is in a positiou to force others to 
use a name which uuqueetionably has priority, when he maiutaius that  he is able to recognim the  
species, one positive instance being worth more than many negative ones. Wuber ('98) takes this 
position in regard to Gustropus, so tha t  I believe it best to accept the name which he uses as 
inevitable, without further ado. Morcover, in  ttiy opinion, Iinhof's Ca!itroprtn sfglifeel* is, as a matter 
of fact, plainly recognizable, and I used this nariio for the animal in question us  far back as in  my 
paper of '94b, dropping i t  only when opinion seemed unanimous against this view. To the same 
genus are to  bo referred Nolops hy~~topzin Ehr., .il'otopn luir(or 1<on8selet, i\rotops fennioun Stouroos, and 
Hypopus ritenbenkii Bergendal. 

99. G. stylifer Imhof ('88). (Notops pygmhua Calmair j HudsoneUn pieta Zacharias.) 
A single specimen in towings from Put-in 13ay Harbor, Lake Erio. 
Lake St. Clair and Whitniore Lake, Washtenaw County, Mich. (Jcnnings, '94, under the  name 

Round Ltike, Pine Lake, Ltilte Michigan, and West Twin Lake, near Notops p y p m u s  ( 'almm). 
C'harlevoix, M i d i .  (Jennings, '96, as Notopnpypawcr Calman). 

C. mino?: Rousse1ct.-Sendusky Bay, Lake Erie (Ihllicott, '97, as Notops minor). 
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Family 22. ANAPODIDX. 

ANAPUS Bergendal. 

100. A. ovalis Bergendal. 
One speciiiieii, from surface towing in  Lake Eric, talrei) 2.4 inilos tiortli of Kelloy Island. 
Lake St. Clair (Jeiiiiiugs, '94); Lake Michigaii, lZouiicl Lakc, and West Twin Lake near 

Charlcvoix, Mich. (Junuings, '96). 

Family 23. PEDALIONIDX. 

Peednliow mirum Ht~dsoi~.--Sanr~usk~ Bay, Lake Erie (Rellicott, '97). Waters connected with the 
Illinois Biver at Havuna, Ill. (Hempel, '98). 

SUMMARY. 

The foregoing list shows that (excluding varieties, synonyms, and doubtfully 
identitioil animals) 246 species have been recorded as occurring iir tlie United States. 
These are distributed by States, as follows: Michigan 180, Ohio 155, Illinois 115, New 
Jersey 29, New Hampshire 33, New York 21, Maine 18, Minnesota 18, Pennsylvania 
13, Vormoiit 6, Yellowstone Park 4, Louisiana 2 ( Y), North Uarolina 2 ( 8 ) ,  Virginia 1, 
Wisconsin 1, California 1. 

It will be understood of Course that the fact that large numbers are recorded 
from certain*States, while in others few or no rotifers have been observed, is due 
purely to unequal distribution of investigators. It is probable that a t  least as many 
species of Rotifera as are included in the entire list might by careful investigation be 
found in any State in the Union. 

The only large bodies of water that have been investigated with any degree of 
completeness are Lake St. Obir, Lake Erie, and the Illinois River. In  the Great 
Lakes there have been found altogetlier 164 rotifers. Lake Erie has 135 species, Lake 
St. Clair 111 species, Luke Michigan 25 species. From the other Great Lakes no 
rotifers have been recorded. From the Illinois Biver 105 species and 5 varieties liave 
been recorded; 74 of these are common to the Illinois River and the Great Lakes; 25 
are fouud in the Illinois River and not in the Great Lakes; 90 in the lakes and not in 
the Illinois Itiver. 57 species have been found neither in the Great Lakes tior in the 
Illinois River, but in small ponds, poold, streams, and swamps in various parts of the 
United States. 

The fauna of the Illinois River is characterized, as compared with that of the 
Great Lakes, by a greater proportion of species living in swampy regions. The 25 
Speoietl which are recorded from that stream and which have not been fouud in the 
Crest Lakes include, for example, 3 species of Asplarwlma and 7 Brachionidle, char- 
acteristic swamp Rotifera. Several of the species occurring jn the lllinois Biver and 
Uot found in the Great Lakes have been found in swamps or sm511 bodies of water ill 
ilnniediate proximity to the lakes. This is true for example of Trockosphma solstitiatis. 
ou the other hand, the fauna of the Great Lakes is marked by the presence of a 
number of distinctly limnetic Rotifera not found in the Illinois River, such as E72;oscu- 
laria nutabilis Bolton, lt pelagica Rousselet, Coiaochilus volvoz Ehr., Notops pelagicus 
U. sp., Notonzniata monopus Jennings, Plaesoma hudsoai Imhof, Qastropus stylyer Imhof, 
and Anapus ovaclis Bergeudal, 

. 
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A strikiiig cliaracteristic of Lake Erie, as exhibited during the summer of 1898, 
was the poverty in limnetic Itotatoria. In  others of the Great Lakes the Botifera have 
been found to form a t  times a considerable portion of the plankton. In Lake Erie the 
proportion formed by them \vas so small as to be hardly noticeable. The following 
12 limnetic forms were seen; none of them were abundant and most of them were 
rare : Ploscularia mutabilis Uolton, P. pelagica Rousselet, Conochilus unicornis Itousse- 
let, Ssplanchna priodontu Gosse, Sgnchata stylatn Wierzejski, Polyurtha platypterci 
Ehr., Notops pelagicus 11. sp., Anurma cocldearis Gosse, Notholea longispinu Kellicott, 
Plmsoma lenticularc Herrick, Gastropus stylij'er Inihof, and Anapus oanlis Bergendal. 
This list coutaius one species uot hitherto found in others of the Great Lakes, namely, 
Notops pelagicus n. sp. On the other hand; the following species found in others of the 
Great Lakes were not found iii Lake Erie: Conochilus volvox Ehr., Asplanelma l w -  
ric7cii de Guerne, Plmoma hudsoit i  Imhof, Notoininata monopus Jennings, and Anuraa 
aculeutu Ehr. Tho first of these has been found in Lake Erie by another observer; 
the others have not. 

The littoral, bottom, and swamp liotifera of Lake Erie are, on the other hand, 
very abuiidaut, as sliown by tlie fact tliat 120 species have already been recorded 
from this Ialte. The shallow and marshy parts of t h e  lake teem with rotifers. 

Investigation of the Iiotifera is as yet far too incomplete to draw very positive 
couclnsions iii regard to the geographical distribution of these animals. The evidence 
of all kiuds, so far as i t  goes, seems to indicate that the following is true: Whether any 
given rotifer shall bo fouiid in a given body of water depends, not npop the locality 
of this body of water, not upoii its connection with or separation from any particular 
drainage system, but upon the conditions present in that particular body of' I\ ater. I n  
stagiiant swamps all over the world are likely to be found t h e  characteristic ltotifera 
of stagnant water, with little regard to the country i n  wliich the swamp is found; 
in clear Like water will be found everywhere the characteristic limnetic Itotifera; in 
sphagnum swamps everywhere the slhagiiuiii Rotifera. Variation in the rotifer 
Fauna of digwent countries is probably due to variation in the conditions of existence 
in tlie waters of these countries, not to any difficulty in passing from one region to 
another. The IZotatoria are thus potentially cosmopolitan, any given species occur- 
ring wherever on the earth the conditions necessary to its existenceoccur. The num- 
ber of diEerent sorts of Itotifera to be found in any given region depends, tEen, upon 
the variety of conditions to be fouud in the waters of this regiou. Two bodies of 
water a half mile apart, presenting entirely different conditions, are likely to vary 
inore in the make-up of' their rotifer faunas than two bodies of water 8,000 miles apart 
that preseiit siiuilar conditions. Of course 011 this view it is likely that the Tropics 
will have maiiy characteristic species not fourid in the cooler regions, since the Tropics 
present many coiiditions of existexice not found elsewhere, and tlfe same may be true 
of Arctic regions. The problem of the distributiov of the ltotifera is, then, a problem 
of the conditions of existence, not a problem of tlie means of distribution. The 
ability of the eggs to live in dried mud, which may be carried about 011 tlie feet of 
birds or blown about as dust by the winds, seems to give sutllcieih opportunity to 
any species to multiply wlierever occur the conditions necessary to its existence. 

The fact that differelit rotifers do thus require diff'erent conditions for existence 
is, of course, evident to all who have worked ou tho group. A striking example of 
t h e  fact that i t  is the life conditions, not the means of distribution ofthe animals, that 
determines the character of the fauna iii a given body of water is given by a oom- 
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parativestudy of the Rotiferaof oneof tlie swamps on South Bass Island and of those 
in the parts of Lake Erie immediately adjoining. This swamp lies near the United 
States fish-hatchery, on a narrow point of land, so tliat the distance to the lako is not 
great on either side. On the east the 1:~lre is about 50 feet away, and tlie.Iak0 amtl 
the swamp are counected b y  a small olrannel. Under usual conditions the water flows 
from the swamp throng11 tliis chanucl into the 1:tkc. The s\ramp is shallow :3nd its 
mnddy bottom is covered by a dens; growth of Ceratoplqjlluwc, while its surface is 
completely mantled by Lewana, Spirodela, and T.Vo(fia. In this swamp occurs a char- 
acteristic fauna, Rotifer turdus, Brachionus militaris, Brachionm bakeri, Apsilus, 
Monosty la quadridentata, Diplax trigona, Diglena bivaph is, Netopidia clwenbergii, Distyla 
gissensis, Notops clavulatics, irrockospliawa solstitinlis, etc. Almost the only one of these 
tliat is common in tlic adjacent lake is the ubiquitous Xonostyla quadridentutu. Tom- 
iugs in the lake just outside tlie mouth of the srvainp reveal Anuma, cocWlearis, Synohmta 
stylata, Ploscularia mutabilis; 3'. pelngica, Asplancl~na priodonta, Notholea longispina, 
and other characteristic liiniietic Rotifera, while tlie bottom of tlie lake has likewise 
a fauna dieering niarlredly in cliarocter from that of tho swamp. At  certain times, 
under a northeast wind, the mater of Lake Erie is driven toward tlie west end of the 
lake, where it rises much above the usual level. At  these periods the direction of the 
current in  the charinel above ineiitioned is reversecl, and water flows from the lalre into 
the  swamp, which therefore likewise rises a foot or niore. At; such times all tlie char- 
acteristic limnetic Rotifera of the lalre above nientioned arc foiiiicl in the swamp. 
There is thus a t  intervals a tl~orongli interrnixiug of the two faunas. Yet in a short 
time after tlic lake has returned to its usual level it is found that tlic swamp has again 
only its characteristic swamp fjl l iIiR, while the limnetic f o r m  from the lake have 
entirely disappeared. 

Certain rotifers thus require very special conditions of existence, and such condi- 
tions may exist only in a Iiiuited area, so that the rotifer will be confined to this area. 
Yet if the coiiditions do recur in any even distant part of the globe, tlie saine rotifer 
ia likely to be found there also. Tlie history of Trochosplmra, for es~inple  (see p. 77), 
sheins to  bear out this concln&on. 

DARTMOUTH COLLEGE, HANOVER, N. H., ,May 2.9, 1899. 
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PLATE 14. Bull. U. S. F. C. 1899 (To face page 104.) 

Fig. 2. Trophi of young Apsilus. 
F i g .  3 Branched dorsal honks of E c i s t e s  melicerta Ehr. 
F i g  4. Taphrocampa annulma Gosse. Side view. ( X  640.) 

Iil. L. J. del. 
- 

three-fourths of body, showing the broad " t a i l "  and the 
toes. ( X  b40.) 

Fig. 6. Taphrocampa annulosa Gosse, as seen from above ; body 
curved so that the foot IS not vlsible. ( X  640.) 



__-- M. L. J. del. 
____ - 

Fig. 7. Notops pelagicus n. sp. Side vlew. ( X  800.) 
Fig. 8. Noiops pelaglcus n sp, Vjntral view, ( X  800.) 

Fig. 9. Notops pelaglcus n. sp. Trophi. I Fig. IO. Corona of Notops clavulatus Ehr 



Bull. U. S F. C. 1899. (To face page 104.) PLATE 16. 

.W. L. J. del. 

Fig. 11. Mastigocerca bicuspes Pell. Dorsal view ( X  640.) 1 Fig. 13. Pleurotrocha parasitica n. sp. Ventral view. ( X  640.) 
Fig. 12. Mastigocerca bicuspes Pell. Side view. (X  640,) 1 Fig, 14. Pleurotrochs parasltlca n. sp Side view. ( X  640.) 



Bull. U. 5. F. C 1899. (To face page 104.) 

Fig. 15 .  Mastigocerca bicornis Ehr. Side view. ( X  285.) 
Fig. 16. Mastigoceica elongata Gusse. Slde view. ( X  285.) 
Fig. 17. Mastigocerca bicristata Gosse. Slde view of lorica, show- 

16 

Fig 18. Mastigocerca mucosa. Sldb view. showing the fuirow 
between two dorsal ridges. ( X 490.) 

PLATE 17. 

M. L. J. del. 



Bull U. S. F. C. 1899 (To face page 104.) 
___ __. - 

PLATE 18. 
_____. . -~ 

Bt L. J .  del. 

Fig 
F i g  

19. Mastigocerca caiinata Ehr. Side view. ( X  490.) ' F i g  22. Ccelopus parcellus Gosso. Side view of retracted animal 
20. Rattulus tigris Mllllei. Side view of retracted animal. ( X  640.) 

Ventlalview of lorica, showing 
the two teeth at the anterior margin and the six styles 
on the foot. ( X  640.) 

Side view of specimen with 
head extended. ( X  640.) 

( X  640.) 
Fig. 21 .  Rattulus tigris Miillei, foot. Ventral view, with the two 

main toes crossed, showing the four substyles at the 
base of each toe. 

i Fig, 23.  Ccelopus porcellusGosse. 

Fig. 24. Ccelopus brachyurus Gosse. 

1 



PLATE 19. Bull. U. S. F. C. 1890, (To face page 104.) 

Fig. 26. Cathypna Ungulata Gosse. Sade view ( X  215.) 
Fig. 27.  Cathypna Ungulata Gosse. Outline of ventral view of 

smaller specimen. ( X  215.)  

M. L. J. de l .  

- 

Fig. 29. Cathypna luna Ehr. Ventral view. ( X  365.) 



PLATE 20. Bull. U. S. F. C. 1899. (To face page 104.) 

AL L. J. del. 

32 A 

Fig. 30. Distyla ohioensis Herlick. Dorsal view. ( X  640.) 
Fig. 31. Distyla stokesii Pel l .  Dorsal view of lorica, showing the 

Fig. 3 2 .  Distyla ludwigi i  Eckstein. Dorsal view of lorica ( X  385.) 
Fig. 3 3  Distyla gissensis Eckstein. Dorsal view of partially ox- 

arrangement o f  the facets. oi 460.) 

tended animal. ( X  3 1  5 . )  

F i g  3 4 .  Distyla gisaensis Eckstein. Dorsal view 01 complotely re- 

Fig. 35. Monoslyla cornuta Ehr. Ventral view. ( X  365.) 
Fig. 36. Monostyla cornuta Ehr. Side view. ( X  365.) 

tracted animal. ( X  315.1 



PLATE 21. Bull. U. S. F. C. 1899. (To face page 104.) 

'ig. 38. Monostyia bulla Gosse. Side view. ( X  480.) 
Fig. 39. Monostyla bulla Gosse. Anteiior margin of lorica in re- 

traction, showing notches in dorsal and ventral plates of 
the lorica. d ,  Dorsal notch ~ u, ventral notch. 

Fig. 41.  Monostyla tunaris Ehr. Ventral view, retracted. 
( X  315.) 

M. L. J. del.  



PLATE 22. Bull. U. 5. F. C. 1899. [To face page 104.) 
- .  -_ 

M. L. J. del. 

46 

Flg. 42. Monostyia hamata Stokes. Ventral view. ( X  480.) 
Fig. 43. Monostyla hamntn Stokes. Dorsal view. ( X  4 8 0  ) 

Ftg. 44. Monostyla hamata Stokes. Side view, ( X  480.) 

~ Fig. 45. Brachionus bakeri ELlr 
on the rocky surface of Starve Island. 

Fig. 46. Brachionus bakeri Ehr. 
of South Bass Island. 

Short-soined variety, flnm pools 

Long-spined variety, from swamps 



CONTRIBUTlONS TO THE BIOLOGY O F  T H E  GREA1' LAKES. 

The general plau of work outlined in the preceding paper for a study of the Rota- 
toria ill their relations to the life conditions of the lake would apply equally, with 
80nie changes, to the Protozoa or to almost any other group of animals. In the study 
of the Protozoa i t  mas decided to strike at ouce for the lieart of the matter by begin- 
niug an investigation of the  lams of their activities. A typical and very abundant 
Infusorian, Paramecium caudatum, was selected for special examination, aud a, study 
was iiiade of the nature of its activities and the laws which govern them, in the hope 
that a fill1 ]rno\vledge of such laws in tho case of oue Protozoan might furnish a key to 
811 Uiiderstliriding of the activities of other members of the group, as well as, in time, 
to those of higher animals. The results of this work have already beeu published iu 
(tebail elsewhere, so that a brief rdsumG is all that will be presented here. 

Tbe worlc \\'as successful in determining the general iiiechanisin of the reactious 
of Paramacium to ohallges in the external conditions, and in showing that the reactions 
are of the same essential nature in  many other I'rotozoa. It was shown that the 
reactious of Para~necium are of extraordinary simplicity. As will be recalled by most 
biologists, Paramecium is soliie\vhat cigar-shaped auiiual, with one end narrow and 
blunt, the.other broad but pointed. Froin tlie b h t  end 8 groove passes obliquely 
along oiie side of the body to the middle, ending there in the mouth. Tbe side on 
which the mouth and groove lie may be distinguished as the oral side; the opposite 
side (on which tile contractile vacuoles lie) as the aboral side. Tho entire surface of- 

auimal is covered with cilia., by means of which i t  inovos. As it more usual]: moves 
the direction of the narrower, blunter end, that may be called the anterior cud, the 

In what might be called the hormal condition of ailairs all of the cilia strike 
so that tlie animal moves forward j a t  the same time it  revolves 011 its 1011.g 

Now, when a c1i;inge is produced in the environment of the Psrmueciiim, such 
by it strilriiig against an obstructiou or passiug into water of different chemical 

or different teinperature, the normal activity is modified in one of two ways: 
1. If tho Parauiecium comes in contact with a solid body of a loose fibrous 

texture, its activity is decreased; the cilia on the surface of the body cease their 

Other the posterior end. 

axis. 

1__ - __ - ___ -. - - ___ - - - _ _  - - __ __ --_ . -- 
* r  

-- 
rho papers in this sories are based 011 investigations of the U. S. Fish Commission under direc- 

tion v: Prof. .Jacob ReiGhard, of tho Uni\rersity of M i c h i p .  Tho following hihve already appeared: 
<Am. Jour. Physiology, vol. 11, pp. 

311-341. h e  Mechanism ot tho Motor lteactions of 1'nr:imeol11111. 

Laws of Clremotaxia in I'nramecium. < A I ~ J .  .lour. Pliysiology, vel. 11, pp. 355-379. 
10.5 
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movement, while those in the oral groove and the gullet continue active. As a con- 
sequence locomotiou ceases; the animal comes to rest against the solid body, while 
the cilia of the oral groove coutiuue to drive a streaun of mater to the mouth. This 
reaction to a solid body m y  be called thigmotaxis. If the loose solid body is a mass 
of bacterial zooglm, the stream of water carries numbers of bacteria to the mouth, 
where they pass iuto the internal 1)rotoplasm of the mima1 and are digested; thus 
Paramecium- gets its food. But the animal conducts itself in exactly the saine way 
toward other loose fibrous bodies, such as bits of cIoth, paper, sponge, or the like, the 
preserice or absence of materi:d that will serve as food linving nothing to do with the 
1)rotluction of  the reaction. On the other ]!and, the substances held iu solution i n  
the water have a marked effect on the teiideucy of the Paramecia to react iu the 
m:iiiner above tlescribed. If the water is faiutly acid i n  reaction, the Par:u~iecii~ iiro 

much uiore inclined to come to rest as just described. This is especially IloticeiLble ill 
WiLter ooiitiii~ii~~g carbon dioxide. The presence in the water of m i  allrali iii solution 
has, on the other hand, precisely the opposite effect, tending to inhibit the tliigmotactic 
reaction. 

2. Any other ch:mge in the conditions, of such a nature a s  to act as a stiinulus, 
causes a definite chauge in the movemeuts, which is of a stereotyped character, being 
of the same nature for almost every stimulus. When stimultbted, P;wanieciiim swims 
backward, turils tow:brtl its own aboral side, then swims forward again. Tlie same reac- 
tion is produced by stimuli of the most varied kinds-by acids, alk;ilis, nncl neutml salts, 
by heat, by cold, by mechanical shock. The reaction is the same whether the stimulus 
first affects th.e anterior end, the posterior cud, oue side, or the entire surface of the 
auimal at once. The direction in which the auimal swims has thus no reli~t1011 to tlic 
localization of the stimulus. If the stimulus comes from the anterior end, swi~nming 
backward of course carries the animal away from it ;  if the same stimulus comes from 
the posterior end, swimming backward carries the animal toward it,. If an injurious 
chemical substance diEuses in  such a way as to first come i n  contact with the posterior 
end of a resting Paramecium, the latter therefore s w i m  buckward directly into the 
suibstance and is killed. The turning is likewise without relatiou to the position of 
the stimulus. The animal always turns toward its own aboral side, so that t h e  
absolute direction in which i t  turns depends upon the chance positioii of the aboral 
"side wken the turning begins. As the animal coutiuually revolves, both when swim- 
ming forward and when swimming baelrmard, i t  is impossible to predict in which 
direction the iiboral side mill lie after the auirnal has swum backward a distance from 
its position when stimulation occurs; and observation shows that when I'arnmeciuni 
strikes on one sitle agaiust ail obstruction, it is fully as likely to turn toward the 
obstruction, after swimining backwsrd, a 8  to turn away. In  tho former case it o f  
course strikes the obstruction again; tlie wliole reaction is then repeated. Owing to 
the continual rotatioil on the long axis, the aboral side will probably be in a iiew 
positiou next time, so that the animal will turn i n  a new direction. If this repetitiou 
is continued, the 1'ar:mecium is certain finally, by the lams of chauce, to avoid tlie 
obstacle. 

The factors determiniug the direction of motion in  Paramecium are thus iiiterual; 
the direction of its movements has no relatiou to the position of' exteiiial ol>jects. This 
result is of fundanieri tal significance for interpretation of the movemeuts of these 
creatures, and throws a flood of light on many of the phenomena of their life. Study 
of some other Infusoria il l  the light of the result 011 Paramecium has shown that tlie 
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same is true for these. Spirostomuna ninbig~cuin when stimulatcd con tracts, swims back- 
ward, turns tov-iird the aboral sitle, : i i i c l  swims forwaid. If'touclied with a spicule of 
glass a t  its anterior end it  swims backward, uwiry €rom the glass; if touched at t h e  
posterior end i t  likewise swims backward, therefore toward tlie glass. Xtmtor po ly - .  
morphus wheii stimulated contracts, swims backward, turns to the riglit, tlien swims 
forward, the directiou of motion liaving, as in the other cases, no relation to localization 
of tho stimiilus. Similar results, not yet published in detail, liavo been obtained with 
certain Flagellata, as well as with other Oiliata." 

13esidcs determining the general niechanisiii of the reactions of Paramecium, an 
estendec1 study f a s  niacIe of the effects upon its activities of different chemicals. If 
iuto a preparation of Paramecia iiiounted upon the slide a drop of some chemical 
substance in solution is intro@duced, the Paramecia may either collect in the drop or 
leave it entirely empty. In tlie former case they show positive chemotaxis to the 
substance; in the latter case, negative cliemotaxis. As to what might bo called the 
mechanism of chemotasis, the following was made out. Tlie Paramecia are not 
attracted by the drop of substance in to  which they gather. They niay graze the very 
edge of the drop without swerving a particle from tlieir course so as to palss into it. 
But Paramecia when first brongli t upon the slide swim rapidly in every direction, so 
that many will quickly couie by chance agaiiist the edge of sucli a drop. They do not 
react, but swim straight ahead-tlie substance in tho drop riot actiiig as a stimulus to 
produce the motor reaction abovo described. But on passing across the drop, the 
outer fluid does, after t h e  Pnrameciu liave been in the drop of the chemical, act as a 
stiriiulus to  produce tlie motor reaction. The Paraiiieciuin therefore, on coming to 
the outer edge of the drop, s w i m s  backward, thus returiiiiig into the drop. It then 
turns toward tile aboral side aiid swims forwiird (in accordance with the general 
scheme of reaction above described). I t  tlius comes to the outer edge of the drop once 
nlore; reacts again, and this being kept up, is continually prevented from crossiug the 
h i i t d a r y  of tlie drop into the surrouiirling water. The same process is repeated for 
rnniiy Paramecia, until in t i m e  the drop swarms with the Infusoria, so that they 
appear to linve bccn attracted into it .  

In  case of a substance i u  which tho Paraimcia do not collect a t  all, observation 
shows that  the motor reaction (swimming bnclmard, turning, and swimming forward) 
is produced wlieii tlie Parsmcci;b come against tlie drop from the outside; hence they 
are preveutcd from entering and tho drop remaitis empty. 

It was found possible to classify chemical compounds thus into two classes. On 
the one hand may be placed togetlier those which do not produce the reaction vhen 
the Paramecia enter thcni, but tlirow the animals into such a physiological condition 
that they do react when they pass out of D drop containing the substance in question. 
111 these the Paramecia, therefore, g:.ather aud are said to be positively oliemotactic 
tOward them. On the other h:uid are substances which produce the inotor reaction as 

as tliu Paramecia couie iu contact with them, so that the animals do not euter 
*? .  1110 reactions of a largo number of Protozoa have been studied since the above \vas written. Jn 

2111 of these tho clirectioii of turning \\l:Ls founc~ to ,e determinod entirely by iuteriml factors, ani1 to 
ha\o no relation t o  tho pofiitiou of tile souroo of ~tiruulus. The direction of motion along the body 
8% on tho other ll:lnd, \ T ~ S  i'0uiu1 in a number of ctimci, for mechrtniosl stiuruli, t o  be (1etcrtriinecI by 
tile locelieation oftho stiiuulus. Loxodss l'O&'UnI, for exaiiiple, wlien touched with a glass rod nt tho 
ilntorior entl Hwiim baclrwaril; touched at tho posterior on11 it swiins forv-ard. %'or chemical stimuli, 
h?\TeVer, tho rtbaenco of any such doyiondeuco of tlle direotiou of iiioveiiieiit 011 tho localization of the 
stlnlulUN wici deinoiiatrnted.  or (Iet:LiIs, see a, papor by thu author on 1' The movolnents and motor 
reflexes of tho Flagellato and Ciliata," i n  tlio Amoricaii Jouriiel of Physiology, January, 1900. 
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solutioris of these compounds at all, aiid may be said to be negatively chemotactic 
toward them. 

I n  the former group (substances toward which the Paramecia show positive chem- 
otaxis) belong all acids, and salts whose solutions have a11 acid reaction or contain 
hydrogen ions, as iu salts of the heavy metals. In the group of substances toward 
wliich the Paramecia are negatively chemotactic belong all alkalies and substances 
having an alkaline reaction, as well as almost all compounds which contain ions of 
the alkali and earth alkali metals in their solutions. Certain substarices take an 
intermediate placc. Containing the ions of 8 ~ 1  alltali or earth alkali metal, they pro- 
duce the motor reaction when the Paramecia enter a drop of fluid containing tlieni; 
but having likewise hydrogen ions, they also cause the animals to react wheii they leave 
the drop. Examples of such substances are potassium aiicl ammonium bichromate. 
I n  these cases the liyclrogen ions seem t o  be active (in 'their cliarncteristic may) in a 
more dilute solution, arid, therefore, farther from the center of' a difYusing drop than aro 
the ions of the metals. The Paramecia, therefore, euter the outer rriargiu of the drop 
and are unable to leave it, while at the same time they arc uriable to pass to the center 
of the drop. They thus gather in a ring abou 1; the drop, leaving thc center empty. 

The classification of substances iuto those toward which tlie Paramecia are 
positively chemotactic on the one hand sild those toward which they are negatively 
chemotactic on the other, thus follows the lines of' a cliemical classification; tlia 
fornier including acids, the latter allralies and salts of tho alkali and earth alkali 
metals. 

Experimentation showed that the relative irijuriousness of' solutioiis has compar- 
:&Lively little to do with the nature of tho chemotaxis. Paramecia are repelled strongly 
by many substances that are scarcely injurious a t  all, while they enter without 
hesitation other substances in which they are at  once killed. The repellent powers of 
different chemical compounds are in no ~ v a y  proportional to their injurious effects. 

The researches on chemotaxis have thus far beeu restricted alnlost entirely to 
Paramecium, but the general laws obtained for this animal promise to throw much 
light on related phenomena in others. 

As described above, positive and negative chemotaxis, or the collecting in or 
avoidance of certain chemicals, takes place through tho mechanism of tho general 
motor reaction first described. The ouly activity of the Paramecia concerned in i t  all 
is tlie swimrning backward, turning toward the aboral side, then switrnriing forward, 
when stimulated. The qualitative differences that seem appareii t in their reactions 
toward different substances depend merely upon what does and wliat does r~ot  act as 
a stimulus. 

The mechauism of collecting in or avoiding agencies or conditions, other than 
chemical, is exactly the hame as that j u s t  described. 1ti the case of teniperature, for 
example, certain grades of heat or cold produce motor reaction, SO that the Paramecia 
do not enter these; or, if already within a zone of such temperature, they continue 
irioving about violcritly till a chance movement carries them into a region where the 
teniperature is not such as to causo a reaction; there they remain. In general, there- 
fore, the Paramecia gather and remain in substances or conditions which do not cause 
the motor reaction, while they leave empty such substances or conditions as do cause 
their one motor reaction. I t  follows that they collect in regions of a ccrtaiii tempera- 
ture, avoiding great heat or cold,,arid that they collect in water holdiiig in solution 
substances of a n  acid character, avoiding dknline solutions. Under ~~s tu ra l  con- 
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ditions, their collecting into regions :tcidulated by carbon dioxide excre tcd by 
themselves is particularly noticeable. It results in briugiiig the Paramecia together 
in dense swarms. To this  is to be added, as a second factor in bringing the Paramecia 
together, the fact that contact with solids of a loose fibtous texture likewise tends 
to quiet the Paramecia, so that they collect about such solids. 111 the nuids in which 
the Paramecia live, such solids are present as masses of bacterial zooglma, upon which 
the Paramecia will usually be seen to ba collected in swarms. 

The ordinary life of a Paraineciulu may then be summarized somewhat as follows: 
lu  the free mater, as long as the animal is unstimulated, i t  smiins forward in a spiral 
course, revolving 011 its long axis. But it coiiies in  contact here and there with ohauges 
in the environment-regions of higher or lower temperature, or of greater or less 
amounts of certain chemicals in solution, or with mechauical obstructioris. I f  these 
changes are of such a iiature as to act as a stimulus, tlhe Paraineciuni thereupon swims 
backward a short distance, turns toward one side (in a direction which is an entirely 
random one so far as outer objects :we concerned) and coiitiriues forward. This 
reaction is repeated AS often as the Paramecium comes in contact with any source of 
stimulus. Oertaiii solutions or conditions cause no reaetioii. Thus the Paramecium 
may pass by chance into a group of other Paramecia, where the water is charged with 
carbon dioxide, which they have excreted. Now, the surrounding water coiitaiuiiig 
no carbon dioxide causes the reaction, so the Paramecium remains with the others. 
Or, if it coines in contact with i$ loose, soft body it  stops, only tlie oral cilia continuing 
to be active. These constantly carry a stream of water to the mouth, and if the solid 
is by chance a bit of bacterial zooglma, this stream carries many bacteria into tlie 
mouth of the animal, so that they serve as food. But if no bacteria are present, the 
Paramecium nevertheless remains indefinitely against the bit of solid, espcciiilly i f  
joined by other individuals, so that they are in a region containing carbon dioxide 
(excreted by themselves). 

This resting condition may be brought to an end by too high or too low a temper- , 
ature, by the difusion of au alkali into the water, or by various other conditions that 
tend to produce a motor reaction. The Paramecium then coiitiiiues on its way in some 
chance direction till it comes again into conditions which do not itct as a slimulus. 

Thus the life of the animals is extremely simple; they have but oiie mode of 
reaction to outer conditions-by swimming baclrward, turning, swimming forw-ard- 
while under other conditions their activity largely ceases. 

T t  is obvious that such siiuple activities, while they do result ill keeping Paramecia 
out of certain Conditions and bringing them iuto others, would not be adequate fbl 
preserving the animals uuder complicated aud changing conditions. The Paramecia 
show no iiidicatiou of iutelligence or even of choice, reacting to everything in the 
s a w  manner, if they react a t  all. They have no power of adapting their actions to 
their needs. Cliance is the main factor in bringing the Paraineciuin into proper 
conditions and giving i t  food, and if the cliances are iiot favorable the aniuials must 
soon die. This agrees perfectly with the faots observed in cultures of these and 
similar animals. So long as the conditions are exactly right-bacterial zooglm, 
covering everything, SO that the I’aramecia can not miss it, aiid tlie chemical condition 
of the water entirely Favorable-the aiiiitials swarm and niultiply by thousands. A 
slight cha,iige occurs in tlie conditions, and soon scarcely a Paramecium is to  be found, 
though a few hours previously the water was milky with them. As ill the case of 
lhn ts ,  the proper coiiditions are the chief requisite for growth and ruultiplicatioii; 

’ 

a 
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these infusoria appear and disappear in the culture jar about as the lower algw do. 
The power of movement, regulated in  the simple mariner above described, is correlated 
with the fact that, unlike plants, they live upon solid food (bacteria) and are therefore 
more likely to get this food if they can xilove about here and there. But the bacteria 
must be abuudant iii any case, for the Paramecia have uo power OS searchiug for them, 
or of choosing them rather than any other substance. 

In  future work it is hoped to determine how far the results gained on Parame- 
cium are applicable to the Protozoa as a class, as well as to extend tliese researches 
to higher groups, building upon the foundatiou obtained by a study of these lowest 
organisms. In  this way it is hoped that the laws which goverii tlic movements and 
migrations of animals, the causes of‘ their appearance and disappearance a t  certain 
places or under given conditions, and in fact milch of their relations to the conditious 
surrounding them in the lake, may iu  time be made out. It is the belief of t h e  writer 
that this is the most direct and certaiii way of unraveling the complicated network of 
relations which make up the life of the lake. 

I n  addition.to the study of the reactions of tho animals above summarized, some 
faunistic work was carried on. An examination y a s  msde of t h e  maters on and about 
South Bass Island, with the purpose of determiniug the abundance and general char- 
acter of the Protozoan fauna. The swampy waters of this regiou were found to 
swarm with Protozoa of all sorts, off’eriiig uiilimitcd supplies of material for work 011 

the group in experimeutal or other lines. Unfortunately, the literature was not a t  
hand for complete identification of all the species observed, so that critical systematic 
work, of the sort done on the Rotatoria, could not be carried on for the Protozo;~. 
Only those could be positively identified that agreed completely with species described 
in the standard works on the Protozoa-Leidy’s lilbixopocla, Kent’s Manual of the 
Infusoria, Biitschli’s Protozoen, Ey ferth’s Die ein faclbsteia LebensJormen des Xhier-und 
Pjlanxenreiekes, Blochmaun’s Die milcroslcopiacl~e Thieruwlt des 8iisszuassers, Pritchard’s 
Infusoria, Ehrenberg’s Die Infusionstluierclwn als volkonainenc Orgaiaismen, etc. 

The following list therefore contains the names of such species only as could be fully 
identified, and comprises thus but a fraction of the Protozoau fauna of the region. It 
is given in order to show something of the character of the abuudant Protozoan fauna 
of these waters, as well as to point out forms that are of especial interest as favorable 
objects for investigation. Especial attentioil WRS paid to forms which from their size, 
or from the possibility of securiirg tlleni in great abundance, promise to be particularly 
favorable for experiiiieiitd WOI 1;. 
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LIST OF SOME OF THE PROTOZOA FOUND IN THE WATERS ABOUT SOUTH BASS 
ISLAND, IN LAKE ERIE, DURING THE SUMMER OF 1898. 

The waters examined were the same as those mentioned in the account of the 
Rotatoria. The list includes GS species, distributed among the different groups RS 
follows: Rhizopoda 13, Heliozoa 1, Mastigophora 21, Oiliata 32, Suctoria 1. 

RHIZOPODA. 

1. Amsba protevs Leitly. Taken in a mater-bottle collection from the iipper 3 foot of the surface 
of Lake Erie, 1 milo west of South Bass Island; ais0 on Elodea from East Harbor and in tho 
swamps on Sontli Bass Island. 

2. Amceba villosa Wallich. Iii the  water-bottle collection from the upper 3 feet of the watbr of 
Lake Erie, 1 mile west of South Bass Islaud. 

3. Amceba radiosa JShrenborg. I n  the water-bottle collection from the upper 3 feet of the water 
of Lake Erie, 1 mile west of South Bass Island; also 011 Elodea from East Harbor, Lakc Eric. 

4. Pamphagus hyaliiius Ehr. . In surface towings iu Put-in Ihy Harbor, Lake ]hie. 
5. Cochliopodium bilimbosum Auerbach. In water-l)ottle cwlloction from nppw 3 feet of water 

of Laku Erie, 1 mile west of South Bass Islaud; also on Elodea froiii East Rnrl)or, Lake1’:rie. 
6. Dimugia lobostoma Leidy. In towiiigs in Put-in Bay Harbor, Lakc Erie; also from East Swamp 

on South Bass Island. 
7. Difflugia corolla JV:~llieli. In  surface towiugs ffim. Pnt-in Bag Harbor, l d i e  Erie ; also from 

East Harbor, Lake Eriu; from Portage ltivbr, Ohio, mid land-loaltoci pools on Starve Island. 
8. Dimugia globulosa Duj. Iu water-bottle collection i‘roui the surthce 3 feet of‘ Lake Erie, 1 mile 

west of South Bass Island; from surface towings in Put-iu Bay Ilarbor; fioui East IIarbor, 
and from the swamps on South Ihss Island. 

. 

9. Difflugia constricta Ehr. I n  Ut&xila&c froui Portage River, Ohio. 
10. Difflugia pyriformis l’erty. In the swamp near tho fish-h:~tclicry ou South Ihss Island; in 

11. Arcella vulgaris Elir. I n  surface towings in Put-in B a y  JIarbor, IAalte Eriu; ill East Harbor on 

12. Centlopyxis aculeata Stein. 
13. Euglypha alveolata Duj. 

Utriculavia from Portage Rivor, Ohio. 

Elodea; in $hu swamps on South Babe Island; fron1 I’ortage River, Ohio. 
In swainpe on South Ihss Island. 

Swamps on South Bass Island. 

HELIOZOA. 

14. Acaiithocystis chsetophora Schrank. In planktou lia111 from 1 4 a h  Erie, just  west of South 
Bass Island; on Elodea from East Harbor, Lake Erie. 

MASTIGOPHORA. 

15. Oikomonas termo J. Clark. Abundant on floating floccose intitorial on the surface of Lake Erie, 

16. Anthophysa vegetans Miiller. On Elodeu from East Harbor, Lake Erie; froui swamp eu South 

17. Dinobryon sertularia Ehr. On vegetation from East Harbor, Lake Erie. 
18. Euglena viridis Ehr. In water-bottle collection from upper 3 foet of I A i e  Erie, taken 1 mile 

Abundant in  swampy parts of East Harbor, Lake Erie, and in 

northeast of North Bass Island. 

Bass Island. 

west of South BiLSS Island. 
the swamps on South Bass Island. 

19. Euglena spirogyra Ehr. East Swamp, South Bass Island; Portage River, Ohio. 
20. Euglena oxyuris Schm. East Swamp, South s ass Isla~id. 
21. Amblyophis virldis Ehr. East Swamp, South Bass Island. 
22. Colacium steinii Ihnt .  On Diaptomue sp. in surface towings from Lake Erie. 
23. Colacium vesiculosum Ehr. On Cyolope in towings taken Zg miles north of ICellcy Island, in 

Lake Erie; on I’OlYarlkra Platyplera and various crust:iceans in swamps on South Bass Island. 
24. Trachelomonas hispida PertY. In East Swamp, on South Bass Island ; from Portiige River, Ohio. 
25. Trachelomonas volvocina Ehr. Amid filnmeutous illg:o from East Harbor, Lake Erie; from 

portage River, Ohio; from swamps on South h a s  Island. 
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26. Trachelomonas aspera Ehr. Swamp on South Bass Island. 
27. Trachelomoiias armata Ehr. In aquatic vcgetatiou from East Harbor, Lake Erie, and from East 

28. Phacus  longicaudus Ehr. From East Harbor. Lake Erie, and from H W ~ U I ~ B  oil South Bass Islaud. 
29. Phacus  triqueter Rlir. East Harbor, Lake Erie, aut1 East Swamp, South Bass Island. 
30. Astasia trichophora Ehr. On Elodea from East Harbor, Lake Erie. 
31. Entosiphon sulcatum I h j .  
32. Synura  uvella Ehr. East Swamp, South Bass Island. 
33. Chilomonas paramecium Ehr. Abundant in  decaying water-plants froin any part of L:ike Erie 

This is one of' tho specios that  cau always bo procured 

Sw:tuip on South Bass Island. 

In jar of docaying NeZufiibo lutea from East Harbor, Lake Erie. 

or tlic swauips on South Bass Island. 
in  unlimited quantities a t  any time. 

34. Monosiga steinii ICent. 
35. Peridinium tabulatum Ehr. 

On stenie of 8 p i S l 1 ~ k 3  pZicatili.8 froin East Swamp, South Rass Island. 
In water-bottle collcction from upper 3 fect of Lake Eric, 1 mile 

west of South Bass Island; also in aquatic plnuts from East Harbor, Lake Erie, and from the 
swamps 011 South Bass Island. 

CILIATA. 

36. Trachelocerca olor 0. P. M. 
37. Coleps hir tus  Ehr. 

In Utrictclaria from Portage River, Ohio. 
Swamp near fish-hatchery on South Bass Ieland. 

38. 
39. 

40. 
41. 
42. 
43. 

44. 

45. 
46. 

47. 

48. 

49. 
50. 
51. 

52. 

53. 
54. 
55. 
56. 

5 7. 

58. 

59. 
60. 

Amphileptus meleagris Ehr. 
Amphileptus margaritifer Ehr. I n  aquatic vegetation from Put-in Bay Harbor aud East 

Harbor, Lako Eric. 
Lionotus fasciola Ehr. In  aquatic plants frqm East Harbor, Lake Erie. 
Loxophyllum meleagris Ehr. 
Trachelius ovum Ehr. On Utricularia from Portage Ilivcr, Ohio. 
Dileptus anser  0. F. M. On aquatic plants from Put-in Bay Harbor, Lake Erie, and the swamps 

Nassula ornata Ehr. East Harbor, Lake Erie; Portage River, Ohio; East Swamp, South Bass 

Glaucoma scintillans Ehr. 
Colpidium cucullus Schrank. Abundant in  infusions of decaying Cerato&Zhi from the bottom 

Paramecium caudatum Ehr. Abundant in culturcs of decaying lalro plants froui tho bottom of 
See pp. 105-110 for au account of the laws of tho movements 

Abundant in  decaying Cerato&ZZum from tlie bottom of Put-in 

111 jar of decaying Nelunibo Ziitea from East Harbor, Lake Erie; many. 
East Harbor, Lake Erie, ;tnd tho swarups on South Uiiss Island. 

This enormous infusorian was commoii in the swatrip near the fish- 

In aquatic vegetation from East Harbor, Laltc Erie, froin Portage River, 

I n  aquatic pl i tnts from East IIarbor, Lake Eric. 

On MyriophylZtcnb from East Harbiir, Lrike Erie. 

w a r  the fish-hatchery on South Bass Islaud. 

Island. 
Common in cultures of decaying lake plants. 

of Put-in Bay Harbor, Lake Erie. 

Put-in Bay Harbor, Lake Erie. 
of this animal. 

Bay Harbor, Lake Erie; also in water from East Swamp on South Bass Islaud. 
Urocentrum turbo 0. F. M. 

Cyclidium glaucoma Ehr. 
Spirostomum ambiguum Ehr. 
Bursaria truncatella Miillcr. 

Stentor caxuleus  IChr. 

Stentor igneus Ehr. 
Strombidium turbo  C. ond L. I11 decaying h'ilalla from East Harbor, Lake Erie. 
Ral ter ia  grandinella Miillcr. 
Tintinnopsis cyliiidrica Iladay. An empty ~ h o l l  of what appears to  be thh species, recuntly 

clescribed by Daday, was taken in the water-bottle collectiou from the upper 3 feet of Lake 
Erie, 1 mile west of South U:tss Island. 

Codonella cratera Leidy. 111 towings from Put-in Bay Harbor, Lalro Erie. This scems to be 
the same as the Europe:m Codoi~oZZa Taczistris, but Leitly's nantc has the priority. 

Holosticha mystacea Stein. In the  watcr-bottle collection from tho upper 3 feet of Lake Erie, 
1 mile west of South Rass Island. 

Uroleptus lnusculus Miiller. Few in decaying -\itella from East Harbor, Lake Erie. 
Oxytricha fallax Stein. 

hatchery ou South Bass Island. 

Ohio, and  the swamp8 011 South B:iss Island. 
In  .Elodea from East Harbor, Lake Eric. 

Many i n  Utriovlaria from Portage River, Ohio. 

Common in decaying Ceratoplbyllz~m from the bottom of Put-in Bay 
Harbor, Lake Eric. 
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61. Trichodina pediculus Ehr. 
East Harbor, Lake Erie. 

62. Vorticella convallaria L. 
63. Vorticella chlorostigma Ehr. Formiug large green patches visible to tliu naked eye, on the 

64. Vorticella rhabdostyloides Kellicott. Common on Bnabana in towings from Lake Erie. 
65. Zoothamnium arbuscula Ehr. In surface to\t.ings in Put-in Bay Harbor, Lake Erie, attached to 

floating matter. 
66. Epistylis plicatilis Ehr. Abundant on Chara from East Swamp, South Bass Island, in couipnny 

with Megalotrocka albojlauicairs. 
67. Vaginicola crystallina Ehr. On aquatio plants from East Swamp, South Baas Island. What 

secms the same forin is often found on B'ragillaria in  towings from Lake Erie; these specimens 
are always much smaller, however. 

On Diaptonms from towings in Put-in Bay Harbor; on Vgdra from 

Very a,bundant on algm from East Swamp, South Bass Island. 

vegetation from East Swamp, South Bess Islaud. 

SUCTORIA. 

68. Acineta mystaciiia Ehr. On floating floccose mctterial tulren with the tow net in  Put-in Bey 
Harbor, Lake Erie. 

While the fauna inhabiting the plants of the bottom and about the shores of this 
part of Lake Erie is very rich in Protozoa, both in the number of species and of 
individuals, the open waters of the lake contain very few. Though 23 species are 
included in the list, as taken from the waters of the lake away from shore, most of theso 
were present in very small numbers, and nono were abundaut. The species of the 
foregoing list found in the open waters of the lake, aud on that accouut appareritly 
to be considered limnetic, are the following: 

Animba proteus. Acanthooystis ckmtopltora. Holosticlca nqstacea. 
Ammba villosa. Oilcornonas ternco. Tricliodi~iapedict~Itcs. 
Animba radiosa. Euglena virldis. Vorticella rliabdostyloides. 
Pantplcaguo hyalintis. Co laciuni at ciii ii. ZootAamniuni arbusorela. 
Cocldiopodiuni bilimboaun~ Colacbm vesiculosuni. Vaginicola ciystallina (I). 
Dijlugia corona. Peridinium tabulatuni. Acineta ncystacina. 
Dijlugia globulosa. Tintinnopsis cylindrioa. 
Arcella vulgaris. Codonella cratcra. 

This list includes a number of species not usually recorded from open-lake waters; 
these are chiefly due to Professor Reighard's collections with the water bottle, which 
were made as follows: A large corked bottle was sunk in the lake to the desired 
depth, the cork pulled from the mouth, and the water allowed to fill tho bottle. The 
water thus secured was then filtered, so as to prevent the escape of even the most; 
minute organisms. Collections were thus made from the  open lslre 1 mile from any land, 
where t h e  water was 6 fathoms deep. Water was taken from the surface layer not 
more thau 3 feet below the surface. Collections 80 made contained regularly a number 
of minute Protozoa not usually accounted limnetic, namely: 

Atiuaba proteus. Cocbliopodiuni bilimbosuni. Ptwidiniunb tab idalum. 
Ammba villosa. Dqflugia globulosa. Tintinnopsis cylindrioa (only once). 
Amaba rodiosa. Eibglena viridis (once). Holostiolca mystacea. 

The list is remarkable especially for the three species of Amarbn and 0110 of 
Cochliopodium. These rhizopods are very minute, and would be lost by the usual 
inethods of collecting. Continued thorough plankton work of the sort carried on by 
Professor Reighard may show that these are proper members of the limnetic fauna. 

Diflugia globulosa was one of the very commonest limnetic forms in all sorts of 
collections from the open lake. 

P. c. u. 1899-8 
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The passive limnetic forms included in the preceding list are : 
Oikomonas termo, on floeting floccoso material. 
Colaciunc etsinii, on Diaptomus. 
Colaciuni vesiculosuni, on Cyclops. 
Vorticella rhabdostybides, on Ana bana. 

The following species may be noted as of special interest because of their fitness 
as objects of investigation in experimental or other lines : 

Cl~ilomonas paramecium is a flagellate form that ca’n always be procured in unlim- 
ited numbers by simply allowing the aquatic plants to decay in jars. The necessity 
for large numbers in carrying on experimental work needs no emphasis. The ease with 
which a Protozoan can be cultivated in the laboratory is almost the most important 
element in its availability for investigation. 

The species of Euglena, Phacus, and Trachelomonas are always to be had in large 
numbers from East Swamp, South Bass Island. 

‘ Trachelius ovu~n, Dileptus anser, and Nassula ornata are ciliates which are valuable 
for certain sorts of work on account of their large size. The same is true to a more 
pronounced degree of Spirostomum ambigtiurn, and especially of  Bursoria truncatella. 
The latter is an enormous creature for a unicellular animal, being a millimeter or more 
in diameter. It could thus be handled in the same individual way as many of t h e  
large Metazoa. This animal was always procurable in small numbers from the swamp 
near the fish-hatchery on South Bass Island. Doubtless a little experimentatiou would 
discover a means of cultivating them in large numbers. Perhaps there is no other 
Protozoan that would be so favorable an object for an investigation into the effects of 
localized stimuli and into the question of the localization pf functions in the Protozoau 
body or related problems. 

Other ciliates that could always be procured in large numbers are Glaucoma 
scintillans, Colpidium cucullus, l’aranaeciunb caudatuw, Urocentrun2. turbo, Cyclidiuin 
glaucoma,, and Vorticella convallaria. 

For Rhizopoda, three species of D(flugia-D. globulosa, D. lobostoma, and D. 
corona-are particularly abundant and might be used for work on this group. Cul- 
tures properly rnanaged usually resulted in  obtaining large numbers of various species 
of Amaeba. 

Species of Volvox, Eudorina, Pandorina, etc., swarm in East Swamp, South Bass 
Island; they are not iIicluded in t h e  foregoing list. A study of the physiology of 
these creatures, transitional as they are between Protozoa and Metazoa, promises 
much of interest. 

~OO~hamTlitLm arbuscula, on floetiug meterid. 
Phginicola crystallina ( 9 )  on liFI.agillai+ia. 
Aoineta mystacina, on floating floccose material. 

DARTMOUTH COLLEGE, Hanover, N .  IT., &lay 25, 1899. 



NOTES ON A COLLECTION OF FISHES FROM THE RIVERS OF MEXICO, 
WITH I)ESCRIPTION OF ’TWENTY NEW SPECIES. 

~- 

BY DAVID STARR JORDAN AND JOHN 0. SNYDER. 

INT‘RODUCTION. 
The writers spent part of the winter of 1898-99 in Mexico, devoting their spare time 

to the study of the fishes in the regions visited. The collection made is not large, 
but it contains a surprisingly large proportion of new forms, 20 of the 42 species 
having not been hitherto described, a fact which indicates that the river faiina of 
Mexico is much richer and more characteristic than has been supposed. The speci- 
mens are in the inuseum of the Lelaiid Stanford Jr. University, series more or less 
complete having been also sent to the United States Fish Oommission, the United 
States National Museum, the British Museum, and the museum at Vienna. The most 
unexpected fact disclqsed is that of the large number of very closely related species of 
Chirostoma or “pescado blanco ” inhabiting the great Lake of Chapala. 

We would especially acknowledge the assistance of the following gentlemen: Mr. 
J. E. Page and his son, for assistance in collecting near Tampico; Messrs. W. P. Mellen 
and W. J. Thompson, of Aguas Oalientes; Mr. A. V. Temple, manager of bureau of 
information, Mexican Central Railroad, City of Mexico; Sehor Joaquin Cuesta, of 
Atequiza, near Guadalajara. We are also under obligation to officials of the Mexican 
Central and Southern Pacific railways, and to Wells, Fargo and Company’s Express. 

The following is a description of the localities in which collections were made, 
most of the work with the seine being performed or directed by Mr. Snyder: 

Rio herma.-The €30 Grande de Santiago, locally known as Rio Lerma, was first 
visited at  the LLBarranca” near Guadalajara, Jalisco. Here the river flows through a 
cafion of volcanic rock a t  least 2,000 feet below the surface of the surrounding table- 
land. The river (December 23) was swollen and muddy, the water plunging along at  
such a rapid rate that small seines could not be used, and no collecting was done. 
Rio Lerma was next cxamiued a t  Ocotlan, above the great falls of Juanacatlan, near 
the outlet of Lake Ohapala. The same high, muddy water was found, but instead of 
t h e  cniion a comparatively shallow river bed which gradually spread over cornfields, 
marshes, and tule lands as the lake was approached. The flooded condition of the 
river and the consequerit absence of good seiningplaces made collecting a t  the time 
we visited the region very unsatisfactory. To make a thorough study of the ichthyic 
fauna of the lake, which is a magnificent body of water, surrounded by mountains and 
containing several islands, one would have to be equipped with good collecting appa- 
ratus and be prepared to spend some t ime in the vicinity. 

Rio Verde de Aguas 0alientes.-At Aguas Calieutes the Rio Verde, a tributary of 
the Lerma, which flows into Lake Chapala, mas an ideal collectingplaoe. The clear, 
mol water, shaded by trees and shrubs along the banks, winds here and there over a 
bed of fine gravel and sand. There are ripples and shallows, frequented by smaller 
fishes, aud many deep pools where the larger ones live. 
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Lepisosteus osseus 

Istlarius balsanus.. 

Ictalurus furcatus 
Curpiodes tumidue. 
Moxostoma auatrinum ........ 
A1 anaen tincolla.. ............ 

raaconis 
calientis ............. 

tristmchus 

Ameiurus dugesi. ......................... 

~ofrop i s  nigrotmniatua.. 

Xyetrosua popoche 
Falcula chnpalse.. ......................... 
Tetragonopterus nroxicunus.. 
Hybopsianltus ................ 

Fundulus hetoroclitus.. 

Characodon varintus .......... 
Cyprinodon elegans 
Gambusia nffluis 
Xenendiimcnliente ............ 
Pmdlin limautouri 
Mollionisia lutipinnn 
Xi hophorua inonteauu~m.. 
Eslopsarum jordani ........... 

argse. ............. 
Chirostoma humboldtianurn.. 

aiaai .......................... 
crystallinurn.. 
lemm ........................ 
ocotlaue 

Cichlasoma steindnchneri 
Heros cyanoputtatus 

istlanus 

Philypniin dormitor 
Awaous taiasica.. 

Neotroplnscarpintis 

argentatus 

robustus 

encaustus. 

xaliscone. 

chapul se... 
romelas. 

Rio Ixtla.-At Puente de Ixtla in Morelos considerable collections were made in 
the Rio Ixtla, a large, clear, cold tributmy of ltio Amacusac, which in tnrn flows into 
Rio de las Balsas. At  this picturesque old bridge the conditions are yery favorable 
for collections-gravelly bottom, smooth banks, and occasionally deep holes. Some 
specimens were taken from the small Rio Tembernbe, a “spririg branah” of Rio Ixtla. 

IZio Pamuco.-Uollecting was done in the Rio Psnuco at Tampico, arid in one of its 
tributaries, the Rio Verde, near Rascon, San Luis Potosi. A t  Tampico the Panuco, 
a very large river, receives the Rio Tsmesoe. With the two, a number of large, 
shallow lagoons are connected. Salt tide mater backs up into the rivers aiid lagoons 
for some distance above the city. The lagoons are marshy iu  most places, the rushes 
and shrubs growing out into the water for long distauces. The bottom and shores 
are ususlly of a sticky blue clay, although there are sandy beaches in some localities. 
By visiting the Tampico markets, many specimens of the larger species were obtained. 

A t  Bascon t h e  Rio Verde is a rather sluggish stream. Its bottom is of gravel 
in some places, while in others it is muddy. Both east and west of 14ascon the 
current of the river is very rapid, often descending the caiion in cascades and cata- 
racts. The water, which is heavily impregnated with lime, is light greeu in color. 
On either side of the river are great forests of palms, while dense thickets of canes, 
ferns, and vines make it difficult to follow the shores. 

List of species obtained and of the localities in tulrich collections tverc made. 

.............................................................................. X ......................................................................... X ................................................. x ............................ 
s ...................................................... .............................................................................. X ............................................................................. X 

X x ...................................................... 
X .............. X .......................................... ............................................ x ............................ 
X .................................................................... ........................ X ...................................................... 

X ...................................................... 
X .................................................................... ....................................... X ............................ 

.............. ................................................................ X 

...................................................... X X ......................................................................... X ........................ X ...................................................... 
X .................................................................... 

.................... x ...................................................... ...................................................................... .: ..... X ................................................................................. X 
X .................................................................... ..................... x ...................................................... .................................................. x X X ............................................................................ X ....................................................... X .............. x .................................................................... 
X .................................................................... ........................... X .......................................... .................... ,X ...................................................... ..................... X ...................................................... 

x ..................................................... ................ X ...................................................... 
x ...................................................... ...................... x ...................................................... ......................................................... X .............. 

............................................................................ X ...................................................... X ............................ 
............................................................................. X ................................................... X ............................ 
............................................................... X 

Rio Verdo, Laguna do La nnn de Rio Ixtla, Rio Vercle, Rio Panuco I near 1 Chepaa, 1 C%aleo, 1 uonr Puento 1 near Rasoou, 1 Rio Tameso& 1 
Species. Apuaa near Ocotlau, near City doIxtla Snn Luis aud lagoons 

Cnheutes. Jnlisco. of Mexico. Moroloa: Pototji. nearl’nmpieo. 
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The following new genera are described in this paper: Istlarius; Xystrosus; 

The following is a list of the new species” described: 
Falcula ; Xenendum. 

Istlarius balsanus. Xoneudum salisoone. Chirostoum crgstalliuum. 
Notropis rasconis. Pmcilia limantouri. lormm. 

Xystrosus popoche. Eslopsarum args. Cichlasoma steindachneri. 

Characodon ncaustus. promelas. Neotropliis carpintis. 
Xeueudum ca ‘s iente. diazi. 

calieu tis. Xiphophorus montezumm. ocotlaue. 

. Falcula chapalm. Chirostoma chapalm. Heros istlauus. 

MXASUREMENTS. 

The measurements given in the tables of this gaper were made by means of a pro- 
portional scale. It is believed that they mill show, i n  an approximstely definite way, 
some of the variations of certain characters useful in determining the relationships of 
the species. They are expressed in hundredths of the length of the body, which is 
measured from the tip of the snout to tho end of the last vertebra. The depth of the 
body is measured a t  its deepest part; depth of caudal peduncle a t  its narrowest 
place; length of caudal peduncle from base of last anal ray to end of last vertebra; 
length of head from tip of snout to posterior edge of opercle; length of snout from its 
tip to anterior margin of orbit; length of caudal fin from end of last vertebra to tip 
of upper caudal lobe. Only fully-developed fin rays are counted. The rudimentary 
rays of dorsal and :iual, when closely adnate to the first brauched ray, are counted 
with it as 1 ray. When the last ray is double and the two parts connected a t  the base, 
i t  is counted as 1 ray. Scales in the lateral series are counted to base of caudal fin; 

. transverse series from insertion of ventrals or anal, whichever is nearer middle of body, 
upward and forward; on caudal peduncle, upward and forward a t  narrowest part. 

L I S T  OF S P E C I E S . .  

LEPISOSTEIDB. 

1. Lepisosteus osseus (Linnmus). 

2. Lepisosteus tristoechus (Uloch Ji Schueider). 
Plentiful i n  Tampico marlrets; said to bo talreii hi tho river and neighboring lagoons. 

Collected in the markets of Tampico. 

SILURIDB. 

3. Ameiurus dugesi Bean. 
Obtained in tho markets of Gundalnjara and iu the Laguna do Chapala, Jalisco, Mexico. 
We c1:issify this species with t h e  genus Amciuvus, believing that  Villariue [ Irillavia8 Rutter, Proo. 

Cal. Acad. Sci., sop. 2, vol. G,18‘JG, 256 (pvioei)] is an invalid genus. Villariua was supposcd to bo distill- 
guislied by the presence of scattered villi on tho skin of the sides. Such villi are, however, coiiimon 
to  many cat-fishcs, notably, d. nebidosua, d. catlis, NOtUrtks jlavlt8, htahrU8 plLnotatii8, Lpplop oliwai*ie, 
and I8tZariu8 baZsanu8. 
4. Ic talurus  furcatus  (Le Sueur). 

, 

Small specimens of dniciurue dUgC8i  havc the caudal fins tipped with black. 

One specimen purchased in Tampico marlrot, said to  have boon caught in the Rio Tctmosoo. 

* Those species nppeiw a t  alrnojt tlie 8fLrnc date i n  tho fourth part of Jordan &, I‘:voriua~i~l’~ 
“Fishos of North and Middle Airierica.” 
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ISTLARIUS Jordan & Snyder, new genua. 

Type Istlavius balsanus ncw species. Allied to Ictalaras and Leptops. 
Body rather deep and compressed; head not widened nor greatly depressed; eye large; lower 

ja-w included; teeth in villiform bauds on premaxillaries and den taries ; prenmxillary band convcx 
anteriorly, with a short, angular posterior extension on each sidc; no divieiou of band at symphysis; 
dcutary band broad anteriorly, growing narrow aiid pointed posteriorly, with a dietinct median 
division; 110 teeth on vomer or palatinos; villiform teeth on upper and lower pharyngeals. Gill- 
rakers on first arch 17, long and slender; branchiostegals 8. Air bladder very large, extending almost 
to posterior end of body cavity, divided by a transverse constriction into two parts of nearly equal 
length, tlie anterior par t  heart-shaped, posterior par t  oval. Supraoccipital bone widcly separated 
froni interspinal; hunieral process Ahort, almost hidden by the skin. Lateral line extending froin 
below insertion of dorsal to caudal; skin covered with minute hair-like villl, that  of head completely 
ooncealing bones of skull. Spines with distal part8 soft, not branched, continnous jvith 
the hard parte; basal par t  of pectoral spine grooved posteriorly, weakly serrate above tho groovo. 

18tlurius has somc charactors of the genus Leptops, notably the dentition of the upper Jaw aud the 
weakness of the fin spines, but it more closely reseniblos Zctalurus, and its relationship is probably with 
that  genus. 

5. Istlarius balsanus Jordan & Snyder, new species. 
Type No. 6149, L. S. Jr. TJniv. Mus. Locality, Rio Ixtla at Pueute de Ixtla, Morclos, Mexico. Col- 

lected by Jordan & Snyder, January 3,1899. 
Head 4 in  length; depth 4.66; depth of caudal peduncle 2.33 in head; eye 5.5; snout 2.4; distance 

between eyes 2.5; height of dorsal 1.4; length of base of dorsal 3; ]?eight of anal 1.66; length of base 
of anal 1; leugth of pectoral 1.5; vcntrals 1.66; caudal 1; I). I, 6. A. 24. 

Body deep and Somewhat compressed, deepest part above vcntrds, widest betweon pectorals; 
head narrow, not greatly depressed. Eye large, nearer to  tip of snout than to  posterior edge of 
operclc, a distance equal to  diameter of eye; inter- 
orbital space convex; width of mouth, 2.5 i n  head; 
lower jaw included; upper jaw projecting a distance 
equal to diameter of pupil. Barbels 8 ;  of the in- 
ferior oms, the median pair are shorter; distance 
between their bases equal to  diameter of pupil; 
outer pair when extended directly backwards reach- a. b. 
ing edges of gill-covers; maxillary barbels longest, 
reaching upper angle of gill-opening; nostril barbels 
reaching middle of pupil. 

Teeth in broad villiform bands on premaxillaries 
and dentaries, the band on uppcr jaw convex ante- 
riorly, with a short, angular posterior exten8ioll on 
each side; no apparent division of band at sym- 
physis; band on lower jaw broad anteriorly, narrow 
and pointed posteriorly; a distinct median division; no teeth on vomer or palatines; upper phalyn- 
gee1 teeth in  oval, villiform bands; lower pharyngeal teeth i n  2 narrow oblong bande. Gillrakers on 
first arch 17, long and slender. Branohiostegals 8. Anterior nostril tubillar, the posterior with a 
raised rim extending on cach side from barbel to posterior edge of opening, where i t  is divided. 

Supraoccipital bone iiot in coutact with first 
interspinal. Humeral process about as long a8 vertical diatpeter of eye, almost hidden by the tliick 
skin. Lateral linc extending from a perpendicular through insertiou of dorsal to caudal; skin 
covered with minute, hair-like villi. 

Dorsal spine with its distal third soft, preceded by a small, angular, immature spine; first and 
second branched rays longest, the others gradually shorter. Adipose fin largo, above middle of anal; 
length of posterior free edge three times diameter of pupil. Fifth or sixth anul ray longest; edge of 
fin rounded posteriorly ; caudal deeply forked, lower lobe rounded, upper rathcr poiuted. Pectoral 
rays I, 11, distal two-thirds of spine soft; not branched, continuous with the  hard part; basal part 
grooved posteriorly, weakly serrate above the groove ; ventrals reaching origin of anal. 

Color bluish-slate above, light-silvery below; a fuw sinall dark spots on head and body; tins with 
dusky coloring; inferior barbels light; maxillary barbels with uppor half dark; nasal bnrbules with 

Barbels 8. 

n a p e .  Fig. 2. 

p l ~ .  l.-viows showing bends of teeth of Istluriucr bal. 
aa7kw. (a) lower jaw, ( b )  upper j aw.  

Skin of head completely concealing bones of skull. 
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light edges. The 
yoiiiig have no spots. 

Istlavias baleanus has a largo and rather complex air-bladder, lying close to the spinal column and 
cxtending aliiiost to  the posterior oiid of body cavity. It is divided by a decp, transverse construction 
into two halves. It is separated 
by a T-sliaped partition into three chambers; of those, tho anterior transverse chamber is pa,rtly 

Some specimoiis have m:my wcll-defined rolor-spots, whilo others have few or none, 
Our spccinieiis vary in  length from 10 to  GO sentimeters. 

The anterior part is lieart-shnped nnd constricted dorso-ventrally. 

Length of body in millimotcrs ........................................ 
Dept.11 of body expressed in hundredths of length. .................. 
.Depth of caudal pedonole.. .......................................... 
Length of head ....................................................... 
Leugth of snout ..................................................... 
Lungtli o f  maxillary barbel .......................................... 
Lungitiidiual diaiiietor of orbit.. 
Distunco from snout to dorsnl ....................................... 
Height of lougcst dorsal raps. ....................................... 
Distance from snout to adi ose An.. ................................. 
Distcmeo fivm mout to ann? fin ...................................... 
Length of base of anal ............................................... 
Height of‘ longest anal rays .......................................... 
Length of cnudal flu .................... :. ........................... 
Length of pectoral fin. ............................................... 
Distaucn from snout to ventral fin. .................................. 
Lengtll of vnntral fin 
Number of dorsal rays.. ............................................ 
Number of anal rays ................................................. 

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

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

Fro. P.--lstlarius balsanus Jordan & Snyder, uow- genus nnd species. Type. 

dividcd on tho median liuo by a fold of the dorsal wall of the bladder ovcr the vertebral column. 
The transvcrso chamber is‘coiiueoted on cach side with tlic two posterior lateral chrmbors by large 
openings in the cnds of the transverse wall. The posterior half of the bladdcr is without partitions. 
It is connocted with the loft lateral chamber only, by a small opening. 

dleasuvements of jive specinbens of Istlarius balsan~8. 

195 
23 
12 
26 
11. 
21 
4! 

36 
20 
77 
eo 
26 
151 
28 
18 
61 

1 
24 
I f !  

Measurements. 

238 
21 
11 
27 
11 

y 
38 
17 
81 
66 
26 
15 
25 
16 

2 
23 

Locality: Rio Ixtlib, at I’ueiito 1 de Ixtla, Mornlos, Mexico. 
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19 
10 
25 
1 1  
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37 
17 
77 
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25 
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26 
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a0 
18 
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’ G2 
27 
15 
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7 
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81 
22 
12 
27 
12 
21 
8 

35 
21 
77 
05 
26 
I O  
28 
20 
52 
15 
7 

23 

CATOSTOMIDi33, 

6. Carpiodes tumidus Baird & Girard. 
Locality, 1:~goons near l’ampico. 
Iii the  identificatiou of theso Hpecimeue, wo regard Caiyiodes tumidus Baird & Girard as B species 

distinct from Curyiodee veZife)* Ra6nesquo. Tho Taiiipico spcciruens agree with the description and 
figure of C. turnidus given by Baird & Girard (Baird & Girard, Proc. Ac. Net. Sci. Phila. 1854, 28; 
Girard, United States and Mexico Houud. Sur., Ichthyology, 34, plate XIX, figs. 1-4). They all have 
the first rays of the dorm1 short; in moHt cases tho t ip  of the fin is rounded-in etrilriiig oontrast to 
the very long rays and tho scythe-shapod fin of C. velifev of tho Mississippi Valluy. 
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Length of body in millimetors ....................................... 
Depth of bod expressed in hundrodt,lis of length. .................. 
Depth of cnidnl peduucle ............................................ 
Lcngth of 1leRd.. .................................................... 
Width ofiuterorbitnl spacc .......................................... 
Lcngtli of snout ...................................................... 
Diameter of orbit.. .................................................. 
Distnncc from snont  to dorsal ....................................... 
Height of longcst tlorsnl rnys ........................................ 
Distnnce from snout to anal fin ...................................... 
Height of longest nnnl rnys. ......................................... 
Distance from ann1 to caldnl. ....................................... 
Length of onndal fin.... ............................................. 
Length of pect,ornl fin .......................... 9 .................... 
Distnnoo from snont to ventral. ...................................... 
Length of \vxilrnl.. .................................................. 
Nunrlier of rays in dorsnl fin.. ....................................... 
Number of rays in ann1 fin.. ......................................... 
Number of schles in lat,ernl line ..................................... 
Number of sonlea nbove laternl lino ................................. 
Number of scales before dorsal. ..................................... 
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245 
44 
10 
20 
12 
0 
5 

67 
24 
82 
21 
13 
a i  
19 
52 
20 
25 
8 

35 
7 

14 

Meaeui*ements of j ive  apecinwne of Carpiodee trtniidue. 
-- 1 Collcctad in mnrkots of 

Tampico, Mcxico. Measurements. 

Length of body in  millimotors .................... 
Depth of body expressed in hundredths of longlli. 
Depth of ontidal peduncle ........................ 
Lcngth of liend ................................... 
Distanco from strout to occiput. .................. 
Width of int.erorbita1 spnoo ...................... 
Longth o f  snout .................................. 
Length of mnxillnry .............................. 
Diameter of orliit ................................. 
Distnnce from snout to dorsnl fin. .___ ._ .__.__ ___.  
Height of longest dorsal rays .................... 
I)istnnce from snont to nnnl fln ................... 
Height of longest nnnl rnys ...................... 
Length o f  cniicliil fln .............................. 
Lai~gt~li of pectornl fin ............................ 
Length of wntrnl fin ............................. 

Diatjinoe from nnnl l o  caudnl fin .................. 
Distnneo from snont to  velltral fin. ............... 
Number of rnys in dorsnl An. ..................... 
Number of ray8 in anal fin ....................... 
Number of rni8 in pectoral fin .................... 
Number of s6nles befuro insertion of dorsal ...... 
Number of acrllcs betwron dorsnl nnd lnlornl line. 
Number of scnlos in lnteral line .................. 
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40 
15 
25 
13 
8 
6 

54 
27 
82 
20 
12 
32 
21 
52 
20 
24 
8 

34 
8 

14 
- 

90 
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25 
20 
9 
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20 
76 
15 
21 
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10 
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14 
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42 

20 
1 3 
0 
5 

58 
25 
82 
20 
12 
30 
10 
51 
22 
25 
8 

35 
8 

15 

i o  

- _  
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9 
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10 
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24 
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I0 
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20 
13 
8 
0 
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27 
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13 
35 
22 
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8 

30 
8 
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25 
20 
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17 
75 
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22 
17 
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10 

7. Moxostoma austrinum Bean. 

Jalisco. Niimorous specimona, about 170 millimotors in length, were taken in the ltio Verde. 
specimen from the Rio Grande de Santiago was presented t o  the Mnseum by Senor Joaquin Cuesta. 

Obtained from the Rio Verde, Aguas Celientes, and Rio Grande do Santiago, near Atequiza, 
A largo 

Some fin-ray and scale counts of the Kio Verde specimens are here given: 

-___ 
05 87 85 82 
25 26 27 27 
l 2 i  18 13 13 
20 25 24 25 
20 20 21 21 

7 7 7 0 7  

54 52 52 52 
17 20 10 20 
74 75 74 74 
15 10 14 15 
20 21 21 22 
23 24 23 23 
17 20 17 20 
62 52 53 54 
14 1 6  13 15 

8 8 8 8 8  
7 7 7 7 7  

15 10 10 10 

;1 ; ; ;; 
5 4 5 t 5  

Monsurcments. Locality: Xi0 Vbrdo. I 
Numberof (loran1 raya ...................... 
Nunibor of nnnl rnys ........................ 
Numberofacnlrsinlntornllino ............. 

p b e r  o f  scnles in trnnsverse sorics. ...... l- - 

11 
7 

47 
15 
- 

I 

48 
15 

CYPRINID=. 
8. Algansea tincella (Cuvier & Valenciennes). 

Calientes. 
Locality: City of Mexico market, said to hare  coine from Logo de Chalco; Rio Verde, at Aguan 

Meaanrenienle of ten epeciniens of Alganeea tincella. 

Neasui cincn ts. I T,ocnlity: Rio Verde, Agua8 Cnlientra. I - 
94 
25 
14 
25 
20 
8 
7 
7 
5 

62 
20 
73 
15 
22 
33 
21 
61 
15 
8 
7 

15 
27 
I0 
70 
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1,oiigth of body in millimot.ora ........................................... 
Depth of body oxpri?seecl in huildrodtlts of length. ...................... 
Longtli of hcnd ......................................................... 
Distniice froul snout to occipirt .......................................... 
Width of interorbital space .............................................. 
Length of suont ......................................................... 
I)iatiiotoroforbit ........................................................ 
IXstnncu t'roni snout to dorsal fin... ..................................... 
Eloiglit of longrat dorsal rn 8 ............................................ 
lhigl i t  of longust nnsl rays .............................................. 
I)ist,nnco froin aiinl to  cnudnl fin... ...................................... 
Lougtli uf cniidal fin. ................................ .'.____. ............. 
Longtli of poctornl fin. .  ................................................. 
r)int,nnco from enout to vontral An. ...................................... 
LongLli of vontrnl fin.. .................................................. 
Nunibor of rays in rlorsnl fin. ............................................ 
Nornlm of rny8 in nnnlfln. .............................................. 
Nunibor of rays in peotornl fin .......................................... 
Number of EC&H beforo insortion of dorsal fin. ......................... 
Nulubor of sonlos in latornl lino.. ........................................ 

Doptli of cauclnl lmdunolo ............................................... 

Distanco froiri snout to nnayfin .......................................... 

We have one specimen of d lgansea  tincella from Lago de Chalco. It is not distinguishable, except 
in its darker color, from those taken in the Rio Verde. These difter from the description and figure 
of A .  diigesi (Bean, Proc. U. S. Kat. Mus., 1892, 283) in  having mucli smaller oyes and a deeper caudal 
peduncle. They have a distinct black spot at; the  base of the caudal. The specimens takeu in the 
liio Lerma, at Salarnanca, by Professor Woolman, and recorded as A.  dugsei (Woolman, Bull. U. S. 
I?'. C.sl894, 6l), agree in every respect with those from the Rio Verde and &re referred by us to the 
same species. 

9. Notropis nigrotaeiiiatus (Giinther). 

Some of Mr. Woolman's specimens aro in the museum of Stanford Univeraity. 

G'raodics nigrotctwiatas Giinther. 
Locality, Itio Ixtla at Puente de Ixtla, Morelos. 
As shown by our qpecimeus, N. nigrotmniafits differs from the closely related species, N. rasoonis 

of'the Rio Pauiico system, in  having a thicker aud heavier body, a shorter snout, smaller eyes, shorter 
and more rounded fins, a wider lateral band, the black dots of which aro distributed over a space 
about the width of two scales, a less distinct caudal spot, and the color-baud,not definite on the snout. 

dfeasiwemetits of two epeoimons of Notvopis nigrotmniatus. 

Cot., VII, 485,1868, Atlisco, Mexico. 
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20 
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51 
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Xo'casuromonts. 
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10. Notropis rascoilis Jordan & Snyder, new species. 

Type specimen No. 6153, L. S. jr. Univ. Mus.. 
Throe specinions belonging to the genus N ~ t ~ o p i ~ ,  whioli resemble w r y  closely N. nigrotmniafw 

of the Rio de Ins Balsas system, were colleoted in the Rio Verde, near Rascon, January 25,1899, by J. 0. 
Snyder. They differ from tha t  species, 
however, in  having a more compressed 
body, a longer snont, larger eyes, longer 
and more pointed fins, and in having the 
color-band narrower on the body aiid more 
uiarkccl on the wont .  

Heid 4inlougtli; del)tli 3.60; oye2.66 
in  head; snout 3.33; intoisorbital space 3; 
depth of ce~dr i l  podunclo 2.25; hoight of 

pectoral 5.6; runtral 5.5; cniidal 3.5; 
numbcr of sciiles in lateral line 33; between dowel and occiput 16; between dorsal aiid ventral 
tins 10. D. I, 8. A. I, 8. 1'. 12. 

1)orsal outline of I J O ~ J ~  evenly rounded from snout to insertion of dorsal fin, sliglitly concaved 
from latter point to base of caudal; ventral outliue evenly roiinded to  end of niial basc; deepest 
par t  of bodyjust anterior to insortion of dorsal; width of body one-seventh of i ts  length. Snout 
pointed, mouth oblique, lower j a w  included; maxillary not quite reaching vertical from anterior 
margiii of orbit. Tooth 4-4. frail and casily clotucliod from tho arch; s?ightly hooked; no evident 
grinding surfaco. Gillrakers AIlOPt an4 blunt, reduced to  slight elevations on lower par t  of first arch. 

Fig. 3. 

ciOrsal 4*33 in lonEft1'; 8*20; longtll Of FIG. :l.-Xotropiu rasconzslTordan 6r. Snylor, ~ i u w  sIiucius. Type. 
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First fully developed ray of dorsal fin longest, last ray much shorter. When the fin is elevated the 
posterior margin is straight; when depressed i t  is somewhat falcate. Anal fin similar in shape. 
Pectorals pointed. Tips of‘ ventrals reaching anal. 

Color silvery; a dark lateral band, the width of a scale, extending from t ip  of snoot, through 
eye to  base of caudal, where it ends in  an elongate black spot; body abovelateral band stippledwith 
black ; the dots grouped closely together on top of head and in a narrow dorsal band extendingfrom 
occiput to inscrtion of dorsal, in  a sharply defined black line along base of dorsal fin, and also on 
edges of dorsal scales. Body bolow dark band immaculate except a dusky line along base of anal fin. 
Al l  of the fin rays dusky, especially the partly developed caudal rays, which are noticeably darker 
than the others. 

Neaeuremmte of three apecimeno of Notropia raeconie. 

Caudal deeply. forked, the lobes pointed. 

Length of body in millimeters ................................... 
Depth of body cxpressed in liundredtlis of length ................ 
Depth of caudnl peduncle.. ...................................... 
Length of head.. ................................................ 
Distance from snout to occiput. .................................. 
Width of interorbital space ...................................... 
Length of suout ................................................. 
Diamet,er of orbit 
Distniice from mout to dorsal fln. ............................... 
Height of longest dorsal ra s 

Height of longest aual rays ...................................... 
Distance from anal to caudal fin-. ............................... 
Length of cnudal fill.. ........................................... 
Leuet,h of pcotoral fin ........................................... 
Distance from snout to ventral 511 ............................... 
Length of ventral fin. ............................................ 
Number of rays in dorsal fin.. ................................... 
Numbcr of rays in anal 5n. ...................................... 
Number of rays in pectoral an. .................................. 
Number of scales before insertion of doraal fln. .................. 
Number of scales in latarn1 line. ................................. 

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

Distanco from snout to ana?fiii::::-- ............................ 

Locality: Rio Verde, 1 near Rascon. Measurements. 

43 
28 
11 
26 
23 
8 
8 
4 
55 
23 
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33 
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23 
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24 
0Q 
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7b  
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11. Notropis calientis Jordan & Snyder, new species. Fig. 4. 
Typo No. 6193, L. S. jr. Univ. Mus. 
Collected in the Rio Verde, et Agues Calientes, on January 9,1899, by J. 0. Snyder. 
Head 3.66 in length; depth 3.33; cye 4 in heed; snout 4;  interorbital space 2.M; depth of 

caudal peduncle 2.40; height of dorsal 4.66 in  length; anal 5.75; length of pectoral 5.66; ventral 6; 
caudal 3.83; scales in lateral line 33; be- 
tween dorsal and occiput 15; between 
dorsal and ventral fins 10. D. 8. A. 7. 

Body doep and wide, deepest part 
anterior to  insertion of dorsal; caudal 
peduncle long and slender; snout blunt, 
rounded; mouth oblique; jaws equal; 
maxillery reaching to  a vertical from pos- 
terior nostril. Teeth 4-4, slender, hooked, 
grinding siirfacenarrow, absent on small- 
est tooth. Gillrakers short, blunt; 9 on Pro.4.-iVotropis cazientis Jordau &. Snyder, uew species. ~ y p o .  
first arch. Intestinal canal short, with 
but  1 convolution; peritoneum white, scales large, not, notably deeper than long. Lateral line incom- 
plete, extending only as far as posterior edge of pectoral. Dorsal fin rounded, the second, third, e n d .  
fourth rays longest. Anal fin similar in shape; ventrals rounded, extending to vent; inserted directly 
under dorsal. Pectorals rounded. Caudal forked, the lobes rounded. 

Color silvery, an indefinite (lark band extending from t8ip of snout to  end of cnudal peduncle; the 
bend distinct on snouf and caudal peduncle; broader and almost obsolete on middle of body; top of 
head and a narrow bend on median dorsal part of body dark;  ventral parts of body immaculate, except 
a narrow, dark band extending along base of anal and ventral part of caudal poduncle; chin white; 
scalcs on upper parts, with dark edges; dorsal and caudal fins slightly dusky; other fins lighter. 

This species is of s m d l  sizo, the mature inales measuring abont 34 mm. in length of body; the 
females 43. The males are more slender a i d  havo a little loss dark color on tho body. T’lio afliiiities of 

%,n 
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42 
28 
10 
26 
20 
10 

53 

07 
18 
24 
24 

52 
18 
8 

20 

I R  

N O t Y O p i 8  calientis are with Xotvopis Cayuga, i?. jovdani, and others of the subgenus Chiope; The species 
niay be distinguished by its small eye, the short, rounded snout, deep body, short lateral line, and 

44 42 
29 29 
10 10 
25 20 
21 19 
8 10 

7 7 7  
7 7 7  

65 52 

70 60 
18 17 
24 24 
22 25 

52 53 
16 16 

23 20 

16 10 

rounded fins. 
Measuvenrents of ten specimens of Notropis oalientis. 

36 
26 
12 
26 
20 
10 

51 
23 
68 
19 
25 
24 
20 
53 
16 

17 
34 

__________ 
Moasureiuents. 1 Locality: Rio Verde, Aguaa Calientes. Mexico. 

34 32 
26 26 
10 10 
26 27 
21 20 
9 10 

7 8 7  
G 7 7  

55 52 
21 23 
68 68 
19 18 
23 20 
25 23 
17 17 
60 52 
15 16 

8 8 8  
7 7 7  

17 18 
38 34 

Length of body in millimeter8 .................... 
Depth of bod expressed in hundredths of length. 
Deutli ofcau&~l mduncle ......................... 

52 
22 
70 
17 
23 
20 
18 
63 
17 

17 
38 

Lei@ of Iread .1.. ............................... 
Distance from snout to occiput. .................. 
Width of interorbital space ...................... 
Longtli of anont .................................. 
Diamotor of orbit. ................................ 
Distance from snout to dorsal An ................. 
Height oflongcst dorsal rays .................... 
Difltance from snout to a n d  fin.. ................. 
Height ot longest anal rays.  ...................... 
Distance from anal to o a h l  A n  .................. 
Length of caudal fin .............................. 
Length of pectoral fin ............................ 
Distuncu from snout to vontral An. ............... 
Length of ventral f in. .  ........................... 
Number of raya in dorsul An,. .................... 
Number of rays in anal An ....................... 
Number of soales before insertion of dorsal.. ..... 
Number of soales in latcral line.. ................. 

52 
21 
70 
17 
25 
25 
17 
51 
17 

8 8  
7 7  

16 
35 

__ I l l  

- 
41 
28 
11 
27 
21 
10 
7 
7 

54 
22 
09 
18 
24 
26 
17 
53 
17 
8 
7 

14 
35 
- 

- 

40 
30 
12 
27 
20 
10 

7 
7 

53 
22 
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17 
23 
28 
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16 
8 
7 

15 
35 

50 

- 
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XYSTROSUS Jordan & Snyder, new genus. 

Type, Xysiroeus popoche, new species. Body long, compressed; interorbital space low and flat ; 
mout,h terminal, oblique ; jaws subequal; premaxillary protractile. No barbel. No psoudobranchia. 
Gillrakers 66, long, slender,. crowded on arch. Teeth 44, hooked, grinding surface oblique, grooved. 

FIG. 5.-X@VOW poposhe Jordan & Snyder, new genus and species. Type. 

Lateral line complete, decurved 
Fins falcate; dorsal inserted diroctly above 

The genus Xystvoszts is allied to Notropis, differing in the long gillrakers, the  small scales, and 

Alimentary canal abont twice as long as body. 
above poctorals. 
insertion of ventral; caudal deeply forked; anal basis short. 

the absenco of pseudobranchire. 
12. Xystrosus popoche Jordan & Snyder, new species. 

Type No, 6151, L. S. Jr. Univ. Mus. Locality, Laguna de Chapah, m a r  Ocotlan, Jalisco, Mexico. 
Collected by J. 0. Snyder, December 26,1898. 

Head 3.5 In lcngth; depth 4.5; eye 4.66 in head; snout 3.60; interorbital space 2.60; depth of 
caudal peduncle 2.5; Iieiglit of dorsal 5 iu length; aual6;  length of pootoral ti; rentral 6.25; ctiudal4. 
D. 8.. Number of scales In lateral line 61; betweeu dorsal and occiput 24; between dorsal and 
lateral line 16; number of' dorsal rays 8; anal 7;  pectoral 16. 

Body long and slender; caudal peduncle deep, compressed; head long, its upper contour slightly 
Conrave; interorbital space broad and flat; eye large, its longitudinal diamcter contained 2 times 
in interorbital space; snout sharp, slightly turned up at end; mouth large, oblique; lips thin, 

Peritoneum dusky. 
Scales til, evenly distributed over body. 

PopocJte. Pig. 5. 

A. 7. 
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maxillary not quite extending to orbit. Gillrakers 66 on first arch, close together, slender, the length 
of longest half diameter of orbit. Teeth A-4, strong, hooked, grinding surface oblique, narrow, grooved ; 
a notch just  below the hook. Alimentary canal almost twice length of body. Peritoneum dwky. 

Scales not crowded anteriorly, evenly distributed over the body; lateral line shaped like the 
ventral contour of body, except above pectoral fins, where it is sharply clecurved. Dorsal inserted 
directly above ventral, first ray highest, nearly three times height of las t ;  when depressed the fin is 
falcate; when elevated, its edge is concave; anal similar in shape; caudal deeply forked, the tips sharp ; 
ventrds pointed, not reaching vent; pectorals slightly rounded. 

Color silvery, darker above, especially on median dorsal area, where a more or less definite dusky 
band extends the length of body; rays of dorsal fin and tips of caudal dusky; lower fins white. 

Exact measurements of the only specimen obtained are here given. Length of body in 92 mm. ; 
depth of body expressed in  hundredths of length 23; depth of caudal peduncle 11.3; length of head 
28.3; width of interorbital space ll&; length of snont 8; diameter of orbit 6; distance from snout to  
dorsal fin 52; height of longest dorsal rays 20; distance from snout to anal fin 73; height of longest 
anal rays 17; distance from anal to  caudal fin 21; length of caudal fin 25; length of pectoral fin 18; 
distance from snout to  ventral fin 53; length of ventral fitin 16. 

FALCULA Jordan & Snyder, new genua. 
Type, Fahila chqaZm new Rpecies. Body long, compressed; caudal peduncle slender; mouth 

large; lips thin; pramaxillary protractile. No barbel. Teeth in 1 row, 4-4, hooked; grinding sutface 
grooved. Gillrakers few, short, far apart. Alimentary canal short. Peritoneum silvery. Lateral 

Wn. G.-Falcula c h a p a h  Jordan & Snyder, new gonuu and upecios. Type. 

line complete. Fink high, falcate; dorsal inserted 
directly over ventrals ; ailel basis short; first simple rays of dorsal and anal rudimentary aud closely 
adnate to  first branched ray, caudal long, deeply notched. 

The genus FaZcuZa is  related to  Notropie, from which it differs in its small scales and in its very 
high, falcate fins. 
13. Falcula  chapalae Jordan & Snyder, new species. 

Type No. 6152, L. S. Jr. Univ. MUR. Collected by J. 0. Snyder, at Lagnna de Chapala, near 
Ocotlan, Jalisco, Mexico, December 26,1898. 

Head 4 in length; depth 4.50; eye 3.66 in head; snout 3.68; interorbital space 3.66; depth 
of caudal peduncle 9.5 in length; height of dorsal 4;  anal 6;  length of pectoral 4.80; ventral 5.75; 
caudal 3.25; niimber of scales in  lnteral line 50; between dorsal and occiput 19; between d o ~ ~ a l  and 
ventral fins 16. D. 8. A. 8. P. 17. 

Body long, slender, compressed; snout pointed; its length equal to diauieter of orbit or to  inter- 
orbital space; mouth almost horizontal, its cleft extending to  a vertical from anterior edge of orbit; 
lips thin, Teeth 4-4, strong, slightJy hooked, the  hook barely evident on lowcr tooth; three upper 
teeth wit11 a grooved grinding snrface. Alimentary 
canal short. Peritoneum silvery. Lateral line complete, decurved to  a point 111 a vortical midway 
between pectoral aud ventral fins, whence it extends in a stmight l ~ n e  a little below middle of body 
to  caudal. Fins all very high and pointed; dorsal inscrted directly over origin of'ventrals, falcnto when 
depressed, its second ray longest; anal 8imil:tr in  shape; insortctl a t  a point two-thirds tho distance 

Scales rather small, about 50 in lateral series. 

Fig, 6. 

Gillrakers 3+7, short, pyramicld, and far apart. 

/ 
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Longth of hoad oxpressod in hundredths of longth ......................... 
Distanco froiu mout to occiput .............................................. 
Distanco from lowcr jaw to occiput .......................................... 
Widtli of intororbital spaco .................................................. 
Length of snout. ............................................................ 
Dimioter of orbit. ........................................................... 
Distauoo from snout to origin of dorsal fln. ................................. 

from tip of snout to  basc of c:iudal; ventrals extending to  vcnt; tips of pectoral8 reaching ventrals; 
caudal deeply forked. 

Color silvery; a narrow, dark median band extending from occiput to  base of caudal; dorstil 
scales with fiiie dots which give their edges a dusky color. 

Onc specimcn was. taken, careful mcasuremunts of which are given. Length of body in  Inilli- 
meters 74; depth of body expressed i n  hundredths of length 25; depth of caudal peduncle 11; length 
of head 25; width of iuterorbital spttco 7;  length of snout 7; diameter of orbit 7 ;  distance from snout 
to dorsal fin 47; hoight of lougcst dorsal rays 26; distanco from snout to  anal fill 67; height of longest 
anal rays  21; distanco from anal to  caudal fin 27; lehgth of coullal fin 314; length of pectoral fin 23; 
distance from snout to  ventral fin 62; length of ventral fin 21. 
14. Hybopsiv altus (Jordan). 

Many specimcns from tho Rio Verde, Aguas Calieutea, 8oino of which wcre 165 ruillixucters long. 

CHARACINIDZ. 

a5. Tetragonopterus mexicanus Filippi. 
Specimens of Telragonoptaus daught in the Rio Ixtla a t  Pucute de Ixtla, Morelos, reseuiblo very 

closely tlioso taken in tho Rio Verde near Itascon, but  wc believe that  they bolong to a differcnt 
species. Besides the points of diffcrcnce expressed in tho following tablc, 2: mc.cicanus of the Rio Is t la  
has smaller and wualrcr tooth than T. argentatua of the Rio Vcrilc. 

Acerage iiieaaurcnkcnla of le)& apeoinkens eaoh os  Tetragonoplerua nbexicanna fvonk tho ](io Ixl7a 
and of Tctragonopterua argontatti8 f rom the l t io  T'wde near Itascon. 

25.10 
25.25 
2G. 50 

8.80 
0.00 
8.40 

51.25 

Monsuremonts. 

- 
Length of body in millimeters ........................ 
Doptli of bo2 oxprossod in  hlindredtbs of length.. .. 
Depth of cau&d peduncle ............................ 
Lougth of head. ...................................... 
Distnncofrom snout to occiput ....................... 
Tip of lower jaw to ocoiput. .......................... 
Width of int'erorbitul epaco ......................... 
'r,ongth of snout ...................................... 
Diauietcr of orbit.. ................................... 
Distanco iroin suout t o  dorsnl ........................ 
Insertion of dorsal to ailiposo fin ..................... 
Height of longest dorsal rays. ........................ 
Distnnco from snout to and  fln ....................... 
Height of loneest mal  rays .......................... 
nistanco fromaanal to cauhal iin ...................... 
Lougth of oiiudal flu. ..................... : ........... 
Longth of pectoral Hn ................................ 
Distancu from snout to reutral fin .................... 
Length of vontral11n.. ............................... 
Numbor of dorsal rays ............................... 
Nunibcr of anal ra 7s ................................. 
Number of pootord rays. ............................. 
Number of eoales In trunsvorso serios ................ 
Numbor of scales in lutcrnl lino ...................... 

Totragon- Totragon- 

mexicanus. argentatus 
I optorus I opterus 
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dleasurenienta of ten apciniena of l'etragonopterrt nawica~zcs. 

79 

121 
211 
23h 
0 

38 

2 q  

; 
62 
37f 
22 
ti9 
13 
15 
28 
21 
52 
16 
10 
21 
13 
I5 
SO 

Mousuromonts. 

88 04 

13 I2& 
25 25 
2G 24 
27 

37 30 

2!h 
86 , Y 8 

53 60 
35 3 G  
24 23 
ti7 
15 !? 
16 16 
80 28 
22 21 
50 51 
17 15a 

0 0 
20 23 
14 13 
16 15 
84 36 

1 Locality: Rio Ixtla at Pnonte do Ixtln, Morolos, 
Moxioo. 

16. Tetragonopterus argentatus (Baird & Girard). 
The speoimcns of T. avgenlatua from the Eio Verdo near Rascon wcrc not more than 55 mm. long. 

lhe ventral and ana1 fiiis were dashed with a bright orange-red aut1 the cauditl wits tipped with 
orange. A few specimens from the Rio Tamosoe were like those from the ltio Vcrdc, except that  the  
fius wcre not colored. 

r ,  
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3feasicrementa of ten specimens of Tetragonopterus argentatus. 

Length of Rnout ..._.___ ~ ..____.._. ~ .._._.___.___._ __. 
Diameterof orbit ____.__ ~ _._______....___ ~ ___._______. 
Distancc from snout to dorsal Hn.. . .. . . . _ _ _  _ _  . . . . . __. 
Insertion of dorsal to adipose Hn -... .. . _ _ _  ___.  . -. . . _ _  
Hpiglit of longest dorsal rays . . .. .. . . . . ___. _. . -. .. -. . 
Dlstance from snout to anal fin. .___ _. . ~. . . ~ . ~. _ _  __. 
Eeight of longest anal rays. ... . _ -  .._-__ ___. ... . . .. . . . 
Distance from anal to caudal fin. -. . . . . . -. . . -. . - -. . - -. 
Length of caudalfin ..__._.____....____.._. _ _ _  _._.____ 
LengthofpectoralBn .__... __..._-.._ ....____.....___ 
Distance from snout to ventral fin ._._ _. ..__ ._. -. . . __. 
Lengthof ventralfln .._ ._.__._.._.._...______.....___ 
Number of dorsalrriys ...__.... __..._ _..____..._..___ 
Numberof nnalrngs _._._______...... ~ .______._...__. 
Nnmberofpectora rays .___..__......___.__.__._.__. 
Number of scales in transverse series. ._ __._.. ~. . . . .. 
Number of acnlesinlaterallino _.....___..._____..___ 
.. 

Measurements. I Locality : Rio Vorde at Rascon. 

8 8 8 8 8 
10 10 10 10 9 
56 53 54 54 52 
93 30 37 36 36 
23 221 231 22 22 
68 69 69 64 67 
15 15 16g lot I6 
15 15 IC 15 14 
27 28 28 28 27 
21 20 21 22 21 
51 53 54 50 50 
15 14 13 15 15 
10 9 9 9 9 
21 20 20 21 20 
13 12 13 12 la 
15 15 14 13 13 
87 33 34 31 34 
___- 

42 
33 
12 
29 
28 
29 
10 
8 

10 
53 
96 
22 
69 
10 
1G 
29 
20 
52 
14 

9 
20 
I!! 
14 
31 

- 
40 
34 
12 
29 
28 
29 
10 
8 

10 
55 
37 
22 
60 
15 
14 
29 
19 
51 
13 
9 
20 
12 
14 
31 
- 

- 

38 
34 
12 
28 
29 
29 
9 
8 

10 
58 
85 
22 
69 
15 
15 
28 
22 
53 
15 
9 

20 
12 
14 
34 
- 

- 
37 
35 
12 
90 
30 
30 
10 
8 
11 
54 
38 
24 
68 
16 
15 
28 
19 
48 
15 
10 
20 
12 
14 
30 
- 

- 

37 
34 
r2 
30 
29 
30 
10 

11 
54 
33 
24 
68 
15 
14 
25 
22 
53 
15 
9 
19 
12 
13 
34 

71 

- 

17. Fundulus  heteroclitus (Linnaus). 
18. Fundulus robustus Bean. 
19. Characodon variatus Bean. Rio Vtrde, Aguas Calientes. 

In life there 
was a terminal band of bright orauge-yellow OII the caudal, rind also a washing of the E ~ N B  color on 
the loiver parts of the body posterior to  the vuntrals. In the small males the lateral dark band is 
more or less broken up into spots. There are spots on other parts of the body, generally arranged in 
a row on the lower parts posterior to ventral fins; terminal caudal band nsudly absent. The largo 
females are similar in color to  the small males. 
20. Characodon encaustus  Jordan & Snyder. New species. Fig. 7. 

Type No. 6163, L. S. Jr. Univ. Mus. Locality, Laguna de Chapale, ncar Ocotlan, Jalisco, Mexico. 
Collected by J. 0. Snyder, December 26,1898. 

Iload 3.80in length; depth 3-66; depth of caudal peduncle 8 ;  eye 3 in head; snout 4; interorbital 
space 3.5; height of dorsal 4.6 in length; anal 6.5; length of pectoral 5.33; vcntral6.5; caudal 4.33. 
D. 16. A. 16. Scales in lateral series 35; 
transverse series counting upward and 
forward from origin of anal 13; on caudal 
peduncle 9. 

Body deep, compressed; dorsal out- 
line almost straight from siiout to origin 
of dorsal, concave from the latter point 
t o  baee of caudal; ventral outline evenly 
curved from snout to  posterior par t  of 
baie of anal. Eye very large, located 
nearer to  snout than t o  posterior edge of ma. l.--(lhaYacodon encaustus Jordan & Snyder, dew speciea. Type. 
opercle a distance equal to  longitudinal 
diameter of pupil. Mouth small, its width equal to  two-thirds diameter of pnpil; maxilIary protrao- 
tile; lower jaw projecting. Teeth in  2 series, outer series small, bicuspid, in  singlc row, rather firmly 
attached; inner series minute, in  small patches. Gill-openings restricted, not extending above base of 
pectoral. Alimentary canal short. 
Air-bladder large, extending posteriorly t o  a point above origin of anal. Dorsal fin insorted halfway 
between t ip  of snout and base of caudal; length of base a little less than height of fin ; anal inserted 
below middlc of dorsal, its edge rounded; peotorals extending beyond bascs of ventrals; ventrale 
extending to  vent. Scales on body large; upper posterior part of hoad and a narrow space below and 
posterior to eye with scales; other parts of hoad naked; smell scales can basal part of caudal fin. A 
row of large pores above eye and at lower edge of suborbital patch of scales. No loterd line. 

Lagoons near Tampico. 
Mouth of Laguna de Chapale, Jalisco. 

The large males have no dark spots. The dark, lateral color-band is vury marked. 

The small fcrnales are more spotted. 

Gillrakers slender, equal i n  length t o  half the diameter of pupil. 
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Color in alcohol, light yellowish-olive; 9 short and narrow dark vertical bands on median part 
of body; the first above base of pectoral; the ninth at base of caudal; scales, on dorsal region of 
body edged with black dots; upper part of head dark; upper half of orbit black; opercles silvery; 
dortlal fin with a little dusky; other fins without dark color. 

It differs in having more rays 
in the dorsal and anal fins, smaller scales, a more compressed body, and less Clark color on the body. 
One female specimen only was collected. 
21. Cyprinodon elegans BairQ & Girard. 

referred to  the species eleganu. 
22. Gambusia affinie Baird & Girard. 

especially in  small pools left by high water. 

Clmwcodow encaustus somewhat resembles C. eiueni in appearance. 

Three small female specimentl of Cypr'nodon from lagoous iiear Tam$co aro, with some doubt, 

A number of males and females of Gambusia aQini8 were collected i u  lagoons ncar Tatnpico, and 

XENENDUP Jordan & Snyder, new genus. 
Type, Xenendunb calientc, new species. 
Body deep, not much comprcssed. Males and females of' ebont the 8aum size. Eye normal. 

Mouth vertical, lowor jaw projecting. Teeth loosely attached, in  2 series; 'first series flat, bicuspid, in 
2 or 3 row# on each jaw; second series minute, in villiform bands, sometimes absent. Gill-openings 
iiot restricted, extending above the pectoral fin a distance equal to  diameter of pupil. Alinientary 
canal long, with many convolutions. Air-bladder present, large. Scalcs large. No lateral line. 
Dorsal and anal inserted posteriorly, the one directly over the other, their bases short; anal very 

BIQ. 8.-Xeneiidz~m caliento Jordan & Snydor, now genus and apuoios. Type. 
slightly modified in male, first r ap  shorter; edge of fin double convex-the notch being between the 
smaller and larger groups of rays. Ventral fins present. Caudal rounded, and not modified in male. 

Xenendim diffcrs notably from Cliamcodon in  having the bicuspid teeth loosely attached and in 
more than one wries. Characodon has tho bicuspid teeth firmly attached and in a single series. The 
actual affinities of Xcnenduni aro with the genus Goodca, and i t  bolongs to the subfamily Goodeiwcv, 
which has the gencral characters of' the I'u?ciliina., but with birurcate or trifurcate tecth a n d  no groat 
differences between the sexes. Claraoodon luitpoldi Steindachner seems to be a species of Xencndum. 
23. Xenendum caliente Jordan rcG. Snyder, new species. 

One male specimen, type No. 6147, L. S. Jr. Univ. Mus., from Rio Verde now Aguas Calientes, 
Morico. 

Head 3.75 in length; depth 2.60; dopth of caudal peduncle 5.66; oye 4 iu hoed; siiout 3.20; 
intororbital space 2; height of dorsal 5.66 in leiigth; aual 6.75; length of pectoral 5;  ventral 7.66; 
caudal 5. D. 13. A. 14. Scales in lateral serios 36; transverse series counting upward and forward 
from origin of anal 14; on caudal peduncle 9. 

Body large and thickset, deepest par t  et t ip  of pectoral; width contained 4% times in  length; 
head pointed; interorbital space broad; slightly convex; length of snout about equal to diameter of 
orbit; mouth vertical, its width equal to  length of snout; maxillary very protractile. Teeth loosely 
attached 111 2 series, those of first series larger, flat, and notched, in 2 cows on upper jaw, 3 rows on 
lower, the individual teeth of each row 'alternating in position with those of the next; thoso of second 
series very minute iii a villiform band. Gill-openings not rostricted, estendiiig sbovo the  pcctoral a 
distauoe equal to diameter of pupil. Gillrakers long, slender, and close together, 40 ou first arch. 

Fig. 8. 

Collected by J. 0. Snyder, January 9,1899. 

* 
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Alimentary canal long (in another specimen, 43i tirucs lcngtli of body), coiled inany times. Peritonenm 
black. Genital opening close to basis of anal, covered by a thick, notched pad. Dorsal fin inserted 
posteriorly, rounded; its basis short, its length less than hcight of fin; anal insorted under dorsal, 
first 5 rays crowded together aud shortened, edge of fin double convex-the uotch beine botweeu the 
shorter and longer sets of rays; pcctorals and ventrals with rounded edgcs; caudal evenly rounded. 
Body and head everywhere except jaws and preorbital area with scales; no lateral line. 

Color light-olive, growing darker above; median dorsal area blackish, each scalo with a dark, 
angular band, those of tho sixth series below the dorsal darker, making ail indistinct, narrow lateral 
band; all the fins except ventrals dusky. 

The body of tho former is more thickset, the  
caudal peduncle a little less deep, the fins a littlo lower, and tho aual evenly rounded. The young 
are somewhat mottled in color. 

Xenendunb caliente differs from X. luitpoldii Stcindachner, in haviug Sewer scalcs in the letoral and 
transverse series and on the caudal peduncle, and in  a similar way from X. xaliacone, besides having 
villiform teeth, which are absent in X. xalisooiie. 

Meaeu~emenls os ten apeaimens of Xenendum coliente. 

The fernales differ but  slightly from the males. 

- __- 

Length of body in millinietor~ ........................ 
Dupth of bodv expressed in hundredths of length.. .. 
Depth of cnudnl peduncle.. ........................... 
Len th of head ....................................... 
WiSili ot interorbital space ........................... 
Length of snout ...................................... 
Width of mouth ...................................... 
Diameter of orbit ..................................... 
Distance from snout to dorsal An.. ................... 
Height of longest dorsal rays.. ...................... 
Distance from snout to anal tin ....................... 
Height of longest anal rays.- ......................... 
Dlstance from anal tu cnudnl fin ...................... 
Length of caudal An.. ................................ 
Length of pectoral An ................................ 
Distance from snout to ventral fin .................... 
Length of ventrnl tin ................................. 
Number of rays in dorsal ............................. 
Number of rays in anal. .............................. 
Number of sealcs in lateral series.. ................... 
Numher of scales in trnnsverso series.. ............... 
Number of scales on caudal pedunulo.. ............... 

Measurements. 

63 
37 
18 
27 
13 
9 
9 
6 

72 
19 
72 
15 
23 
22 
20 
54 
13 
13 
14 
3G 
14 
9 

I Malo. 

72 
40 
16 

l1 73 
34 1 33 
10 17 

71 
34 
17 
26 
13 
9 
9 
G 

70 
18 
72 
14 
24 
20 
20 
5 1  
14 
12 
14 
37 
13 
9 

73 
34 
I G  
24 
13 

6 
73 
10 
70 
12 
24 
19 
13 
53 
13 
13 
14 

14 
10 

38 

07 
35 
17 
2G 
13 
9 
9 
6 

70 
19 

? 
24 
20 
20 
53 
13 
14 
14 
37 
13 
9 

__ 

-__ 
45 
35 
16 
26 

9 8  
8 9  

73 
15 
71 
15 
20 
19 
18 
53 
14 
13 
13 

14 
9 

i a  

7 t  

38 

___ 

63 
36 
17 
25 
13 
9 

70 
14 
24 
21 
20 
54 
13 
13 
14 
37 
13 
9 

__ 

17 
72 
12 
23 
21 
19 
53 
12 
13 
14 
38 
14 

48 
37 
17 
27 
13 
9 
91 
71 

72 
18 
72 
13 
25 
20 
20 
53 
13 
12 
14 
35 
14 
9 - 

14 1G 
09 69 

24 24 
19 20 
19 18 
511 51 
13 13 
13 13 
13 14 
37 38 
14 13 

0 9 9  

124 13 

____ 
24. Xenendum xaliscone Jordan & Snyder, now species. Fig. 9. 

Type, a female, No. 6148, L. S. Jr. Univ. Mus. Locality, Laguna de C1 
. .  _ - _  - 

una Cniientes, Mexico. 

Femalo. 

pale, near Ocotlan, Jalisco, 
Mexico. Date, Deocmber 26,1898. Collcctor, J .  0. Snyder. 

Head 4.66 in length; depth 3.33; depth of caudal peduncle 6.5; eye 3.80 in head; snout 3; inter- 
orbital space 1.66; height of dorsal 6.50 in  length; anal 9;  length of pectoral 5.25; ventral 7.50; 
caudal 5. D. I, 13. A. I, 14. Scales in lateral series 42, transverse series, counting upward and 
forward from origin of anal, 17; on caudal peduncle, 12. 

Body thickset, deepest at origin of ventrals, widest a t  bases of pectorals; candal peduncle rlcep 
and long. Head large and pointed; interorbital space broad, slightly convex; month vertical, its 
width eqnal to length of snout; maxillary very protractile. Teeth loosely attached, broader a t  distal 
ends than at bases, bicuspid, in  two rows on each jaw;  no villiform teeth present. Gill-openings 
extonding above base of pectorals a distance about equal to  diameter of pupil. Gillrakers long, flat, 
very close togethcr, 56 on first arch. Alimontary canal long, in  many folds. Peritoneum black. 

Dorsal fiu inserted posteriorly, first ray simple, closely attached to second; edge of fin ronndod. 
Anal inserted on a vertical passing through base of fourth dorsal ray, similar to  dorsal in shape; 
pectoral and ventral fins rounded; edge of caudal a little convex, basal oue-fourth with scales. ScaleB 
large, cvorywhere on body and head except lower jaw and preorbital area; no lateral line. 

Color plain, dark above, light below, the  dark color leaving off' rather abruptly on $he head 
along a line passing through lower edge of eye; on the body, along a line passing from lower edge of 
base of pectoral t o  caudal, leaving lower one-fifth of caudal peduncle light; faint traces of a dark 
spot at base of each scale on dorsal region of body; all tho fins except vontrals dusky. 

It resembles the females in general appearance. The anal fin is 
not advanced nor modified into an intromittent organ. Although it is injured, it shows tha t  "he first 
5 or 6 rays were close together and shortened. 

Ono male specimen was taken. 
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Moasuromen ts. 

Length of body in millimetors ....................................... 
Deptli of bod expressed in hundredths of length. .................. 
Depth of cauinl peduncle.. .......................................... 
Le11 tli of hcnd ,.. ................................................... 
W*d% 1 of interorbital space .......................................... 
Length of snoot ..................................................... 
Width of mouth. .................................................... 
Diameter of orbit.. .................................................. 
Distanco from snout to dorsal fill .................................... 
Hoight of longcst dorsnl ra A ..................................... 
Distance from enout to nna?'fii: ..................................... 
Hoight of longcat anal rays ........................................... 
Distance from anal to qau'dnl fln ..................................... 
Lengtli of caudal fln ................................................. 
I)ietauae from snout to veutral fin.. ................................. 
Length of ventral fin ................................................ 
Numbor of rays in dorsal_.._.. ..................................... 
Number of rays in aual. ............................................. 
Number of scnlos in lateral eerles.. .................................. 
Number of scales in transverse series ........................ : ...... 
Numbor of sonlos on caudal peduncle.. .............................. 

Length of pectoral fin ....................... .:. ..................... 

Xe~tendum xaliscone differs from X .  caliante in not having villiform teeth; in  having more scales 
in the lateral and transverse series and on caudal peduncle. It differs from A?. luitpoldii (Stein- 
dachner), Which is the third known species of the genus, in  having a much longer snout, a more pointed 
head, and in not having villiform teeth. 

Locnlity : L. de Cliapala neai 
Ocotlnn, Jalisco, Mexico. -- 

142 
32 
16 
22 
13 
7 
8 
6 

GG 
15 
70 
11 
25 
21 
1R 
40 
13 
13 
14 
42 
17 
12 

Measurmenio of f i v e  fcniale apeeimeiia of Xenendunc xaliacone. 
.___ 

110 
34 
18 
23 
14 

G O  
15 
69 
IS 
20 
21 
20 
50 
13t 
12 
14 
40 

12 
16 

117 
33 
17 
23 
13 

7 7  
8 8  
6 6  

06 
17 
08 

27 
20 
21 
49 
14 
12 .___. 
40 

11 

..... 

11 

- 
124 
33 
18 
23 
14 
8 
9 
6 

64 
15 
GD 
13 
26 
21 
20 
49 
14 
13 
14 
41 
10 
12 
- 

- 
122 
32 
17 
23 
13 
8 
9 

66 
13 
BD 
12 
27 
20 
19 
51 
14 
12 
15 
40 
.IO 
12 

a 

- 

Pie. 9.-Xenendum saliscone Jordnn k Siiydur, new spoo1us. Typo. 

25. Poscilia limantouri Jordan & Snyder, new species. 
Type, a male, No. 6165, L. S. Jr. Univ. Mus. From Rio Tamesoe, nenr Ttmpico, Tamaulipas, 

Mexico. 
Head 3.5 in length; depth 3; depth of caudal peduncle4.6; eye 3.5 in head; snout 3; interorbital 

space 2 ;  hcight of ilorsiil 5.5 i n  length ; anal 4.5; length of pectoral 4.5; ventral 6, caudal 3.5. D. 9. 
A. 9. Scules i n  lateral series 26; transverse sedes 9;  011 caudal peduncle 8. 

Body rather deep and compressed ; dorsal outline angular, its highest point at insertion of ilorsal; 
lowest point of ventral outline at base of ventrals; head pointed; interorbital q a c e  wide and flat; 
eye largo, nearor to t ip  of snout than to  posterior edge of operole a distanoe equal to diarnoter of 
Pupil. Mouth very obliqno, i ts  width twice dictmotdr of pupil; premaxillary protractile; distal end 
of maxillary visible; lower jaw projehting. Teeth in  two series on both jaws;  the outer series in a 
Single row, small, pointed, loosely attached; socond serics barely discernible, in bands. Gill-opeuings 
extending above base of pcctoral a'distance equal to  half dianieter of orbit. Gillrakers 011 first arch 
20, sniall iund slender. 

Body and entire head except preorbital area, lips, and lower jaw oovercd with large scales; 3 row8 
of sc?les on base of caudal; small soalos extending on interradial membranes of cauddl, a distanoe 

I?. c. B. 1899-0 

Fig. 10. 

Collected by J. 0. Snyder, January 12, 1899. 

Aliniciitary canal very long and slcnder. 
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beyond basal scales about equal to diameter of eye. Dorsal inserted half way between base of caudal 
and anterior edge of pupil, its base contained G g  times in  length of head and body, its height 5%;  the  
last rays a little higher than the first. Anal advanced close to  base of ventrals ; first and second rays 
short, closely attached to the next; t8hird ray greatly enlarged and lengthened ; a loosely attached, 
ovate, fleshy pad near i ts  t ip;  fourth and fifth rags slender, as long as the third; tips of the third 
and fifth rags bent toward that  of the fourth; sixth to  ninth rays about half as long as third. 
Caudal rounded, its length contained 3* tiuics in  head aud body. Pectorals rounded; their length 
contained 1) times i n  head. 

Color in alcohol, light yellowish-olive; much lighter on breast and  ventral part o f  liead; posterior 
edges of scales dark; lower jaw, preorbital area, upper part of head, and a narrow, iriedian dorsal 
stripe, dark; basal throe-fifths of dorsal fin black; distal part of fin white; bounilary between wliitc 
and black parts more definite on anterior than 011 pasterior par t  of fin; basal two-thirdeof caudal 
dusky; distal par t  without color. Other male sprcimens have only a few sniall dark spots 011 dortjal 
and caudal. 

Body of female more elongate than that of male; depth of caudal peduncle 58 i l l  length. 
Dorsal fin insertrd in advance of anal, its origin above anal opening; first rays highest. Ventrals 
extend to posterior edge of vent, but do riot reach anal. The dorsal an(! caudal have a little dusky 
coloring. 

Ventrals pointed, extending to  middle of longest anal ray. 

Pro. 10.-l'u!ciZia Zirnantouri Jordan Sr. Snyder, new apeoioa. Type. 

Meueiirements of Poxilia limuntoiwi. 
____ _ _ _ ~  - 

I 
- __ 

Locality : Rio Tamesoe, near Tampiuo, 
Tamnillipas, Mexico. LT::k{i 1 ~ ~ ~ 1 ~ ~ ~ ~  

Morclos, Mexico. Meanuronientn. 
r 
1 
I I- -- 

Length of body in  millimotars.. . 

Len hof head .................. 28 

40 
Dopth of bod expressed in hun- 

Deptll of cauclal peduncle.. ~. . - -. 22 

Lenatlinf snout. ................. 10 

dredtba of fength .............. 32 

W i g  of interorbital spaco. ..... 13 

Wi-bth of mouth.. ............... 10 
Diameter of orbit.. ............. 8 
DiRtance from snout to dorsal.. . 56 

I Heielit of Ionzest dorsal ruw..-. 18 
Dietrance froinl anout to and.. ... 
Height oflongest analrays ...... 22 

Length of caudal. ............... 30 

60 

Distance from anal to oaudnl.. .. 5 1  

Length of pectoral.. ............. 23 
Distsiico from snout to ventral.. 45 
Length of ventral ................ 17 
Number of r a p  in dorsal.. ...... 
Number of reyn in nnP. ......... 

9 
8 

Niimber of scnlcs in lateral series. 20 
Number of scale0 in  transverse 
Nnmbcr of scales on caudal pe- 

aeries ......................... 9 

l dnnole ........................ 8 

- 
44 

32 
2' 
27 
14 
10 
0 
8 

56 
17 
52 
22 
50 
29 
23 
40 
18 
9 
8 

27 

D 

8 
- 

Male. 1 ' Female. 
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- 

44 

33 
19 
29 
15 
10 

0 
8 

61 
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65 
14 
a6 
25 
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52 
12 
9 
8 

27 

9 

7 
__ 

19 23 
29 28 
15 13 
11 10 

9 8  
8 8  

60 57 
14 20 
65 52 
15 21 

27 1 33 
34 1 50 

8 8  
28 27 

8 9  

8 8  
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Lack of material for comparison preveuts our commenting on the probable aanities betwecn 

P. limamtowi and other species of the genus. 
P.  Zimantorri was numerous in the Itio Tamesoe and the lagoons near Tampico, and also in the 

Rio Verde near Rasoon. We identify four speoimens of Pcuoilia collected at Puente de Ixtla, Morelos, 
with this species. 

We take pleasure in  dedicating thie pretty fish to Senor Jose Yves de Limantour, the aocom- 
plished minister of the ‘ I  Hacienda” for Mexico, in recognition of favors reoeived through his courtesy. 

26. Mollienisia latipinna Le Sueur. 
A few specimens which we idcntify as dlo&nisia latipinna were collected in the lagoons near 

Tampico. Some measurements of these are given. 

MeasUlamen~8 of $ve apeoimens of Mollienisia lalipinma. 

1 Lobality : Tnmpico, Mexico. 

Length of body in milltmeters. ...................................... 
Depth of bod oxpresvcd in hundredths of length. .................. 
Depth of caur%~l peduncle ........................................... 
Len th of head ...................................................... 
Wi&h of interorbital space ........................................ 
Length of snout ..................................................... 
Width of mouth. .................................................... 
Diameter of orbit .................................................... 
Distanco from enciut to dorsnl5u ..................................... 
Height of longest dorsal rap.-.- .................................... 
Distance from snout to ana 5n ...................................... 
Hejght of longeet anal rap  .......................................... 
Distance from and  to caudal fin ..................................... 
Length of caudal fin. ................................................ 
Length of pectoral flu ............................................... 
Distanco from snout t,o ventral5n.. ................................. 
Length of ventral 5n ................................................ 
Number of rays in dorsal.. .......................................... 
Number of rays in mal .............................................. 
Number of ecnles in lateral series ................................... 
Number of scales in transverse serios.. ............................. 
Number of scales on caudal peduncle ................................ 

Measurements. 

43 
38 
23 
28 
15 
10 
10 
9 
53 
21 
50 
22 
48 
30 
25 
40 
?Q 
15 
8 
28 
9 
7 

I-- Male. 

41 
36 
a0 
80 
15 
11 
11 
10 
52 
15 
66 
18 
33 
26 
21 
50 
15 
13 

28 

37 
34 
20 
30 
15 
10 
10 
10 
49 
14 
63 
16 
35 
27 
23 
60 
15 
13 

8 8  
27 

Q Q  
7 7  

-_ 

__ 
35 
36 
21 
30 
16 
10 
11 
10 
47 
20 
5G 
24 
48 
28 
25 
49 
20 
14 
8 
28 
8 
7 

-- 

- 
16 
10 
10 
21 
47 

49 

Female. 

15 I 15 
10 10 
11 10 
20 20 
52 40 

50 50 

- 
14 

22 
44 

40 

- 
28 
34 
18 
30 
15 
12 
10 
10 
48 
16 
64 
17 
35 
28 
23 
62 
15 
13 
8 
28 
Q 
7 
- 

_.__ 

14 14 
8 8 8  
Q 8 8  

24 22 
40 43 

46 44 

A s  shown in the following table, there is considerable vexiation in oertain characters between 
specimons of M. latipintla from different localities: 

Meaaurenlents of Mollienisia latipinnu. 

16 

14 
10 
53 

52 

Tampico, Mex. 

Mnla. 1 Female. 
Measiiremonts. I 

16 
Q Q  

10 
18 
50 

* 51 

I- 
Width of intororbital space . 
Diameter of orbit ............ 
Length of snout. ............ 
Depth ofcaiidalpeduncle ... 
Distanccfromsnoutto dorsal 
Diatauce from snout to ven- 

trnls ...................... 

15 
Q 
10 
23 
68 

40 

13 

?k 2.4 
33, 
44 

-- 

- 
15 
10 
12 
I8 
48 

62 
- 

13 
7 8  

8 
23 
32 

43 

Pensacole, Fla. I Savannah, Go. I Withlaooooheo. Fla. 

Malo. 
- 
13 
7 
9 
25 
32 

45 
__ 

-__ 
Femalo. Malet 
.- 

14 
8 
Q 
20 
45 

52 
- 

Bemnle. I- Male. 
__ 
14 14 
8 7  

10 18 
50 50 

47 47 

74 8 

Female. 
- 
16 
10 
0 
20 
53 

54 
- 

27. Xiphophorus montezumae Jordan & Snyder, new species. 
Type, a female; No. 6145; L. S. Jr. Univ. Mus. From Rio Verde, near Rascon, San Luis Potosi, 

Mexico. Collected by J. 0. Snyder January 24, 1899. 
Head 4.20 in length, depth 3 ;  depth of caudal peduncle 4.66; eye 3.25 in head; snout 3.25; inter- 

orbital spacle 2; height of doreal3.60 in  length; aual 5; length of pectoral 4.20; ventral 4.50; upper 
rays of caudal 3.33; lower rays 1.10. D. 13. A. 7. Scales in  lateral series 29; transverse series 9; 
on caudal peduncle 7. 

Fig. 11. 
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Body deep, compressed; dorsal contour arched, its highest point at insertion of dorsal; ca.uda1 
peduncle narrow and very deep; head small, pointed; interorbital space wide, slightly convex; eye 
large, a little nearer tip of snout than to  posterior edge of opercle; mouth vertical. Teeth in  two 
series; the first in a single row, minute, flat, and pointed, the second in  a villiform band, much smaller 
and narrower than first, brownish colored, strongly curved backward. Gill-opening extending above 
base of pectoral :I distance equal to diameter of pupil. Gillrakers on first arch 19, slender, the length 
of longest equal to  half diameter of eye. Intestinal canal slender and long. Peritoneum black. 

Scales on head and body larke. One large, round scale on interorbital space, followed by 2; a 
row of 11 from the latter to first dorsal ray; 3 rows of scales on base of caudal fin. 

Base of do&sal fin short, 4.16 in body; first ray shortest, the  others graduated to  the eighth, 
which is longest; the ninth, tenth, and elevcnth shorter; twelfth and thirteenth longcr; the abrupt 
shortening of ninth, tenth, and eleventh rays makes a notch in outline of dorsal. Anal advanced, its 
origin under third ray of dorsal; first ray greatly enlarged and lengthened, second and third eqnallg 
lengthcned, but  more slender; these thrce with their connecting mcmbranes form a half tube, with a 
pointed end; other rays half the length of first. Upper lobe of caudal rounded; 5 lower rays forming 
a very long, blunt appendage. Ventrals pointed, extending almost to  t ip  of anal. Pectorals sharply 
rounded. 

During life there were 4 narrow lougitndinal orange 
bands, each extending along a row of scales on body. Top of head and a median dorsal band 

Color yellowish-olive, marked with black. 

FICA Il.-Xdphophoms montaurnu? Jordan & 8JIyder, new Ypooioe. x'ype. 

extending t o  caudal, dusky; a narrow dusky baud on edge of lower jaw; 2 short vertical bands on 
snout; 6 upper rows of scales edged with black, or dusky; a few black spots irregularly arrangcd on 
body above ventrals; a large black spot a t  base of caudal, its color extending along upper edge of 
prolongation j a dark line extending along lower edge of cauilal peduncle to end of lower caudal rays; 
the caudal extension with a light central portion bordered with black; the lowcr bordcr wider; under 
par t  of head aud belly without dark color; dorsal fin with black dots and lines; pectorals, ventrals, 
and anals plain. 

Considerable variation i n  shapcs of fins aud iu  color is shown among other malo spccimens. In  
some the fins are low or short, the  caudal ornament represented only by a slight lengthening of lower 
rays. Among individuals, apparently fiilly grown, there is every gradation from the undevelopod to 
the very long caudal extension. In sonie 
examples black spots crowdcd togethcr form a morc or 108s dofinite dark linc froin eye to  caudal, whilo 
below this line are large, irregular, black blotches. Others have no black spots, and the dark caudal 
patch has almost disappeared. 

The fenialcs Iiave the fins low or short, and without SpCCid modifications; the posterior edge of 
caudal, with the upper part rounded, the lower pointed. Scalcs dark-edged, a narrow, iudefinitc, 
dark, color-band usually present along median line of sides; the dark eaudal patch is rarely absent. 
Fully grown males ara scarce, 5 largo catch consisting mostly of farnalcs and young. 

SipLophorua montezu??zm is distinguished from other known species of tlic geniis by having 7 nun1 
rays, the scales with conspicuous dark cdges, a largo anodal spot, and the caudal appendage not 
sword-shaped, but  with its end enlarged ant1 blunt. 

In  evcry case thc scales are conspiciioiisly dark-cdged. 
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The following table of measuroments will aid in distinguishing the species: 

Measurements of eieven specimens of XipWopBorus montozumm. 
___ __ r- I Localitv: ltio Verdo. near Rnscon. Mexico. 

50 

36) 
20 
23 
13 

47 
22 
57 
21 

82 
43 
25 
49 
IS$ 
12 

28 

40 

I Malo'. 
Measurements. 

60 

a6 
20 
24 
12 

8 8  
8 7  
8 7  

49 
20 
59 
17 

27 
30 
24 
52 
10 
12 

7 7  
27 

9 9  
7 7  

40 

-- 

52 

34 
23 
24 
12 

!& 
4 P  
28 
68 
22 
42 
35 
88 
20 
50 

11 

28 

.... 

57 

36 
21 
23 
12 

1 
47 
24 
68 
22 
45 
29 
00 
23 
GO 
19 
12 

7 7  
29 

9 9  
7 7  

- 
51 

33 
20 
23 
11 
8 
7 
8 

40 
25 
55 
20 
49 
30 
43 
25 
48 
19 
12 
7 

29 
8 
7 
- 

55 

33 
17 
23 
12 

5;' 
I5 
04 
17 
32 
28 

;A 

30 
23 
40 
10 
11 

27 

61 

32 
I8 
28 
12 
8 

2 
48 
10 
03 
17 
35 
30 
iin 
a2 
49 
10 
12 

7 7  
28 

9 9  
7 7  

.-__ 

- 

GO 

36 
19 
23 
13 
8 
7 
7 

40 
10 
61 
10 
36! 
30 
30 
24 
48 
I5 
13 

7 
27 
9 
7 
- 

Length of body hi millimeters ................ 
Depth of bod;y expressed in hundredths of 

lun&tll ...................................... 
Dopt of anudal peduncle.. ................... 
Len tli of liond ............................... 
wid51 of interorbital space.. ................. 
Len rth of snout .............................. 
Widhi of mouth.. ............................ 
Dianioter of orbit ............................. 
Distance from snout to rlorsaliin.. ............ 
Hei lit of longest dorsal rnys. ................ 
Distanco from snout to nnnlfin.. .............. 
Hei lit of longest anal rays.. ................. 
Dis&uce from anal to caudnl fin.. ............ 
Lcngtli of uppnr caudal rays.. ................ 
Length of poctoral fiu ......................... 
Distnnoe from snout to ventralfin.. .......... 
Length of wntralfln .......................... 
Number of rays in dorsal.. .................... 
Number of rays in anal.. ...................... 
Scales in lnteial sorios ........................ 

Length of lower cnudal rays. .  ................ 

Female. 

57 

34 
22 
23 
11 
7 
7 
8 

40 
31 
55 
19 
40 
33 
90 
26 
49 
23 
13 
7 

29 

- 
53 

33 
18 
24 
12 
8 
;! 

40 
14 
01 
10 
34 
28 
23 
22 
18 
15 
I 1  
7 

27 
9 
7 
- 
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ATHERINIDEL 
28. Eslopaarum jordani (Woolman). 

Two spccimeus of Zs'slopsarum jordani were collected, together with numerous individuals of 
3. argo, from the ltio Verdo, Aguas Colientes, Mexico. Chirostonia brew Steindachner is probably 
identical with E.jordani, as supposed by Jordan & Evermann. An examination of n number of speaies 
of Cltirostonw and two of Eslopsarunb shows that  the number of vertebrio, in addition to  the character 
of the scales, furnishes a distinguishing generic feature. 

Vertebm. 
IEalopsarum jordani ....................................... 38 

arge. ......................................... 37 
Cliirostomn humboldtinniun .............................. 44 

ChllpRlm ...................................... 45 
romelas ..................................... 45 B iaai ......................................... 44 

cryetnllinum ................................. 44 
lernim.. ..................................... 44 
oootlnne ...................................... 44 

The species of Chiroetoma may be divided into two very marked groups. The one represented by 
the typical species Chirostonia humboldlianuni has the flesh firm, opaque, and deep olive-green in life. 
The other (Lethostole), typified by Chirostonin estor, has tlie flesh thin, trauslucent, and very pale. 
There are correlated differences in  the firmness of the hones and sctbles, but  thus far w0 have found 110 

tangible character on which t o  soparate LetkostoZe as :I genus from Chirostoma. Tho knowu species 
of Lethostole are estov, album, chapala?, grandoeule, promelns, diazi, crystallinuni, lermi~, and oootlnne. 
29. Edopsarum arge Jordan & Snyder, now species. Fig. 12. 

Type No. 6154, L. S. Jr .  Univ. Mus. Collected by J .  0. Snyder January 9, 1899, in  Rio Verd0, near 
Aguas Cdientes, Mexico. 

Head 4.25 in  length; depth 4.33; depth of caudal pedyicle 2.75 in head; eye3.66; mout  3; intet- 
orbital spaoe 3.33; height of spinous dorsal 3.33; soft dorsal 2;  anal 2;  length of pectorals 1.5; ven- 
tra1$2.5; caudal 1.2. D. xv, 8. A. 1G. P. 13. Scales i u  lateral series 40; trmsverRe series 11; between 
dorsals 5. Body rather thickset, deepest part just  anterior to  base of ventrale; width of body equal to  
distance from posterior edgeof orbit to tip of snout. Eye nearer to tip of snout than to  po8terior edge 
O f  opercle a distance equal to diameter of pupil; interorbital space convex; width of pl'13Orbital area 
equal to  diameter of pupil. Tip of lower j aw projecting boyoud that  of upper; mouth large, oblique; 
lips not much tlticlcened posteriorly, the lower not distinotly folded over tho upper at their angle; 
maxillary extending posteriorly to a perpendicular passing through anterior edge of orbit, its distal 
end below the level of eyo. Teeth lwp,  shai-p, projectiug backward, in  2 defiuite rows on etwh jaw, 
n o m  on vomer or palatines. Gillralrers ou first arch 14, long anaslender. 
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Air bladder extending posteriorly to  a point a little past insertion of anal. Peritoneum black. 
Vertebra, 37. Lateral line represented on the fifth row of scales below the  dorsal by  a series of partly 
developed pores; scalcs large, entire, covering head and body except snout, lower jaw, preorbital 
area, and a small space around bases of pectoral fins; small scales extending for a ehort distance on 
interradial membranes of caudal. First three dorsal spines o f  about the same height, the fourth shorter, 
first fully developed dorsal ray longest, the others gradually shorter, edgo of fin straight; anal inserted 
on a perpesdicular passing halfway between dorsals, its first fully developed ray longest, edgo of fin 
slightly concave; caudal notched; pectorals rounded, extending to bases of ventrals; ventral8 fplling 
ehort of reaching vent a distalice equal to  diameter of orbit. 

Translucent in lifc, a silvery lateral band with dark upper edge oxtending from upper par t  of base 
of pectoral to  base of caudal, the baud less distinct in  region of pectoral fin; scales of back cdged 

Length of body in millimeters. ........................... 
Depth of body oxprrased in huudredtbs of length ....... 
Depth of caudal peduncle. ................................ 
Leugtfi of head ........................................... 
Distance from snout to occiput.. ......................... 
Tip of lowerjaw to occiput ............................... 
Width of interorbital space .............................. 
Length of snout. ......................................... 
Uiametm of orbit.. ...................................... 
Distance from snout to spinous dorsal.l..... ............... 
Insertion of spinous dorsal to soft aorsnl.. ............... 
Height of longest dorsal spinoa. .......................... 
Height of longeat dorsal ra 8 ............................ 
Distance from suout to anayfln ........................... 
Heightof longest anal rays. 
Distance froin anal to caudal fin ........................... 
Length of caudal An ...................................... 
Length of pectoral fin .................................... 
Distance froin annut to ventral flu ........................ 
Length of wntral An ..................................... 
Number of apines in first dorsal.. ........................ 
Number of rays in secoud dorsal.. ....................... 
Number of rays in anal .................................. 
Number of ra>s iu pectoral.. ............................. 
Number of scales in lateral series.. ...................... 
Number of scales in transverse series.. .................. 
Number of soales between dorsals. ....................... 

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

-___--- 

FIG. K!.-Zslopsarztm arge Jordan & Snyder, new species. Type. 
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12 
60 

23 
22 
15 
45 
10 
4 
8 

15 
13 
40 
11 
5 

I 13 

- 

with fine, dark specks; snout, lower jaw, top of head, and upper part ofeyedusky; dorsal and caudal 
fins with a little dusky coloring. 

The former differs from 
the latter in having a thicker body, a longer snout, a larger and less oblique mouth, a larger eye, and 
a wider color-band. 

In tho drawing accompanying the original description of  Eelopearum jordani the mouth is wrongly 
represented. Of the specimens examined, including some of the types, the mouth is much like that  
of CI&irostoma lwmboldtianum. The lower lip folds overthe upper 
at their union. 

Spocimens of E. urge were caught in the same seine-haul with E. jordani. 

The cleft is not straight in outline. 

Meaeuremente of ten specinkens of Eslopsarum arge. _- - - 
Measurements. ~ Locality : =io Verde at Aguaa Calientea, MiL-1 

0 
52 
14 
9 

14 
58 
13 
23 
20 
15b 
43 
10 

17 

38 
12 

14 

52 5: 5!* 5; 
131 13 13 14 ___.. 8 7 7 
12 14 13 13 
59 57 01 5R 
14 11& 14 13 
23 24 25 23 
19 20 21 22 
15 15 15 10 
45 41 44 42 
9 10 10 10 

3 4 4 8 4  
8 8 9 9 8  

10 16 14 14 

40 30 40 38 
1: 

ia  14 l a  13 

. . . .  
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19 
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19 
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13 
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7 
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20 
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9 

15 
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10 
5 

30. Chirostoma humboldtianum (Cuvier & Valenciennes). 

They were said to  come from the Lago de Chalco. 
trnnslncent than auy other Chiroetoma collected by us 
species yet known referable to  the typical subgeuus Chiroetanla. 

Pescado Blanco de ChdNJ. 
Specimens of Chiroetoma I~umboldtian~cm were very plentiful in  the markets of the City of Mexico. 

This species is darker in color and rnnch lotjs 
It is the only The number of vertebrie is 44. 
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Collected in markets of City of Mexico. 
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Length of body in millimeters ............................ 
Deptli of body oxpresscd in hundrodtlis of length ....... 
Deptli of oeudnl peduncle.. ............................... 
DiRtnnoe from snout to oooiput ........................... 
Widtli ofinterorbital spnue.. .......................... .I. 
Length of snout. ......................................... 
Diameter of orbit. ........................................ 
Uistnnce from snout to  spinoua clornnl.. .................. 
Insertion ofapinous dorsnl to soft dorsal ................. 
Height of longest dorenl spinos.. ......................... 
Height of longest dorsal ray.  ............................ 
Distance from snout to nnn fin-. ......................... 
Hoiglit of longest a n d  rags.. .............................. 
Distance from anal to ouudnl tin .......................... 
Lcngtli of oaudnl tin ..................................... 
Length of' pectoral fin.. ................................... 
Distaiwe from snout to ventral fln ........................ 

Length of h o d .  .......................................... 
. 1  l i [ w  of lower jaw to occiput .............................. 

..................... ..................... ..................... ..................... ..................... ..................... 
Number of sonles in tranaverae series. ................... 
Niimber of scales hetwoen dorsals.. ...................... 

- 
151 
22 
9 

26 
20 
21 
7 
9 
8 

52 
13 
7 

13 
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13 
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19 
18 
46 
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11 
19 
15 
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14 
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14 
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- 

FIU. 13.-Chirostoma chapa2m Jordan & Snyder, new speoies. Type. 

Subgenus LETHOSTOLE Jordan & Evermann. 

21. Chirostoma chapah Jordan (SL Snyder, new species. 
Type No. 6155, L. S. Jr. Univ. Mus. Locality, Lagnna de Chapala near Oootlan, Jnlisco, Mesico. 

Colleoted by J. 0. Snyder, January 2, 1899. 
Head 4 jn length; depth5.5; depth of caudal peduncle 3 in head; eye 3.66; snout 3.2; interorbital 

space4; height of spinous dorsal 2.66; soft dorsal 1.75; :iiial 1.60; length of pectorals 1.25; vcntrals 
2.20; caadal 0.9. D. 111-10. A. 21. P. 14. Scales in  lateral series 49; transverse series 13; between 
doreals6. 

Body slender, compressed, i ts  deepest part below first dorsal. Eye large, nearer to tip of sno:it 
than to posterior edge of opercle, a clistanoe cqud t u  1.6 times the diametor of pupil. Interorbital space 
convex, its width about equal to diameter of pupil or to  preorbital area. Lower ,jaw projectiug n 
little beyond tip of upper. Mouth oblique; lips thiokeued posteriorly, lower folding over upper a t  
their union ; prernclxillaries anteriorly on a level with ceuter of pupil; inaxillary nearly vertical, its 
distal end in  advance o f  & vertical from anterior edge of orbit a diatance eqnal to  two-thirds diameter 
of pupil. Teeth minute, in  bands, not arranged in definite rows; no tooth on vomer or palatines. 
Gillrakers on first arch 30, very slender, the leugth of longest eqnal to  diamoter of orbit. 

Air bladder vcry large, extending posteriorly to  a point above middle of 
anal fin. Vertebra, 45. A well-defined laterril line extending along body on eighth row of scales below 
first dorsal. Scales large, crenate, no& notably reduced in size nor closely crowded together on any 
part of body, cxcept a sniall postoocipital patch j thoso anterior t80 pectorals sninll; scales extending 
on basal two-thirds of interradial membranes of candol ; lower jaw, snout, and preorbital space 
nalred. First 2 spines of dorsal highest, the following 2 a little shorter; first ray of second dorsal 

I'escado Blanco de Cliapala. Fig. 13. 

Peritoneum black. 
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highest, othcrs gradually shorter; anal inserted a little anterior to a perpendicular passing half way 
between origins of dorsals; first ray longest, others successively shorter; when the fin is elevated 
its edge is concave; caudal deeply forked, the tips pointed, pectoral notably pointed, extending past 
base of ventral a distance equal to  diameter of orbit; ventrols extendiug to vent. 

A silvery lateral band 1 scale wide, bright and dht inct  posteriorly, becom- 
ing indistinct anteriorly; upper edge of lateral band dusky; scales on dorsal part of body edged with 
dark dots; jaws with dark dots; upper par t  of eye black; the dark, pigmented arachnoid shows 
through the thin skull. 

It diffcrs in having a snialler eyo 
and larger scales. The former has 44 to 51 scales in the lateral scries and 12 to 14 i n  a transverse 
series, while C. graadocde has 60 to  62 scales in  the lateral series and 15 to 16 in a transverse series. 

Translucent in life. 

C. c7kapaZm is closely related to  C. pandooule Steindachner. 

Measurement8 of seven spccimena of Cliirostoma cltapalm. 

Length of body in millimeters ................................ 
Depth of bod expressed in hundredths of length .._._. ._._. . 
Depth of cauzal peduncle .................................... 
Distance from snout to occiput.. .............................. 
l i  8 of lowerjaw to occiput .................................. 
Length of nnout.. ............................................. 
Diameter of orbit ............................................. 
Distnnce from snout to spinous dorsal ........................ 
Insertion of spinous dorsal to soft dorsal. .................... 
Height of longest dorsal spines .............................. 
Eeight of longest dorsal ra s ................................. 
Distance from snout to ana?'fiu ............................... 
Height of longest anal rays. .................................. 
Distance from anal to csidal fin .............................. 
Length of oaudnl f in. .  ........................................ 
Length of pectoral fin ........................................ 
Distance from snout to ventral fiu ........................... 
Length of ventral fin ......................................... 
Number of spines in first dorsal.. ............................ 
Number of rays in second doreal.. ............................ 
Number of r&x.&'SR in anal. ...................................... 
Number of rays in pectoral fin ................................ 
Number of scnles in lateral series.. ........................... 
Number of scales in transverse series.. ....................... 
Number of scales between dorsals .......................... .: 

Length of head ............................................... 

2 idth of interorbital space. .................................. 

Measurements. I Locality: 1,aguna de ~liapnla. 

88 
10 
0 

25 
18 
19 
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8 
6; 

54 
14 
0 

14; 
60 
16 
23 
28 
21 
43 
11 
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10 
20 
14 
47 
13 
6 

2 
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11 
186 

13 
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14 
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21 
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41 
12 

I1 
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1Q 
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6 0  
1 8  
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GO 
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5 5  
11 
21 

44 
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7 7  
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- 
73 
18 
0 

23 
11 
18 
6 
8 
7 

51 
13 
8 

14 
57 
16 
23 
24 
11 .so 
13 
4 

10 
18 
14 
46 
13 
6 
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7 
53 
11 

16 
514 
17 
20 
23 
20 
41 
14 

11 
20 
14 
51 
14 

81 

____- 
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570* 572 
15 14 
10 10 
16 10 
51 58 
18 18 
21 20 
25 1 25 
21 10 
41 43 
18 12 

4 5 4  
11 11 
21 ID 
14 14 
41 50 
14 14 
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32. Chirostoma promelas Jordan & Snyder, new species. 

Jalisco. Mexico: said to havc come from Laguna 
Type No. 6161, L. 8. Jr. Univ. Mus. Collected by J. 0. Snyder, in market of Guadltlajnra, 

- 
de Chapah, December 23, 1898. 

Head 3.40 in  length; depth 4.60; depth of 
caudal peduncle 3.33 in head; eye 5.66; snout 2.50; 
interorbital spacc 4.50; height of spinous dorsal, 
3.60; soft dorsal 2.4; anal 2; length of pectoral 
1.60; ventral 2.50; caudal 1.50. D. IV-11. A. 19. 
P. 15. Scales in lateral series 53, 16 in transverse 
series, 9 between dorsals. 

H e a d  s l e n d e r ,  triangular; eye snialltlr, 
nearer to tiu n f  snout than to  cdge of omrcle a - 
distance equal to half tho diniueter ot' p u p i l ;  
width of preorbital arcn Romewhat greatcr than 
diumoter of pupil; iiitcrorbital space slightly ~1011- 

vex; snout pointed; upper j a w  projrctirig IL littlo 
beyoud lower; cleft of nioutli aliuost Iioriaoiitol, 
lips enlarged posteriorly, the lower folding over 
the upper at their jnnction; angle of inouth on a 
level with lower par t  of pupil; maxillary almost 
vertical in  position, its distal end uot extonding 

FIG l.l.-Latcrul nu11 doisnl viewa of hend of 
Ohirostoina 21 ro in elas. 

backward i s  far as anterior cdge of orbit. Teeth large, curved inward, uot arraiigcd in defiuite 
rows, none on vomer or palatines. A tolerably well-defined lateral line extending Vertebra 45. 
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along body about eight scales below the first dorsal, pores absent on some of the scales. Scales 
crenate, largest along lateral color-band; a postoccipital patoh of minute, closely crowded scales 
extending backward nearly to  a line connecting bases of pectorals; a narrow band of similar scales 
just posterior t o  gill-openings and on base of caudal; the latter extending on interradial menibrunes 
half their lenbdh; scales between dorsals not abruptly smaller than those near by, nor crowded 
closely together; head with scales exoept on snout, preorbital region, and on lower jaw. 

First 3 spines of dorsal nearly equal in length, the fourth tilittle shorter; first dorsal ray longest, 
the others gradually shorter; anal inserted on a perpendicular passing mjdway between dorsals, first 
my longest, others successively shorter, edge of fin slightly concave; pectoral pointed, extending 
beyond base of ventrals a distance equal to diameter of pupil; ventrals not quite reaching vent. 

Color in alcohol yellowish-olive; a distinct silvery lateral band, the light color of which is under- 
laid with dark pigment, extending from upper par t  of base of pectoral to  caudal, wider and brighter 
in  color between dorsal and anal, growing narrower on caudal peduncle, widening at its end; scales, 
of upper par t  of body with dusky coloring on edges; dorsals, pectoral, and caudal with dark color; 
eye dusky above, a dark band on interorbital R ~ ~ C C ;  snout and jaws black. 

Chirostomu pi*omeZas is distinguishable from other known species o f  the  genus by the projecting 
upper jaw and the black-oolored snout. I n  it tlie 
projection OP the upper jaw is more pronounced than in tho type. The gillrakers and abdominal 
viscera had been removed from both before they were purchased. 

One specimen other than the type was obtained. 

Mbaeiirernents of two specimens of Chirostonia yromelaa. 

Measurcmehts. 
Colleoted in Guada 
Ir\larrriuarkot; said 
to have odnie from 

L. de Chapnla. 

Length of body iu millimeters ................................................... -1 

Depth of caudal pedunole.. ....................... :. ............................... 
Distance from snout tu occiput .................................................... 
111) of lower jaw to oociput ........................................................ 
Width of interorbital space ....................................................... 

Distaiice from enout t o  spinous dorsnl ............................................. 
Insertion of spinous dorsal to soft dorsal. ......................................... 
Height of longest dorsal spiuqs. ................................................... 
Hciglit of longest dorsal rap. ..................................................... 
Distnnoe from snoiit t o  nua fin .................................................... 
Height of longest anal rays.. ...................................................... 
Distance from anal to caudal fin.. ................................................. 
Leng1.h of caudal fin. .............................................................. 
Length of pectoral Rn ............................................................. 
Diatnrico from snout to vontral 811 ................................................. 
Length of ventral fiu .............................................................. 
Number of spinen in first dorsal fin.. ............................................... 
Number of rays iu second dorsal fin... ............................................ 
Number of rnys in anal fin ........................................................ 
Number of rays in pectoral Rn .................................................... 
Number of scales in lateral line .................................................... 
Nuiuber of sonlos in transvorae sories ............................................. 
Number of scdBs between dors8ls. ................................................ 

Doptli of body oxpressed in llundredtlls of length.. ............................... 
Lengtii of head .................................................................... 

Length O f  NnOUt ................................................................... 
Diamotor of orbit ...... 1.. ......................................................... 

r 1. 
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22 
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23 
23# 
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5 
59 
12 
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15 
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33. Chirostoma diaei * Jorclan 9L Snytier, new specics. 
Type No. 6157, L. 8. Jr. Univ. MUE. Obtained in  market of Guadalajara, Jalisco, Mexico, by J .  0. 

Snyder, Deoeniber 23,1898; said to have come from Laguna do Cbapala. 
Head 3.33 in length; depth 5 ;  depth of caudal peduncle 3.25 in head; eye 5.33; suout 2.5; inter- 

orbital space 4.5; height of spinous dorsal 4.4; soft dorsal 2.5; nniil 2.4; length of pectoral 1.G;  yen- 
t ra l  3; caudal 1.4. D. Tr-l1. A. 20. 1’. 15. Scales in lateral series 75; transverse serius 22; between 
dorsals 22. 

Fig. 15. 

____ --_- - _ _  _ _ _  
“Since these pagos wore put  in type we have received n, p:Lper entitled “Description of two 

Atharinoid fishes from Mexico,” by Dr. CT. A. Uoulenger, in  tho Ann. Mag. Nat. TIist., wries 7, vol. V, 
.Jan., 1900, pp. 54-55. In this paper two epecies of G‘hirostoitia are clescrihed from specintens collectod 
in Lake Chapala Ly Mr. A. C. Huller. One of these (C. ZIOINH) is perliaps our C. Ze?*mm, niid the other 
(C. 8 h y r m a )  is our C. diuzi. These iiames of Boulcngcr have priority over ours, but  it is, unfortunately, 
too Pate t o  suppress the latter.-D. 8. J. 
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Body long, deeper, and more compressed than that of C. humboldtianism; head large, its dorsal 
contour straight from tip of snout to occiput; viewed from above the head is much compressed, the 
upper jaw sharply pointed and included by lower; interorbital space slightly convex; eye nearer t ip  of 
snout than t o  edge of opercle a distance equal to  diameter of pupil; preorbital area a little wider.than 
diameter of orbit; mouth oblique, its cleft extending t o  a horizontal from lower edge of orbit; lips 
thickened posteriorly, the lower forming a fold across the upper at angle of mouth; lower jaw pro- 
jecting, the teeth just  pawing the edge of the upper; maxillary extending to a vertical from anterior 
edge of orbit,, its distal end angular. Teeth large auteriorly, growing gradually smaller posteriorly, 
canine-like, sharp, projecting backward, not arranged in  definite rows; none on vomer or palatines. 
Vertebra, 44. No lateral line. 

Scales crenate, larger in  region of lateral color-band, growing smaller dorsally and ventrally ; 
abruptly smaller and closely crowded together in a region anterior to  pectoral fin, extending from 

, the isthmus to the occiput, also between the dorsal fins and along the bases of the dorsals, anal. and 

Pro. lB.-Clh-osloma diazi Jordau & Snyder, new speciea. IL'ypu. 

3'10. 16.-Cliirootoma cr2/etallinum Jordan & Snyder, uew specios. Type. 

caudal; interradial membrancs of the latter with scales extendiiig two-thirds its length. Head with 
scales except on jaws, upper part of snout, and on preorbital moa. Anterior spines of dorsal longest, 
others a little shorter; first dorsal ray lougeet, others gradually shorter; anal similar to  soft dorsal in  
shape, except that  its base is much longer; insertion of anal on perpondicular passing halfway 
lmtween dorsals; cauda1 dceply forked, the lobes obtusely pointed; pectoral8 sharp, erteuding past 
base of ventral8 a distance equal to  diameter of orbit; edge of pectorals, when extended, straight. 

Body during life translucent; in  alcohol greenish-olivo; a silvery lateral band, in which the 
silvor is not underlaid with black pigment, extending from axil to  base of cauclsl; dorsal scdes 
narrowly edged with dusky; npper par t  of eye (lark. Our specimens are all from the market, the 
gill-arches and viscera having been removed. The flesh is somewhat shrunken, which probably 
causes the teeth to  appear more prominent than in life. 

CLiroatorna diazi may be easily distinguished from the othor known species of the genus by the 
small scales crowded closely together between the dorsal fins. 

Named for Porfirio Dim, the honored President of the Republic of Mexico, in recognition of his 
interest in the progress of 8cieuce. 
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Longtli of body in millimeters.. ............................. 
Depth of botlyexpresscd in hundredths oflength ........... 
Depth of' caudal peduncle ................................... 
Length of head .............................................. 
Distance froiii Hiioiit to oocipnt .............................. 
Til) of lonor jew to occiput.. ............................... 
Widtli of interorbital space. ...................... .:. ....... 
Length of Rnout. ............................................ 
Diameter of orbit. ..... ., ..................................... 
Distance from s i ~ o u t  to spiiious dorsal tin ................... 
Insertion of spinous dorsi11 to soft dorsal. ................... 
Height of longest' dorsal spiiioJ ............................. 
Heiglit of longest dorsal rays.. ........ .?. .................. 
Distnnm froiii srioiit to anal fin .............................. 
Height of longest anal raw ................................. 
Distnnou from analto cnuhal fin ............................. 
Length of oaudal fin.. ....................................... 
Length of pectoral fin ....................................... 
Distunco from snout t o  ventral fin... ........................ 
Length of ventral fin.. ...................................... 
Number of spinok i n  iirst dorsal.. ........................... 
Niiuihcr of ray8 in second dorsal. ........................... 
Number or rays in anal ........................... ..........I 
Number of rays in  peetoral .................................. 
Number of sciileH in lateral sorim.. ......................... 
Nunibcr of scales in transvorw series ....................... 
Number of scales betwoon dorsals .......................... 

- . .~  . . . .  . . .  
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Mea8urements of six s p e c i n ~ s ~ ~ s  of C?iiroston&a diazi. 

Measurements. 

___ __- 1 Colloctetlin Guadalojaramarket. Said , to come from Laguna do Chnpala. - 
I88 
2Ob 
8t 

30 
22 
2,"h 
12 
0 

55 
14 

12 
04 
13 
18 
20 
10 
47 

11 
21 
15 
70 
20 
27 

a t  

1p 

- 
188 
22 
9 

31 
23& 
25 
7 

13 
5b 

55& 
14a 
06 

14 
00 
13 
18 
22 
19 
60 
10 
5 

12 
21 
15 
63 
20 
21 

- 
180 
20 
Q 

51 
22 
24 

12b 
56 

13 
7 

13 
W 
134 

574 

20 
23 
19 
50 

11 
20 
15 
09 
20 
22 

1;b 

- 

- 
183 
20 

31 
Ob 

2 
l ib 

%? 
51 

7 
12 
00 
13 
19 
20 

50 
10 
5 

11 
21 
15 
GO 
20 
20 
- 

___ 
183 
21 
9 

31 
22 
244 
oa 

121 
5t 

7 
1% 
06t 
13 
17 
22 
18 
50 
10 
4 

12 
22 
15 
03 
20 
23 

;;; 

34. Chiroetoma crystallinurn Jordan & Snyder, new species. 
Type No. 6158, L. S. Jr. Univ. Mus. Locality, Laguna de Chapaln, near Ocotlan, Jalisco, Mexieo. 

Collected by J .  0. Snyder, Docember 26,1898. 
1lo:id 3.25 in length; dcptli 4.75; depth of caudal peduncle 3.50 in liead; eye 5.75; snout 2.60; 

interorbital space 4.50; height of spinous dorsal 4.20; soft dorsal 2.50; una1 2.25; length of poctoral 
1.80; veutral 2.75; caudal 1.75. U. v-13. A. 24. P. 16. Scalos in lateral series 56; transverge series 
18; bctweeu dorsals 10. 

Hcad long and pointed, its iipper 
contour straight ; snout viewed from above sharply pointed, the lower jaw projecting beyond upper 8 
distance equal to a little more than half the diameter of pupil; eye nearer t ip  of snout than to  posterior 
edge of operclo a distance equal to diameter of pupil; mouth oblique, tho cleft estending downward 
to a level with lower edge of pupil; lips thickened posteriorly, the lower folding over the upper :it 
augle of mouth, Teeth minute, in wide patches-not arranged in  delinito rows-on upper and lower 
iaws: no teeth on Vomer or palatines. Gillrakers 

Fig. 16. 

' 

Body deepest above ventrals; widest tit insertion of pectorals. 

" I  

on first arch 27, slonder, ttho longtjh of longest equal 
to  diameter of pupil. 

An indofinite lateral line extending along the 
body about 9 scales below first dorsal; tho pores 
absent ou many of the scales. Scales crenate, larg- 
est along color-band, growing smaller above and 

Vertobrm 44. 

below, much smaller and closely crowded on body FIG. IT.-Dorsal view of head of Okiroatoina erpJstalli9zum. 
anterior to poctoral fin from isthmus to  occiput; a 
few small sculos at npper end of oporcle, aloug bases of fins, and ou iuterradiid membranes of caudal 
for half its length: scales between dorsals large and not crowder1,togetlier; lower jaw and upper part 
of snout naked. First 3 spjncs of dorsal &,bout the saine length, reaching, when depressed, to within 
one.third of their leugth of insertion of soft dorsal; fimt dorsal ray longest, others gradually shorter; 
anal inserted 011 n perpendicular piissing through a point halfway between origins of dorsals, base 
milch longer tliaii that  of dorsal; 5rst dorsal ray highest, others gradually Bhorter to middle of lin; 
all of remaining rays 01' about the same height; caudal deeply forked, tips bluntly pointod, pectornls 
pointed, extending a little past bases of vontrnls; tips of ventrals extending to  vent. 

Body during life translucent, with a slightly bluiah tinge; in alcohol yellowisli ; dorsal scales 
with dusky edges; top of head dusky; upper part of eye dark;  fins, except wntrals and anal, with a 
little dusky color; a silvery color baud extending from upper par t  of pectoral base to caudal; 
narrower on c*audal, widening a t  base of cauclul. 

The much shorter lower C. arydlallinttnc closely resembles C.  oootlane in general rippcarance. 
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Meaaiirenion ts. 

jaw and t ho  smaller eye of C. cvystallinuna are a t  once distinguishing characters. Two spocimens from 
the Guadalajara innrkets are shrunlren, so that  the orbit is larger and the teeth nioro evident than in 
those taken a t  Ocotlan. 

Measurements of six spccimcm of Chirostonia crytallinuni. 

Lagulla do Chapala. 

... 

Lcngt,li of body, in milliiiieters ............................ 
Depth of body expressed iu hundredths of length.. ....... 

Distaiico from snout to occiput .......................... >. 
Tip of lower ,jaw to occiput ............................... 
Width of interorbital siiace ............................... 

................................. Dcptli of c a i i h  yediinclo 
Loiigtli of head ............................................ 

~ 

206 
22 

8b 
SO& 
22a 
244 

Gb 
~ e n g t ~ i  of snout.. .......................................... 12- 
Diameter of orbit.. ........................................ 5 
Distance from snout to spinoiis dorsal ..................... 574 
Insrtioii  of sninoue dorsal to soft clorsal .................. 11 
Height of loofiest dorsal spines. ........................... 
Height oflongest dorsal r",.-. ........................... 
Distance from snout to an fin ............................ 
Height of lonmmt anal rays. ............................... 
Distance froi$annl to caudal fln.. ........................ 
Length of caudal fin.. ..................................... 
Length of pectoral fin .................................... 
Distance froni snout to ventral flu ......................... 
Length of ventral fin. ..................................... 
Number of spines in  first dorsal ........................... 
Number of rays in second dorsal .......................... 
Number of rays in anal.. .................................. 
Number of rays in pectoral.. .............................. 
Nuniber of scales in lataral series.. ........................ 
Nuniber of scales in transverse series ..................... 
Number of scales betwecu dorsal dins. ..................... 
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35. Chirostoma ocotlane Jordan & Snyder, new specics. 

Chapale, near Ocotlan, Jalisco, Mexico. 
Type No. 6160, L. S. Jr. Univ. Mus. Collected by J. 0. Snyder, Dcrcernber 26, 1898, from Lago de 

Head 3.33 in length. depth 4.50; devth o f  cauclal peduncle 3.25 in  head; eye 4.33; snout 2.60; . , I  - , -  

interorbital space 5 ;  height of' spinous dorsal 3.5; 
soft dorsal 2.16; anal 2; length of pectoral 1.60; 
ventral 2.50; c:iudal 1.50. D. v-12. A. 20. Scales 
in lateral series 54; transverse sorics 1 Y  ; between 
dorsals 11. 

Body long, rather slender, deepest par t  above 
ventruls. Head long, pointed, its dorsal contonr 
straight from tip of snont t o  II point a little poste- 
rior to  the eye, where i t  curves upward; interor- 
bital space flat; eye high up, nearer t o  tip of snout 
than to  edge of opercle a distance about equal to 
dianietor of pupil; width of preorbital space equal 
to  diameter of piipil. Mouth oblique, cleft extend- 
i n g  downward to a point opposite lower edge of 
pupil; lips growing inore fleshy posteriorly, the 
lower forming a fold across the upper a t  their junc- 
tion; distal end of maxillary angular; esteniling 
alinost to  a vertical from aiiterior edge of orbit; 
lower jaw very long, projecting beyond npper a 
distance equal to  diameter of pupil; viewed from 
above, both jaws are 11 little more pointed than are those of C. cator or c'. humboldtianurn. Teotli on 
jaws in b:iucls, minute, projecting backward; no teeth on vomer or palatines. Gillraker8 sleuder, 
close togethcr; langtli of longest cqual to diameter of pupil. Vertebr:c 44. 

A ratlier indofinite lateral Iine extending along body 10 scales bulow the tirst dorsal; the pores 
absent on many o f  the scales. Scales crenate, growing smaller dorsally, larger vontrally; those on 
posterior part of oocipiit, on nape, 0x1 region antorior to pnctorsls-above :ind below-and on baso of 



FISHES FROM THE RIVERS O F  MEXICO. 141  

caudal, very small and crowded together; those in  the region of dorsals not roduced in size nor 
crowded except a t  iiisertiou of fins, where there are 4 rery small ones; cheeks with 5 rows; lower 
jaw and upper part of anoat naked; basal half of interradial membranes of candal with minute 
scales. First 3 spines of dorsal highest, extending when depressccl within half their length of origin 
of soft dorsal; first dorsal ray preceded by a shorser, simple, closely attached one; other rays succes- 
sivcly shorter than first; edge of fin slightly concave; anal similar to  soft dorsal in shapc, its basis 
1.66 times a8 long as tha t  of soft dorsal; attachment of first ray under a point halfway between 
insertions of dorsals ; caudal deeply forked, the lobes equal; pectorals pointed when depressed; upper 
rays longest, extending to a vcrtical, halfway betweefi insertions of first dorsal and ventrals. 

In aleohol the color is a light 
olive-yellow; a silvery latcral band extending from axil t o  base of caudal, the band wider and 
brighter in  color between dorsal and anal, growing narrow on caudal peduuele and then widening 
again at its posterior end; head and body above, and the lower J U W  dusky; upper part of eye dark; 
edges of scales above lateral band with small black dots; caudal somewhat dusky on its basal third; 
other fins with little or no dark color. 

Chirostonia ocotlane is cnsily distinguished from all other known spocies of the genus by its 
excessively long lower jaw. Except the jaw and somewhat larger eye i t  resembles C. estor* in general 
appearance. The following gives some exact measurements of the typo and also shows some slight 
individual variations. 

Body, during life, almost transluceut, with a bluish tinge of color. 

Measureniente of ten specimen8 of Cltirostoma ocotlane. 

Measurements. La unade 1 CEapnla. 

Len th of body iu milliiiietors .......... 
D O ~ J  of body expressed in liiindreiltlia I ...................... I df length .:....-. 
Dent,h ot'cniidnl nerlunele.. ............. 
LoAgtfi of head .t ....................... 

Width of interorbital space ............ 
Distance froin snout to occiput. ........ 
Tip of loivcr jaw to occiput.. ........... 
Length of snout ..... -.I ................ I 
Dimeter of orbit.. ..................... 
Dintanoc from snout t o  spinous doreal.. 
Insertiouof upinous dorsal to soft dorasl. 
Height of longest dorsal spines.. ....... 
Height of longest dorsal ra s 
Distnncc from snoutto maffi;::::::::: 
Height of longest anal ra 8 
Distance from analtocnu~alalfl;~:::::::: 
Length of caudal An .................... 
Length of pectoral fin.  .............. ?.. 
Distance from snout to ventral fin. ..... 
Length of vontriil An. .................. 
Number of spined in flrat dorsal ........ 
Number of rays in Reeond dorsal.. ..... 
Number of rays iu anal.. ............... 
Number of ray8 in pectoral. ............ 
Number of sciLles in lateral line ........ 
Nunibcr of scales in transverse series.. . 
Number of scalcs between dorsals.. .... 

I . 

I Guadalajara market, snid to have come from 
Laguna de Cbnpaln. - 

110 

22 
84 
386 
23 
27 
7 

12 

50 
13 

61 

8h 
2 

2 
15 

22 
194 

13 
5 

11 
19 
15 
55 
18 
11 
- _  

- 
103 

2;h 

2 
29& 

a 
ah 

81 

1351 

11 

56 
13 

14 

15 
18 
21 
I9  
48 
1;4 

12 
21 
15 
54 
19 
10 
__ 

- 
193 

23 
D 

32 

0 
12 
7 

56) 
12 

65 
i a  
19 
21* 
20 
50 
12 

6 
12 
19 
15 
56 
18 
12 

;;* 

- .. 

82 177 

23 

3;' 32 
2% 23 

6 7  
12 12 

2F 
26 zoi 

;;: 8 $ 
i: 2 

5 '? 

10 17 

21b 23 

50 48 

12 12 
21 20 
15 15 
53 53 
18 19 
12 10 

19 18' 

194 22 

-I 
I 

155 I 
18 
8) 

32 
a%* 
20 

5& 

55a 

I;* 

1;h 
15 
64 

10 
22 
21 
49 
12 
5 

i a  

___ i_ - -  - ~ 

*We have reexamined the type specimen of Chirosfoaa estor. The scales are smsll and closely 
crowded on the region anterior to  the poetorals from the occiput t o  the isthmns; they are uot n1nch 
reduced in sizeiior closely crowdcd together between the dors:iIs. The teeth on tlie jaws are large 
aucl numerous; not arranged in ilefinite rows; 3 vomerine teeth almost as lar e as those on jaws. 

Sonic measnremcnts of the type of C. estor expressed in hundredths of%n t h  of the body, are 
here given: Length of body iu millimeters 212; depth of caudal peduncle 7.5; yength of head 31.5; 
distance from snout to  occiput 23; tip of lomcr Jaw to occiput 24; width of interorbital space7; length 
of snout 12; di;mcter of orbit 5.6G; distance from snout to spiuons dorssl5G.5; insertion of apiuous 
to  soft dorsal 12.5; Iieieht of longest dorstd spines 7; of longest dorsal rays 11; distance fro111 snout 
to anal 62.5; heivht of longest anal rays 12; distance from anal to caudal 22; length of oauclal fin 
18.5; of pectoral fin 17; distance from snout to ventral 45.5; length of ventral fin 10.5; D. v-Y2; A. 18; 
P. 14; scales 72-19, 9 between the dorsals. 

The type of Chiroetoma estor agrees externally almost erfectly with Steindtlohncr's account of 
Chit*ost,~ina alfitcm from Lake Patzouaro, a spocies which he Pater placws in tlie synonymy of c. eator. 
But  tho type looslities arc widely se arated, and Steindoohnor found no trace of the largo vomerine 
teet,h so c o ~ ~ s p i c ~ ~ o u s  in C.  estor. W e  therefore regtrd C. albuns as probably (I valid species not 
identical with C. eator. 
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36. Chirostorua lema Jordan & Snyder, new species. 
Type bo. 6159, L. S. Jr. Univ. Mus. Collected in market of Guadalajara; said to have come 

from Laguna de Chapala, Jalisco, Mexico. 
Head 3.16 in length; depth 5.33; depth of caudal peduncle 3.66 in head; eye 5.5; snout 2.66; 

interorbital spttce5.5; height of spinous dor~a14.5; soft dorsal 2.5; ann1 2.16; length of pectorals 1.66; 
ventrals 3; caudal 1.6. D-IV, 11. A. 20. Scales in  lateral series 58; transverse series 20; between 
dorsals 11. Body slender ; deepest part in  region of ventrals; caudal peduncle narrow; snout long and 
pointed; lower jaw slightly projecting, but  not 

Collected by J. 0. Snyder, December 23, 1898. 

enough to include the upper. Eye large, nearer 
tip of snout than to  posterior edge of opercle a 
distauce equal to  diameter of orbit or to width of 
preorbital space. Cleft of mouth extending t o  a 
horizontal through lower edge of orbit; lower lip 
folded over the upper at their union; maxillary 
extending posteriorly almost to  a perpendicular 
from anterior edge of orbit, its distal end angular. 
Teeth large and strong, curvod backward and 
inward, arrnnged in two  dcfinite rowe, thoso of 
tho iiiner row of the upper jaw and of the outer 
row of tho lowei j a w  larger; nonc on \oiuer or  
nalatiues. 1'ortebr.i. 44. r 

An indefinite lateral line extending along 
body abollt 10 Scales below first dorsal; the Pore0 
absent on many of the scales. Scales crenate; lar- lcrmcrr. 

FIQ. lV.-Lateral and dorm1 views of head of ahirostoma 

gest along the  lateral color-band; much smaller 
between occiput and first dorsal; those immediately posterior to  occipu t minute and very closely 
crowded; a narrow edging of similar scales aloug gill-openings, extending ventrally to  the isthmus; 
scales between dorsals not much reduced in size nor crowded together; basal half of interradial ruem- 
branes of caudal with scales. First 2 spines of dorsal longest; third, shorter; fourth, about two- 
thirds aa long rn first; first dorsal ray longest, others gradually shorter; edge of fin straight; insertion 
of anal on a perpendicular passing through a point halfway between origins of dorsals; first ray long- 

PIQ. 20.--02chlasoma 8feindachncri Jorclnn & Snyder, new species. Type. 

est, others successively shorter, last ray one-third the length of first; caudal deeply forked, its tips 
rather pointed; pectoral pointed, extending beyond origin of ventrals a distance equal to diamcter of 
pupil; ventrals reaching vent. 

Color in  alcohol, light olive; a silvery lateral band, a scale in  width, extending from upper part of 
base of pectoral to  base of caudal; edges of upper scales dusky; a little dark color on dorsals, oauiLa1, 
and pectoral; upper and lower jaws and top of head with minute dark dots; upper part of eye dark. 

C. Zermm closely resembles C. wystall iwm. It differs markedly in having large teeth which are 
arranged in t8wo rows, a shorter lower jaw, and a larger eye. 

Our specimens of C. Zernm &re all from the market of Guadalajara. The gill-arches and viscera 
hod been removed, and the bodies are somewhat shrunken. 
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Menauromonts. 

.- 

Length of body i n  millimeters. ............................................ 
Depth of bod oxproased in huiidredths of longth. ......................... 

Measuremenla of four apeoiniana of Chirostonm lernm. 

Collected in market of 
Gundnlajara, said to 

have come from Lngo 
de Chnpnla. 

162 152 145 160 
21 19b I9b 18 

Length of snout. .  .......................... 
Diameter oforbit ........ .................................................. 
Distanre from snout to spiiious dorsal.. .................................... 
Height of longest dorsal spines 
Height of longest dorsal rn s ............................................. 
Distnnce from snout to anatfin. ............................................ 
Distnnco from nnal to caudal flu ........................................... 
Lengtli ofonudnlfln ........................................................ 
Length of pectowlfln ...................................................... 
Distance from enout to ventral fin 
Longtlr of ventral fln.. 
Number of spines in first dorsal.. .......................................... 
Number of rays in second dorsal ........................................... 
Number of rays in nnal .................................................... 
Number of rais in pectoral.. ............................................... 
Number of s&rles in lateral sori08 .......................................... 
Number of scales in trausvcrse series.. ................................... 
Number of scales betweon dorsal fins.. ..................................... 

Insertion of spinous dorsal to soft dorsal .................................. 

Height of lougost anal r y o .  ................................................ 

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

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

143 

2' 6: 5: 6;i 
l" 13 13 14 

8 8  
7* l? 14 12 13 
63a 64 67+ 64 

17 17 
19 20 E f? 
19 19 19 l 9 t  :; E+ 474 49 

'i' 6 4 
12 11 10 11 
22 20 19 20 
15 14 16 14 
61 58 55 58 
19 20 18 17 
12 11 11 11 

14 15 15 l 4 t  

CICHLIDZE. 

37. Cichlasoma steindachiieri Jordan & Synder, new species. Fig. 20. 
Type No. 6164, L. S. Jr. Univ. Mus. Collected by J. 0. Snydcr, January 24, 1899, from Etio Verde, 

near Rascon, San Luis Potosi, Mexico. 
Head 2.5 in length; depth 3; dopth of caudal peduncle 7.5; eye 3.40 in head; snout 2.80; inter- 

orbital space 5 ;  longest dorsal spine 4; ray 2;  longest anal spine 2.66; ray 2; leiigth of pectorals 1.5; 
ventrals 1.75; caudal 1.5. I>. XVI, 10. A. v, 9. P. 14. Scales in lateral series 30; in  transverse series 16; 
on caudal peduncle 8. 

Body elongate, deepest 
above ventrals; curve of dorsal outline interrupted by a slight elevation above eye and a rather rapid 
descent a t  base of soft dorsal ; ventral outlineless curved than dorsal; interorbital space convex; orbit 
somewhat elongate laterally, located slightly nearer to tip of snout than to posterior edge,of opercle; 
its lowcr edge a little above a horizontal from mouth to  middle of caudal peduncle; cloft of mouth 
almost horizontal; maxillary, except distal ond, concealed by preorbital; lips thick, the lower with a 
narrow fknum;  jaws equal, the upper moderately protractilc. Teeth in 2 series on each jam;  outer 
series in  a single row, large, canine-like, far apar t ;  inner series minute. in bands; tips of teeth brown 
colored; no teeth on Vomer or palatines. Gill-membranes forming 5 fold across the isthmus. Gillrakerr, 
ou first arch 10, short and blunt. 

Body covered with lnsge weakly ctenoid scales, head with cycloid scales; upper part of head 
anterior to  middle of orbit, snont, preorbital area and ventral par t  of head naked; a single row of 
small scales along bases of dorsal and anal fins; small scalos 011 basal part of interradial iiiembranes of 
caudal. Lateral line interrupted at fourteenth scale, beginning again 3 scales lower and cxtending 
to  base of caudal; first dorsal spine very short, others gradusllg longer to  the sixth or sevenfh, after 
which tho spines are of about the samc length; sixth and soventh dorsal rays longest, about I+ 
times longth of longvst spiue; depressed fiu extending to  posterior edge of dark cmdal spot; fir& anal 
spino shortest, one-fifth as lo& &E fifth spine; fourth, fifth, and sixth rays longest; depressed fin 
extending to anterior edge of caudal spot; caudal fin evenly Pounded; pectorals rounded, extendiug 
t o  a vertical from vent. Outer rays of pectorals longest, extending to  vent. 

Color in alcohol, light olive; darker above than below: an indistinct, dark lateral band extending 
from snout to  oaiidal; 8 or 9 scarcely distinguishable dark vertical bands ou sides of body; irregular 
dark spots at intersection of lateral and vertical bands; a small dark spot at base of oandal; small, 
distinot dark dots on anterior dorsal region of head. 

Length of head exceeding its dopth a distancc equal to diameter of orbit. 
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Total length of type 61 millimeters. 
the body a little deeper and the head shorter. 
more distinct on the  younger specimens. 

Younger eramples, measuring abont 43 millimeters, hav: 
The vertical color bands on posterior half of body are 

Measurements of ten specintcns of Cich lasonia steindachneri. 

Length of bod in millimeters.. ..... 
dredth8 ot length. ................. 

Depth of caudal peduncle.. .......... 
Length of heed ...................... 
Width of interorbital space.. ........ 
Length of snout ..................... 
Diameter of orbit .................... 
Distance from snout to dorsal fin .... 
Height oflongest dorsal s p n e  ...... 
Height of longest dorsal ray. ........ 
Distance from snout to and fin ...... 
Height of longest anal spine ......... 
Height of longest anal ray .......... 
Distalice from anal to candal An . . - -. 
Length of caudal An ................ 
Length of pectoral An. ............... 
Distance from snout to ventral fin ... 
Length of ventral fin ................ 
Number of dorsal spines ............ 
Number of d 0 r d  ravs ............... 
Number of anal apiies.. ........... 
Number of anal rays ................ 
Number of scnlcs in lateral line. 
Numberof scales in transverseaeries. 

Depth of bo& expressed in hnn- 

.... 

Measurements. 1 Locality: Rio Verde near Rascon, Sari Luis Potosi, Mexico. 

48 

35 
14 
40 
8 

15 
12 
47 
18 
20 
72 
16 
19 
14 
28 
26 
46 
23 
16 
10 
6 
8 

26 
14 

l- __ - 
36 

38 
15 
37 
9 

13 
12 
45 
13 
20 
68 
13 
20 
15 
28 
29 
45 
25 
16 
10 
6 
8 

2Y 
14 

.- 

34 

40 
15 
38 

9 
14 
13 
47 
14 
20 
67 
15 
20 
15 
30 
28 
43 
24 
16 
10 
5 
8 

25 
13 

__ 
34 

37 
16 
39 

9 
13 
12 
45 
16 
21 
68 
15 
20 
15 
28 
26 
46 
23 
16 
I O  
5 
8 

27 
14 
- 

- 

32 

36 
15 
35 
9 

12 
12 
43 
14 
19 
69 
14 
17 
16 
26 
36 
44 
20 
16 
9 
5 
7 

27 
15 
- 

- 
31 

39 
15 
31 
10 
13 
12 
45 
13 
19 
70 
15 
19 
17 
25 
27 
43 
23 
16 
9 
5 
8 

27 
15 
- 

- 
31 

38 
15 
3R 
9 

13 
12 
45 
14 
20 

14 
28 
16 
27 
27 
44 
23 
15 
11 
5 
8 

26 
14 

a9 

.__ 
32 

40 
15 
40 

9 
13 
13 
46 
14 
18 
09 
16 
22 
18 
3 0 
31 
44 
24 
16 
10 
5 
8 

27 
15 

- 

ao 
38 
15 
37 
8 

1 2  
I2 
45 
15 
18 
66 
15 
20 
15 
25 
26 
43 
23 
16 
10 
5 
8 

26 
14 
_ -  

__ 
30 

38 
15 
36 
9 

12 
12 
46 
14 
19 
08 
15 
19 
17 
25 
25 
41 
22 
16 
10 
5 
8 

29 
14 
- 

38. Heros cyanogut ta tus  (Baird & Girard). 
They agree closely 

with descriptions of tha t  species, bu t  have a decidedly longer and sharper snout than has the specimen 
figured by Girard. 

39. Heros istlanus Jordan & Snyder, new species. 
Type No. 6150, L. S. Jr. Univ. Mus. Collected by Jordan & Snyder January 3,1899, from Rio Ixtla 

at Puente de Ixtla, Morelos, Mexico. 
Head 2.80 i n  length; depth 2.66; depth of caudal peduncle 7; eye 4.50 in  head; snout 2.25; inter- 

orbital space 3.60; lougest dorsal spine 2.80; ray (without filament) 1.40; longest anal spine 2.60; 
ray (without filament) 1.33; length of pectorals 1.50; ventrals 1.33; caudal 1.20; D. XVI, 10. A. v, 8. 
P. 14. 

Body dlongate, compressed, deepest par t  above insertion of ventrale ; dorsal outline rising rapidly 
to  origin of dorsal, interrupted by a shallow notch above eye falling gradually to  base of last spine, 
from which point the descent to the caudal peduncle is more abrupt; ventral outline evenly rounded. 
Interorbital space convex; eye large; orbit circular, equally distant from tip of snout and posterior 
edge of operele; mouth horizontal, lower jaw projecting, lips thick, the lower without frenum, 
folding over the upper a t  their union ; premaxillary protractile ; maxillrrry small, uearlj vertical in 
position, and almost hidden by the large preorbital. Teeth on both jaws in two series, the  outer a 
single row of 24 canines; largest in  front, growing smaller posteriorly; the inner series villiform; all 
of teeth with brown-colored tips. Gill-inelubranes free from isthmus. Branchiostegals 5.  Gillrakers 
on first arch 9, short, blunt, far apart. 

Body covered with large scales, the cheeks, opercles, subopercles, and occipital portion of the 
head with small scsles; the ventrnl par t  of head, preorbital area, snout, and anterior part of inter- 
orbital space naked; one row of scales extending on bases of dorsal and anal fins; scales of body 
weakly ctenoid; scales of head smooth ; lateral line interrupted 011 th6 nineteenth trnusverse row of 
scales, beginning again 3 scales lower down, and 2 scales in advance of where i t  left off and estending 
to  base of caudal. First dorsal spine short and slender, others gradually longer and heavier; posterior 
spine longest; caoh spine with a distal extension of stiff'merubrane; t ip  of fourth ray of dorsal extend- 
ing as a thread-likc filament about as long as the diameter of orbit; dorsal, when depressed, estending 
ou caudal om-third its length ; first anal spine shortest; others growing gradiiallg longer and heavier; 
tho last 2+ times as long a8 first; spines with distal att:ichments similar to  thoso of dorsal; third and 

Some fishes from lagoons iiear Tampico we idontify a8 Heros cganoguttatus. 

(Girard, U. S. aud Mex. Bound. Sur., Ichthyology, 30, pl. 4, figs. 9-12. ) 

hfojavra. Fig. 21. 

Scales in  lateral line 28; i n  transverse series 18. 



FISHES FROM THE RIVERS O F  MEXICO. 145 

fourth rays longest, iiiiited :litl their t i p ,  forming ili sloirder filament. The tip of :m:d extolids a little 
f a r t h e r  poateriorly than that of dorsal. Caudal roundcd. Tip of pootoral  rotindecl. \‘ontrals located 
slightly posterior to bases of pectorels, estending to  vent; oliter my loiigcst, ending in a iilament. 

Color dark; :in oblong brownish-blimlr spot :lit base of cilich s c d o  011 sides of body, tho spots 
growing loss d i s t i n c t  above tho poctorals ; mcrnbraues of dorsal, t l i i i d ,  and cwidal with srnnll apots, 
these moro distinct mid rogularly arranged 011 soft parts of dorsal and :tual : pectorals inid ventral8 

L12 

35 

Y1u. 2L-Iferos ixtlalLtl.4 Jortlnii k Siiyilor, iiew n]iwioa. Tyiio. 

without spots. Young individuals have a browiiish-black HpOt : I t  base of oaudal tlud 011 Hide of body ctt 
tip of pectoral, a less distiiict spot a t  upper edgc of gill-opening aud also below liostorior and of base 
of dorsal. 

The annoxod table shows tho  vnriations of 8omo of tlie chnrrictem of tho typo and cotypus. 
Tho d;irlter of tlioso spots is sonict imes Gliiiitly iiidioiited on tho  lnrgcr indiviiliials. 

~~easrcl.cn&e?ils of tell s ~ ~ e o i n l s l ~ s  of Iieros ist la?&us.  

107 

41 

- _l__l__ - - __ 
Locality: Rio Ixtla a t  Pnente de Ixtlit, .Morelos. Mennureuioiits. 

131 

39 
15 

Length of body in millimeters. .............. 
Depth of body esproasetl iu liundrodtliu of 

Dept of cr~oclnl peduncle 
Length of I1oad ............................... 
’Wiiltli of interorbital spnac.. ................. 
Diameter of orbit ............................. 
Diatniioe from snout to dorm1 fill ............. 
Height of longest dornal   pi no. ............... 
Distniico Srom snout to nnn fin.. ............. 
Height of longest mal spirro .................. 
Height of loiigost anal m y .  ................... 
Dintmoo frmi nnnl to cmidnl fin.. ............ 
Length of oaiidnl f im .......................... 
Loiigth of pec+m*al Hu ........................ 
Distance from mont to ventral fin.. .......... 
Length of ventral ilii ......................... 
Number of (loran1 ~piiies.. . :-. ................ 
Number of dorsal rava. ....................... 

................................... 
I 

Height of longest dorsiil rn p .................. 

.................... 
length . ~ .  

Lei1gtl1 of HUoUt. ............................. 

120 1 
37 1 14 

Niirnber of anal ~piiies. ....................... 
Nuruber of anal rays.. ........................ 
Number of acnles in lntnral line.. ........... 
Nunibor of scale8 in tramverso series ........ 

4 P  
15 
26 
71 
IS 
25 
15 
28 
23 

23 
10 
10 

44 

4: 
16 
27 
70 
15 
28 
10 
31 
25 

25 
I6  
10 

43 

122 

88 
14. 
35 
10 
14 
8 

40 
15 
24 
07 
I0 
28 
10 
31 
20 

27 
I0 
11 
0 
8 

28 
17 

40 

08 
14 
30 
10 
31 
23 
42 
27 
10 
10 

28 
18 

_ 
I17 

38 
15 
35 
10 
15 
7 

42 
14 
25 
70 
14 
20 
10 
30 
25 
42 
24 
10 
10 
5 
7 

27 
17  

08 
13 
20 
l 0 l  %’ 
40 
24 
10 
11  

5 5  
7 8  

28 
18 

Mexico. 
-_ 
77 

40 
10 
37 
10 
15 
0 

42 
16 
26 
70 
16 
25 
10 
31 
20 
44 
24 
16 
10 
5 
7 

27 
I6  

. -. 

55 

35 
15 
37 
0 

14  
0 

42 
13 
24 
08 
I0 
23 
I8 
20 
25 
43 
24 
15 
10 
6 
7 

30 
17 
- 

._ 

43 

38 
14 
30 
0 

14 
10 
43 
10 
24 
09 
14 
23 
15 
28 
20 
.13 
23 
16 
10 
6 
7 

28 
16 

___ 
2LI 

40 
15 
39 
10 
13 
12 
44 
15 
18 
05 
15 
20 
10 
25 
25 
44 
21 
16 
10 
5 
7 

27 
16 
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40. Neetroplus carpintis Jordan & Snyder, new spccies. 
Type, No. 6162, L. S. Jr .  Univ. Mus. Locality, Laguna del Carpintc, ncar Tampico, Tamsulipas, 

Mexico. 
Head 2.83 in lengtli; depth 2; depth of caudal peduncle 6;  eye 5 in head; snout 2.20; inaer- 

orbital space 2.66; longest dorsal spine 2.20; ray 1.25; longcnt anal spine 2; ray 1.33; length of 
pectorals, 1.40; ventrals 1.20; caudal 1.16. D. XVI, 10. A. v, 8. I?. 15. Scales in lateriil line 27; in 
transverse series 17; on caudal peduncle 7. 

Body compressed, deepest paTt above ventrals; dorsal outline straight from tip of snout to  a 
point above anterior edge of orbit, where i t  is abruptly cnrved upward and backward to  the origin of 
dorsal fin; from the latter point it graduallycurvcs downward to base of first dorsal ray, from which 
point the descent to  tho caudal peduncle is abrupt; ventral outline evenly curved from snout to caudal 
peduncle. Orbit circular, nearer to posterior 
edge of opercle than t o  t ip  of snout n distance equal t o  diameter of pupil. 

Mouth oblique, lowerjaw slightly projecting; lips thick; tho lower with a frunurn equal in width 
to  half the  diameter of pupil; upper jaw protractile; maxillary covered by preorbital except at its 
distal end. Teeth in 2 series in each jaw, the outer series in a single row, flat or incisor-like, 
larger in  front, growing ~ n u c h  smaller posteriorly; the inncr series minute, in narrow bands; all the 
teeth loosely attached, their tips brown-colored; uo teeth on vomer or palatines. Gill-membranes 
forming 11 fold across the isthmus. 

Fig. 22. 

Collected by J. 0. Snyder, January 15,1899. 

Inte'rorbital space convex, its middlo portion flattened. 

Gillralrers on first arch 10; short, far npart. 

FIQ. 22.-Nestropluu curpintis Jordan & Snyder, now spooies. Type. 

Body covered with large, weakly ctenoid scales; cheeks, opercles, 8nd occipital portion of head 
with small cycloid scales; lower jaw, snout, and anterior half of interohbitel space nalted; bases of 
poetirior parts of dorsal nnd anal fins with small scales; inturradial nicmbranes of caudal with very 
small scales on basal parts; lateral linc interrupted on nincteenth row of scales, beginning again 
3 scales lower down, on the third row anterior to  whore i t  left off, and extending to  base of caudal; 2 
short rows of mucous tubes on iuterradial caudal scdcs, one above and the other below the end of 
lateral line. First dorsal spine shortest, others gradually longer end heavier, each spine with a ray-like 
attachment projecting above and posterior to  its t ip  ; firat anal spinc shortest, the  others gradually 
longer and heavier, the fourth 3 times as long as tho first; spine8 with distal attachments similar t o  
those of the  dorsal, third and fourth rays longest, oxtending posteriorly as far as those of dorsal; 
posterior cdge of caudal somewhat convex; pectorals rounded; ventrals pointed, tho outer ray much 
t?ho longest, extending n little beyond the vent. 
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I Neetroplim c sq;iirtis.. .................................. 
1 

i:e;imtopue .................................. 
niuaragueiisis.. ............................. I 

Color in alcohol, light slate; scales with lighter central spots; posterior parts of dorsal, anal, and 
caiidal lighter; head in life covercd with round and elongate spots of greenish-blue ou a golden- 
brown background; sides of body with bluish and brownish spots irregularly arrauged ; pectorals 
and distal part of soft dorsal with yellowish tinge. In the young there are 5 or6 dark vertical bauds, 
about equal in width to diameter of orbit, on posterior par t  of body; a dark spot is sometimes present 
j u s t  below lateral liuc on a vertical through base of eleventh dorsal spine. 

Neetroplus carpintis differs from N. nematopus and AT. nicaraguensis in having a much deeper body 
and fewer dorsal and ana1 spiues: 

xv-xvII, 8-11 I V , 8  
XlX, 10 VIII, 7 

XVIII, 11 v11, 7 

___ . - ___ _~ I--------- -__ Species. I Dorsal. 1 Annl. I Llsit,”,s”l 1 

54 

40 
16 
38 
11 
15 
10 
46 
17 
25 
70 
10 
25 
15 
32 
20 
45 
31 
16 
11 

25 
16 

40 

61 
11 
39 
10 
16 
11 
45 
10 
21 
70 
18 
26 
16 
33 
29 
45 
29 
16 
10 

5 5  
8 8  

20 
16 

24-29 1 ’  
34 , 

102 

5 1  
17 
34 
12 
16 

42 
17 
31 
73 

27 
15 
30 
20 
44 
30b 
16 
10 

log 

26 
17 

........ I 

161 

55 
17 
30 
13 
17 

7 7  
43 
16 
31 
75 

20 
14 
33 
21 
45 
30 
16 
8 

5 5  
8 8  

18 

1 q  

21 

~~ 

Besides the specimens taken in tho Rio Tamesoe, a number of very small individuals of N. oar- 
pinti8 mere collected in the Rio Verde ncar Ilascon. They have rather indistinct, dark vertical band8 
on the  entire length of the body, and in most cases ii series of dark spots aloug the sides of the body; 
one a t  the base of the caudal and another under the eleventh dorsal spine being always present and 
the most distinct. 

illeustiremente o j  ten s~eoimcns of” Neetvophs caiyinlis. 

55 
f7 
37 
13 
17t 
8 

40 
18 
30 
72 
10 
28 
14 
a1  
28 
45 

10 
11 

32 

26 
10 

___ __ . _ _ _  - _ - - ____ 
~ Locality: Lagym del Onr>into near Tampico, 

lnmaulipns, bexico. Mensuromunts. 

54 55 
IO& 17 
86 35 
13. 12 
11 16 

4;‘ 4: 
18 18 
28 30 

I 75 71 
18 18 
28 31 
141 15 
80 33 
26& 28 
46 43 

16 10 
10 10 

5 5 5  
8 8 8  

26 29 
1: 16 

80 32 

Length oP body in millimeters.. .............. 
Depth of body expressed in liundrodths of 

lellgtll ...................................... 
Dnptli of caudal fleduncle .................... 
LPII tli of lread ............................... 
Wihil I of interorbital spnau .................. 
Lenetli of snout .............................. 
UinGeter of orbit. ............... :-. .......... 
DiRtnnru from snout to dorsd fin.. ........... 
Height of longcst dorsnl spine.. .............. 
Height of lougost dorsnl rn ................. 
Dietnnco from anout to anarfln.. ............. 
IIcigIit 01’ Ioiigest ninl Hpino .................. I 
Haiglit of lorigest nnnl ray. ................... 
Uifirniico from nun1 to cnudnl t i ir .  ............. I .......................... I Leiigth of onudnl fin 
Lnnctli of neotornl fin. ...................... 
L)istnnoo frboi snout to reiitrnl flu ........... 
Length of ventral fln ......................... 
Number of dorsnl spines.. .................... 
Numbcr of dorrnl rays ....................... 
Numlier of and spines ....................... 
Number of ann1 rave ......................... 
Number of ticalee iin latorn1 line .............. 
Number of scalea in  trausvcrao series ........ 

132 1 129 1 110 

GOBIIDKI. 

Lagoom near Tampieo. 
Rio Ixtla, Pueute de Ixtla. 

41. Philypnus dormitor (Ledpbde). 
42. Awaous taiasica (Lioh&nstein). 

__ 
66 

49 
15 
38 
IO 
16 
0 

44 
10 
23 
70 
18 
26 
15 
IO 
28 
44 
20 
16 
10 

5 
8 

27 
16 
- 

65 

49 
16 

I0 
15 
10 
45 
15 
25 

10 
27 
15 
39 
28 
46 

10 
10 
5 
8 

24 
17 

a8 

?a 

ao 

__ 

57 

60 
10, 
40 
I1 
10 
10 
40 
17 

72 
19 
24 
d 4  
29 
30 
46 
30 
17 
8 
6 
7 

27 
16 

20 

- 
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NOTES ON THE FLORIDA SPONGE FISI-IERY IN 1899. 

BY HUGH M. SMITH. 
__ 

The sponge fishery of Florida between January 7 and December 31, 1899, pre- 
sented i~ nuinber of importaut features. In view of the great interest which has 
recently been manifested in this branch of our fisheries, and in order to briug up to 
date the published records of the industry, the following notes are published. The 
statistics for 1899, together with other information for that year, have been furnished 
by Mr. John IF. Cheney, of Tarpon Springs, Florida, a leading buyer and packer of 
Florida sponges. 

Key West and Tarpon Springs are now the only port's a t  which the cargoes of 
sponges are discharged and sold. A t  the former place in 1899 there were eight 
purcliasiIig firms and a t  the latter six, two firms being represented at both places. 

Key West is the headquarters of a large fleet of vessels and boats employed in 
sponging about the Keys and on tho grounds off the west side of Florida, and is the 
exclusive market for the sponges taken on the southern and eastern coasts, although 
receiving a good proportion of the crop from the grounds to the northward. 

Tarpon Springs is very conveuiently located in the proximity of the important 
grounds off Rock Island and Anclote Keys, from which t h e  largest quantity and best 
quality of sheepswool sponges come; and the prominence of the place as a sponge 
center has been increasing from year to year. In a report on the fisheries of Florida 
traiismitted to Congress by the U. S. Coininissiouer of Fish and Fisheries in January, 
1897, it was stated: 

The sponge industry of Tarpon Springs (or Anclote) is more extensive than that of auy other 
place on the Florida coast except Key West. The recent increase in the business has been note- 
worthy, and it seems probable that the favorable positiou of tho place with reference to the sponge- 
grounds will result in 11 still furthor dovelopmunt of the industry, which will make Tarpon Springs 
a formidable rival of Key West. 

In  1895 the value of the sponges purchased at Tarpon Springs mas only $60,000, 
or less tlian 15 per cent of the total value of the sponge crop of that year, while in 
1899 the Tarpon Springs trade amounted to over $230,000, or more than GO per cent of 
the aggregate value of the output. 

The 1899 crop of sheepsmool sponges on the Rock Island grounds was very large, 
exceeding the output of any season for quite a number of years. The sponges were, 
furthermore, of unusually large size. The explanatioii of the large catch is that clear 
water prevailed for a, long time in localities where for several years tlie operation& had 
been curtailed by turbid water and wliere, as 9 consequence, tlie sponges had been per- 
uiitted to grow and multiply with little molestation. On tlie (( spring trip': to these 
grounds marly sponges weighing 9 to 3 pounds each wore talron, and i t  is reported khat 
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* 8,000 pounds were secured weighing from half a pound to 1 pound. A t  least half the 
catch on that trip consisted of sponges that weighed more than a quarter of a pound. 
These figures are significant in view of the fact that of late years the average weight 
of sheepswool sponges brought in has been only 1 or 16 ounces. During the remain- ' 

ing part of the year the weights were the average for recent seasons. The total 
sheepswool, crop was 153,700 pounds, of which 27,000 pounds were from the grounds 
about the Florida reefs. 

Another feature disclosed by the data for 1899 is the greatly reduced catch of 
grass sponges, especially on the grounds o f f  Anclote Keys, as compared with 1897. 
In  the last-named year nearly 100,000 pounds of this cheap grade were landed from 
these grounds, b u t  in 1899 less than 60,000 pounds were brought in. 

The yield of yellow sponges was comparatively large and in excess of that of 
recent years, the grounds in the Gulf of Mexico and about the Keys producing about 
the same quantity, although in quality the Key sponges are better. The other 
sponges (boat, glove, etc.) were in about the usual quantity. 

The financial ontcomc? of the fishery in 1899 was very gratifying, being the largest 
in four years, although the aggregate quantity of sponges taken was Iess than i n  1897. 
The prices at which the sponges sold were unusually high. It is said that as a rule 
the fishermen received better prices than ever before, and that there was an advance 
of fully 25 per cent over the previous year. 

It is reported that throughout the year the sponge market was good, and that 
the demand was urgent and in excess of the supply. A considerable part of the 
catch of sheepswool sponges too large for toilet and other domestic purposes was 
disposed of to the ordnance departments of the United States and British armies and 
navies, for use in cleaning guns. 

Following is a summary of the approximate quantity and value of the sponges 
of various kinds taken from the digerent grounds in 1899: 

___.- 

Rock Island sheepswool ....................... 120,700 $278,390 $2.20 
Eey sheepswool ............................... 27,000 54,000 2.00 
Rock Island and Anclote yellow ._ _ _  ._. . ____.. 28, OUO 7, PO5 .25 
Key yellow .................................... 27,000 9,000 .30 
R&k Island and Anolote grass.. .............. 69,400 11,819 .20 
Key grass ...................................... 17,500 2,500 .15 
Boat or velvet ................................. 8,000 4,000 .50 
Glove .......................................... 10,000 1,000 .10 

l o b 1  .................................... 304,400 807,914 1.21 
----- 

I, 

The following oomparative statistics of the Florida sp011ge catch show, for four 
years, the quantities of the different kinds purchased from the sponge fishermen and 

. the prices paid: 

Sheopswool.. ........ 231,272 $363,107 149,724 $248,196 157,478 $240,509 $153,700 $332,390 1 Yellow.. Grass ................ ............ 1 21,887 29,6091 11,7081 5,46p 2~10551 4 4 h  11,508 0,3181 128,022 ~2,3621 29,188 13,0821 55,8001 70,uou 16,205 14,810 1 1 Other ................ 23,952 6,502 18,315 3,990 18,086 3,171 18,000 5,000 
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Notwithstandiiig the large yield of shnepswool sponges in 1899, that species 
represeuted only 50 per cent of tho catch, against 63 per cent in 1896 and 75 per cent 
in 1895. The yellow and grass sponges, which in 1895 coustituted ouly 168 per cent of 
the aggregate crop, in 1899 amounted to 44 per cent. While exceptional seasons like 
1899 may give a temporary upward trend to the sheepswool production, there are 110 
reasons for believing that the geueral downward teudency mill not continue, and that 
the cheaper grades of sponges will not enter more largely into the catch. 

The followiiig table shows the relative importance of the different kinds of 
sponges, the figures being the percentages of the total quantify and value of the crop 
for a series of years: 

' 

___  -II_- ___ 
1895 1800. 

Pounds. Tdue. Poiinds. Value. 

Slioopswool .... ..._.... _. 75.55 03.86 69.3G 00.01 

________ Kinds. 

I__ -- - __ __ ___ 

1890. 

.-____- -l -- 
1RB7. 

Pounds. 1 Vnliie. Poouds. Value. 

47.50 84.11 50.49 90.34 

___ 

Yellow _.._____. ~ ___.___. 0.04 3.05 10.01 3.41 9.77 4.57 
GrIiHn ...____..__......__. 6 9B 1.41 18.88 38.70 10.21 
Othcrs ........__..._.. _.. 7.82 1.08 lo;:: I 3.94 1.11 

100.00 100.00 
- - ~ -  o0 ,-- ,. 

i lotnl .......... . .. . 100.00 

18.33 4.41 
25.20 3.89 
5.02 1.30 

100.00 100.00 
-- -- 
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Coiitributions from the Biological Caboratory of the U .  S. Fish Cooimission, 
Woods Hole, hlassachusctts. 

I ~ Y  P. A. LEVENE, 
Ofthe I'uthological Zirstiticlc of f l i p  NL'W York State Hos$itals. 

I 

The two chief functious of living matter are growing and dying, but of these only 
the latter has attracted sufficient atteutioii of the biological cheiuist, aiid our knojjrl- 
edge of the process of growth reinailis very unsatisfactory. Most of what has beell 
studied in that directiou up t o  the present time has beeu done by the plaut physiolo- 
gist. The developing egg oEers very good material for the study of this subject in 
relation to t h e  aiiimal kingdom, hence this work. 

The substarices most peculiar to the liviiig organism a're the diflercw t nitrogellous 
compounds that take part in the formatioil of the proteid coitipouiids and reappea,r 011 
the decomposition of the latter. These oompouiids may be classified i u  a general way 
into two groups: First, those coiisistiug of carboi~, bydrogeii, oxygen, and nitrogen ; 
aud, second, those in which some other elernents, ~iiaiuly sull~bnr, phosphorus, aiid 
fluorin (each of them separately or all together) join the former j n  t h e  formation of 
their molecnle. 

The first group may be again divided into substances with a n7ell.defined acid 
nature, as the monoarnido acids, like leucin, and into those of a well-defined basic 
nature, which are very numerous and quite different in their compositioii. 

The second group may be divided into simple protcids, coiitainiiig only casbon, 
nitrogen, hydrogen, oxygen, and sulphur, ancl combined proteids as nucleo compounds, 
mucin, etc. It is the molecule of the latter compounds that may coiitBiii, besides 
carbon, hydrogen, oxygen, and nitrogen, also phosphorus and fluorin. 

The aim of th i s  n7ork was to study the distribution of nitrogeii between the inain 
groups just enumerated, in diEereiit stages of' the cluvelopinsiit of the egg, or, to be 
more precise, to attempt to estimato the quautity of nitrogw in the form of compounds 

. not basic by nature, like amido acid, those in the form of bases, and linnlly those in  
the form of proteids. Further, an attempt was made to ascertain wltetbcr in the course 
of development a new foriuation of the conibiiieil proteids (oiily the nacleo-ooinpouuds 
were dealt with) was taking place. The amounts of ash and water were also estimated. 

The material used wag the egg of the cod. It was esaiaiiied in the followirrg four 
stages : Unfertilized, 24 hours after fertilieatioii, I 1 days after I'ertilizatioii, aud about 
20 days after fertilization. All the 11iateriill \vas f'urriished by tlie corrrtcsy of tlie 
United States Fish (.Jommiasioii from its station a t  V' oods f lob, Nussachusetts. 

1 3  
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The results of the analyses are presented in the following series of seven tables, 
showing the chemical changes in the developing cod egg during four different periods: 

J.-Waier and ash detewninations. 

Total 1 Dry substance. 
Cliaracter of eggs. sitbxtnnce 

(gmnis). 1 Grnms. [ P c z r  , _ _ _  

Ash. 

Grams. 1 Pcrcent. 
__-_ _____ 

................................... 0.5737 5.33 0.058 10. 00 Unfertilized 0.7012 
24 hours nfter fertilizntion. .................... 8.2201 0.4700 0.0648 17.17 

11.-Ihlribution of nitrogen. 

............................................ 0.5405 

0.3914 { 0.4'290 

Unfertilized { 0.403 

24 lioura after fertilization .............................. 
............................... 11 i l n p  after fertilizntiou { ::z 
............................... 0.318 20 clays after fertilization 

Character of eggs. 

0.0505G8 
0.0438 
0.OSOR58 
0.042048 
0.033288 
0. u39.154 
0. U20340 9.52 9.62 

Total 
substance 
(granis). 

Unfertilized ...... :. ..................................... 
24 hours after fcrtilimliou. 

11 daysafter fertilieatior~ 

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

20 days after fertilization. ............................. 

Totnl Percontagc 
iiitrogcn I of Avnrnge. 1 
(grams). nitrogen. 

___--__.~-- ~- 

.... 

{ O:;:;: 
{ :E 

1701 { :3290 

.2251 

0.03066 .0202K 
.014010 
.025812 
.024528 
.0"9784 
.021462 

__ I _-__ - ~ _ _  

111.-Nitrogen in phosphotungsiic y e c i p i t a t e  (= proleids + bases). 

:::: '} 8.G0 

;: tt } 7.83 

::it } 8.68 
9. 53 9.53 

Clinrnclcr of eggs. 

........................................... Unfertilized 

24 hours after fertilization. 

20 day8 after fertilization.. ............................. 
11 clays 8fter fertilization 

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

Total 
substance 
(grains). 

0.012264 
.020828 
.0?8170 { .6504 .OB808 
.041610 
.04599 

.5267 

.2575 .01752 0.84 

Unfertilized ................... 
44 hours after fertilization.. 
11 days after fertilization. ..... 
20 days after fertllization ...... 

I 
... 

Nitrogen. 

10.90-8.00=2.30 
9 .00-7 .8k2.13  

11.22-8.87=2.55 
9.52-9.53=0.01 

Grams. I--- 

lV . - -Pdeid  nitrogen. 

Ni tx-ogen . 
I Per cent. I Average. Grams. 

Character of eggs. r- 
- ~~ 

V.--l)istributioit oJ* nitrogen in eggs of d i f w e n t  ages. 

1 Nitrogen in monoamido 
compounds. I Charwter of eggs. 

Percentage to dry 
substance. 

Percent. 
aga to 

total ni. 
trogon. 

21.10 
21.37 
22.71 ......... 

I-I-I- 

8.00-7.2!kl. 31 12.07 7.29 06.00 
7.83-6.33=2.50 1 25.10 1 $: ii 1 63.67 
8. 61.-7.27=1.40 12.48 64.79 
9. 53 -8. 84=2.69 28.25 0.84 71.84 
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\71.-Digestive expr inients .  

r - I I Itosidiie. 1 - - __ - -. _ _ _ ~  - 

Charnoter of eggs. Snbstance I - - -  
(grams). Gmms. Porccnt- 

~ I I llge. i 
21 hoiirs after fertilization ....................................... . '  2.0442 0.0428 2.08 I 11 clnys after fcrtilizntion. ........................................ .; 1. 098 1 .0570 1 3.35 I 

I 20 days after fert.ilizntiun.. ..................... ~. ................ .I 1.7707 .1297& 7.24 I 

* Phusphoriis determination hi tlie residue of eggs 20 dags after fortilizntioii, 0.137 grams 
of the residue: MgP,0,=0.014 gr, P ~ 2 . 6 6  per cent. 

VIL-Determination of the nucleo-bases. 
_ _  ____ 

Charnrtnr of cggs. 1 Substaucu. 1 Grams. [ Per e e A  

Unfcrtilizqrl. ...................................................... 
24 Iioors attor f'ert,ilizntion.. ............................... .*. ..... 
11 dnys nfter f'ertilimtI,ioii. ......................................... 
20 da>s after fertilizatiou .......................................... 

--L_ ~ 

It would be premature to draw any very broad conclusions from the little work done 
for the present. Such conclnsions should be deferred until the data have increased 
considerably. The results of this work, however, tend to indicate that in the developing 
fish egg the processes of synthesis are preceded by those of decomposition. (Consult 
Tablo V.) I n  the first stage after fertilization the proteids diminish in quantity; basic 
nitrogenous substances are formed at  theS expense. Later the basic substances 
decrease in quantity and proteids grow. Whether the molecules of those proteids &re 
fornred from the basic sube"znces will be investigated in the future. It is also seen 
that the character of tho proteids is changed during the development of t h e  egg, tho 
combined proteids as we may term them, such as nucleoproteids, increasing greatly 
in quantity. The importance of mineral salts for the formation of tissues can be illus- 
trated by the increasing quantity of mineral substances in the egg in the course of 
its growth. 
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Contribtitions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

THE FREE-SWII1IIMING COPEPODS OF THE WOOIX HOLE REGION. 

BY WILLIAM MORTON WHEELER, PH. D., 
Professor of Zoooolo~y, I/lliversity of Texas. 

An attempt to gain some knowledge of the pelagic copepod fauna of New England 
requires little justificat.ion, for even the most superficial student of marine zoology 
can not fail to be impressed by the vast nuniber aiid variety of these little crustacesris 
and their mysterious appearance and disappearance at the surface of the sen,. The 
closer observer will be attracted by the beautiful modifications of their structure, the 
iiiteresting homologies of their parts-always a fascinating study in any group of 
arthropods-their peculiar sexual dimorphism, and their remarkable geographical and 
bathyinetrical distribution. Tlieu there is the great economic value of these creatures, 
which, as veritable “insects of the sea,” do ineotimahle service as scavengers and as 
the primitive atid staple food supply of larger marine aiiimals, such as fishes and 
cetaceans. Nevertheless, 110 group of animals has been more neglected by the zoologist, 
at least in America. This is probably attributable to a natural disinclination to take 
UP the study of so large and intricate a subject-a disiriclinatioii which would have 
deterred the present writer from undertaking this study, had he not found in the  
recently published masterly monograph of G iesbrecht such :hi1 adequate treatment of the 
free-swimming copepods that the identification and study of our species has become a 
pleasant and easy task. That I have followed him closely, without oxtensive reference to 
preceditig writers-although I have consulted the monographs of Dana, Clans, Brady, 
and Thompson-is warrail ted by the undisputed superiority and the comprehensive 
character of his work. 

During the few brief months that I have been able to devote to a study of our 
species I have gained t h e  conviction that many uew species, and even genera, occur in 
American waters. I n  the present paper I have described a few of the common specios 
that are new, but a description of certain forms which seem to be types of new genera 
are reserved for closer study and subsequent publication. 

The materials for the following study were collected in the tow at  the U. S. Fish 
Commission wharf, Woods Hole, Mass., in July and August 1899; Vineyard Sound, 
near Gay &ad, Marthas Vineyard, July; Gulf Stream, GO to 80 miles due south of 
Marthas Vineyard, July; and Plymouth Harbor, Massachusetts, August. The last 
two localities, one representing an arctic, the other a tropical fauns, are within a day’s 
journey of Woods Bole, and have been included in my study because they are easily 
accessible on the schooiier Grawapus aud the steamer 1Wi J-laidc and because many of 
the species of these regions will probably be fouitd as stragglers a t  Woods Hole mheii 

Still, Giesbrecht’s work is only a magnificent beginning. 
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the fauna of the latter locality has been more extensively studied. To my friend, Prof. 
H. C. Bumpus, director of the Woods Hole station, I wish to express my sincere 
gratitude for many kindly and helpful suggestions during the progress of the work. 

It was thought best to publish the work in its present form in order that i t  might 
be useful, even as a fragment, in a quantitative determination of the Woods Bole 
plankton soon to  be undertaken. The dichotomic table, the synopses of the genera 
of which I have been able to find representatives, and the salient fipecific character8 
are translated from Giesbrecht. Simple camera drawings, in nearly all cases from the 
actual specimens, have been introduced for the purpose of facilitating identification. 

The body of a free-swimming copepod is readily separable into two portions, a 
cephalothorax and an abdomen. The former coiisists of the head and 5 thoracic seg- 
ments (first suborder, GymnopEea). The head is often fused with the first thoracic, 
the fourth with the fifth. I n  the second suborder of the group, the Podoplea, t h e  last 
thoracic segment is drawn into the portion known as the abdomen. The abdomen, 
consisting typically of 5 segments in the male and always of less than 5 in the female, 
may have the number reduced through fusion to 2: or even to a single segment. The 
first abdominal segment bears the reproductive openings and is known as the genital 
segment; the last contains the orifice of the alimentary canal and is called the anal 
segment. This segment bears the furca, a pair of appendages each of which is fringed 
with a series of bristles, typically G in number, varying in their relative length and 
character. The anterior portion of the cephalic segment is called the front. It 
terminates in the rostrum, which consists of 1 or 2 pointed projections. 

The pairs of aqpendages which articulate with their respective segments in the 
cephalothorax are in their order: (1) the anterior pair of antenna:; (2) the posterior 
pair of antenna?; (3) the mandibles; (4) the maxillrr:; (5) the anterior maxillipeds; 
( G )  the posterior maxillipeds; (7) four pairs of 8wimming feet; (8) the fifth pair of 
feet, which are peculiarly modified in both sexes. Appendages 3 to G are known 
as the mouth parts. All except the first pair of antenna are typically biramous; i. e., 
each appendage cort~ists of an unpaired 2-jointed basal portion, bearing a 2 or 3 
jointed inner and outer ramus (eudopodite and exopodite) at its tip. One or both of 
the rami may be suppressed. The first pair of appendages, the anterior antenna, 
consists typically of 25 joints, numbered from the base to the tip, but this number 
may be much reduced by fusion. The joints bear modified bristlei and sense-hairs, or 
aesthetasks, as Giesbrecht appropriately cells them. In the Gymnoplea each joint 
commonly bears a cluster, consisting of a pair of' bristles and an aesthetask. I n  the 
male one OP the anterior antennrr: (usually the right), or both, may be modified to form a 
geniculating grasping organ. Since nearly all of the appendages are more or less 
flattened, it is convenient to distiiigush certain regions, with reference to the body 
of the animal, as the anterior and posterior surfaces, inner and outer, and proximal 
and distal margins of the various joints. The number, arrangement, arid character 
of the bristles on these digerent surfaces are of considerable taxonomic value. The 
mouth parts may be p'kovided with bristle-fringed lobes. 

For identification only adult copepods should be selected. This is not always an 
easy matter, a8 the tow frequently contains immature specimens. The adult male is 
most easily recognized, because in the majority of the genera it has striking secondary 
sexual characters either in the fifth pair of legs or in one or both of the anterior 
antenna. The adult female is less easily distinguished unless found carrying eggs 
or with spermatophores attached to the genital segment. It is usnally necessary to 
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dissect of%' the appendages, especially the feet, in order to determine the genus to which 
a particular form belongs. Permanent preparations of these or of the whole animals 
are easily made by sirnply adding a drop of Farrant's medium to the sea water or 
formalin under the co-mr-glass. 

T A B L E  O F  T H E  GENERA. 

[Genera represented in tho Woods Hole fauna are indicated by an asterisk.] 

Iiiner ramus of first to third foot 3-jointod1 of fourth foot 3-jointed to  lacking. (Arietellua, Augaptilua, 
Calanns *, Centropages *, Dieseta, Hemicalanua, Heterochmta, Iaiaa, Leuckartia, Metridea *, Phyllo- 
pua, Plenromma, Bgiatltua, Clytencnestra *, Microeetella, d;lonsirilla, Oithona *, Thaumaleua) - - -. A 

Inner ramus of first foot S-jointed, of the second to  fourth foot 2-jointed. (rlnomalocera *, Parapontella, 
PontellaI, Ponfellina, Monopa *, Corynura *) . . - __. ~. ._. . . - - _ _ _  . - - - -. - - - _ _  - .  - - -. . - _ _  - - ._ - ... B 

Iuner ramus of first foot 2-.jointed, of the second foot 2 or 3 jointed, of the third and fourth foot 
3-jointed. (Acrocalanua, Calocalanua *, Ihcalanus *, Leuckartia, Paracalanua *, Rhincalanua, 
Tmora *, Bgisfhus, Euterpc, Miracia *, Setella *) - - - - . -. - - . . - - -. - : - ~ . -. . -. . - - - -. - -. . -. -. C 

Inner ramiis of first t o  fourth foot 2-jointed. (Acarfia *, Calanopia, Candnoc*, Centropages *, Coryniira*, 
Labidocera *, Temora *) . - -. ~ - - - . - - - -, - - - - . - - - -. . - - _ _  - - - - - - - - - . - - - . . - - . - -. . . - - - -. . - - - -. . - . . D 

Inner ramus of first foot 1-jointed, of E C C O U ~  to fonrlh foot 3-jointed (anterior antennm about twice FIE 

long &E cephalothorax; fifth foot with 3-jointed outer ramus and no inner ramns). . Meoynocwa* 
Inuer ramue of first foot 1-jointed, of seeond foot 2-jointed, of the third and fourth foot 3-jointed. 

( Clausocalanua *, Ctenocalanaa, Drepanopus, Gaiftanua, diccbianua, Phaifnna, Paeudocalanua, Scole- 
ciiltrix, Spinocalanua, Xanlhocalanus. . . . - - - - - . - -. - - -. . . - - - - - - -. - - - - -. - - - . - - - -. . . . - - .E 

Inner ramus of firut and second foot 1-jointed, of the third and fourth foot 3-jointed. (Actidiua, 
Chiridiua, Euoho:la, Euchiriella, Undeucliteta) __. -. ___. . - -. . -. -. __. . . . -. __. -. ...F 

Iiiiier ramus of first and Recond foot 1- or 2-,jointed, of the third and fourth foot 1-jointed. -. Xornlonilla 
A. Between anterior antenna, and first pair of feet no appendages .___ _._ - .  __. . _. (Monatrillidm) A 1 

Uetween auterior antenna and first pair of feet usiially all 5, or a t  least (Copilia $ ) 2 pairs of 
appendages (posterior antennae, posterior maxillipeds) ~. - - - - - - - -. - . - - - - - . - - -. . . - - - -. - -. .A 2 

A 1. Anterior antenna not geniculating ; ventral surface of genital segment with furcate, setiform 
appeudage . - - -. - - -. - - - - . . -. . - - - - - . - - - - - . - - - - - . - -. -. -. . - . - -. A 1  0 

Anterior antenna geniculating ; ventral surfaee of geuital segment with a pulvilliform out- 
growth terminating in two lateral projections - - - - - - - - ~. . - - _ _  - -. - - -. . . - ~ - - . . - - - - - - - - ~ A 1  ir 

A 10 Only 1 segment between the genital sogmont and tho furca; furca with 3 bristles gn either 

-. . -. . -. - -. . . - - 

A I $  

A 2. 

A 3. 

A 4. 

side . . _ _ _ _  .__ _ _ _  . - - - -. - - _ _ _  . - __. - __. - ___. . _ . _  - . - - - -. - - - - -. . - - - _. . - - - . - - - -. . Thaunlaleus p 
Two to 3 segments between genital segment and furca; furca with 5 to  6 bristles on either 

side. -. . -. . - -. . . - - -. . . . -. - . - - - -. - - - - - -. - . -. . -. . - . . -. - - - - -. . -. - -. . -. - - - . - - - -. Monstrilla Q 
Two segments between the genital segment. and the furca; furca with 3 to 4 bristles on either 

side.. . - _ _ _  - _ _  _ _ _  . ~ -. .____. ___. . _ _  _.. . - ._____ .__ - -. . - ._____ _ _  _ _  _ _  . -. - -. . __. . Tltauncaleua 8 
Three segments between the genital segment and the furca; furca with 6 'to 6 bristles on either 

side ... . _ _ _ _ _ _  _ _  ._ _ _ _ _  ._ _ _  .. .__. _. .. _ _ _ _  _ _ _ _  .._. __.. _ _ _ _  ___.__ .___  .__ _.. ._ - __. Monatrilla .$ 
Cephalothorax with 5 pairs of feet, the last of which is of variable structure and sometimes 

reduced to  1 or 2 joints. Fir& abdominal segment without foot rudiments. Posterior 
antunnoo biramous, their outer ramus with at least 5 joints; both rami with plumose or 
hooked bristles ( Gymnoplea in part). . . - - -. . . - -. . . - - - - . - - - - - - . . -. . . - - - -. . - - - -. . . - -. . - . A  3 

cephalothorax with 4 pairs of feet. First (short) abdominal segment with rudiments of feet, 
which are inserted laterally or ventrally as paired (rod-, lo:bf-, or bristle-shaped) append- 
ages. Posterior antenna! uni- or bi-ramons, in the latter case with a t  most S-jointed, small, 
external ramus; t ip  of inner r&mw with a few nonplurnose, ourved or hoolr-shaped bristles 
(An~pharthrandvia in  part) _ _ _  - - - - - . - - - - - - - - - _ _  - - - - -. -. - - - - - - - --. - _  -. - - _ _ _  - Iaokerandria A 13 

On right or left sides of first thoracic segment in antero-lateral corner is a small brown 
knob _ _  ~. - __.. .__.._ _ _  _. - - - - .  . - -. . .__ - _ _  . - ___. ----. - - - ~. ._ -. -. . . _ _ _ _  . - - -. . Plenromnba 

With no such knob ._ _ _ _  - - - - _ _  - - - - -. -. -. .__ - - - - - - - -. - -  . . - - -. . - - - -. . - - - - -. - ___. -. . -. . _ _ - . A  4 
First joint of inner ramus of the second foot with proximally curved hooks d o n g  the inner 

edge . -. . . - - - -. * Uetridia 
First joint of inner ramus of second foot normal, resembling corresponding joint in other 

feet ~ __._.___._.._.- ~ .----..--.-........--....--- -..----...- ._.._____-.-..._-.--....--- A 5  

. -. . - - - . . . . -. - - . - - -. . . - -. . . . - ~. . . . . . - . - - - -. . . . -. . . -. _.. . . 



A 5. Third joint of outer ramus of second to fourth foot with 2 spines on external border, tho distal 
one inserted on tip of border; termiu;d bristle o f  joint with broad, smooth edge. _ _  - “Calanus 

Third joint of outer ramus of second to fourth foot with 3 spines ou outer border, the distal one 
of which is i n s e r t d  :It. tip of border; termiual bristle of joint denticulate (sometimes 
faintly) on its 011 t r r  udgc . . ~ - ~. . - - ~ -. . - - - -. . - - - - - . - - - - . . - - - . - - - . ~ -. ~ -. - -. ~ . -. A 6 

The 3 spiries on outer margin of third joiut of outer ramus of second to fourth foot and the  
denticulation of terminal bristle obsolete . . - - - -. . - - - -. . - ~. . - - - ~. . . - - -. ~ u g a p t i h 8  (in part). 

One bristle of loft limb of furua mrich longer and thiclcor thau other bristles of furca. -. . A 7 
Furcal bristles synimc~tric;al- - - - . :-. . . . . . - . . - - - -. - ~ ~ ~ ~ - ~ - . - ~ - -. ~ ~ - -. . - ~. . - - -. . - - - - - ---.A 8 
Mandibular blade with 3 or 4 teeth, of mhic$ the ventral one is uncinate atid separated 

from otliers Iiy a long diastem:t; inner ramus of maxilla rudimeutal - . - -. - ~ ~. -. .Heteroclimta 
Mandibular blade with a t  least 8 teeth ; inner ratuus of maxilla well devoloped . - - - -. . Dissela 
Abdomen with 3 t o  4 segments; first segment with genital opening oii its convex ventral surface. 

Anterior :tntcnu:P symmetrical. . - - - - ~ . . . ~. - - -. - ~ ~ -. - -. -. . . . . . . . . _ _  - - -. . - ._ - -. . . - - . A  8 p 
Abdomen with 5 segments (anal segment, however, somctiiiies obsolete) ; its first segment with 

lateral genital opeuing. OUR of anterior aiitcnii:v :I geniculating prehensile organ. ~ ~ .A 8 2 
A 8 9 Inner and outer rami of fifth foot 3-jointed . - - - . - - ~ ~ ~ ~ -. . - - - - -. _ _  -. . - - - - - . - - -. . - - -. - - - A 9  P 

Inner arid outor rami of fifth foot %jointed. . - - - -. . - ~. . - - - _ _  - - - __. . - ___. - .AugaptiZrts (in part) 
Outer ramiis of fifth foot 3-jornted, iuner ranius 2-jointetl . . . ._ - __. _ _  _ _ _ _  ___. ._ - ... Isoclimla p 
Outer ramus of fifth foot 3-jointed, iuuer ramus 1-jointed . . . . _ _  _ _ _  . -.. . _ _  _ _ _  _ _ _ _  ._ - - . .Isias 
Outer ramus of fifth foot 3-,jointed, inner ramis lac~king. ._ _ _  -. . - - - ~. - - - - -. . ____. . Pliyllopus P 

A 9 9  Second joint  of outer ramus of fifth foot with a stout, thorn-like process on its inner border; 
third joint with 4 inner and 1 ti1rmiu:il bristle; third .joint of inner rauus of fifth foot with 
G bristles.. . . - __. . - - - -. . -. - -. . - -. . . . - - - -. . . - - -. .. . - - - . . - - -. ._ - -. _ _  -. .. - -. ~ *Centyopages 2 

Second joint of outer rami i~  of‘ fif’tli foot with a thiii, awl-shaped inner bristle; third joint of 
same with 3 inner and one terminal bristle; third joint of inner r:mus of tho fifth foot wlth 
5 bristlcr. . . . . - - -. -. - - -. - -. . . - - ~ - ~ - - ~. . - - -. . ~. . - ~ - - - - - . - - - _ _ _  __. . - ~ ~ . - ~ - ~. -. - - Leuckurtin 9 

Second joint of outer rimius of fifth foot with a thin, awl-shaped, or very rudimental inner 
bristle; third joint of same with 3 inner and 1 terminal bristle; third joint of iuner mmus 
of fifth foot with a t  least G lds t les  . ._ - __.  ._ - __.  . -. __ .  . __. . - - _ _  _ _ _ _  ._ - _. . .___ ___... A 10 9 

A 10 0 Abdorricn with 4 segments; iiiner raiiiiis of niaxilla at least 1,jointeil.. . - -. . - - -. Hemicalamy p 
Abdomen with 3 segments; inner ramus of ruaxiila lavkiiig __. . . . . - _ _  _ _ _  __. . . _ _  .A?~gaptihe 0 

A - -. ~ _. . .____. - - - - A 9 8  
Left anterior :iutenm proliensile . . - - -. - ~ - - . - -. . ~ ~ ~. . ~ ~ ~. . ~. . -. -. . - - - -. . . - - _. _... A 11 ,3 

A 93  Both inner rami of fifth pair of feet 3-jointcc1, providetl with plurriose bristles. _ _ _ _  . - . .A 10 3 
Inner rami of fifth pair of feet rridimental, altogether without plumose bristles.. . - - -. . Zaia8 2 

A 108 Outer rami of fifth pair of feet differing in structure, the right provided with forceps, the 
left %jointed; mandibular blade richly dentate.. _ _  _ _ _ _  ___. __. . __. . _ _ _  _. . - _ _  .*Centropages 6 

Outer rami of fifth pair of feet of similar structure; mandibular X)larlo with few 
teeth . . , - - - - - - - - - -. -. . ~ . . . - -. - -. . . - -. . . . ~ - -. . - - - - . ~ ~ - - ~ -. - . ~ - - -. - -. . . -. - Auguptilics 3 

A 11 d Outer and inner rami of left fifth foot 3, of right %jointed . . ~ __. .__ _ _  . - - __. .___ Leuckartin$ 
130th outer rami of fifth pair of feet 3=jointed, the inner rudiniental, mamilliforni. - - dyielellus 2 
130th inner and oiiter rami of fifth pair of feet 3-jointed . -. . . - - - - ._ - - -. - _.. . --. . - _ _ - . A  123 

A 1 2 ~  Inner ramus of maxilla at least 1-jointed; dist;tl bristle8 of anterior maxillipeds provided 

A 6. 

A 7. 

A 8. 

8$ Right anterior antenna prohensilo. . - ~. . -. - -. . . ~ ~. . ~ . _ _  - . - _ _ _ _  . ~ 

A 13. 

A 14. 

A 15. 

A 16. 

with points or naked.. ._._ . _ _ -  _ _ _ _  _ _ _ _  _ .__ ._._ _ _ _ _  _ _ _ _  .___--  ___. . _ _ -  _ -  ____._ Henticalanus$ 
Inner ramus of maxil1:L Iselring; distal bristles of anterior uiarillipecls with fungiform 

appentlages. . ~. . . . ~ ~ . -. . . . . . . - ~. . . . . . ~ - -. . -. - - ~. - ~ -. ~ ~. - ~ . - ~. . ~ . - ~. .”: _ _  Aziyapti~ue$ 
Head with 2 large oliitinoos lenses, usually on edge of front, but sonietimes shifted to  ventral 

surface of the heat1 (Corycu4dtr) . .__. ._ - __. _ _  -. - _ _  - . -. . - ~. - . . - - -. . - - . - - -. . . -. __. . - - - - . A  14 
Head without chitinous lenses __. . . __. , _ _  . - _ _ _  _ _ _  _ _ _  ._ _ _ _ _  __.  _ _  _. .__ __. . .. . _ _ _ _  . _ . . A  17 
Inner ramus of fourth foot (2- or) 3-jointed ... . ._ - --. .- --. . .-- _.. ._ ___. . ._ __. .___ .. __.. ..A 15 
Inuer ramus of fourth foot 1-jointed or bristle-shaped . .. -. . ._ - ___. - _ _  - _ _ _  . .___ _____. -... A 16 
Abdomen with 4 or 5 mgnients, which are laterally d ih ted  . _ _  . __.  __.  . . ._. _ _ _ _  _ _ _ _  *Sapphirina 
Abdomen with 2 segments, whicll are not broadelled -. . - - -. . . 
Eye leusos separated by a distance at  least eqnal to their diameter; two last cephalothoraoic 

segments witliout ltrteral projections, the last with a inediaii dorsal spine.. . . . - -. . . CoiAia Q 
E y e  leuses close togothcxr ; t w o  last cephalothoracic segments prolonged into pointed lateral 

projections, last without a dorsal spine . -. . . - -. . . . . -. . . . -. . . _. . . -. . . - -. -. . -. -. . -. *Corycu:u8 

- -. . . - - - . -. -. . -. . ~ - Corina 
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A 17. Cephalothorax and abdomeu flattened, leaf-shaped; mandibles, maxilla and anterior niasilli- 

peds lacking or reduced to  miiiute stumps ; furca very long and rod-shaped . - ~. . - - - Copilia ,g 
Cephalothorax of varying form, ronuder or sometimes depressed in cross section, but never leaf- 

shaped; cephalic appeiidages all preseut; furca shorter, a t  most G times as loug as broad. .A 18 
A 18. Outer ramus of first foot 1-jointed; posterolateral corners of the four cephalothoracic see;- 

ments and front drawn out into processes ~. - -. .____. - _. . ._ _ _ _  - -. . -. - - - -. _ _ _ _  ~ -. - Clytemnestra 
Outer ramus of first foot 2 to 3-jointed - . -. --. - . - - -. . . - - __. .. - -. . - --. _ _ _ _  .- - - -. . . - - -. . - - _ _ - A  19 

A 19. Outer ramus of posterior antennsu 1-jointed; furca very Rhort, on either side with 1 very long 
bristle (a t  least twice as long as trunk) ;' limbs of furca and the 2 bristles fused in median 
line ; remaining furcal bristles obsolescent.. - - - - . . . . -. . . . ~ - - - - - - .  . - . -. _ _ _  - . - - - -. . L%&thus p 

Outer ramus of posterior :mtennm 3-jointed, thin;  furca short, with separate limbs and on 
either side with one long bristle, at least as long as trunk and a t  least twice as long as any 
of remaining bristles.. . . - - . - -. - . . - . - - - . . - - -. . . - - - - - . - -. - -. - . - - -  -. . - - - _  -. . . - - - -. *diicrosatu~a 

Outer ramus of posterior autennco lacking; furca longer than broad, with separate limbs..A 20 
A 20. Anterior aud postcrior maxillipeds of similar strncture, both of'them provided with long prickly 

bristles . ___. . - - -. . ~ ~ - ~. . ~. - --. . - - -. . - - - -. . - - - _ _  _ _  - - - - - - .__ - .. . - - - _. ._ - - _ _  __. . ___. *Oilhona 
Posterior maxilliped with few (or no) short bristles and a tcrminal hook (Otcomidm) ~ . - - - - - A  21 

A 21. Fiftli pair of feet 1-joinbed, each terminating in 2 lanceolate appendages, which are provided 
with denticulate edges; cephalothorax long and slender. . - - -. - - - - - -. ~ - . - - - -. . -. Lubbookia 

Fifth pair of feet 2-jointed, 1-jointed, or button-shaped,providedmith naked or plumose bristles; 
cephalothorex less slcnder . . - - . - . - - - - -  .-- - .. " -  - - -  - - - - ___. _ _  - -. . . - - -. .- - - -. ._ - - _. _. . _ _ _ _ . A  22 

A 22. Anterior autennm with very long and robust rcsthetasks (sense hairs) on terminal joint; fifth 
pair of feet 2-jointed. - - - - -. - - - -. . . . - -. . - - - -. - - - - -. . - - - - - - -. - - - - __. -. . . . _ _  _ _  - - - - - - .Butania p 

Anterior antennro with numerous penioillate mthetasks on proximal joints j fifth pair of feet 
papillate ; cephalothorax robust, pear-shaped . - - - ~ . -. - . . - -. - -. . . . - - - - - . - - -. ~. - - -. Pachysonta 

Anterior antenn:n with few and very delicate asthetesks; fifth pair of feet small rods or kuobs, 
sometimes reduced to  a pair of bristles .--. ... . .. - -  .- -. _. ~ .. ..._ __.. __.. ._ ._ _ _  .. ._ _ _  _ . . A  23 

A23. Hooked bristles on terniinal joint of posterior antenna, of medium length; inner ramus of pos- 
terior feet a t  least as loug  a s  the outer ramus, its terminal joint in  tho fourth pair a t  least 
1+ times as long tis first and second together - - __. . - - - _ _  -. . - .. - - -. . - - __. ._ . __. . . . -. - -. * Oncma 

Hooked bristles on elongated terminal joint of posterior autenuio very long; inner ramus of 
posterior feet shorter than onter ramus, its terminal joint in fourth pair not longer than 
either of the two proximal joints . - - -. . . - - - -. . - ~ - - - . - -. . . - - . - -. . - - - -. . - -. . _ _  - - -. . - - Conma 

B. Haad without dorsal chitiuons lenses or lateral hooks. -. - -. . . . - -. _. __. . ~. - - -. - - -. . . -. -. ..B 1 
Head with 1 or 2 pairs of chitinous lenses and hook on oither side of lateral border .... .... B 3 

B 1. Posterior maxilliped 4-jointed; niandible with the rudimental outer ranius articulating proxi- 
mally before the'midtlle of second basal joint; rami of the posterior antenum of nearly equal 
length . . - - -. - - -. - . . - - -. . . - - - - . - -. -. . - - - -. . - - - -, . . -. . - - -. . . . - - - - - -. . . - . - - - ~ Parapoiitella 

Posterior maxilliped 5 t o  7-jointed; mandibulnr rami articulatiug with second basal joint at 
about same level; outer raintt~ of posterior autennru much shortcr than inner ramus. _ _  _ _ _  .I32 

B 2. Abdomeu with aagmrnetrical protnberauces . - . . - - _. -. . . . - - -. . . . . - - -. . . - __. _ _  - ... . - - _. - *diO?&Op8 

Abdouien symmctrioal (escupt in fusion of right furcal limb with anal segment in  tlie 
femalo). . . -. - . . - __. - - . - - - -. ~ ~ -. - - -_. - _  -. -. . - - - -. . . - - -. . . - - - ._ -. . - - - -. . - - - ~. . - - - -. Pontallina 

B 3. b o d  with one pair of dorsal eye lenses; base of rostrum with lenticular thickening -. . . * Ponte 
Head with two  pairs of dorsal eye lenses; the base of the rostrum without lcnticular thick- 

euiug . - -. . - -. -. . . . . - - -. - - - - - - - - . - - - -. . - - - -. . - - - - - . - - - -. . - - - -. - - . . - - - -. . -. . - - -. * dnomalocera 
Posterior antenuiu biramous ; outer rumus a i t h  several joints ; first abdominal segment with- 

out ruclimonts of feet; aiitcrior aiitennm et least 15-jointed (Gyn&ao2)lea in part) . . ..._ .... C 1 
Posteriorautonna, either uui- or bi-rnmous; in the lattor case with s111a11,l-jointetl outer ramus; 

first abdominal segment with rudimental (rod- or leaf-shaped) feet; anterior antennu, at most 
%jointed. (dnqharllwandia iu part) - - - - _ _ _  - . . _ _  _ _  .-. - - - . . - ~ -. . - - - - ~. . . - -. . -. . - _ _  __. . .C 7 

C 1. Both feet of fifth pair biramous, rami 2- or 3-jointed. _. . .- - - -. . . . - -. - - -. -. -. . -. .. ___. Leuckartia 
Fifth pair of feet absent, or, if present, not uiore than left foot biramous.. ~. .. _ _  ._ .__. . _ _  .C 2 

C 2. Furca long and narrow, nt lorist G times as long as broad; terruiual bristle of third joint of 
outer ramus of second to fourth foot denticulate.. . - - - -. - -. . . . . . -. -. -. ~ . -. . . - -. . . - - -. *'l%nto~~a 

$inroo, a t  most, 3 times as loug as broad; teriuiual bristle of third joint of outcr ramus of 
second to fourth foot with a smooth border.. . .._. .__. _... . .___.. ._._.. .____. .__ _. .__ ... C 3 

' 

C. 

I?. C. 13.1809-11 
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C 3. In  third and fourth foot the second joint of inner ramus has 2, the third joint 'i bristles; 
ecapelliform terminal bristle of third joint of outer ramus in  second to  fourth foot much 
broader than in first pair . . ~ . . . -. . _ _  -. . __. . _ _  - - - - - . C  4 

In third and fourth foot the  sccond joint of inner ramus has 1, the third joint 5 bristles; 
scalpelliform terminal bristle of third joint of out8er ramus in the first foot similar to  tha t  
of second to  fourth foot .__ _ _  . -. . .. _ _  . - - - - - ._ - __. .___._ ~ - - - - - . - - - - - ._ - - ~. . . - - _ _  ._ - - . .C 6 

C 4. Second joint of inner ramus of first foot without an inner niarginal bristle; outer border of 
outer ramus not denticulate; terminal joint of inner mmus of firRt foot with 4 bristles; 
(female: abdomen with 2 or 3 segments; fifth foot 3 or 4-jointed; terminal joint of anterior 
antenna at least twice a~ long as penultimate joint). _ _ _  - -. _ _ _ _  _ _ _  _ _ _  . - - _. . ._ ___. *CalocaZanus 

Second joint of inner ramus of first foot with an inner marginal bristle; outer border of outer 
ramus in  more posterior feet denticulate; terminal joint of inner ramus of first foot with 5 

. bristles; (female: abdomen with 4 segments; fifth foot 2-jointed to  lacking; terminal joint 
of anterior antenna, at most, 1s times as long penultimate joint). .____. ._____ _ _ _ _  _ _ _ _ _  C 5 

C 5. Third and fourth foot with denticulate outer border to the second joint of the  outer ramus 
and to  the proximal portion of the outer border in  the third joint of the outer rardus; 
scalpelliform terminal bristle of the outer ramus of third foot little more than half as long 
as the  third joint of the outer ramus; third joint of inner ramus of second foot with 6 
bristles (female : fifth pair absent or knob-shaped; niale : right fifth foot absent). -. - Amoca~anuo 

Third and fourth foot denticulate only on proximal portiou of' third joint of outer ramus; not 
on second joint; scalpelliform terminal bristle of outer ramus of third foot longer than 
third joint of the outer ramus; third joint of inner ramus of second foot with 7 bristles; 
(female: fifth foot 2-jointed; male: fifth foot 2-jointed). - ._ _ _  _ -  - - ._ - __. - - -. ___._. * Paraoalanus 

C 6. Outer ramus of first foot 3-jointed; thorax without prickles (female: fifth foot wanting; male: 
neither foot of fifth pair biramous; right fifth foot sometimes wanting) ~ ,- - - -. . -. . * Eucalanue 

Outer ramus of first foot 2-jointed; middle thoracic Eegmellts with 1 or 2 pairs of prickles; 
(female : fifth foot 3-jointed; male : fifth foot 2-jointed) - - - - - - - - . - - - - - . - - - -. . - - - -. Rhinoalanus 

C 7. Front with 2 large chitinous lenses.. ___. - - - - . - - - - - - - - - - - - - - - -. - - - _ _  - - -. - . . - - - - .__ - - -. .. * Hiracia 
Front without chitinous lenses . - - - - - ~ - - - - - - - - - -. . - - - - - - - -. - - -. - . - - - -. - - - - - - . - _. . - - - -. - - _ _ _  - C 8 

C 8. Front conical, rounded anteriorly; cephalothorax very narrow; outer ramus of posterior 
antenna wanting.. - - _ _  -. . - - - -. - - - - - - . -. - -. . - - - - - - - - - . . - - - - - - - - - - -. - - - - - - -. - - - - - _ _  - - 2 -. Selella 

Front pointed; cephalothorax broader; outer ramns of' posterior antcnna 1-jointed -. _ _ _  . .C 9 
C 9. Furca with separate limbs (about twice as long as broad) and bristles much shorter than 

-. . . - - - - - - - - - - - - - -. . -. - - - - - . - - - - - - - - . . - - . . - - -. . . . . - . . Eulerpe 
Limbs of the very short furca &E well as their two unusually long bristles fused in the middle 

. . . - - -. - - - - - . - - -. __. - - -. . - - - - - - - - - - - - - - - -. . - - - -. . . . -. . . - - - - - . - - - -. . - - - - - Bgistltus 
D. €Iead with dorsal eye-lenses; (posterior maxilliped 6-jointed, 6th joint veiy minute) -. * Labidocera 

Head without dorsal eye-lenses . _ _ _  - _ _  - -. . . !- - - - - - - _ _  - - ._ - - - . __. . _ _  - _. - __. _ _ _  - _ _  _ _ _ _  _ _  ___. D 1 
D 1. Fifth pair of feet biramous wit,h jointed inner ramus. .__ - _____. - ._ _. __. _.. _ _ _ _  __.. * Centropagee 

Fifth pair of feet uniramous.. . - __. . . - -. . . -. - - .. - - -. - -. - .__. __. . . - - - _. .___ ._ - __. .-. - .._...I) 2 
D 2. Poeterior maxilliped 7-jointed _._. _ _ _  - _. - _ _ _  -. -. _ _  - - . -. . _ _ _  - ._. - _ _  _ _  _ _ _  ___. _ _ _  ... .__ ._. __. D 3 

Posterior maxilliped 3- to  4-jointed.. . - ~. . . ~ _ _  . . - -. -. - - _. - __. - .__ __. - - - - - - - - __. .__ - _. ~ - - .D 6 
D3. Furre long and slender, at least 6 times as long as broad; posterior mnsilliped twice 88 long 

-. * Temora 
-. D 4 

D4. Anterior maxilliped with short bristles on its proximal, and long, thick, sickle-shaped 
bristles on i ts  distal portion, proximal basal joint of posterior maxilliped with a few short 
bristles . . - - - - - - - - - - - - - - - - - . - - - - - -. . - - - - - . - - - - . . - - - - . . - - - -. - - - . - - - - - . - - -. . . - - - -. - ._ - * Candace 

Proximal aud distal portions of anterior rnaxillipcd and also proximal basal joint of the 
posterior maxilliped with long, prickly bristles . - - - - - - - - - - - ~. - - -. - - - - . _ _  -. - - -. - - - - CaZanopia 

D6. Outer pamu8 of posterior antenna shorter than distal joint of the inner ramus; anterior 
maxilliped provided on its proximal and distal portions with long, prickly bristles. _ _  * Acartia 

Outer ramus of posterior antenna longer than distal joint of inner ramus; anterior maxilliped with 
short bristles on proximal and powerful hooked bristles on distal part.. . . -. * Corynwa 

Third joint of outer ramus of 2d to  4th foot with 5 inner marginal bristles. _ _  .... Spinocalanuo p 
Third joint of outer ramus of 2d to  4th foot with 4 inner marginal biistles .___ . . - - _ _  ___. _ _ _ . E  1 

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

cephalothorax. . . -. -. . *. - - - - . . 
line . 

as anterior - - - - - ~ ~ - - - . - - - - - - - . - . - - - - - - - - - . . - - _ _  . ~ - - ~. . . - -. . . . . -. . -. 
Furca at most 4 times 8s long as broad ; posterior maxilliped shorter than anterior . . -. . - 

-. . . 
E. 
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E 1. Surfaces of rami of second to  fourth pairs of feet without larger spines; appendages of anterior 
maxilliped bristle-shaped . - - - - - -. - - - -. - - - -. . . . - -. - - - - - - - -. - ~ - - - _ _  - - . - - - . - -. . . - - -. . - - - -E  2 

Surfaces of outer ramus and especially of the second and third joints of the inner ramus of the 
third and fourth pairs of feet armed with stout spines; distal bristles of the anterior maxilli- 
peds in part soft, vermiform or penicillate _._. _ _  ___. _ _  - - . -. - . __. . -. . ._ _ _ _ _  .__ - - . _ . E  7 (a,  b )  

E 2. Second and third foot differing from fourth &B follows: Basal joints end outer ramus broader 
and stouter, distal edge of second basal joint notched on posterior siirfaoe ; terminal bristle 
(especially on third foot) with broader ,margin. - -. - - - - - - - - . - - - -. - -. - . - - - . - -. * Clau8ocaZanzr~ 

Second and third foot not differing from fourth in  above-mentioned particulars. . - - - - - -. . . - - -. E 3 
E 3. Outer marginal spines of second and third joints of outer ramus in fourth foot pectinate, lying in 

deep notches. - __. - ~ ~. . - - -. . - - __. . - - ___. -_. . _ _ _  - -  - - . ~ -. . ._ - __. - . . - - -. . - - __. -. _ _  Ctenooalanm 
Outer margiual'spines of outer rami of feet of usual form.. , - - -. - . -. - . . . - - -. . ___. ._ - _ _ _  . - - - - - E  4 

E 4. Abdomcn of 4 segments; its first segment with genital orifice on convex ventral surface, longer 
than the succeeding segments; fifth pair of feet symmetrical or wanting - ._ ___. . - - - . . E  4 0 

Abdomen of 5 segments; i ts  first segment with genital orifice on left side, shorter than next 

E 4 0  

E 5 0  

E 6 0  

E 4 8  

E 7(a ) .  . 

E 8(a) .  

following segments; fifth pair of feet aAymmetrica1 . - - - -. - -. . - - -. . . - - - - -. - - -. - -. - E 4  8 
On the antero-dorsal surface of head there is a median spine pointing forward; lateral por- 

tions of last thoracic sekmeut prolonged on either side into a powerful point. ___. GaZtanu8 0 
Head without a median spine; lateral portions of last thoracio segment rounded or at most 

(on one side) with a short point ___. ____. _. . ___. .--- - _... ._ ___. .- -. . . .-. - _ _ _  - ._. - _ _ _ . E  5 0 
Fifth pair of feet 2-jointed, terminating in  a stout, curved, denticulate bristle.. _._. .... E G 0 
Fifth pair of feet wanting . . _ _  __. - _ _ _  - .___ __. - __. . .- - _ _ _  ---. _ _ _ -  .____. - -  -__. P8eUdOCalUnUs p 
Rostrum ending in two flaccid threads; last thoracic and genital segment symmetrical; first 

joint of outer ramus of first foot with external bristle; terminal bristle of fifth foot much 
longer than the two joints of the same taken together .--. . __. . ._ - __. __.. .__. Drepanopua 9 

Rostrum wanting; last thoracic and genital segment asymmetrical; first joint of outer ramus 
of first foot without external bristle; tcrminal bristle of fifth foot about as long m the two 
joints of same taken together - - -. - - . - - - - -. - - - -. - - - - - - - - . - - - . - - - -. - - - - - - - -. - Afmbianus p 

Feet of fifth pair, cspecially swollen left one, with D considerable number of peculiarly 
shaped appendages at its tip - - - - . - - - - - -. - - - - - - . - - - - - - - - - - - - - -. - - - - -. . --  - -. - - - . Mdianus 8 

Feet of fifth pair long and slender, stylet-shaped. - -. - __. - - -. . -. . -. -. __. - - -. - P8e~dOCahu8 8 
Feet of fifth pair short, right one with uncinate terminal joint. ... ___. _ _ _ _  ___. Dvepanopasz 
Outer ramus of posterior antenna more than l+ times as long as inner ramus; cephalothorax 

globose in  the  female, and stout even in male (fifth pair of feet wanting in the fernalo; i n  
tho male there are two uniramous feet) . - -. . - - - - - - . . - - . - . . - - . . . . . . - - . . . - - -. - - . - - - Pliuerina 

Outer ramus of posterior antenna ~ C S S  than l& times as long as inner ramus; cephalothorax 
elliptical ._. - - - -. . __. - __. . _ _ _  . - -. _ _  -. - -. _ _ _ _  - _ _ _  - - - - ._ ____. . - ___. . - _. __. - ._._ .___ E 8(a) 

Surfaces (especially posterior surface) of the seooud and third joints of outer ramus of second 
(and fourth) foot armed with groups of small points; second joint of outer ramus of fourth 
foot without lamella; fifth foot of female wanting or 1 or 2 jointed; not denticulate on 
inner margin; female with well-developed right and 1-jointed inner I '~IUUB in loft fifth 
foot.. . . _ _  - - - - - - -. - - - - - - - . - - - - . - -. . -. . . -. . - -. - - - - - -. . - - - -. . . - - - -. . . _ _  -. - (. -. Scolecithvix 

Surfaces of outer ramus of second (and third) foot naked; second joint of ootcr ramus of 
fourth foot on posterior surface with a series of delicate lamella; fifth foot of female 2 
or 3 jointed, denticulate on inner margin of the first joint; male with uniramous left and 
lackiug right fifth foot . ._ - - - - - - ... - - - - - -. ~ - _ _  - - -. . - - - -. . --. .. . - _ _  .__ -. _ _  _. iTanthoculanu8 

E 7 ( b ) .  Twenty-fifth joint of anterior antenna fused with twenty-fourth - - - _  __.. .... _ _ _ _  Scolecitlwix 
Twenty-fifth joint of anterior antenna separate from tho twenty-fourth _.__ _ _  .___ _ _ _ .  E S ( b )  

E S(b) .  Fifth pair of feet wanting in female and consisting of two uniramous feet in male.. PhaZnnu. 
Fifth pair of feet 2 or 3-jointed on either side in femal6; in  male reduced to a single foot 

(the left) - - - - - - - - - -. . - - -. - - - - - - -. - -. . . -. . - . - - - -. - - -. - - - - . - - - . . . - -. - - -. - - -. Xunthocalanus 
F. Abdomen of 4 segments; i ts  first segment (with the genital opening on the convex ventral surface 

which is often provided wit11 protuberances) a t  h a s t  a8 long as the followiug and longer 
than its last segment; fifth pair of feet wanting; mouth parts well developed. - -. - - -. F p 

Abdomen of 5 segments (with very Hhort, concealed, anal segment), its first segment with genital 
opening on left side, shorter than tho next succeediug segments; fifth pair of feet asymmet- 
rical; blade of mandible, anterior maxilliped, aud in par t  also the maxilla, obsolete.. _ _  .. F 8 
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Lateral corners of last thoracic segment each prolonged into a longpointed proccss ; outer 
ramus of first foot 3-jointed -. . . -. - - - -. .____ - . - - - - ~ - - _ _ _ _  . - - - - -. . - -. . - -. - . _ _ _  . . - - ~ - - - F 1 9  

Lateral corners of last thoracic segment rounded, sometimes slightly pointed; outer ranius of 
first foot 2-jointed. - - - - ~ - - - . - - -. - .__ -. - . - - - - - - - - __. . - - - - - . ~ ~ - - - - - . - - - -. . - - - -. - - . . - - - - E’ 2 Q 

Rostrum ending in 2 stout, strongly chitinizcd prongs; rami of posterior antenna, of about 
same length _ _ _ _  .____. _ _ _ _ _ _  ._ - _ _ _  .___ _ _ _  ~ .. .__ _ _ _  _ _  - - _ _  __. . __. ~ .____. ._____ _ _  - _ _ _  Aztidiuo 

Rostrum wanting; innerramus of postcrior ante1in:e about half 118 long as Outer ram118. Chiridiztcr. ._ . - 
1“ 2 0 .  Rami of posterior antenna of about the same length.. - - - . . - - -. - - - ~ . - - __. . __. . __. _ _ _ _  Euclwta 

Outer ram118 of posterior antenna a t  least 1+ times as long as inner ram118 - - - - - - _ _  - - - - -. I” 3 Q 
F 3 9 .  Inner border of first basal joiut of fonrth foot naked or with a few small hairs; median bristles 

of outer ramm of maxi1l:e shorter than the proximal and distal bristles. . -. - - - - - G~~deicclrnta 
Inner border of first basal joint of fourth foot with spinose or crenate bristles ; median bristles of 

outer ramns of maxilla not abbreviated. -. . - - - - . - - - -. - . . . - -. . - -. . - - - -. . - - - -. . - -. Eucltirella 
Only one foot of the fifth pair present and this is uuiramons; lateral portions of last thoracic 

segment pointed -. - -. . - - - . -. ~ - -. - Aiitidius ,.J 
Feet of fifth pair both powerfully developed; lateral portions of the 1:lSt thoracic segment 

rounded . - - - -. . - -. . - - - - . . -. - - - - - - - - - - - - - . - - -. . - - - - - - - - - - - . - - -. . . - - - - - . - - - - - - - F l J  
F 1 2 .  Inner rainus of posterior autenna considerably shorter than outer ramus; right fifth foot 

chelato. . -. - -. -. . -. . . . -. . . -. . -. . . - -. - - - - - . - - - -. . - - : -. . - - -. . . - - - . -. . . -. -. . Eirclrirella 3 
ltami of posterior autennm about same length; fifth foot not chelate, the right, sometimes also 

the left, bearing a stylet-shaped appendage . - - - - - . - - - -. ~ - - - - - . - -. - - - - - - - - . - - - - - Euclwta. 

~ 

F 2. 
-. - - - - . - - - -. ~ - -. - - - - - . ~ - - - - - - 

Suborder GYMNOPLEA. 
Family CALANIDB. 

GALANU8 Leach. 

Female: Head free or fused with first thoracic seginent; fifth thoracic segment free, sometimes 
asymmetrical; rostrum ending in  two points; abdomun composed of 4 segments; gcnital segment 
symmetrical ; furca occasionally slightly asymmetrical. Anterior antenuat somctimes not reaching 
hind end of body, sometimes extonding a considerablc distance beyond, and not always of symnietrical 
length, 25=jointed, with very uniformly distributed short &utero-marginal bristles and delicate 
ssthctasks, and 2 long and plumose postero-marginal 8et:u on terminal joilrts. Itanii of posterior 
autenna of about equal length, outer ramus 7-jointed. Mandibular blade with 8 rathcr flat teeth; 
rami of about equal length, proximal joint of iuner ramus with sack-shaped appendage. .Maxillaa“ 
with 3-jointed inner ramus, articulating with basal; outer lobe with bristle. Anterior maxilliped 
relatively long, with long curved bristles on inner and a plumose bristlc on oubr margin. Posterior 
maxilliped with long 5-jointed inner ramus, provided with long, stiff, usually naked bristles. 

Male: Abdomen composed of 5 fiegments ; genital orifice sinistral ; furcal bristles abbreviated. 
Anterior antenna held in  an unusual position and sometimes abbreviated, tho number of their joints 
reduced (a t  least the first two joints fused), twenty-fifth joint usua~ly abbreviated, msthetasks 
enlarged and increased in  number, bristles, with rare exceptions, rcduced. Posterior antenna? stouter 
than in  female, with in part abbreviated bristles; outer ramus with an S-shaped cnrvature. Mandib- 
ular blade weaker and in some epecies stunted; in  these same forms tho inner marginal appendages of 
maxilla, and of tho anterior maxillipeds are decidedly stunted. In general a stronger developmcnt of 
outer marginal bristles at end of posterior maxilliped, which in some species are also stnntcd, owing 
to  shortcning, obliteration of joints, aud absence of bristles. In some species differenrcs as compared 
with the female are fonnd 8180 in separation of head from first thoracic segment, in  form of last thoracic 
segment, and in  the feet. 

1. Calanus finmarchicus Gunner. 
Female: Head separated from first thoracic segmont ; front and lateral portions of fifth thoracic 

segment rounded; fiiroal bristles symmetrical. Anterior antennru reaching abont t o  cud of t m n k ;  
esthetasks not duplicated on any joints. Distal margin of second basal joiut of second to  fourth 
pairs of legs with pointed projcction; ratio of lengths of portions of outer margins of third joint  
of outer ranius in second to fourth pairs as 2 : l ;  2:1; 3: 1. First basal of Bfth pair with concave, 
denticulated inncr border. 

Male: Hcad separated from first thoracic soginent. Anterior antcnuu straiglit (joints 1 and 2 
fused). Mouth parts similar to those of female (outur bristle of fourth joint of inuer ramus of posterior 



FREE-SWIMMING COPEPODS O F  THE WOODS HOLE REGION. 165 
maxilliped reaching down about to distal edge of second basal). Right fifth foot has outer ramus 
without an internal bristle ; terminal bristle thorn-shaped, somotirnes denticnlate ; left fifth foot has 
inner ramus, as on right side; basal and first and second joints of outer rami18 elongated, so that right 
outer ramus (exclusive of terniinal bristle) reaches at least to  middle, a t  most as far as end of second 
joint of left outer ramus; third joint of outer ramus abbreviated. 

Coloration : Itather transparent, with rather irregularly distributed red pigment in body and 
sometimes iri appendages. In  some individuals color is lackiug except in  anal region. Eggs yellowish 
or reddish. 

Length of female, 2.7 to 4.5 mm; of male, 2.55 to  3 2 mm. 
Numerous colorless female specimens of this thoroughly pelagic, widespread, and econoniic~~llg 

very important species were talren in  the tow by the Fish Hawk in Vineyard Sound, near Gay Head, 

1. Calanue Jnmarcliicus Gnnnor: a, femnle, dorsal 
sspeot; b, basal portion of fifth pnir of logs. 

S. OaZanusi~iaur~laus; a, hunle ,  dor- 
sal aepeot; b. female, Afth foot. 

Marthas Vineyard, July 10. My specimens do not shorn a marked concavity of inner border of basal 
joints of fifth pair of legs, but  in other respects they conform with Giosbrecht’s description. 

2. Calanus minor Claus. 
3’emale: Head antl first, thoracio segment united; front and lateral portions of fifth thoracic segment 

rounded; furcal bristles symmetrical, tho longest twica as Ioug as abdomen and twice as thick as 
other bristles. Anterior antenna? not reaohing to  posterior end of trunk ; mflthetasks not duplicated 
OIL any joints. Distal margin of second basal joint of second to fourth pairs with pointed projeotiou; 
ratioRoflen~thsofpieresoftllirdjointof outerramusas5:4: 10:7; 2 : l .  Firstbasal joint of fifthpair , 
of feet along inner border With straight margin, less finely (lenticulated than in C. $jiltn~avclticua. 

Anterior antennie curved (joints 1 and 2, 3 to 5, 24 
and 25 fused). Mouth ports similar to thoao of female (oiitcr bristle of fourth joint of inner ramus of 
posterior maxillipedtr exbending down nearly to  distal edge of second bnssl). Right lifth foot has third 
joint of outer ramus witli only 2 inner bristles aud a Llhol’t, thorii-shaped terminal bristle; left iifth 
foot with only 3 small bristles ou third joint of inner rawus 

Length of female, 1 8 to 2 nun.; of innle, 1.7 to  1.8 inm. 
Numerous female specimens taken in Gulf Stream tow, .July 25, 1899. 

Nale: Head and first tlioracic segnient fused. 

This species has a very 
wide range of distribution. 
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EUCALAWJS Dana. 

Anal segment and furca fused; furca asymmetrical. Mandible of female longer than maxilla and 
more than two-thirds as long as fonrth pair of feet; its second basal joint forms with outer ramus a 
cylindrical body, with which the  very small inner ramus articulates much further proximally than 
outer ramu8. Inner ramiis of posterior maxillipeds longer than first or second basal joint. First pair 
of feet with 3-jointed outer and %jointed inner ramus. Fifth pair of feet wanting in  female; in male 
both of these feet are uniramous, the left 4-jointed, the right 1 to 4 jointed or  lacking. 

YeemaZe: Trunk usually elongated; head fused with first thoracic segment, two last thoracic 
segments less intimately united; head triangular, often elongated, with transverse dorsal furrow ; 
rostrum ending in thin threads; abdomen short, with 3 or  4 segments; genital segment symmet- 
rical ; anterior antennm reaching beyond end of body, sometimes of asymmetrical lengths, 23-+jointcd, 
owing to fusion of first and second and of eighth and ninth joints; the first joint elongated, the  last 

3. Eucalanus atlenualus Dana; female; dorsal mpeot. 
After Giesbrecht. 

4. Eucalanue monachus Gienbreeht male; a, dorsal 
aspect; b, fourth foot; c, left tlfth foot. . 

joint longer than penultimate; Bethetasks long and delicate; bristles usually plumose, those of 
terminal joints i u  part with long and sometimes gorgeously colored pliimes; inner ramiis of posterior 
an tenas  longer than outer ramug, sometimes more than twice as long? the latter 7 or 8 jointed; 
proximal outer marginal lobe of maxilla strongly projecting, second basal joint elongate, inuer 
ramus distinctly jointed, outer ramus relatively small; anterior maxilliped with a long, plumose outer 
marginal bristle; inner ramus of posterior maxilliped relatively long and provided with long bristles; 
feet short, outer ramus 3-jointed; inuer ramus of first pair !&jointed, of remaining pairs 3-jointod. 

Male: Trunk shortened; peculiarities in  form of bead of fernale not apparent; abdomen of 5 seg- 
ments; furcaand furcal bristles similar to  those of female; first 2 joints of anterior antennm separate, 
terminal joint abbreviated; bristles abbreviated, with i*udixnental plumes; mthetaslrs enlarged and 
increased in number; posterior antenna? stouter than in female, part of bristles absent; mandibular 
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blade in  some species slightly, in others considerably, reduced; second basal joint shortened, inner 
ramus inserted nearer end of joints; appendages of inner border of maxillre and of anterior maxilliped 
not generally reduced; modification of posterior maxillipeds like that  of Galanus. 

3. Eucalanus atteiiuatus Dana. 
Female: Only one scgment between genital and anal segments; front triangular, indented on 

either side, tapering decidedly; gcnital segment longer than broad ; furca and second terminal bristle 
asymmetrical; first and second joints of outer ramus of posterior antennm separated; inner ramus 
lft times as long as second joint of inner ramus 'and four times as long as broad; second basal of 
mandibles with 2 inner marginal bristles; t ip  of inner ramus 
not reaching distal edge of second basal joint by more than 
length of ramus; first joint of inncr ramus without bristles, 
second joint with 4 bristles; second inner lobe of masillro 
present; third inner lobe with 4 bristles, second basal joint 
with 5 bristles. Posterior maxilliped has first joint of inner 
ramus with 3 bristles, third joint with 4 bristles. 

Mule: Pronounced secondary sexual characters ; right 
fifth foot present, left much shorter than the fourth foot. 

Color?tion: Transparent, with a variable amount of red 
pigment in  body aud often in some of basal joints of anterior 
antenna and proximul terminal joints of appendages; terminal 
plumes of an terior antennm colorless, or red, with iridescence. 

Length of female, 4.2 to  4.85 mm.; of male, 3.1 to  
3.25 mm. 

A single female specimen taken in the Gulf Stream tow 
July 25, 1899. The plumes a t  the tip of the anterior antennre 
are much damaged, but  there can be no doubt of the specific 
identity. In life the translucent body contains more or less 
bright-red pigment, irregularly and often asymmetrically dis- 
tributed. I n  my specimen the antennal plumes are colorless, 
at least in part, but in  specimens studied by Giesbrecht they 

, were sometimes bright orange with blue or violet iridescence. 
4. Eucalanus moiiachus Giesbrecht. 

Tmule: Only one segment between genital and anal seg- 
ments; gcnital segment somewhat broader than long; asym- 
metry of furca slight; first and second joints of outer ramus 
of posterior antennm fused; first joint of inner ramus shorter 
than second and about twice as long as broad; second basal 
joint of mandibles with 3 inner marginal bristles; inner ranius 
almost reaching dorsal margins of second basal joint; first joint 
of inner ramus with 2, second with 4 bristles; second inner 
lobe of maxilla lacking, third inner lobe with 3 bristles, second 
basal with 4 bristles; first and second joints of the inner ramus 
of posterior maxilliped each with 3 bristles. 

5. diecynocera Thompson~ 
dorsal aspect. 

Nale: Loss pronounced secondary sexual charactors ; right fifth foot wanting. 
Lcngth of male, 2.13 to 2.35 mm. ; of female, 2.2 mm. 
A single male specimen taken in Gulf Stream July 25, 1899. Hitherto this species has on17 been 

taken at Gibraltar (Giesbrecht, 1888). 

Iy[ECYNOCERA J. C. Thompson. 

Furca symmetrical, artiodating with anal segment; mandible shorter than maxilla and less than 
half a8 long as fourth pair of feet; its structure similar to  that  of Culunz~cl, but inner ramus is nearly 
as long as second basdl and twice as long as outer ramus; inner ramus of posterior maxillipedb at  
least as long as first or second basal; first pair of feet with 3-jointed outer end 1-jointed inner 
ramus; fifth pair of feet present, on either side 5-jointed. 

Mule: Unknown. 
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Female: Head distinct from thorax; rostral threads delicate; abdomen short, with 3 segments; 
genital segment and fiirca symmetrical; anterior antenna of asymmetrical length, mom than twice 
:IS long as the body, 23-joiiited, with a few very long bristles; inner ramus of posterior anteunif? 
nearly twice as long as outer ramus; the surceeding appendages similar to those of Calaitw~; feet 
short; outer rami 3-jointed, inner ramm of first pair 1-jointed, of second to fourth pairs 3-jointed; 
fifth pair of feet with 2-jointed basals and 3-jointed outer rami, withont innor rami. 

5. Mecynocera clausii J. C. Thompson. 
In excep- 

tional cases the bristles of furca and of anterior antenna, are roil. A single 
specimen was taken in the Gulf Stream Jiily 25, 1899; the male is unknown. Thompson took the 
species near the C:mary Islands and at Malta. Giesbrecht gives the following localities: Naples; 
Pacific Ocean, to 1380 W., botween 3O S. and 150 N., from surface to  a depth of 1,000 meters. 

The only species of this genus; very tmnsparent, colorless, or with a few red spots. 
Length, 0.92 to 1 mm. 

PABACALANUS Beck. 

Second basal joint of first pair of feet with an inner marginal bristle; proximal portion of outer 
margin of third joint of outer ramus in  fourth pair of feet morc than twice a s  long as distal portion; 
outer margin of second' joint not denticulate; proximal portion of ou'ter margin of third joint of 
onter ramus in  third and fourth pairs denticnlate; scalpelliform 
terminal bristle of outer ramus in third pair longer than end joint; 
second joint of inner ramus of first pair with 5 bristles; third joint 
of inner ramus of second pair with 7 bristles; abdomen of female 
with 4 segments; last joint of anterior antenna less than 14 times 
a8 long as penultimate joint; fifth foot short, 2-jointed; right fifth 
foot of male 2-jointed, left 5-jointed. 

Female: Head fused with first thoracic segment and fonrth 
fused with fifth thoracic segment; rostrum ending in  two flaccid 
threads; genital segment and furca symmetrical, the  latter with- 
out an outer marginal bristle ; anterior antennm 25-jointed, wit,h 
obliterated separation between first and second, also lretween 
eighth and ninth joints; outer ramus of posterior antenna shortor 
than inner ramus; mandibles with broad blades; the sack-like 
appendage on first joint of iuner ramus small; maxilla with indis- 
tinct jointing of inner ramus, without a bristle on second outer 
marginal and with only one bristle on second inner marginal lobe; 
anterior maxilliped with an outer marginal bristle; inner ranius 
of first foot 2-jointed, of the second to  fourth 3-jointed. 

Male: Abdomen with 5 segmcnts; number of joiiits in ante. 
rior antenna reduced by fi;sion of first to  sixth and of seventh 
with eighth ; terminal joint abbreviated but  separated ; msthetasks 6. P ~ ~ c d ~ n u s  Parvus clalls; a, male, 
enlarged and increased in number; mandibular blade, appendages 
of inner margin of maxillif? and of anterior maxilliped, stunted; 
to  a lese extent also the posterior maxilliped, the outer bristle of which is long and dcnsely plumose. 
Minor peculiarities are also exhibited by the fbet. 

6. Paracalanus parvus Clau8. 
Female: Inner bristle of furca scarcely longer then fiirca; anterior antennm reaching to posterior 

edge of third abdominal segment; first joint of' inlier ramus of maxi1l:o with 2 bristles on anterior 
border; third lobe of first basal joint of posterior maxilliped with 2 bristles; iuner margin of first 
basal of fourth pair of feet extending out into 1 or 2 points; auterior and posterior surfaces of 
first basal of second to  fourth pairs of feet besot with hairs and  points; surfaces of first and second 
joints of outer ramus of third pair aud of second joint of inner ramus of fourth pair naked. 

Male: Abdomen with very short genital segment; feet longer than in  female; mouth parte abbre- 
viated as in CaZocaZanue; asthetasks present; on some joints of anterior anficnna where they are 
lacking in  fernalb; they are not very large on distal portion of antenna, but  on joints 3 to  6 and 1 to 2 
they have the form of rather thick, long, dopendent sacs; the bristlsa are short; fifth pair of feet 
similar to  that  of Calocalanus, but right foot has ouly 2 joints. 

'* Inah Of 
e, fomnle, fifth pair of fuet. 
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Coloration : Rather transparent, with red pigment, variable in amount but never very abundant. 
Length of femalo, 0.8 to 1 mm. ; of male, 0.91 to 1 mm. 
Numerous specintens of this species were taken in the Gulf Stream a t  6 a.m., July 29,1899, about 

70 miles south of Martha’s Vineyard. This species has been frequently taken on the coasts of Europe 
and aluo in  the Pacific Ocean (west of South America, between 100 aud 55O S., 1080 W., and at Hong- 
kong), but its presence in the Western Atlantic has not been noted hitherto. 

CALOCALANUB Giesbrecht. 

First pair of feet without an inner marginai bristle on the second basal joint; the proximal 
portion of outer margin of last joint of outer ramiis in fonrth pair more than twice as long as distal 
portion; outer margin of outer rami not denticulate; terminal bristle of outer ramus  in third pair 
loiiger than end joint; ‘eecond joint of the iuuer ramus of first pair with 4 bristles; third joint of 
inner ramus of second pair with 7 bristles. Abdomen of fcniale with 2 or 3 tlegmeuts; last joint 
of anterior antenna at least twice a8 long as penultimate joint. Fifth pair of feet of female 3 or 4 
jointed; right fifth foot of male 4-jointed, left 5-jointed. 

7. Ualocahnuspovo Dnna; female, dorsal aspect. After Giesbrwht. 

Female .- Head fused with thorax, fourth with fifth thoracic segment; rostrum terminatiug in 
soft filaments; abdomen short; furca sometimes aspimetrical, provided with gorgeously plnuied 
sotw ; antennm extending beyond the end of body, 25-jointed, but with obliterated boundary between 
first and second and betweeu eighth and ninth joints; many of the bristles long, pigmented or 
beautifully plumose. Posterior antelinin wit,h rami of equal length, or with shorter outer ramus. 
Maudible with but slightly dilated blade and small, sac-shaped appendage on proximal joint, of 
inner ramus; rnaxillao and maxillipeds similar to those of caZa~tua; inner ramns of first foot 2-jointed, 
of socoud to fourth foot 3-jointed. 

Nale : lIead diatinctly separated from first thoracic segment; abdomen with 5 segments, furcal 
bristles less richly pl~niose;  auterior antenna abbreviated; joints 1 and 2, 3 to 6, and 24 and 25 are 
fused, the twenty-fifth shortened ; bristles reduced, iosthetasks powerfully developed. Peculiarities 
of succeeding appendages similar to  those of Paracalanus. 

7. Calocalanus pavo Dana. 
Female : Abdomen with 2 segments; genital segment onion-shaped; furca and furcal bristles 

syrumetrical. Teriuiual joint of anterior :tnteuna 5 times as long as penultimnte a ~ t d  more than 7 
times as loug as twelfth joint. Outer ramus of posterior anteunro nine-teuths &E long as innor ramns; 

- 
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outermost terminal bristle of seventh joint of outer ramus more thau 5 times as long as outer ramus. 
First basal joint of first pair of feet with inner marginal 
bristle; third joint of inner ramus of third and fourth 
pairs of feet each with a cluster of spines; proximal 
piece of outer border of third joint of outer ramus in 

. 

fourth pair about twice as long as distal piece. Fifth 
pair of feet as long as basal of fourth pair. 

Male.: Separation between head and first thoracic 
segment more distinct than in  female, whereas line of 
fieparation between fourth and fifth thoracic segments 
has disappeared. Abdomen consisting of 5 segments, 
of which third and fourth are shortest, the genital and 
anal segments longest. Furca smaller than in female, 
its bristles shorter and much less richly plumose. Feet 
much longer in proportion to trunk, especially to  cephalo- 
thorax and posterior antennm ; rnaxillm aud maxillipeds 
much shorter than in  female. 

Coloration : Female very transparent, with orange 
or brick-red pigment not only in trnnk but also in 
appendages, especially in long bristles of anterior anten 
nru and furca, and in broad plumes of latter, which have 
besides a metallic iridescence. Theso plumes can be 
spread, making Dana's specific name a very appropriate 
one. Male transparent, with bright-red anterior auten- 
nm, antennal, mandibular, and furcal bristles. 

Length : Female, 0.88 to 1.2 mm. ; male, 1.04 mm. 
Numorous female spectimen6 with much-damaged 

furcal plumes were taken in Gulf Stream July 25, 1899, 
a t  8 p. m. It is a truly tropical species hitherto known 
only from the following localities: 1 2 O  N. 2 4 O  W. (Dana) 
Western Pacific t o  175O W., between 3O S. and 193 N. 
from the surface to  a depth of 1,000 (4,0009) meters 

8. Calocalanus plumulosus Claus. . 
Female: Abdomen 3-,jointed; genital segment cu- 

boidal ; furca and furcal bristles asymnietrical (left limb 
the larger of the two, fused with anal segment'and fnr- 
niRhed with an enormously long bristle). Terminal 
joint of anterior autennm twice as long as penultimate 
and twelfth joint. Outer ramus of posterior antennm 
five-sevenths as long as inner ramus; outermost termi- 
n'al bristle of seventh joint of onter ramus but  little 
longer than the others. First basal joint of first pair 
of feet with an inner marginal bristle; third joint of 
inner ramus of third pair with 2 groups, of fourth pair 
with 1 group of spines; proximal piece of outer border 
of third joint of outer ramus in  fourth pair 4 times as 
long as distal piece. Fifth pair of feet considerably 
longer than basal of fourth pair. 

I (Giesbrecht) : Canary 1sI:inds ; Malta (Thompson). 

Hale: Unknown. 
Coloration : Female transparent, with orange or 

brick-red pigment scattered through the body and in  
antennal and furcal plumes. 

8. Oaloealanus plumuloeus Clnua; female, dorenl Length: 0.95 to  1.2 mm. 
Several female 8peCimens of this interesting form 

were taken in  the tow with the preceding specics. 
In  all specimene the greater liortiou of the huge fiircal bristle had been broken off in  tho tow net, but  

nspeot. After Giesbreoht, with modifioationa. 
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the  other plumes were present. There could bo no mistaking the specific identity of my specimens. 
It is kuown to occur in the Mediterranean (Claus and Giesbrecht) and in the  Pacific Ocean 108O to 
1240 W. and Oo to  11" N. (Giesbrecht). 

CLAUSOCALANUS Giesbreoht. 

Rostrum ending in  two points; terminal joint of euterior antennoo fused with penultimate joint; 
second and third pairs of feet with broad, calyculate basal joint, crenated on its distal border, and 
also with broad outer rami. Mouthparts of male much reduced, as is also the number of joints in 
anterior autenniu of the samo sex. 

Female: Head fused with first thoracic segment, fourth with the fifth thoracic segment; rostrum 
with 2 short, rather stiff filaments. Abdomen with 
4 segments; geuital segment and furca symmetrical. 
Anterior antenna reaching beyond thorax, 23-jointed, 
eighth joint fused with ninth, twenty-fourth with the 
,twenty-fifth ; testhetasks short, bristles of terminal 
joint elongated. Outer ramus of posterior antennoo 19 
times as long as inner ramus; the former 6-jointed, with 
short bristles on the proximal joints. First joint of 
inner ramus of mandible, with a very short, sac-shaped 
appendage. Msxillm and maxillipeds similar to  those of 
Calanus; outer nlarginal bristle lacking in anterior 
maxilliped. Outer rami of third pair of feet, inner 
ramus of first pair 1-jointed, of second pair 2-jointed, 
of third and fourth pairs 3-jointed; terminal joint sf 
outer ramus with finely denticulgte terminal saw and 4 
inner marginal bristles on the second to fourth pairs. 
Fifth pair of feet Bhort, consisting of 2 uniramous, 3- 
jointed feet. ' 

Male: Head and Arst thoracic segment fused, 
lengthened at oxpense of free thoracic rings; roetrum 
reduced; abdomen with 5 segments, of which the anal 
is very short. In anterior antenna the first fuses with 
swollen second joint, the  eighth to  tenth, thirteenth t o  
sixteenth, the twentieth and twenty-first; asthetasks 
enlarged. Outer ramus of posterior antennm more than 

' 

C a 

. .  
maxilliped stunted; this is less the case with posterior 
maxilliped, the outer marginal bristles of which are not 
enlarged. Feet elongated. 
1 to 3 jointed. 

9. Clausocalanus arcuicornis Dana. 
Female: Genital segment longer than third or fourth abdominal segment; furca about as long &B 

broad. No msthetasks on joints 4,6,8,18,22 of anterior antenurn. 
dlale: Secoiid abdominal segment as long as third and fourth segments together; right fifth foot 

3-jointed. 
Coloration: Not w r y  tmnsparent, with red pigment in soma parts of thoracic segments, on dored 

and ventral surfaces and in genital segment. In male the pigment is on the whole more abundant and 
may extend into basal joints of anterior antennoo. In rare instances all the chitinous cuticle bm a 
violet color. The egga are rose-colored. 

female, flfth pairbf foot. 

Left foot of fifth pair long, uniramous and 5-jointed, right foot short and 

Length of female, 1.15 to 1.6 mm.; of male, 1.12 to 1.2 mm. 
Three male and numerous female specimens were takeu i n  the Gulf Stream July 29,1899. The 

males all had the ohitinous cuticle of a pale pellucid violet color. 
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Family CENTROPAGIDBE. 

cE1oTROPAOES Kriiyer. 

Fcmule: Head separated from thorax and 4th from 5th thoracic segment; ventral eye sometime8 
protruding from ventral surface of head; abdomen with 3 segments, genital segment asymmetrical, 
Anterior 5ntennm 24-jointed (joints 24 and 25 fused) j their appeudages very complete; bristles naked, 
short and flaccid, with difficulty distinguishable from msthetasks. Posterior antenme similar iu struc- 
ture to those of Calanus, outer ramus 7-jointed, as much as la times as long a8 inner ramus. Also mandi- 
ble and maxilla similar to  those of Calanus, but  in certaiu of specie6 with fewer appendages. Distal 
bristles of anterior maxillipeds (those of the second basal joint and the inner ramus) hook-shaped, with 
spinose plumes, much thicker and longer thau proximal bristles ; lobesrather short. First basal joint of 
posterior masillipeds with strongly projecting lobes and long bristles with spinosu plumes on two median 

10. Centropages zypicua Kriiyer; a, female, domal aspect; b. male, dorsal aspect; 0, male, right anterior antenna; 
d,  male. right fifth foot; e, female, 5fth foot. 

lobes; outer marginal bristles of the %jointed inner ranws well developed and plumose as in  Cala?~tw. 
Rami of all 5 pairs of fect 3-jointed (in exceptionid C ~ E C B  the  inner ramus is 2-jointed). First basalejoint 
with an internal inarginal bristle in first to  fourth pairs of fect, second basal with such a bristle in  the 
first pair. First basal of fifth pair without an internal marginal bristle; number of bristles on rami as 
follows: Outer marginal bristles of outer ramus in  first pair, 1,1,2, inner marginal bristles 1,1,4; in the 
second to fourth pairs the outer marginal bristles are 1,1,3; the inner 1,1,5; in the fifth pair, outcr 
marginal bristles 1,1,2; iuncr, 0, 1,4; innur ramus with 0, 0 , l  outor, arid 1, 2,5  inner marginal bristles 
in first pair; 0,0,2 outer and 1,2,6 inner marginal bristles in second and third pairs; 0, 0 , 2  outer, 1,2,5 
inner marginal bristles in fourth pair, and 0, 0 ,9  onter, 1, 1, 4 inner inurgiual bristles in lifth pair; the 
internal bristle of second joint of outer ramus in the fifth pair is thorn-like and fused with its joint. 

Male : Sexual peculiarities in struceure of abdomen, of right anterior antenna, in fifth pair of feet; 
to  some extent elso in fifth thoracic wgment and third and fonrth pairs of fect. Abdomen consisting 
of 5 segments, usually with a very short anal segment; genital oritice sinistral; right anterior 
anteuna a prehensile organ, in which joints nineteenth to  twenty-first and nsnillly rdso twenty-second 
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to twenty-third are fused, the articulation being between the eighteenth and nineteenth joint; 
in the outer ramus of left fifth foot the inner bristle is wanting, aud second joint is fused with third, 
which sometimos bears awl-shaped appendages; outer ramus of right fifth foot remains 3-jointed, and 
its two terminal joints aro motlitied to form a forceps, one limb of whioh is the terminal joint, the 
other the inorassated inner marginal bristle of the second joint. 

10. Centropages typicue KrByer. 
Unpaired oye with ventral convexity; fifth thoracic segment with lateral hooks, which are not 

quite symmetrical in  male; anal wgment of inale olisolesoent ; outer furcal bristle short, inserted 
near tip of margin, not plumose in  male, awl-shaped; genital segineut of female with 4 thorn-like 
bristles; fourth abdominal segment with a kuob-like swelling on right side; anterior anteunro 
exceeding end of furca by about their last two joints; second joint sharply separated from first, at 
least twice as long as third; joints 3, G, and 25 without proximal bristle; anterior margin of joints I, 
2 b, and 5 with a tooth. Outcr ramus of posterior antenna but little longer than inner. Rami of 
mandibles of about equal length. Second outer lobe of maxilla with a small plumose bristle; second 
inner lobe pyrilbrm, with 3 bristles; second basal joiut with 5 bristles. First joint of inuer ramus 
and third to fifth of posterior niaxillipeds e;xh with 2 marginal bristles; second joint of inner ramus 
with 3 inner m:hrginal bristles. Prong of second joint of outer ramus in  fifth foot of male robust, longer 

11. Cknlropugcs hamulus LilUaLorg; a, male, dorsal napoct; b. female, (loreal aspect; c, female, vrntral nnpect of abdomen; 
d,  male, fourtcouth to twenty.!iret joiiite of right anterior antennro; e, male, right fifth foot; f, fenials, fifth foot. 

than joiut, erect. Middle joints of male grasping antenna broad (joints 13 and 14 broader than long) ; 
anterior border of joint 16 with a small tooth, joint 1G with a larger tooth; second ,joint of right outer 
ramus of third and fourth foot in male with enlarged outer marginal bristle. Forceps of inale grasp- 
ing foot stout; distal hook longer than proximal; outer bristle on end joint of left, outer ramus sliort. 

Coloration : Not very transparent; with reddish.brown pigment variously diatributed through 
the cephalothorax and abdomen, especially in  neighborhood of mouth and insertions of posterior feet 
(also in  the  grasping antenna). 

Length of femalo, 1.6 to  2 mm. ; of male, 1.42 to  1.85 mm. 
This species is nearly always prescnt in smtlll numbors in  the tow taken from the Fish Couimis- 

sion'g wharf at Woods Hole and in the neighboring Vineyard Sound. Very abundant in tow from 
Plymouth Harbor and from the Gulf Stream 70 milos south of Marthas Vineyard. In tho latter tow 
the spccimens were full of a dark blaokish-bluu pigment. 
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11. Centropages hamatus Lilljeborg. 
No teeth on joints 1, 2, 5, 15, and 16 of anterior autennm; lateral  corner^ of last thoracic seg- 

ment terminating in  hooks, asymmetrical in  the fernale. Inner ramus of first to third pairs of feet 
3-jointed; inner margiual bristle of first joint of inner ramus of fifth foot in female a normal plumose 
bristle; outer marginal bristle of second joint of outer ramus of fourth foot in male symmetrical. A 
spine in front of genital orifice. 

Length of female, 1.3 to  1.42 mm.; of male, 1.16 to  1.3 mm. 
Nearly always present in  considerabls numbers i n  tow taken from Fish Commission’s wharf at 

Woods Hole and elsewhere in vicinity. 

12. Centropages bradyi new species. 
Rrady i n  his report on the  Copepoda of the Challenger expedition (1883, p. 83, pl. XXVII) describes 

and figures, as C. violaceus CIaus, a species which, as Giesbrecht has shown, can not poseibly be 
Claus’s species. From anum- 
ber of specimens of both 
sexes, of what is undoubtedly 
Brady’s species, taken in the 
Gulf Stream 70 miles south of 
Marthas Vineyard, July 25, 
1899, it is very evident that  
this form must be added to  
the species described and 
enumerated by preceding au- 
thors. It differs from C. vio- 
laoeue Clam in the following 
salient characters : 

&male : Second joint of 
outer ramus of fifth foot with 
a stout, smooth spine. Sides 
of inflated genital segments 
without spines or knob- 
shaped projections. Furca 
symmetrical with a peculiar, 
short, truncated, peg-shaped 
projection between inser- 
tions of two outer bristles. 

dlale: Joint 17 of right 
anterior antenna with a, 
smooth anterior border, not 
serrate; joints 19 and 20 
fused, separated from joint 
21; joint 18 with an acces- 
sory series Of teeth On lower 12. Umtropagea brudyi new speoiea; a, female, dorsal aspect; b, female, abdomen, ven. 
surface. Forceps Of fifth trd aspbct; c, male, right anterior antennao, joints 17-21; d,  male, right flfth foot; 
pair of feet differing in many e, male, left 5fth foot; f, female, fifth foot. 
respects from same pair of 
feet in C. violaoercs (see fig. 12, (2 and e). The peg-shaped appendage between two outer furcal bristles 
is not attached to  a bristle, as in Brsdg’s fig. 1, pl. XXVII. In both sexes tho antennls are very long 
aud slender and exceed the furca by at least their 3 or 4 terminal joints. 

Coloration: Rather opaque, with a large purplish spot in middle of body. Plumes of posterior 
antenna, and maxilla, orange-yellow toward their tips. 

TEIUORA Baird. 

Puma long, slender, at least 7 times aa long as broad. Antorior antennm 24-jointed; the twenty- 
fourth and twenty-fifth joints fused, the first separated from the undivided second. First pair offeet 
with 3-jointed outer and 2-jointed inner ramus; in the second to  fourth pairs the line of division 
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between the  proximal joints in both rami of the female is obliterated, whereas outer ramus usually 
remains 3-jointed in the male. Fifth pair of feet rudimental in the female, 3-jointed on either side; 
in male, on the left, 4-jointed, forcipate; on the right, 3-jointed, uncinate. Grasping antcnna ofmale 
on right side. 

PmaEe: Cephalothorax consisting of 5 segments; last two thoracic segments fused; rostral 
filaments soft. Abdomen with 3 segments; furca long, narrow, and sometimes asymmotrical. 
Anterior antenna with delicate mthetasks and short, flaccid bristles on anterior margin. Posterior 
antenna similar to those of Centropagea, but outcr ramus is more slender and with a shorter 
end joint. The succeoding 3 pairs of appendages resembling those 
of Culunua, anterior maxilliped with long lobes. First pair of fcet with 3-jointed outer ramus and 
2-jointed inner ramus (first and second joints coalesced); in second t o  fourth pairs the articulation 
between the two pwximal joints of both rami has disappeared; first basal joint in second to 
fourth and usually also in first pair 
with a plumose inner marginal bristle. 
Bristles in rami as follows : Tn first pair 
outer ramus with 1,1,2 outer and 1, 1,4 
inner marginal bristles; in second to  
fourth pairs outer marginal bristles 1,1, 
3, inner 1,1,5; inner ramus of first pair 
with 0,l onter, 1,5 inner marginal bris- 
tles; second and third pairs with 0, 0 , l  
outer, 1, 2, 6 inner marginal bristles; 
fourth pair with 0, 0 ,1  outer, and 1,2,4 
inner marginal bristles. 

Male: Sexual pocnliarities in struc- 
ture of trunk, of right anterior antenna, 
and in  feet, especially those of fifth 
pair. Last thoracic segment asymmet- 
rical; abdomen consisting of 5 seg- 
ments, the genital opening sinistral. 
Grasping antenna dextral, similar t o  
that  of Centropagea; the articulation 
between the eighteenth and nineteenth 
joints; joints 19 to 21,22 to 23, 24 t o  25 
fused. Outer ramus of feet sometimes 
2-jointed in  left foot of second pair, 
otherwise 3-jointed. 

Length 9f female, 1 to 1.5 mm. j of 
mile, 1 to 1.35 mm. 

Mandibular blades voluminous. 

13. Temora loltgicornk 0. F. Muller; a, female, dorsal mpeot: b,  male, dor- 
13. Temora longicornie 0. F. Miiller. 

Lateral corners of last thoracic seg- 

sal aapeot; 0, malo, diatal portiou of right anterior antenna; d, male, flfth 
pair of feet; e, female, flfth pair of feet. 

ment rounded; fiirca symmetrical; furoal bristles short, none of them as long as furca, outermost 
bristle near tip of outer margin, second bristle slightly thickened at its base. Joint 17 of grasping 
nntenua not pectinated; number of appendages on proximal joints of grasping antenna differing some- 
what from those on left. ‘ First basal joint of first foot without an inner marginal bristle; second and 
fourth foot symmetrical, even in male; inner marginal prong on terminal joint of fifth foot of female 
somewhat shortor thah two terminal prongs; terminal joint of left fifth foot in  male irregularly 
rod-shaped. 

A very common species in tow taken from the Fish Commission’s wharf at Woods ?le. Aglauce 
at the tow collected throughout the year by Mr. Edwards shows that  the species is much more abun- 
dant during winter than summer. During July and Auguei, 1899, it WBM rarely seen: It is an 
essentially boreal form as shown by the list of localities given by  Giesbrecht. 

XETRIDIA Baeok. 

Closely related to  Plcuvomnaa ( q .  v . ) ,  but  without latcral pigmented knob; terminal saw of outer 
ramue of third puir of €eoet of normal structure; feet of male (especially those of second pair) agreeing 
with those of the female. Furca 2 to  6 times as long a8 broad. 
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14. Metridia hibernica Brady & Robertson. 
Fenbale: Cephalothorax about 1% times as long xs aldomen; lateral corners of tifth thoracic seg- 

ment slightly pointed; genital segment somewhat shorter than fourth and lifth abdominal segments 
together, and fifth abdominal only three-fourths as long as fourth; furca somewhat shorter than 
fifth abdominal segment and twice as long as broad. Anterior antenna scarcely reachiug posterior 
margin of genital segment, 
joints 2 a,  6, C,  and 3 to  11 
each with 2 mthetasks. 
Terminal bristle of third 
joint of outer ramus of 
fourth foot but  little more 
than one-fourth as long as 
joint. Fifth foot 3-jointed 
with 3 long bristles on ter- 
minal joint. 

Male: Grasping an- 
tenna on right side. Fifth 
foot hassecond joint of outer 
ramus of left foot without, 
first joint of outer ramus of 
right foot with, a long 
thorn; the latter and the 
third joint of r i g h t  outer 
ramus relatively shorter 
than in dl. longa Lubbock. 

Length of female, 2.45 
to  2.88 mm. ; of male, 2 mm. 
' This species was very 

common in the tow taken by 
the 
Harbor in August, 1899* A 
single female specimen was 
found in  tow taken a t  Woods Hole, December 15, 1898. 
tinctively a boreal species. 

Bazuk in Plymouth 14. MetridCa hibemzica Brady & Robertson; a, male, dorsal aapect; b, female, dorsal 
aapect; c, female, proximal joints of riglit anterior antenna; &female, secoud foot; e, 
female, fifth pair of feet; f,male, fifth pair of feet. 

Like Tentora Zongicornis, M. liibernica is  dis- 

PLEUROMMA Claus. 

A dark, pigmented, chitinous knob on side of first thoracic segment. Furca a t  most twice a8 
long as broad. Anterior antenna 23-jointed; joints 1 and 2ab fused ( 2 c  separate), 7 to 9 fusecl, 24 
and 25 separate. ltanii of firet to  fourth pairs of feet 3-jointed; first joint of out,er ramus of third 
pair with deep incision on the outer margin; terminal bristle of third pair short, bent over to out8ide; 
first joint of inner ramus of second pair with hooks on inner margins, in  female on both sides, in 
male only on one side; fifth pair of feet in  female rudimental, 2 to  4 jointed; in  male 5-jointed on 
either side, without true forceps. 

Female: Cephalothorax with 5 segments, the last two thoracic segments fused; rostral filaments 
plumose, inserted on a papilla; pigmented chitinoil8 knob of first thoracic segment on left or right 
side. Abdomen wish 3 segmeute, symmetrical. Anterior antenna toothed along anterior margin of 
proximal joints; joints 1, 3, 7, 14, 18, 21, 24 with elongated distal bristle; mthetadrs short, filiform. 
Outer ramus of posterior antenna longer than inner, 7-jointed. MandibleH and maxilla? similar to 
those of Calanus aud Centropagee; anterior maxilliped with strooglg prqjecting fifth lobe; posterior 
maxilliped with elongated inner ramus. The firht four pairs of feet with 3-jointed rami; first basal 
joint with well-developed inner bristle on all, scconil basal join& with inner bristle on first pair. 
Bristles of rami: Outer ramus with 1, 1, 2 outer b r i s t h ,  1, 1, 4 inner bristles in  first, with 1, 1, 3 
outer bristles, 1, 1, 5 inner bristle5 in  second pairs; inner ramus with 0, 0, 1 outer bristles, 1, 2, 4 
inncr bristles on first, 0, 0, 2 outer and 0, 2, 6 inner bristles on second, 0, 0, 2 outer aud 1, 2, 6 inner 
bristles on third, aud with 0, 0, 2 outer and 1, 2, 5 inner bristles on fourth pairs, 

Male: Sexual peculiarities in structure of trunk, anterior nntenn:c, fifth and other pairs of feet. 
Abdomen with 5 segnjents, sometimes asymmetrical, with dextral or sinistral genital orifice. 

Gfasping antenna of male sinistral or dextral. 
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Family CANDACIDE. 

CANDACE Dana. 

Ii'm~alc: k'ourtli and fifth thoracic segments fused ; head autcriorly rectangular; rostral filaments 
replaced by oiie or two small projections; lateral corner of last thoracie segment pointed. Abdoiueii 
coiisistiiig of 3 segments, often with asymmetrical genital segmen t. Anterior antennlu 23 or 24 jointed 
(twenty-fourth aucl twenty-fifth joints always, second and third often, fused), their proximal joints 
iiicrassated, with crenated anterior margin; bristles stiff, some elongated; lusthetasks delicate, iii part 
ratbor long. I n  pcstcrior autenniu the distal basal is fused with proximal joint of iuuer ramus to form 
it thick joint; rami short, outer rami18 slender, ?vith elongated second aud much shortened end joint. 
blandible with voluminous basal, tjhort rami and two-pronged blades (Kaulade). Second inner iniir- 

ginal lobe of maxilla much elongated, whereas remaining lobes and rami remain small, and third 
iriuer marginal lobe and outer 
iuarginal lobe are wanting; some 
of the usually stiff bristles much 
elougated. Auterior maxilliped 
elongated, without lobes; distal 
bristles robust, falcate. Posterior 
maxilliped small and weak, itsscc- 
ond basal joint and inner ramus 
abbreviated. First t o  fourth pair 
of feet with 3-jointed outer nlid 2- 
jointed relatively narrow iuiier 
rami; proximal basal joint with ail 
innor marginal bristle on seeoud 
and third and usually also on first 
pair; distal basal joint of first pair 
rarely with :LU inuer iiiarginal bris- 
tle. Bristles of rami, :is follows: 
I n  outer rami of first pair, outer 
marginal bristles 1, 1, 2, iniior 1, 
1,4; in  the second to  fourth pairs, 
outer marginal bristles 1, 1, 3, 
inner 1, 1, 5; inner rami of first 
pair with 0, 1 outer and 3, 5 iiiiiur 
iii:irginal bristles; second to  tliird 
pairs with 0, 2 outer :bud 3, G inner 
iiiargiiial bristlcs; fourth pair 

bristles. Outer border of outer 
rami denticulate. Fifth pair of feet feet. 
abortive, 3-jointed on either side. 

L ~ s t  
thoracic segment often asymiuotrical ; its right posterior corner characterized by peculiarities in 
structure, size, aiid coloration; abdomen with 5 segments; genital mgment also often asymuietricul, 
with outgrowths on right side; gcnital orificc sinistral. Left anterior antenna usually with au 
increased number of msthetaslts; right antenna a grasping organ, usually with joints 17 and 18, 19 
aiicl 20, and occasionally also 8 to 10 fuscd, Right fifth foot 3-joiuted, left 4-jointed; right foot ter- 
niinating in forceps or in a bristle. 

15. Candace pectinata Brady. 
Genital and succeeding segment asymmetrical in female, the latter projecting backward 011 right 

side; last thoracic scgment of malc asymmetrical. Anterior aiitennm 23-jointed, comb of eighteeiitb 
joiiit of grasping antenna coarsely toothed; the joints before and after the articulation stout, joint 17 
rather distirictly separated from 18, and 19 from 20. Proximal hook-like bristle of secoud basal of 
auterior maxillipeds as thick and nearly as long as distal ones. Torminal joint of fifth foot of female 
loiig, claw-shaped, withont iniior margiu:il bristles ; right fifth foot of iiiale with forceps. 

'-- 

O, ' O'lter, 39 margillal 15. Uandacepectiiiala Brady; a, femalo, dorsal aapoot; b,  male, doranl nspect; c, 
male, right anterior antenna; d,  male, fifth pair of feet; e, female, fifth pair of 

Uale: Sexiial differences in structure of trunk, anterior antenuus, a i d  fifth pair of feet. 

P. C. U. 1809-12 
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Coloration : Moderately transparent with a reddish tinge to cephalothorax, chitin of posterior 
edges of thoracic segments, lateral points of last thoracic segment, genital. orifice, bristles of outer 
and sometimes of inner rami of' feet, and the eighteenth and to some extent the nineteenth joint of the 
grasping antenna blackish browti. 

Length of female, 1.95 to  2.4 mm.; of male, 1.7 to 2.12 win. 
A considerable number of both sexes of this handsome and widely distributed species were taken 

in Gulf Stream July 25 aud 29, 1899. 
Family PONTELLIDB. 

LABIDOCERA Lubbock. 

Fourth and fifth thoracic segments fused; head sometimes with lateral hooks; one pair of dornal 
eye lenses, which are larger in  male than in femal6; ventral eye pyriform; rostrum without lenses, 
its prong short, pointed; fifth thoracic segment produced on either side into i~ process or point, not 
alwayd symmetrical; abdomen of female with two or three segments; geiiital segment and sometimes 
also furca asymmetrical; in  male symmetrical. Anterior antenurn of fumale '13-jointed; in right one 
of male the thirteenth and fourteenth and the nineteenth to  twenty-first joints fused. Mandibular 
blade with hook-like, pointed teeth. Second basal joint of maxilla about twice ss long as second 
inner lobe; third inner lobe present. Posterior masilliped 6-jointed (terminal joint very minute). 
Inner ramus of first pair of feet 2-jointed. 

Anterior autennm 
23-jointed, joints 6 aud 7 and 24 and 25 fused, but there are other incompletely~separated joints; sonie 
of the bristles on the proxim:iI and distal  joints plumose. :cstliet:isks filiform. In posterior antenna: 
the distal basal joint is almost coiupletely fused with proximal joint of inner ramus; outer ramus 
nearly a8 broad as inner and as long us proxininl joint of inuer rauiua, or somewhat longer; terminal 
joints of outer ramus reduced. Mandible with rather loug basal and 5 to 7 teeth on its blade. Distal 
basal joint of niaxilla with rami bent over t o  oiitsicle; first oiiter marginal lobe short, with 7 bristles, 
second with one plumose bristle; first inner marginal lobe relatively small, second about half as 
long and broad a8 distal basal joint which is fused with first two joints of inner rarnus. Anterior 
maxilliped stout and provided, especially on its distal half, with robust hooked arid curved bristles. 
Posterior maxilliped in i ts  entire form similar to  that of Calanopia, but  its second basal joint arid 
inuer ramus :we longer and the latter is only 4-joiuted, first to fourth pair of feet with 3-jointed outer 
and 2-jointed inner rami; first basal joint with a plumose inner marginal bristle on all pairs, second 
to fourth pairs with tjhort plumose outer m:irginaI bristle; number of bristles on rami as in Calanopia; 
fifth pair of feet abortive, consisting on either side of :I 2-jointed basal and two 1,jointed rami, of 
which ouly the inner is fioiuetimes prodllced into a p:ipilliforrn appendage. 

Hale: Sexual dilfereuces in  the structure of the trunk (eyes), anterior antennm, and fifth pair of 
feet. Dorsal eye 1.enses larger than in the female, contiguous in the mediauliuo; last thoracic segment 
symmetrical or with more strongly developed right posterior corner. hbdomrn with 5 segments, 
symmetrical ; genital opening sinistral. Left anterior antenna with longer a,sthetaslts, aud sometimes 
also with other niodifications, which remind one of the peculiarities of right anterior antenna; in the 
latter joints 6 and 7, 13 and 14, and 19 to  21 are fused, whereas the twenty-second, twenty-third, and 
twenty-fourth to twenty-fifth remain separate, middle joints quite strongly iticrassated, aucl the two 
in  front and behind articulation am provided with furrowed ridges; in some species, perh;ips in  all, 
the eighteenth can be drawn up  against the seventeenth toward posterior margin of latter. Fifth 
pair of feet consisting on either side of four joints, of which the two distal ones of right foot con- 
stitute powerful forceps; left foot sometimes with a rudiment of au inner ramus. 

16. Labidocera aestiva new species. 
Female: Cephalothorax evenly rounded anteriorly, devoid of crista, on front or hooks on front or 

sides of the head. Last thoracic segment symmetrical, produced on either side into 5 sharp point. 
Abdonieu consisting of 2 segments, first tiiuch longer than second, perfectly sp iue t r ica l  and pro- 
jecting over second, covered with minute hairs on sides. Genital orifice in  middle of its ventral 
surface. Furca symmetrical, its limbs 
a t  least 24 tiiues as long as broad. Fifth 
pair of feet symmetrical; outer ramus terminating in 3 twth, the rnicldle nearly twice the length of 
other two; inner ramus more than half the longth of outer, art,iculatiug with basal, and euding 
in a single strong, pointed tooth. 

Mule: Differs from the fernale in folloming clim;wtIem: Eyes with larger Irnse.q, nearly con- 

$'emale: Cephalothorax 5-jointed ; rostral hooks rather strongly chitinieed. 

Second abdominal segment about twice as lorig :cs broad. 
Anterior antenna: reacliiog to hiud end of genital segment. 

r 
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tiguous. Last thoracic segment produced into longer points, the one on right side being distinctly 
longer than that on left. Abdomen consisting of 5 scgmeiits; anal segment very short, first segment 
without Lairs on its sides. Ariterior antennm reaching to  base of furca; joints16 and 17 of about equal 
length, the latter provided with a recurved spinc on its anterior basul surface; teeth on eighteenth 
joiiit uniform, somewhat larger and more hook-like than teeth 011 fused nincteenth and twentieth, 
which are fully one third longer than twenty-second joint and terminate in a distinct poiut distally. 
Bristles on joints 23 and 24 to 25, not plumose. For structure of fifth pair of feet, see fig. 16, d and e. 

Coloration, trauspareiit, without pigment. Length, 1.75 to  2 mm. 
This specics appears t o  be siifficiently distinct from any of the described 13 species of Labidooera, 

nor can i t  be referred to  any of the insufficiently described and figured species of PonteZZa iu Dana’s 
monograph. Of known forms it approaclies L. i t ~ i i  Krbyer, but may be distinguished by the sym- 

16. Labidocera mstiva new qiecies; a, female, dorsal aspect; b,  malo, dorsal aspect; c, male, right anterior antenna; 
d,  male, right fifth foot; e, male, left Bfth foot; f ,  feniale, fifth foot. 

metrical genital segment of female and the acute tooth termiuating inner ramus of fifth foot. The male 
may be distinguished from the male nevii by the asymmetry of the last tboraclic segment and many 
differences iii configuration of fifth pair of feet. (Conf. Oiesbrecht’s fig. 45, pl. 24.) 

L. currtira was very common in the tow taken from the  Fish Commission wharf a t  Woods Hole during 
July and early August, 1899. 

PONTELLA Dana. 

Fourth and fifth thoracic segments separated; head with lateral hooks; one pair of dorsal eye- 
lenses and a rostral lens in front of ventral eye, the latter sometimes thicker i n  male than in female; 
rostral prong stout; last thorucic segment with pointed lateral corners, not always symmetrical ; 
abdomen of female with 2 or 3 segments, asymmetrical; that  of male (apart from oneeeided 
genital orifice) symmetrical. Anterior antennrn of female 24-jointed; right one of male with fused 
thirteenth and fourteenth, nineteenth to  twenty-first, fwenty-second to  twenty-fifth joints. Mandib- 
ular blade with booked, pointed teeth; second basal joint of masilla about 19 times as lopg a8 
second internal lobe ; third internal lobe present. Posterior maxilliped 7-jointed; inner ramus of 
first piiir of feet %jointed. 
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Female: Cephalothorax 6-jointed; rostral prongs stout, with a eo~nfnoii broad base, the cuticle of 
which is converted into a lenticular thickening; last thoracic segment prolonged 011 either side into 
1 or 2 points, sometimes asymiuetrical. Auterior antenna, short, 24-jointed (twenty-fourth aud 
twenty-fifth joints fused), with indistinct boundaries between several of the joints; appendages 
similar to those of Labiiloowa. In posterior antenna tho distal biisal joiiit ia only incompletely sopa- 
rated from proximal joint of inner ramus; outer ramus narromcr than iuner and about as long as 
proximal joint of latter. This appendage as well as maudiblo (blade with 7 teeth), tho maxilla, 
(distal basal joiut 13 times us long as second inuer marginal lobe), and also the auterior maxillil,ed 
similar to  that  of Labidocevu. Posterior maxilliped with 7 joints jiuner ramus 6-joiuteil); first t o  
fourth pair of feet with 3-jointed outer ramus; inner ramus  of first pair 3-jointed, of second to  fourth 
pairs %jointed; first basal joint with plumoso inner niarginal bristle on a11 pairs, second basal joint 
with plumose outer marginal 
bricrtle on fourth, and sometimes 
with an inner marginal bristle 
on first pair. Number of bristles 
of rami 8s in Calanopia; fifth pair 
of feet as in  Labidocera. 

Male: Sexual differences i n  
structure of trunk, of anterior 
antenna, and of fifth pair of feet. 
Dorsal eye-lenses as in  female; 
rostral Iens often much thicker 
than in tha t  sex; last thoracic 
segmeut departing from tha t  of 
tho female, usually symmetrical. 
Abdomen with 5 segments; geni- 
tal opening sinistral, otherwise 
symmetrical. In left anterior 
antenna tho middle joints are 
shorteucd, testhetasks larger; 
right a~ilorior antenna a power- 
ful grasping organ with some 
times much dilated middle 
joints; joints 13 and 14,19 to21, 
22 to  25 are fused; also iu incras- 
sated proximal region there are 
sonic less complete fusions of 

-.. 

17. Poiitella ineadii now speciclr; a, malo, dorsal u&pect; L. failale, dorsal aspect; 
c, male, right anterior anteiim; d ,  mdo, fifth pair of feet; e,  f'cmalo, fifth foot. 

joints; anterior border of seven- 
teenth to  twentieth joiiits with ridges and projcctious, which are usuiLlly striated. 
like that of Lubidoceva, but  without a rudiment of :111 iuner ramus in lelt foot. 

17. Poiitella meadii new Npecies. 
This species closely resembles P. lobiancoi Giesbrecht, but may be readily distinguished from this 

and other qmcics by peculiarities in  structure of last thoracic segment, abaomen, fifth pair of fcet 
in  b0t.h sexes, nud by grasping antenna, of male. In the male there is 110 projectiou on anterior 
surfacc of eighteeutli joiut of graspiiig antenna, :md first joiut of outer r)uuus 011 right fifth foot is 
proGicled with two flattened lobes separated by a diastema; terminal joint of left fifth foot end in 
threo claws, of which one is more than twice the length of the others. In  the female the inlier ramus 
of fifth pair of feet is half the length of outer, whereas in lobiancoi it is inuch shorter. In both 
 exes tho last thoracic segment ia asymmetrical. Abdomen of female with tliree segments, of which 
the first and beconcl are asymmetrical, the first having a projection on its riglit posterior, the second 
on its left posterior corner. 

Coloration : Dark bluish-green, especially on head, abdomeu, and along edger of cephalothorax, 
More dorsal portions of cephalothorax glistening silvery white, more or less suffuscd with green, 
along sides with some roddish pigment, especially in young specimens. In middorsal line is a series 
of Zeep-blnclc blotches, one to  each segmeut, blotch on posterior portion of cephalic segment some- 
times diviclcd. Chitin of ventral 
snrface and appendages pale green. 

Fifth pair of feet 

Furca nearly symmetrical. 

Sorno black pigment aloug sides of posterior thoracic segments. 
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A few males and females of this handsome species were taken only on two occasions, July 17 and 
July 26, 1899, a t  8 a. In., froin the Fish Commission wharf at Woods Hole. Tho night before each of 
these days had been very stormy, with wind from southeast. 

ANOMALOCERA Templeton. 

Ir’ourth and fifth thoracic segments separated; head with lateral hooks ; 2 pairs of dorsal eye- 
lenses; ventral eye in male more strongly protruding than in female; rostriiiii without lenses; rostral 
prong powerful; fifth thoraeic segment pointed on cither side, nsymiiietricel in male. Abdomen of 
female with 3 segments, in female and nide asyminetrieal. Anterior antenurn of female 20-jointed; 
i n  right one of male joints 13 and 14, 19 to 21, 23 to  28 aro fused. Maiiclibiilar blade with hook-like, 
pointed teeth. Seoond basal joint of 
rnaxi1Io as large as secoild inner lobe; 
third inner lobe present. Posterior 
maxilliped 7-jointed, inner ramus of first 
pair of feet 3-jointed. 

X m a l e :  Cephalothorax 6-jointed; 
the last thoracic segment 011 each side 
extending out into a pointed projection. 
Abdomen with 3 segments, asymnictri- 
eal. Anterior antennm short, 20-jointed; 
joints 6 to 8, 9 to  11, 24 and 25 fused; 
appendages similar to  those of Pontella. 
Outer ramus of posterior antenna short 
and slender, about one-third as thick as 
proximal joint of inner ramus, which is 
fused with second basal joint. Basal 
joint of inaudibles thicker, second inner 
nrarginal lobe of maxilla Irirger thaii in 
I’onteZZa (somewhat longer than second 
basal joint, which is fused with two 
joints of inner ramus); the succeeding 
appendages similar to those of Poontella, 
but  outer ramus of fifth pair of feet is 
2-j oin teil. 

Male: Sexual differences in struc- 
ture of trunk, anterior antennrc, and 
fifth pair of feet. Ventral eye pyriform, 
more strongly protruding; last thoracic 
segment asymmetrical, on right side 
with a curved hook. Abdomen with 5 
segments ; genital opening sinistral ; the 
nuterior seements asvmmebrical. first 

18. dnomaloccm pattevaoiiii Templeton : a, fenbale, doranl nxpect ; b, iunla, 
doraal aepoct; 0, male, riglrt nntorior nntennn: d ,  mnle, fifth pair of feet; 
e, female, fifth foot. - 

with an outgrowth on right side. Slight differences in  left anterior autorina; right similar to that  
of PonteZZa, and same is true of fifth pair of feet, the  forceps of which, however, is less powerfully 

18. Aiiomaloaera pattereonii Templeton. 
Tho 8tronglymRrked character of the only species of tho genus Bnoflialocera may be gleaned in 

great par t  from the abovc figtire. In its coloration i t  is rather opaque dnrlr-blue, or blue-greell, 
~ccasionally ferrnginous red. There is a series of median dorsal black blotches of very constant 
occurrence, with rnuoh more variable irregularly ramifyipg dark-blue markings 011 sides of thoracic 
segments. Gut usually bright green. Eggs white or reddish. 

Length of female, 3.8 to  4.1 mm; male, 3.2 to  3 nim. 
At Wouds Hole this species is taken, so far as I hiive obserwt, only aftor stormy weather with 

prevailiiig southwest winds, either alone or in company with PoPortfelln nieadii. It mas far mort3 
abundant in tl;le tow collected by tho CranPorps i o  the G d f  Streartl, about 70 iniles south of Miirtllm 
Vineyard. 

developed. 
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XOBOPS Lubbock. 

Fourth and fifth thoracic segments fnsed; head without lateral h o o h ;  110 dorsal or rostral eye- 
leiises; veutral eye rather flatly convex t o  clob-shaped; rostral filameutv delicate, loug and flaccid ; 
lifth thoracic se ;mcut with pointed lateral corners, usually asymiiietrical in  male ; abtloiueii of female 
with 1 or 2 joints, asymmetrical in both male and female. Anterior autenum of fumale 16-jointed, 
in  the right antennaof male joints 13 and 15, 16 and l7,19 to 21, and 22 to 25 fused. Maudibulnr blade 
with blunt teeth. Secoiid basal joint of maxilla sc:ircely half 
as long as second internal lobe; third internal lobe present. 
Posterior maxilliped 5-jointed. Inner ramus of first pair of 
feet 3-jointed. 

Pentale: Cephalothorax 5-jointed. Anterior antenna short, 
16-jointed, joints 2 to 5 ,6  to 8 ,9  to  11,U and 14, and 24 and 25 
fused; appcnclages similar to  those of Pontella, though reduced 
in  numbcr and length. 111 posterior autennte the distal basal 
joint is fused with proximal joint of inner ramus; outer ramus 
short and slender. Mandibular blade scarcely dilated toward 
tip, usually with short, blunt teeth. In  maxilla the second 
inner marginal lobe is more than twice as long assecondbasal 
joint, which is fused with the two joints of inner ramus. Dis- 
tal uncinate bristles of anterior maxillipeds long i n  compari- 
son with proximal ones, sparsely provided with prickly plumes. 
Proximal basal joint of posterior maxillipoda broad, lobular, 
followed by only 4 further joints. Feet similar to  those of 
Poiitella. 

Mule; Sexual differcnces in  structure of trimk, anterior 
antennz, and fifth pair of feet. Anterior portiou of cephalo- 
thorax asymmetrical, and usually the right projectiou of last 
thoracic segment is longer than left and of a peculiar form. 
Abdomen with 5 segments; genital opening sinistral; third 
segment with an outgrowth on right side. Left anterior 
antenus differing from that  of female, especially in  separation 
of thirteenth and fourteenth joints; proximal joiiits of right 
anterior antenna incrassated, middle joints dilated, disciform. 
Besides doiuts 2 to  5, 6 to  9,10 to  12,13 to  14,19 to  21, and 22 
to  25, joints 16 and 17 are also fused. Fifth pair of feet on 
the whole similar t o  that of Pontella. 

19. Monops regalis Dana. 

prolouged on right side into a powerful slightly curvc(1 hook. 
Abdomen of female with 2 gegments, asyuimetrical with out- 
growths. Fnroa short. In  male the proximal hook in forceps offeet. 
of right fifth foot is somewhat longer than distal hook. 

, 

Last thoracic segment pointed on either side, in  the male ‘ \ r  

~ ~ l l u ~ s  Tegalie Dslla; a, doranl as. 
c, fifth pair b, right anterior 

Coloration : Dark blue.greeu, and similar t o  that of Pontella and Bnomalocera. 
Length of female, 4 to  4.4 mm; male, 3.4 to  3.5 mui. 
A siiigle male specimen of this species was taken in Gulf Stream towii, 70 miles south of Marthas 

Vineyard, July 25, 1899. 
ACARTIA D a m .  

Fifth thoracic segment and abdonien of male dgmmetrical; the latbcr with abbreviated anal seg- 
merit. Anterior aiitennm of female 17-joiutctl, throughimt of nearlyur~iform thickness, with knob-like 
projections at insertions of tlic long, usually plumose but sometimes spiuobe bristles; graspiug 
antenna of male with but  slightly incr:tssated miildle joints. Oiiter ramus of posterior antenuao 
much shorter thau inner ramns; aecoud joint of inner ramus t.lorigcltetl, first joiut with 9 bristlos on 
its inner border. Mandible with rather dongate second bns:~I joint; r a d  inoompletcly jointed; outer 
ramus articulating about on niiddle of margin of second basal. It’irst outer lobe of maxilla with long 
bristles; outer ramus rudimental, represented by 2 bristles. Proximal lobes of anterior maxillipeds 
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well-developed, with long bristlcs. Inner rauius of first pair of feet 
2-jointcd; fifth pair of fect of female without innerramus, with a long outer bristle ou second basal 
joint. 

Pemak: Cephalothorax with 6 segments; the two last thoracic segments fused ; the last sometimes 
terminating in lateral joints. Abdoiueu with 3 segments, 
symmetrical. Anterior ontenna 17-jointed; joints 2 to  4, 5 and 6, 7 and 8, 9 and l0,12 and 13, 24 and 
25 fused; rrtsthetasks delioatc, filamentous. Posterior antennm very slender, their distal basal joint 
fused with proxiinal joint of inner ramus; inner ramus with much elongated tcrrninal joint; thevery 
short outer raiuus with relatively long proximal (first and secoud joints fused) rind very short distal 
joints. Mandible with feeble, 7-toothed blade. Maxilla with abortive rami, repredeuted only by long 
bristles, but with well-developed lobes. Anterior maxilliped with long curved bristles even on proxi- 
inal lobes. Posterior masilliped 
similar to  that  of Parapantella, 
but  without outer marginal bris- 
tles and with throe inner marginal 
bristles on third joint. First to  
fourth pair of feet with 3-jointed 
outer and 2-jointed inner rami; 
first b a d  joint without a bristle, 
second basal joint with a rather 
long outer marginal bristle on 
fourth pair; bristles of rami as 
follows: Outer ramus of iirst pair 
with 1,1,2 outer and 1,1, 4 inner 
marginal bristles; secoiidto fourth 
pairs with 0, 0, 0 outer and 1, 1, 5 
inner marginal bristles; iuiier ra- 
mus of first pair with 0, 1 outer 
and 1, 5 iniior marginal bristles; 
second and third pairs witli 0, 1 
Outer and 2, inner mar@11a1 
tles, fourth pair with 0, 1 outer 
and 3, 5 inner marginal bristles. 
The much redneed fifth pair of feet coiisists on either side of 2 or 3 joints; end joint a thick, stylet- 
shaped bristle, and 011 outer margin of second basal is a delicute plumoso britltlc. 

Peculiari- 
ties in articulation of thoracic sogmcuts and sometimes in  form. Abdomen with 5 segments; gunital 
orifice sinistral; fourth segrneiit and furcanbbreviated. I n  both anterior antennw tlic proximal joints 
are incrassated, and the ninth is separated from tenth, tho twelfth from thirteenth joint i spines want- 
ing; right anterior antenna transformed into a grasping organ, and joints 19 to  21, and 22 to 26 are 
fused. Fifth pair of fect consisting of a common median pieco, a right 4-jointed, and 11 left 3-jointed 
uuiramous foot; especislly the right is claw-shaped. aiid forms an incomplete forceps, with a process 
on penultimate joint. 

20. Acartia tonsa Dana. 
RostrriI filanionts present; last thoracic segment rounded on sides. Abdomen relatively short., 

without thorns; anal segment hairy on cither side; in  male with fine pointsoii s e c o n ~ ~  segment. Ante- 
rior auteunm of female not reaching posterior border of genital segmcnt. For fifth pair of feet, see fig. 
20, a and d. 

Posterior maxilliped 4-jointed. 

Rostral filaments delicate or wanting. 

20. Acartia tonsa Dana; a, female, doraal sspeot; 71, male, dorsal nspect; u, male, 
fifth pair of foot; d,  fomdo, fifth pair of feet. 

NaZe: Sexual differelices in structuro of truuli, auterior anteuiim, aiid fifth pair of feet. 
’ 

Colorless and translucent. 
Length of female, 1.3 t o  1.5 mm. ; of male, 1.05 mm. 
This specias was found to  be one of the commonest copepods in tom taken from wharf of Fish 

Commission a t  Woods Hole during .July nud August, 1899. Iti appeared abiindantly also in tow fro111 
Plymonth Harbor, but was very scrhrec hi Gulf Strcani 70 miles south of Marthas Vineyard. Hitherto 
the species has been taken only at Port Jackson, Australia (Dana), and west of South America, between 
Valparttiso aud Ca1l:io (Giesbrealit). doartia clarisii Giesbrecht, which one would expect t o  find i n  
our waterfa, could uot bo rucognizrd in tbo samples of the tow. 

c 
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CORYNURA Brady. 

Fifth thoracic segment and abdomen of male symmetrical. Anterior antennic of female 17-jointed ; 
long bristles with lamelliform margin. Posterior anteunat with rami of ncarly equal length; terminal 
joints of outer ramus abortive, scarcely distinguishable. Mandibles with elongated second basal joint, 
with end of which the rami articulatc. Maxilla consistiug only of first basal, with the very bristly 
first and second inner lobes. Posterior maxillipecl 
%jointed. Fifth pair of feet of female without inuer 
ramus, sometimes asymmetrical. 

Female: Cephalothorax with 5 to  6 segments, according as last two thoracic segmunts are fused 
or separate; a large mediaii eye, withont lens; rostrum wantiiig, in front of upper lip a horseshoe- 
shaped fringed lamella. Abdomon with 2 to  3 segments, asymmetricid, sometimes twisted about 
longitudinal axis. Anterior antenna resembling those of Acartia, 17-jointed, with joints 1 to 7, 9 and 
10, 24 and 25 fused. Posterior antcnua resembling those of Parapontella, but onter ramus with 
completely abortive distal joints. Maudibular blade llsually rather narrow, with 5 teeth ; outer 
ramus scarcely jointed. Maxillipeds similar to those of Purapontella, but  proximal lobes of anterior 
pairs are more decidedly reduced and inner ramus of posterior pair shorter and 1-jointed. First t o  
fourth pair of feet with 3-jointed outer and 2-johted iuncr rami; first basal joint with an inner 
marginal bristle on a11 four pairs; second basal joint without a bristle on first, with a plumose outer 
marginal bribtle on the  fourth pair; bristles of rami a8 follows: Outer ramus of first pair with 0, 0, 1 
(2) outer and 1,1,4 inner marginal bristles; second to  fourth pairs with 1,1,3 outer and 1,1,5 inner 
marginal bristles; inner ramus of first pair with 0 , l  outer and 3,5 inner marginal bristles, of second to 
fourth pairs with 0 , l  onter and 3,6 (5) inner marginal bristles. Fifth pair strongly abortive, 
consisting of a comnion median piece and a couple of 2-jointed, not a1 ways symmetrical, feet. 

Male (known only in few species) : Sexual differences in structure of abdomen, right anterior 
antenna, and fifth pair of feet. Abdomen with 5 segments; genital orifice sinistral. In right ante- 
rior antenna sixth and seventh joints are separate from fused first t o  fifth, and the ninth is separated 
from tenth; the middle joints arc more strongly dilated than in Acartia, and, as in that genus, the 
nineteen$h to twenty-first and the henty-second to twenty-fifth joiuts are fused. I’ifth pair of feet 
resembles that of Acurlia, but consists (bcsides middle picce) of 3 joints on either side, the left being 
the longer. 

21. Corynura bumpusii new species. 
Hale: Body long and slender; separation between fourth and fifth thoracic segments not very 

pronounced, latter symmetrical, with rounded posterior corners. Abdouien consisting of 5 segments, 
its tip turned to  right side and slightly twisted abont longitudinal axis; first segment somewhat asym- 
metrical, with a rounded projection on left posterior corner; second with a similar but much more 
prominent and pointed outgrowth on right side; third and fourth segments of nearly equal length; 
fifth not half as long as fourth. Furca asymmetrical, its right limb distinctly longer than left, 
conspicuously constricted near base; inner edges of limbs fringed with delicate hairs; outermost bristle 
on the right side enlarged, blade-shaped, with a short, conical, dorsal, tooth-like projection a short 
distance beyond its base; innermost bristleslender, nearly as long as first bristle. Relative lengths of 
bristles 4<1<3<2. 

Rostrum absent, front of head evenly rounded in profile; 
mouth surrounded in front by a horseshoe-shaped, fringed lamella. Anterior anteuus reaching only 
to  posterior edge of third abdominal segment; right aiiterior autenua not much widened in niiddle 
(joints 13 to  17), poorly furnished with bristles; joints 17, 18, 19 to 21 with delicate pectina6ion; 
joints 22 to  25 fused, and beariug a t  t ip  5 long plumose bristles. The long bristles on joints 14, 16, 
21, and 24 provided along one cdge with D very delicate, transparent laniiua, often slightly siniions in  
outline (egect of formalin%’). Posterior autenns with long, slender rami; firet joint of inner rami18 
fused with second basal joint and bearing on its distal margin a short dense series of graduated 
spiues; second joint with a few hairs in  corresponding position; first joint of outer ramus very short; 
second joint reaching to  middle of slender second joint of inner ramus; outer ramus terminates in 
4, the inner in G long plumose bristles. 

Mandibular blade with 5 teeth gradually decreasing in length from first, which is separated from 
second by a considertlble diastema; second basal joint slender, fully 4 times as long as wide, rami 
iuserted at Bane level ou its tip, outer ramus but  little longer than inner, the former with 5, the latter 

Proximal lobes of anterior niaxillipeils minute. 
Inner ramus of first pair of feet 2-jointed. 

Eye large, without dorsal lenses. 
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with 4 plumose bristles, some of them twicc tho length of appendages; first joint of onter ramus 
scarcely one-third as long as second, first joint of inner ramus fully twice as long as second joint. 
Maxilla very much like that of Coryicui*a fowipatn Giesbrecht, rami absent, rouuded inner lobe pro- 
vided with 11 hook-shaped, coarsely plumose bristles, external lobe slentlpr, terminating in  3 strong, 
hook-shaped bristles, which are edged with short points. Anterior and posterior maxillipeds closely 
rcsernbling the corrcaponding appendages of C .  foi*oipata, but the points on the 7 long hook-shaped 
bristles of' former pair of appendages more strongly developed, and there are only 3, instcad of 4, 
prickly bristles on first basal joint of latter pair; first pair of feet with 3-jointed iuner rami; inner 
rutni of second to  fourth pairs '2-jointed. In  other respects structure of feet closely resembles that  of 
congeneric species. Thns, the first foot is very inuch like tha t  of C. dontioulata, Giesbrecht, except 
for tlie 3-jointed inner ramus; fifth pair of fcct asymmetrical, each 3-jointed; right foot longer and 
more voluminous than left, i t s  secoud and third joints forming niassive forceps. 

21. Corynura bumpugii now spooies; a, femalo, dorsal view; b, mnlo, dorsalview; c, mnlo, rli8tal portion of right anterior 
antennn; d,  mule, posterior antenna; c, malo, Brat foot; f, mule, fifth puir of feot; g, feiiinle, fift 11 pair offeet. 

FeniaEe: Fourth and fifth thoracic segments fused, the latter enc!ing on citlier side io  a curved, 
ventrally and laterally directed process. Abdomen with 3 segmentst genital seguieiit large, somewhat 
swollen, as long as the 2 succeeding wbeqiinl segments togethor. Second scgtuont with a cluster of 
bristly hairs on right side. Anal segtneut asymmetrical, fiised with furca. Two limbs of furca of 
equal leugth,'bnt l h e  right is more thnii twice aa broad as left, fringed with hairs d o n g  its inner 
border and bearing it1 place of outcrmost bristle a rigid, flattened, and pointed spino. This and the 
very cllender innenuost fiircal bristles are not plumose; plumes ou the apical fourth of long second 
furcal bristle, coarse and sparse. Anterior antenim reaohing to  1me of furca, resembling those of 
C. fovoipata, with several of median and basal joints fused together; large bristlcs with lamelliforui 
margins; bristles on two terminal joiiits vory loug atld coarsely plumose. Both sexes rather opaque 
aud without pigment except aloiig mid-ventral line, where there are segmcntal accumulations of black 
coloring matter in  the mdo. 
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Length of male, 1.8 to  2 mm. ; of female, 2.25 mm. 
The males of this spccies, which I take plmenre in dedicating to my friend, Prof, H. C. Bumpus, 

appeared in consitlerable nnmbers in tow takeu o f  Fish Commission wharf July 10 tiiid 11, 1899, and 
again in Vineyard Sound, 14ear Gay Head, Marthas Vineyard, on the latter day. The single female 
specinten from which the  above description was drawn was found in  some tow collected by Mr. 
Vinal N. Edwards at Woods Hole, December 15, 1898. 

First, i t  differs from all the kuomn species of Corynzcra 
in having 3 instead of 2 jointed inner rami on first pair of feet. Gie~lnwIit’8 diagnosis of  the  genus 
should be widened to receive this species. Second, the occurrence of a Coyitzrva in the Atlantic has 
not before bean recorded. The five species h i ther t ,~  described are all from the eabc coast, of Asia, thus: 
C. forcipala Giesbr. is from Amoy; C. dcnticulata Giesbr. aud C.  vecticauda Giesbr. are from Assab; 
C. gracilis Brady and C. barbata Brady from the  Philippines. 

C. bi~mpusii is remarkable in  two rcspects. 

Suborder PODOPLEA. 

Family CYCLOPIDiE. 

OITHORA Baird. 

Female: Cephalothorax and abdomen with 5segments (fir51 and secondabdominalsegments fused); 
front usually terminating in a pointed, benk-like process; genital opening lateral. Anterior antenna in  
par t  indistinctly jointed, with long bristles, without a,sthetasks. Posterior antenna 2-jointed (first 
basal joint fused with second, first joint of inner ramus with second), with indistinct bipartition of 
second joint; oiiterramuswanting. Mandible elongated, with small, 1-jointed inner, and 4-jointed outer 
ramus and denticulate blade. Maxilla with well-armed masticatory process (first inner lobe) and with 
uncinate bristles even on other portions of inner margin; r a m i  1-jointed, inner ramus sinall, first outer 
lobe rudimental. Maxillipcds slender, with powerful, prickly bristles, the posterior with %jointed 
inner ramus. Feet with %jointed rami; fifth foot very rudimental, on cither side redoccd to 2 bristles. 

First and second abdomiual sagments separated ; furcal bristles abbrcviated, 
anterior antenna grasping organs each geuiculating a t  two points, with a terminal msthetask; fcet 
with somewhat aberrant bristles. 

22. Oithona plumifera Baird. 
Fmale:  Front eliding in a pointed b k ,  which is bent ventrally somcwhat, but is  still vi8ible 

from dorsal aspect; furca shorter than anal segment, nearly 3 timcs as long as broad; its outermost 
bristle about 3 tiiues as long as furca. Anterior aiiteun:~ reaching to  postcrior border of fourth 
abdomingl segment. Second basal joint of niaiidibles with 2 hook-likc brintles. Inncr ramus of 
i n ~ x i l l i ~  with a few minute bristles. Outer ramus of first pair of feet with 1,1,2, the third with 1, 0,2, 
the  fourth with Q, 0,2 outer marginal bristles; proximal outer bristle of third outer ramus of third and 
fourth pair8 reduced. . 

Proxiinal joint of distal portion of anterior antenniu with a semi- 
circular projection on inner margin. Third joint of outer ramus of first and fourth pairs of feet with 
2, the second and third with 3 outer bristles. 

Coloration : Very transparent, with ferruginous pigment very variously distributed through 
cephalothorax, especially in  oral region. sometimes forming symmetrical spots in thor:Lx, inore rarely 
in abdomen; often in long briNtles of anterior antenna, furca, and feet; other individuals are quite 
colorless ercep t for the ruby-red eye. 

Male: ‘Front obtuse. 

Mule : Genital eegment broad. 

Length of female, .01 to 1.5 mni; of male, .075 mm. 
Three female specimens taken in the Gulf Stream, 70 miles south of Marthas Vineyard, July 25, 

1899. These specimens were colorless. 

23. Oithona sirnilis Claus. 
Female: Front ending in a hooked, pointed beak which is bent ventrally at a right angle and 

hence not visible from dorsal aspect; genital orifices sitnnted further posteriorly than in other 
species of the genus; furca shorter than anal segment, nearly 24 times as long as broad, its outermost 
bristle about as long as furca. Second basal Anterior antenna scarcely reaching to genital orifices. 
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joint of mandibles with 2 hook-shaped bristles. Inner ramus of maxi1l:o with a minnto bristle. 
Outer r a m i i ~  of first pair of feet with 1, 1, 2, of second and third with 1, 0, 1, of foiirth with 0, 0, 0, 
outer marginal bristles. 

Proximal joint of distal portioii of auterior 
antonnio with a semicircular process on iuner margin. Third joiut of oiiter rituius of first to fourth 
pairs of feet with 2 onter marginal bristles. 

Mule: Genital segment smaller thau in 0. plumifera. 

Coloration : Similarto 0. plrtrnifem, but usi1a11y less colored. 
Length of fcmnlu, 0.73 t r i  0.8 mm. ; of male, 0.59 to  0.Gl mm. 
This species oocurred occasionally in small. numbers in the tow takeu froni the Fish Coxumissioii 

wharf a t  Woods Hole during July, 1899. All the specimens were colorless. 

2% Oithonn sirnilis Clnus; a, mule, dorsal nspoct; 
b,  toinnlo, dorsal nspect; (I, malo, nnterior nutonnn 
(dorsal surfucc): after Qiosbrecht. 

Famiry HARPACTICIDi93. 

SETELLA Dana. 

Female : Trunk long and slender, leternlly compreilsed. Ceplialothorax with 4 segmeuts (head 
fused wit8h first thoracic), abdomen with B ~oginents (first and second segments fused) ; rostrum iuova- 
ble; fnrca rod-shapcd, with very longbristles. Anterior axitennn>S-jointed, with rrsthetaslts 011 foiirth 
nnd eighth joints. Posterior antenna short, 2-jointed (basal fused with first joint of inner rainus), 
without a trace of an outer ramis. Succeeding 3 pairs of limbsminuto; mandible 1-jointed, without 
rami, with denticulate blade; maxilla also 1-jointed and without rami ; anterior maxilliped with 2 lobes 
aiid short teriuintil hooks. Posterior maxilliped louger and more powerful, 2-jointed, with terminal 
hooks. Foet with very long mid slender rami; inner ramus of first pair 2-jointed; remaiuing rami 
3-joiuted; fifth pair of foot rudimental, elongate loaf-shaped. 

Nule: With separate first and seooud abdominal segments; grasping antcnnm 8-jointed, with 
articulation between fifth aud sixth joint; fifth pair of fcet sixuilar to  those of the femaln, Lilt  

smaller, with weaker bristles; sesuul differences also in first m d  ospcoially in sooond pair of feet. 
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24. Setella gracilis Dana. 
This single strongly marked species should include, according to  Geisbrccht, besides S. gvaoilis 

Dana, some four other forms regarded by Dana  as distiuct specios, also Miracia gracilis Dana, h'etella 
fenicis Lubbock, and S. ntessineneis Clans. In color the chitin of body and of proximal portions of 
limbs is transpareit violet; g u t  ferrnginous 
red surrounded by oil drops which are colorless 
or yellowish and usually darker in the oral 
region; eye ruby-red. 

Length of female, 1.4 to 1.5 mm. ; of male, 
1.16 to  1.3 mm. 

Several specimens, many ovigerous females 
and a few males, were taken in  Gulf Stream, 70 
miles south of Marthas Vineyard, July 25, 1899. 

MIXACIA Dana. 

Male: Cephalothorax with 4 segments 
(head fused with first thoracic), abdomen with 
6 segments; head and first thoracic segment 
1:iterally compressed, with two large chitinous 
lenses on frout; furca rather long. Anterior 
antenna grasping organs, 9-jointed, articula- 
tion between the sixth and seventh joints; 
bristles short, one mthetask on fourth joint. 
Posterior antcnnie 3-jointed (second basal joint 
fused with first joint of inner ramus), with 
very small, 1-jointed outer ramns. Mandible 
(like succeeding limbs) small, with rudimental 
rami and denticulate blade. Posterior maxil- 
liped elongated, rod-shaped, 2-jointed, with 
short termiual hooks. Feet elongated; onter 
ramus 3-jointed; inner ramus of first and sec- 
ond pairs 2-jointed, of third and fonrth pairs 
3-jointed; inner ramus ofsecond pair of peculiar 
structure; fifth pair of feet rudimental, leaf- 
shaped. 

Female: Differs from male (according to  
Brady), in fusion of first and second abdoinin;d 
segments, i n  structure of 8-jointed anterior 
antenna, of 3-jointed, normally constructed 
inner ramus of second pair of feet, and in fifth 
pair of feet. 
25. Miracia efferata Dana. 24. Sczella gracilis Diina: a. femalo, from the loft side; b, malo, 

anterior antenna; c, male. fifth foot; d,  fenialo, fifth foot Some 30 specimens of both 88x6s of this, 
the  only species of the genus, were taken in  the 
Gulf Stream about 60 miles south of Martbas Vineyard, July 28, 1899, lute in tlie afternoon, The 
female is dark greenish-blue, mnre yellowish along edges of segments, with a large black rpot on 
head, becoming blue over the eyes. Tliere i s  a glistening metallic luster t o  upper snrfuce of bod). 
Eggs blue or red. '1 he niele is much paler than female. 

Length of female, 1.75 to  2 mm. ; of male, 1.5 mm. 

CLYTEMI?ESTRA Dana. 

Fmnle: Cephalothorax with 4 segments (head and first thoracic fused), abdomen with 5 scgments 
(first and second abdominal fused) ; postero-lateral coruers of' segments in flattened cephalotliorax 
prolonged into projections; furoa short. Anterior antenna 7 or 8 jointcd, with short bristles and 
long resthetasks. Posterior antenntu 3-jointed (first and second Imsal joints fused), with ruitimental 
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outer ramus represented by 1 or 2 bristles. Mandible reduced to a stylet-shaped 2-pronged blade; 
maxilln, and anterior maxillipeds also strongly reduced. Posterior maxilliped 2-jointed, delicate, 
elongated, with short terminal hooks. Feet with long, slender rami, of which inner are longer; the 
inner rami of all of tbepairs and outer rami of meond to  fourth pairs 3-jointed; outer ramus of first pair 
1-jointed; fifth pair of feet rudimental, 2-jointed. 

N u b :  Differs from female i n  structure of abdomen (with 6 segments; furcal bristles sometimes 
elongated), also iri structure of anterior antenna (grasping organs; joints of same number as in the 
fortiale, but diEering in  relative lengths; articulatiou proximal to terminal joint), and posterior 
maxilliped8 (longer thau those of the female, second joiut stouter, terminal hooks longer). 

26. Xraoia eferata Dana; a, ovigoroua fomale, from loft aide; b, malo, dor- 
sal aspoct; c, fifth foot of ovigorous female; d, inalo, flfth foot. 

,. 

26. Olytemltestra rostrala Brady ; 
malo; a, dorsalaspect; b, fifth foot. 

26. Clytemiieatra roetrata Brady. 
Furca a t  most as loug na broad, bristles not plumose, alike in both sexes. Anterior antenna 

7-jointed in both sexes; last joint in  female 5 times &E long as penultimate; no lancet-shaped thorn 
on antepenultimate joint in male. Outer ranius of posterior antenna, represented by a single bristle; 
second basal joint of first foot without an outer marginal bristle, outer ramus of same with 3 bristles, 
outer rainus O C  soeorid foot with 1,1,2 outer marginal bristles; seoond joint of inner ramus of third 
foot longer than third joint. Fifth foot as long DE outer.ramus of fourth foot, its terminal joint with 

Coloration : Reddish, owiug to  distribution through the whole transparent body of numerous 
pale rose-colored, pale ferruginous-brown or even light-green oil-globules. Eye, deep carmine-red ; 
ovaries dark gray with a reddish tinge. 

. 5 bristles, which are of same length in  male and female. 

Length of female, 1 mm. ; of male, 0.87 mm. 
A few male specimens of this speoies were collected in the Gnlf Stream tow, about 60 miles south 

of Marthas Vineyard, July 28 and 29, late in  the afternoon. 
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Family ONCkEIDkE. 

ONCEA Philippi. 

Form of body like that  of C!joZops; cephalothorax and abdomeu of female each with 5 segments 
(head distinct from first thoracic, first from second abdominal). Mandibles not hatchet-shaped, with 
movable, pectinate and bristle-shaped appendages. Feet with 
long, slender third joint of inner ramus, that  of fourth pair a t  least It times as long as first and 
second joints of inner ramw taken together; fifth foot a sinall rod or knob. Mouth parts of male 
similar to  those of female. 

Female: Anterior antenna &jointed, with long iuiddle joint ; asthetask8 poorly developed. 
Posterior antenna 3-jointed, with uncinate bristles of medium length. Appendages of anterior 
maxillipeds in  part pectinatcd with plumes. Posterior inilsilliped 4-jointcd, on inner border o f  second 
basal with rows of points. Outer ramus of first and scooud pairs of legs with 1, 1, 3, of third and 

The maxilla are 1-jointed 1:mclla. 

fourth pairs with 1, 1, 2 usually denticu- 
lated outer marginal bristles. Inner 
ramus of first pair with 1, 1, 6 ,  in  second 
pair with 1, 2, G (5), in third pair with 
1, 2, 5 (4), in the fourth pair with 1, 2, 4 
(3) usually bristle-shaped appendages. 

Male: Abdomen with 5 segments, 
with abbreviated middle segments; geni- 
ta l  segment volnminous; genital valves 
with a lateral point. Posterior maxilliped 
with more movable insertion than in the 
female, with more muscular second basal 
joint aud inore strongly curved terminal 
hooks; the 3 short terminal joints of ante- 
rior antenna fused to form a single piece; 
other minor sexual peculiarities. 

27. Onczea venusta Philippi. 
Female: Cephalothorax p y r i f o r m  

(head broad), usually with granulat8ed 
I 

cuticlc; genital segment but little longer 27. mcma vcnustn. Philippi; a, female, dorsal aspect; b, innlo, dorsal 
than remainder of abdomeli, sllcceeding aspect; c, femdo, posterior autouua; d ,  female, fourth ioot. 
segments broader than long; furca a t  least 
a6 long as fourth and fifth abdomiual segments together, and a t  least 4 times as long as broad. Posterior 
antenna, especially thoir imnur rami. very short. Terminal hook of posterior masillipcds with a few 
points on the conc‘avc snrface; the 2 bristles on second basal joint rather long aud slender. Outer 
ranius o f  feet with broad-niargined, serratcd outer marginal bristles; third joint of inner ramw of 
fourth pair withont terminal pegs, with three lancet-shaped serrated bristles in  second and fourth 
pairs. 

2faZe: Short genital valves and short, broad anal segment. 
Coloration : Rather opaque with carmine-red pigment, accumulated largely in tlic cephalothorax 

Length of female, 1.1 t o  1.27 mm ; of male, 0.8 to 0.95 mm. 
A few specimens of both sexes collected in the Gulf Stream tow, about GO miles south of Marthas. 

and genital segment, chitin of cephalothorax and appendages more or less violet; eggs blue. 

Vineyard, July 28, 1899, late in the afternoon. 

Family CORY CIEIDS.  

SAPPHIRINA I. V. Thornpeon. 

Body flattened dorsa.-ventrally; thorax and abdomen of female each with 5 segments (head 
separated from first thoracic, first from second abdominal), with, broadened middle abdoniinal 
segments; furca le:if-sh:iped, each limb with 5 bristles. Mandibles hotchet-shaped, their dorsal tip 
drawn out into a point. Rami of feet 3-jointed of varying relative size; fifth Maxilla oval 1amell:o. 
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pair rod-shaped, with two bristles. Male with leaf-shaped, broadened body-segments, iridescent ; 
sexual pecnlimities in month parks aud feet not universal. 

Female: Eye-lenses contiguous or lying near together; genital orifices pushed np ~ o m e  distance 
on sides of their segment. Posterior autennm 
with a short uncin&te bristle 011 termiual joint, otherwise with small, thin bristles. ‘rcrminal joint of 
anterior maxillipeds drawn out into il1011g point, terminal 11oolr of posterior maxillipeds sliort and 
stoat. Outer rami of feet with broad-mrirgiucd, lancet-shaped outer marginal bristles as follows : 1,1,3 
in first to t h u d  pairs; 1, 1, 2 (3) in fourth pair; inner rami of first pair with 1, 1, 6, in  second with 
1, 2, 6, in  third with 1, 2, 5, in  fourth with 1, 2, 2 (1) bristles. 

Mule: Abdomen with 5 segments; genital valves broad, but short, with a few bristles; terminal 
hook of posterior maxilliped elongated and urtioulatmiug by means of an intermediate joint with 
second basal. 

28. Sapphiriiia gemma Dana. 

inner margin; iusertion of innermost bristle further back than that of outermost. 
Anterior antenniu three- 

Anterior antenntu 3 to  5 joiuted; imthetasks wanting. 

Fema7e: Furca at least twice as long as broad. with :I small, sometimes obsolete, point on tip of 
Eggs blue. 

fourths as long as poste- 
rior ones, 5-jointed; BOO- 

oud joint as long ns 3 
terminal joints together. 
Inner ramus of posterior 
antenna more thau two- 
thirds as long as second 
basal joint; terminal claw 
one-third as long as sec- 
ond joiut of iuner rarnus. 
Inner ramus of fourth foot 
somcwhat longer t h a n  
outer ramus; t,hird joint 
of iuncr ramiis scarcely 
shorter than first and sec- 
ond joints together, with 
2 bristles at its tip. 

Xale: L e n g t h  of 
the body about 2+ times 
as great as its g r e a t e s t  

28. Gapphirina gcinina Dana; female; a, doreal aspwt; b, posterior nntenua: 
0 ,  follrtll foot. 

breadth; eye-lenses on ventral surface, front projecting over them some distance. Furca, fourth pair of 
feet, anterioranteunn ns i n  female. the succecdini appendages in part reduced. Third joint of inner 
ramus of second pair of Bet  with 3 laucct-shaped bristles aiid slightlg elongated tecth. 

Male with very brilliaut blue reflec- 
tions, dazzling in  the sun’s rays, with various other bright colors as the auimal changes its posi- 
tion.” (Dana). 

Coloration: “Fem~le colorless; bags of eggs dull bluish. 

Length of female, 1.9 to  3.1 mm.; of male, 2.15 to  3.1. 
Three femele specimens collected in  tow ilk Gulf Stream 70 miles south of Martbas Vineyard, 

According to  Giesbrecht Suppliirina gemma seemB to prefer Salpa demowalioa .as 11 host, My 

CORYCBEUS Dana. 

July 27, 1899. 

specimens were taken in company with chains of Salpa oordlfornkie. 

Body cylindrical; cephalothorax with 2 to  4, abdomen with 2 or 3 segments; lateral portions of 
third end fourth thoracic segments prolonged into pointed projections. Furca rod-shaped, each limb 
with 4 bristles. Mandibles not hatchet-shaped, with movable apllcndages, similar t o  those of 0noa.a. 
Maxilla oval lamellro. Itami of feet elongated; inner rnlmus of fourth pair stub (Stummel) or 
rcdnced to  a single bristle; fifth pair consisting on either side of 2 siniill bristles. Body of male not 
flattened and usually segmented like that  of female, never with full iiuuber of abdominal segments. 
Mouth parts not abortive. 
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Female: Eye-lenses close together, sometimes contiguous ; fifth thoracic segment very short. 
Anterior antenna &jointed, similar to those of Oncaa, but with naked bristles and without iosthe- 
tasks. Posterior antennre with voluminous second basal joint and very short first joint to  inner 
ramus; first and seoond basal joints each with a long, thick bristle and inner ramus with stout, 
much-curved uncinate bristles. Terminal joint of anterior maxillipeds ending i u  a strong hook. 
Second basal of posterior maxillipeds with a bristle on inner margin; its end-hook more delicate than 
in Suppiiirina. Ontcr ramus of feet longer than inner ramus; oiiter bristles of outer rami in  first and 
second pairs have forms of denticulate lancets (1,1,3, more rarely 0, 0 , l )  and are more or  less abortive 
in succeeding pairs; inner rami of first pair with 1,1,5, in second with 1,2,4, in  third with 1,2,2, in 
fourth with 1 or 2 bristles. 

Mule: Genital valves long, each with a single bristle; pronouncod deviations ara shown by the 
posterior antenna and posterior maxillipeds, espeoially in the elongation of the terminal hook. 

29. Corycaeus elongatus Claus. 

between three-sevenths and four-sevenths as long as remaining abdomen. 
Female: Cephalothorax with 4 segments, abdomen with 1 segment; ventral keel rounded; fiirca 

Bristles of first basal joint 

a ! 
" 

20. Coyloasus dongatus Claus; female; a, dorsal 
aspect; 6, lateral mpect; c, fourtb foot. 

30. Cor~cceue carinatus Giesbreoht; female; 
a, dorml aspect; b,  lateral aspect. 

of postorior antenna: but  little longor than thoso of second 1)usal joint. Third joint of outer ramus of 
first t o  third foot with 3 outer marginal bristles; inner ramiis of fourth footrepresentcd by a plumose 
bristlo. 

Xale: Boundary betweeii head iind first thoracic segment indistinct. Abdomen with 2 segments, 
posterior portion of genital segment not tapering; fiirca one-third t o  one-half as long as remainder of 
abdomen; tooth on inner edge of second basal joint of posterior sntennm replaced by fine points. 

Coloration: Rather opaque, with a variablo amount of red, yallowish-red, end yellow pigment, 
especially in region of mouth, in wing-like extensions of posterior thoracic segmonts, and in  genital 
segment. Eye red. Eggs yellowish or reddish. 

Length of female, 1.45 to  1.65 mm.; of male, 1.3 to  1.4 nim. 
A few females taken in tow in Gulf Stream, 70 milos south of Marthas Vineyard, July 28, 1899. 

30. Corycaeus carinatus Giesbrecht. 
Female: Cephalothorax with 2 segments, abdomen with 1 segment; ventr:tl keel beak-shaped, 

extending baokward; abdomen tapering posteriorly ; furoa half as long as remainder of abdomen, four 
times as long 88 broad. Male unknown. Coloration as in  the preceding species. Length, 0.85 to  0.9 
mm. Several female specimens taken in  company with preceding species in  the Gulf Stream. 



Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

OBSERVATIONS ON T H E  LIFE-HISTORY OF THE COMMON CLAM, 
MYA ARENARIA. 

BY JAMES L. KELLOGG. 

For some years, numbers of small bivalves, attachec by a byssus to stones and 
eelgrass, were noticed along the beaches at Woods Hole, Massachusetts. The outline 
of the shell was such as to suggeclt the lougnecked or soft clam ( N y a  arenaria), aud 
yet the differences were considerable so far as form was concerued. The whole outline 
was rounded, and the umbones prominent and widely separated, while in  the adult 
clam the shell is elongated from before backward, the iiiconspicuous umbones 
approaching each other closely near the median line. The character of the hinge 
might have determined the matter, but it was so small and fragile, in the few speci- 
meiis picked up in the search for other material, that examination was difficult and. 
uucertain. I have long suspected, however, that a study o f  these forms would show 
them to be the young of our common clam. 

Among the numerous notes and papers by the late Prof. John A. Ryder is a short 
description of the young Mya attached by a byssus.* These small individuals were 
found in New Bedford Harbor by Mr. V. N. Edwards, of the U. S. Fish Oommission. 

,They were attached to floating timbers, together with masses of ascidians (illoEgzcEa). 
Professor Ryder, in his study of them, discovered in a few specimens a single byssus- 
thread arising from a byssus gland in the foot. 

Being invited by Dr. 11.0. BUIIIPUR, who represented the Rhode Island State Fish 
~omiuission, to make some investigations as to the life-history of the clam, during 
the summer of 1898, I proceeded to Woods Hole, iu order to consult with him in 
regard to the work. Soon after my arrival, it was learned that Dr. A. D. Mead, who 
had just returned from the Kickemuit River, in Bhode Island, had observed many 
small bivalves in the seaweed in which mere also to be found the small star-fish, which 
he w a ~  engaged in studying. On proceeding to bhis place, these creatures, which I 
had previously seen a t  Woods Hole, were found in countless iiumbers attached by a 
byssus-thread to the matted filaments of the marine alga Bntero?norpk~a, and rarely 
to Ulva and eelgrass. The A'nteromorpha was attached to the long blades of e e l g r ~ s ,  
and to stones on the bottom, and was found only near the beaah, which contained a 
great many clams. The small lamellibranchs were soon determined to. be the young 
of Nya, and the following is an account of their development and habits from the 
period of their fixation by the byssus-thread to the adult condition. , 

*Amdoan Naturalist for Jauuary, 1889, Embryological notes. 
I?. C. B. 1899-13 193 
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SOME STRUCTURAL PECULIARITIES O F  THE SMALL CLAM. 

Many of the attached forms were extremely small. Several mere obt,ained which 
were but  0.4 i n n  in length, and these the unaided eye could with great difficul'ty 
distinguish from fine grains of sand, A glauce a t  fig. 2, which represents a11 individ- 
ual.of this length, shows a creature with little resemblance to the adult Mp. The 
outline is rounded, and the umbones are very prominent, and project out so as to be 
widely separated from each other. The foot (f) is of the plowshare-shaped variety 
found in Venus, Uwio, aiid other clams, and, though not so represented in the figure, 
may be seen through the delicate semi-transparent shell to extend over the entire 
ventral surface of the visceral mass. I n  this it is very unlike the hatchet-shaped 
foot of the adult Mya, which is relatively small, and lbrojects forward from the anterior 
surface of the visceral mass. The siphons (s), however, are similar to those in the 
adult form, but are excessively delicate and filmy, occupying so little space when 
retracted that the shell does not gape posteriorly to accommodate them. They are 
protracted atud retracted with the utmost facility and rapidity. 

BIQ. 1. Mya armaria. Ten cauera outlincs of sliclls varying in longtli from 0.4 unn. to 7.5 mtn. They are intended to 
illustrate tho chiingo from a rounded outline in srunllor individuals to tlm elongated condition of oldor forms. Tliore 
is at first a more rnpid posterior, ac&subsoqiicntly a more rapid nnterior, growth of shell, which cniima the rolirtive 
position of tho umbo to shift forrvard, rand then back to a poeition midwny between the two ertromities of tho shell. 

It was not difficult to determine that these iiidividuals were young long-necked 
clams. When arrauged in a series from smaller to larger forms, very slight diiferences 
between contiguous individuals, as regards the outli~ie of the slrell, lead from the 
rounded form with prominent umbones to the'elongated shell of' the adult, in which 
the umbones are inconspicuous. This comparison is illustrated in fig. 1, in which the 
outlines of the shells of a few individuals have been selected from a large series. They 
represent forms from 0.4 to 7.5 min. (less than -:, of an inch) in length. The largest 
shell differs from that in the adult in having the still conspicuous umbones placed 
anterior to the middle of the &ell, but the general appearance is much the same, atud 
the changes in outline from one to the other are easily followed in intermediate sizes. 

' 
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I n  drawing a great many outlines with a camera, two individuals of the same 
length very frequeri tly presented differences in outline which were considerable. 
Everyone has probably noticed how great are these variations in  form in the shells 
of t h e  adult clams, even where the shells have not become distorted in growth by 
coming in contact with unyielding bodies, such as embedded stones. The ontlines 
selected and here reproduced are, of course, representative, and show one or two 
curious facts which would appear in any similar series. The first of these is that the 
small rounded shell, as already described, becomes relatively much elongated. Again, 
in the shell 0.4 rum. i n  length, the umbo appears near the middle of the shell, and 
then rapidly shifts its position anteriorly, as the creature becomes older. In outlines 
9 and 10 in  the series (in individuals G alnd 7.5 mm. in length), the umbones me being 
gradually moved back toward the middle of the shell, and this is continued iu older 
shells until, as in the adult, they have again assumed a position about equally distant 
from the anterior and posterior extremities. This shifting in the position of the 
umbones is of course due to the fact that the shell for B time grows more rapidly 
posteriorly, and at  a later period the anterior part has a more rapid growth. 

. 

v 
BIG. 2. dfya arenaria, with 811ollO.4dm. long, removod 

from attachment to soawoed (E’nteromorpha) ancl 
sbowiug thesinglo, branohodbSssus.t~road ( b )  uris. 
ing fromabyasus gland atbnsooffoot (f). Thefllmy 
aiphons ( a )  are shown protraotod. 

Fro. 3. Mua aronaria. Forin 2.3 mm. long (drawn on 
smnller sonlo thnil fig. 2), remowtl from bnrrow iu 
Bund, nud showing nttnchmont of byssus (b )  to 
numoroiia sand grnins (8.  g.). 

I n  shells not longer than 2 mm., i t  is not difficult to detect the usual tooth in the 
left valve (as well as the excavation in the right), which Gould & Binuey describe in 
the adult as erect, “rounded at  its summit,of about equal breadth and height; itsinner 
fclco is smooth and rounded; its outer face is divided into two portions, the largest of 
which is spoo~-shaped, the other flat, and traversed across the niiddle by a grooved 
ridge, which projects beyond the margin of the tooth like B smaller tooth.” This 
description may be easily applied t o  the small shell. I n  the smallest forms examined 
there was a concrescence of the mantle folds similar to tho condition in the adult. ’ 
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ATTACHMENT. 

One of the most interesting features of the life-history of the long-necked clam- 
interesting from an economical as well as from a scientific poiut of view-is the fact 
that it is attached by a byssus to foreign objects during a considerable period of its 
early life. The smaller forms iu the seaweed above the bottom were minute in size, 
some being but 0.4 mm. long. In each there was a well-developed byssus, which 
aEorded a rather firm hold to the filaments of the weed. All the clams in the weed 
of course maintainea their position by the same means, and the largest found, wheii 
the first examination was made early i n  July, was 7 mm. in length (a little more'than 
0.25 inch). A search early in August revealed several somewhat larger than this, 
each attached by a byssus, and in the mud of the bottom also many were obtained, 
some from 10 to 13 mm. long, which still possessed a well-developed byssus-thread. 

In the note by Professor Ityder, before cited, a statement in regard to the size of 
attached individuals is not quite clear. He  says : 

As they grew larger i t  was further supposed that they were held fast in their unusual position by 
tho fibors and cement substances EeCretOd by the mantles of their ascidian neighbor&, and thus wore 
siiffered to attain a Considerable size (from 2 to 15 mm.). * * * However, furtlrcr inve8tigation 
showed that in this I was in error, for after a careful search a few indivicluals were'found from which 
a single bpsal thread was found to proceed. 

From this statement it, does not appear positively that any individual 15 mm. 
long was seeu to have a byssus thread attaching it to a floatiug body, though such 
possibly may have been the case. 

Beginning work early in July, I was able to find few sexually mature adults in 
Narragansett Bay or a t  Woods Hole, the breeding season evidently coming earlier in 
these localities, probably in May and Jupe; but that some still continue to discharge 
sexual cells late iu  July is shown by the fact that even in August there appear on the 
seaweed a few very small forms, which must be comparatively young. 

We are led to the conclusion, therefore, that the free-swimming embryos attach 
themselves to foreign objects, such as the seaweeds (Ewteroniorphu and Ulvu), eelgrass, 
stones, and other bodies, and that these attachiuents by the minute clam take place 
in the months of June, July, and August-the great majoFity of them in Narragansett 
and Buzzards bays in  the latter part of June and in early July. Having become fixed 
in this way by a byssus thread, the clams remain for some time, many of them attaining 
a length of' at least G or 7 mm., and perhaps more. 

. 

- 

FREEING FROM ATTACJIMENT. 

It may be well to notice a t  this point the fact that the'attachmeiit of the clams 
may be broken at any time, apparently at the will of the animal, by 8 casting off of the 
byssus-thread. This is a very usuai phenonieiion among lamellibranchs with a byssus. 
and may be well observed in the black mussel, Mytilus edulis, where the  byssus is very 
greatly developed. Here, as well as in the young clam, all the threads may be cast 
off from the gland in the foot, and new threads may be produced a t  will. Apparently 
youug clams of all sizes in the weed very often perform this act. When they have 
in this way made themselves free in a glass dish, they at  once begin to move about 
by means of the well-developed foot. Slowly crawling about for a time, they finally 
reattach themselves, and even after this has been accomplished, they move about in 
various directions to the length of their tether. In this process of freeing and reattach- 
ment, howevqr, i t  very often happens that the little clams fall from the supporting 
weed altogether, and reach the bottom. In order to determine, if possible, how fre- 
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quently this happened, I kept a large mat of Enteromorpka, covered with clams, floating 
in running sea-water. Under the inass wafi spread some fine cloth. In the course of 
a week, great numbers-perhaps a fourth of all those attached-were found to have 
fallen from their support to the cloth, and these were of all sizes. Here they attach 
themselves, wander about, and again attach, until, apparently tired of the eEort to 
find congenial surroundings, they remain inert, most of them without byssus threads, 
for long period8 of time. 

MIGItATION TO TEE MUD. 

As one would naturally suppose, this period is a critical one for the clam, as 
much so, Iwobably, as any in its history, though it has to contend with other great 
dangers which threaten its existence both before and after i t  enters the mud. The 
eelgrass on which the Enteromorpha filaments grow most abundantly, in the localities 
examined, is to be found in shallow water, near the clam beds. In fdling from their 
support, most of the clams mould probably find a resting-place 011 the bottom, below 
t h e  lowest low-tide mark, That this actually happoiis may be easily demonstrated 
by taking a little of the mud in these localities and washing i t  through a fine sieve. 
When this is done the small clams are often found. But the clams do uot depend 
entirely upon Eiatcromorpha for fixation. As before indicated, they may also attach 
to stones and other bodies in the water. In  the  early summer, in certain localities, 
tlie floating weed may bear no attached individuals, which are, however, to be found 
fastened to  ncar-by stonss on the bottom. Wherever they may be, tliey probably free 
themselves from time to time, and, being below the low-water mark, fewer may reach 
tliaturity tlian if they had been between the tide marks. This is a matter of inference. 
M!JCL iindoubtedly may live in bottoms which are never exposed. I know this to be 
true, for example, a t  the salt pond at  Wakefield, Rhode Island, and in the river at 
Essex, M:issecliusetts, and probably many other such regions are known; but it is 
difficult to believe that regions below clam flats usually, or perhaps often, bear clams. 
Clam-diggers very generally seem to know nothing of their existence. 

It may be concluded, then, that of thb great numbers of small clams which fall 
to the bottom below low-tide mark, few are able to reach a favorable position higher up 
on the beach, and the great majority are destroyed. In such localities individuals over 
6 or 7 min. i n  length are seldom found.’ While the majority may thus perish, we may 
well believe that a few, on falling at  certain times, are borne by tidal currents above 
the low-tide mark. They are to be found here burrowed into the sand, or attached 
to the sides of stones, close to the line where the stone touches the mud. This occurs 
most frequently on stones covered by rockweed (l?ucus), and perhaps for the reason 
that here the little clams find better protectiou from their most destructive enemies, 
the young stax fish, It is probable that many of these small clams between the tide 
marks originally attached themselves in this position, never having been fastened to 
objects in  the water below low-tide mark. 

This wholesale destruction of individuals below low-water mark is but another 
example of the tremendous struggle for life to which so many species of organisms are 
subjected in nature. Of the millions of swimming larvlx! that probably arise from one 
female during a breeding season, few become attached to suitable objects, the water 
currents carrying most of them away. Those which succeed in fastening themselves 
are killed in vast numbers by very small star-fish; and even after attaining a position 
in the ssud aaid mud of a favorable locality, tlie shifting of the sand. the crowding of 
individuals, the decay of organic material in the water, or the isolation of salt water 
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in shallow arms of the sea, lead to the destruction of mauy. Considering the phases of 
the life-history of the soft clam thus far described, it seems that artificial methods 
might be developed which sliould remove some of the dangers to be found in nature, 
mid hence lead to a greater proportionate iucrease in the number of' adults. 

BTJRROWING INTO TIIE MUD. 

The migration from the poiut of attachment liaviiig been accomplished, we are 
next coricerned with tlie habit of burrowing into the mud. In the adult clam the foot 
is reduced to a laterally compressed, fin-like prqjection from the anterior side of the 
visceral inass, not extendiiig to its ventral surface. It is with great difficulty that 
the mature clam buries itself in the sand after having been dug from its burrow. 
Clams 1 to 2 inches in length will cover theinselves gradually in the course of 30 
to 45 minutes, but they reach the usual depth of several inches only after a iiiuch 
longer period. 111 the 
young the foot is relatively very inucli larger thau in the adult, aiid extends from the 
anterior side of the visceral mass, just  under the mouth, far back 011 its ventral side. 
This conditiou of the foot is almost exactlylike that to bo found in such a clam as the 
quahog (Venus wiercenaria) in its mature state. Mya has probably desceuded from 
mi aucestral form which possessed this plowshare-shaped foot, tho organ being 
reduced to its present form becaus.e i t  became less and less an organ of locomotion aiid 
was used simply for digging downward into the send. We have a confirination of this 
view in the structural peculiarities of the foot in the very m a l l  Xya,  as described above. 

In the youiig M y a  tbe foot is capable of great extension, and is used not ouly in 
crawling over oQjects, but also iu digging into sand aud iiiud. It is extreiriely iuter- 
estirig to uotice that individuals bu t  1.5 inni. long, when placed upon sand, a t  once 
attempt to cover themselves by thrusting and worming tlie sharp anterior end of the 
i'oot into it. Unless the sand be extremely fine, clams of this size are not able to 
thrust aside the grains sufficiently to obtain a lodgment. Those measuring 2 or 3 mm. 
in length are sometimes able to cover themselves partially or wholly; while one G mm. 
lorig can usually work its way beneath the surface of any clam bed, aiid thus rest in 
comparative security. All clanis which I have observed, under G or 8 1nm. iii length, 
work their way domiiward only far enough to cover the shell. None of them seem to 
be very energetic, aud ofteu after working long enough to raise the posterior end of the 
shell to a vertical position, they give up the attempt to biiry theniselves and remain 
in that attitude until toppled over by the water currents. After liaviiig becoliie 
completely covered, they exhibit a grotit deal of rest~lessness, appareiitly often push to 
the surpace agaiii, as if dissatisfied with the surroundings, and after wanderiug nl>out 
for a, short distance once more go down. This process has beeii seeu to be repeated, it1 
an individual G mm. long, half a dozen times in the course of three dnys. They seen1 
to wander short distances-1 or 2 inches only-between the periods of descent, but 
perhaps the wauderiiigs 011 the bottom inay at  times be more extensive. 

How large the clam becomes before it digs into the bottom to remain pormanently 
has not been determiued. I have frequently fourid lying on the surface empty shells 
at least 2 om. long which had been perforated by the oyster-drill (Urosai$inx), aud 
this creature could only have made its attack when the living clatii was out of its 
burrow. Clams of this Ieiigth, then, apparently lime periods of wandering, and it 
would be interesting to determine, if it were possible, whether or not they would bo 
ablo to move up between the title marks froin sottie position below low tide. When 

Very large clams out of their burrows are still less active. 
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dug out of the beds, clams measuring 2 or 3 em. in length are generally found to have 
gone down 12 or 15 em. (5  or G inches) from the surface, the extremely delicate and 
filmy siphons of the small individual becoming relatively larger and more muscular. 
There undoubtedly comes a period-probably not far from this time-when the clam 
ceases to come to the surface, and, except for some ascident, remains forever buried, 
reaching up to the mater only by means of the siphon tubes. Evidence of this is the 
fact that  clams are frequently to be found between rocks in such a position that it 
would be impossible for them to move, having reached such a location whcn smaller. 
Then, too, shells, especially the larger ones, are frequently distorted and rendered 
asynimetriaill by coming in contact, in growth, with an unyielding object, such as a 
stone. The shape in  such cases conforms to the space in which movement is possible. 
This same distortion of the shell may be noticed in other burrowing lamellibranchs, 
like Petricola phola~difkntis.  In  case of this latter form, elid also in  Pholas trmcata,  
wliicli ore to be €ound buried along the edges of salt marshes, the burrow is seen to be 
surrounded by so dense a feltwork of roots from the marsh vegetation that it mould 
seem entirely impossible t h a t  the adult animal could remove itself. It is a mystery 
how the young could ever force its way into such materia,l. 

FIXATION IN THE: BURROW. 
* A peculiar habit, the utility of which is very evident, is the spinning of the byssus 

by the small clam as soon as i t  has succeeded in covering itself in the sand. As 
has just been stated, the sinal1 individuals bury theinselves, and again appear upon 
the surface, and this is repeated several times. But whenever the creature goes into 
the sand, it apparently a t  once proceeds to pour out the secretion which forms the 
byssus thread, and attaches itself more or less firmly by this means. Fig. 3 represents 
a clam witli a shell 2.3 mm. long, which lias been removed from its burrow. The 
siugle byssus thread ( b )  is seeu to branch, the ends of the branches being attached to 
three sand grains ( 8 .  g.). Actually the number of sand grains and pebbles to which 
attachment is made is usually much greater than ~epresented. The extremity of the 
thread which is fttstened to the foreignsbody is considerably widened, as shown in fig- 
ure. The character of the thread is the same, whether the creature is attached to several 
sand grains, t o  a single filament of Enterowaorplia, or to other bodies. lcig. 2 represents 
a very stiiall individual, 0.4 mm. in length (drawn on a larger scale than fig. 3), which 
was attached. by several branches of the byssus to one short seaweed filament. 

I n  coming out of the burrow and moving to a new locality, the byssus is cast off 
a t  tlie gland in the,foot and left behind, arid a new one is constructed at  the nest 
descent. This is doire witliiri a few minutes. Clams, from tlie smallest which are able 
to cover tlie~tiselves in the sand to those a t  least 13 111113. long, exhibit this peculiar 
habit of forming a byssus in the burrow. How much longer the byssus orgau remains 
in functional activity and whcn it begins to atrophy have not beell determined. 

The utility of this habit is well illustrated iu :I circumstance which recently came 
under observation at  the house-boat laboratory, in the Kickemuit Narrows, belonging 
to the lthode Island Fish Oommission. Suspended in the water was a box filled with 
sand taken from a qeighboring clani-bed. In tlie sand had been sunken some glass 
dishes, about 3 inches it1 depth, which had also beeti filled with sand. Here a number 
of small clams were allowed to burrow. On August 5 the region was visited by a 
terrific wiudstorm, and everything connected v$th the house-boat WAS pitched about 
furiously for tiiore thau an hour. Upon exaniiniug the glass dislies afterwards, it was 
fouud that d l  tho finer m i d  had been washed out of thein, and but a, few sins11 pebbles 
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remained. On these, however, several clams remained firmly attached, and this had 
prevented their being washed away. Where the waves were breaking on the beach 
the same thing mas probably taking place. Small clams near the surface in their 
shallow burrows were probably washed out in great nunibers. Many of them were 
then undoubtedly thrown up and left to  perish. I have been informed by clam-diggers 
that during violent storms, when the tide is high, vast numbers of small clams are 
sometimes thrown up on the beach and left high and dry to perish by the retreating 
tidc.. Thus the possession of a byssus, which is attached to pebbles and sand graius 
inany times heavier thaii tho clam itself, must be of immense advantage in tending to 
keeu the animal from floating OE from the bottom. 

THE BYSSUS THREAD. 

Reference has been made to the relatively large, plowshare-shaped foot which 
extends backward over the ventral side of the visceral mass. The byssus orgau, in 
which the secretion for the thread is produced, is located in the usual position on 
the ventral side of the foot, and far toward its posterior extremity. I t s  position is 
indicated in figs. 2 and 3, in which, however, the foot is represented as being prqjected 
forward to a considerable extent, carrying the byssus organ outside the shell. The 
byssus itself appears to be made of a single delicate transparent thread ( b )  sometimes 
bearing a number of side branches, the end of cadi branch forming a point of attach- 
ment. The precise manner of attachment has not been ascertained, but i t  does not 
seem probable that it is effected exactly as i u  Mytilus (mussel) and the young Peoten. 
(scallop), in which forms a groove on the ventral side of the foot leads from the opening 
of the byssus organ out iiearly to the tip. This groove is converted into a closed tube, 
and the fluid secretion of the gland is poured out into it. A t  the tip of the foot it is 
allowed to come in contact with tlie body to which attachment is to be made, and 
adheres tightly. The groove of the foot is now slowly opened, and the secretion, upon 
coming in contact with the water, is converted into a tough fiber. In 1,his may Mytilus 
forms a number of threads, which extend out in  various directions, all uniting near 
the opening of the byssus gland. 

In  the clam, an attachment having been made at  a few points, the thfead mop 
be greatly elongated by pouring the secretion out directly into the water, where it a t  
ouce hardens, much a s  the secretion from the spinning gland of a spider hardens, 
after its extension, by coming in contact with the air. By fastening a byssus thread 
from a clam G mm. (nearly 0.25 inch) in length to the point of a needle, one is able, 
by exerting a gentle pull on the thread, to draw it out to a length of 5 cm. (aboiit 2 
inches) in the space of about 15 minutes. The secretion is poured out a t  intervals, 
but not a t  any time with much rapidity. The thread thus obtained appears to be 
single, is very elastic, and is possessed of some dogree of toughness. 

. 

POINTS BEARING ON THE DEVELOPMENT O F  METHODS O F  OLAM-CULTURE. 

The rapidly diminishing supply of clams in Rhode Island has for some time been 
regarded with serious concern. Clam-diggers everywhere on Narragansett Bay, 
whom I have met during the present summer (1808), have given the most discouraging 
reports. In some localities, where clams were abuudatit four 01 five years ago, very 
few can now be obtaiued. The culture of oysters, as carried on in Narragansett Bay, 
Long Island Sound, and elsewhere on !he .New England coast, has been attended by 
many great and serious difficulties, and yet it has become, in the hands of enterprising 
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men, a very profitabIe business. In  localities where it has been impossible to obtain 
a set of 6‘ spat,” where the beaches between tide marks may not be used, where an 
annual rental of $10 an acre must be paid, where the deadly star-fish abounds, and 
where oysters are purchased abroad and shipped great distances Rimply to be spread 
upon the bottom and allowed to grow to a marketable size, the business pays and is 
thriving. One or two attempts have been made to develop methods of clam-culture 
in this country, but for various reasons-principally because of a lack of protection 
by law from the depredations of clam-diggers-they have been discontinued. 

From t h e  account of the life-history of the longnecked clam here given, it would 
appear that it may be possible to develop culture methods which should be pfoductive 
of much greater results than those obtained by oyster culture. Two or three points 
elucidated, as well as some facts not yet mentioned, may well be noticed as bearing on 
the solution of this economic problem. 

l’ihe habit of attachment.-Probably in many localities it would be pomible, as it 
is in the Rickemuit River, to obtain great numbers of young clams in t h e  early summer 
by simply gathering floating seaweed to which they are attached and transporting them 
to localities where conditions should be most favorable for further development. 

Though no facts bearing on this point are a t  hand, i t  may be possible to bring 
about au artificial fertilization of tlie ovalof the clam in such a .way that the swimming 
larva: might be induced to attach to some suitable object which should be convenient 
to handle when it is suspended in the water containing the embryos, This lins been 
accomplished with some degree of success in  tlie case of the oyster, where artificial 
fertilization may be brought about with very great nase; but with some lamellibranchs 
i t  seems absolutely iinpossible to induce this uiiion of the sexual cells, and this may 
be the case with the clam. Even i f  it were so, sexually mature individuals might be 
placed in inclosed localities, where large numbers of the youug could be collected. 

Tenacity qf Zife.-While the adult Mya dies quickly in aquaria, the small clams are 
very tenacious of life. Early i n  July, 1898, a bucket full of Enterontorpka, covered with 
clams, was taken from the water at the Kickemuit Narrotvs at 11 a. m. of a hot day, 
and was carried to Woods Hole, arriving at 4 p. In., the water in the bucket having 
become very warm. The clanis were transferred directly to the inuch colder sea wtlter 
in the hatohiug-house of the U. S. Fish Commission station. None of them seemed to 
be in the least iiijured by their rough treatmerit, arid they lived in very slowly runuirig 
water for over a month, when they were removed. In  this case, no care having 
been taken to make the conditions favorable, they did not seem to thrive, and certain 
individuals measured from time to time showed little or, in some cases, no growth. 
Othors, after remaiiiiiig a luouth in the hatching-house, were placed in small glass 
dishes, mliicli were allowed to stand until the water had uearly evaporated and a zoogleo 
mass had formeclo11 top of it, and they remained alive under these conditions for mariy 
dayfi. These facts seemed to indicate that the small clams are very hardy and that, if 
desirable in culture work, they could easily be transported without iujury. 

.Bfect of waters of d{fi?riiag degrees of salinity.-In the transfer of clams just 
mentioned, i t  may be noticed that the salinity of water i t i  the two localities is some- 
what different. I n  the Eiclreinuit the average salinity is about 1.019; at Woods Hole, 
%bout 1.024. As is the case with oysters, clams will live in water which is brackish. At  
the salt pond near Walrefield, Rhode Island, for instance, the saliriity is from 1.0049 
to 1.0058 on the surface, and quite a number of clams are found along its shores. 
The density a t  tlie bottom may be much greater than a t  the surface, however. 
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lhemies.-One important fact which must be considered in developing any method 
of clam-culture is that the clam in its attached condition, and when exposed on the 
surface of a bed, is destroyed in vast numbers in many localities by one or two natural 
enemies. The worst of these is that curse of the oyster-culturist in northern waters- 
the star-fish. Mauy extremely interesting and imporbant observations in regard to 
this creature’s habits of destroying clams and other forms have been made during the 
past summer by Dr. A. 11. Mead. These observations show that the star-iish, even 
when minute in size, is terribly destructive to the young clams. 

Another enemy of the young clam is the oyster-drill (l7rosaZpin.z). Many clam 
shells have been taken from the surface sand of the bottoms which exhibited the clean 
perforation filed by this creature. Shells so pierced were from 3 mm. to 2 cin. or more 
in length. As 1 have never found drilled shells in any great riumbers iii one locality, 
it would appear that the clam is not seriously menaced by this foe. The adult clam, 
deep below the surface, is probably not disturbed by otlier enemies than man. 

SUMMARY. 
To recapitulate the principal points established in the foregoing description of the 

life-history of the clam, beginning after the swimxniug larval condition, we notice that 
the breeding season iii Narragansett and Buzzards bays probably extends through 
May and June  into July. Reginning my observations late iii June, I have not been 
able to determine its limits with any certainty. After the free.swirnmiiig larval 
period, the young clams attach themselves by means of a byssus, w h k h  is produced 
from a byssus gland in khe foot. Attachment is made to various bodies in  the water. 
Clams may be found so attaclied from the latter part of June to the 1st of August. 
They are to be found in certain localities in immense numbers. The attached indi- 
viduals measured varied in length from 0.4 to 7 mm. The shape of the smaller 
individuals diEers greatly from that of the adult in being much more rounded, with 
umbones widely separated laterally. As they become older, they gradually assume 
the outline which characterizes the adult, but iii so doing the umbones come to be 
situated relatively far forward, and tlieii again move back toward the middle of the 
shell on tlic dorsal side. This shifting in the relative position of the umbo is due to a 
more rapid gromth of the posterior, and subsequently of the anterior ends of the shell. 

In tlie sni:dlest forms examined, tlie mantle folds \rere in concrescence ventrally’ 
The foot is relatively greatly developed, extending over the entire ventral side of the 
visceral mass. The siphons have the general characters of those in the adult, but are 
filmy and may be retracted within the shell with very great quickness. 

The byssus 
is cast OK and the creature climbs from one point to  another by means of the foot, 
sometimes reattaching, sometimes Falling free to the bottom. In the sand, unless 
i t  be excessively fine, individuals less than 2 min. in length are rarely able to cover 
theniselves, though they dways make the ittternpt. Those 5 or 6 mm. long are appar- 
ently able to burrow beneath the surface of any clam shore. 

Having attained a lodgment in tlie sand, all clams observed proceed immediately 
to form a byssus thread, mliich is attached to sand grains and pebbles. This tends to 
secure the creature, so that, even if water curreiits or tlie action of the waves should 
dislodge it from its burrow, it would not be carried SO far from its original position as 
mould otherwise occur. Of their own accord, these c l a m  frequently leave the first 
burrow, wander about, aiid form another, some iiidividiials repeating the process many 
times. 

Clams of’ all sizes apparently free themselves from their attachment. 

’ 

A time finally comes when ‘they dig iiito the sand to remain permanently. 
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THE NATURAL HISTORY OF THE STAR-FISH. 

BY A. D. MEAD, PH. D., 
Associate Professor of Conaparative Anatomy, Browx U~tiversity. 

The investigation of the habits and life-history of the star-fish has been carried 
on at  the suggestion and under tlic auspices of the lihode Island Commission of Inlaud 
Fisheries. The observations were made pri~icipally a t  tlie I<ickemuit River, Rhode 
Island, where a houseboat, moored over one of tlie oyster-beds, served as a floating 
laboratory. Through the courtesy of' the U. S. Fisli Commission in extending to 
me the privileges of the Woods Hole Station and iu givilig NU the use of one of the 
steam launches I was able to malie observatious upon the star-fish in other portious of 
Narragansett Bay aud to extend the work irito Cuzzards Ba,y. Prom oystermen I 
have received valuable information and assistance, and on every occasion t h e  kindest 
treatment. The report is presented ill  the form of questions and answers, the ques. 
tions being such as mould be propounded by a practical oysterman, and intended to 
bring out information of' value in combating tlie ravages of the star-fish. This paper, 
in sliglitly dillerelit form, appears in the twenty-ninth annual report of the Commis. 
siouers of Inlaud Fisheries for. the State of Rhode Island, Jauua'ry, 1899. 

IDENTlFICATION AND DISTRIBUTION O F  THE STAR-FISH. 

I. Does the animal lcnown lo our fishernien as the star-fisk or five-finger belong to 
one o r  to  several species? 

It is evident that if there are two or more species artificial or natural agents 
destructive to one inay prove quite harmless to the others. There are in Narragan- 
sett Bay 4 species of star-fishes, out of the 800 or wore which are known to occur the 
world over. They are: The common star-fish (Asterias forbe8ii); the purple star.fish 
(Asterins vulgaris) ; the blood star-fish ( CYibrella sangziinole?itn) ; the bnake star-fish 
(Ophiopl~olis aculea,ta). The 
last two are so distinctly dift'erent from each other end from tho first two that there is 
no difEculty i n  identifying them; neither is harmful to the shell-fish RRheries. 

The comwoil star-fish and the related purple star vary so much with regard to color, 
shape of arms, size, number of Rpecies, et:., that the French uaturalist Perrier has  
made five distinct species of Asterias t o  include those star-fish amlong our coast which 
according to American naturalists, L. Agassiz, Sti~npsou, and Verrill, belong t o  two 
species only. I have endeavored during the last year to ascertain whether some of 
these varieties were to be explained as e digerenee in sex, but have been uiiable to 
discover any such relation, and alii not able to distinguish males from females except 
by the sexual products. 

' 

Only the first two species are considered in this report. 
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11. What i s  the geographical and batlqnzetrioal distribution ? 
The reply to this question will indicate the area subject or most liable to invision. 

Tbe purple star ranges from Labrador (probably farther north) to Cape Hatteras, and 
is most common north of Cape Cod. The common star ranges from Maine to the 
Gulf of Mexico, and is the species most common south of Cape Cod. The bathymet- 
rical distribution of the purple star is from high water to 208 fathoms, and of the 
common star from high water to 20 fathoms. 

Prom the numerous dredging expeditions of the U. S .  Pis11 Commission launches 
and the steamer Fish Hawk carried on in 1898 it appears that in Narragansett Bay the 
purple star-fish (Asterias vulgaris) is yractically restricted to the lower portion of tfhe 
bay, below Gould Island, though occasionally, perhaps, taken farther north. One, for 
instance, was taken near Dyer Island, among 1,000 or more of the common species. I 
have never known a single one among the t,housands of bushels of star-fish captured 
on the oyster-beds in the upper half of the bay. The common star, on the other haud, 
occurs in greater or less abundance everywhere from Fox Point to the mouth of the 
bay, and is the only species that commits depredations upon our oyster-beds. (The 
purple star would doubtless be destructive if it were present.) The stars from the 
vicinity of the oyster-grounds are, moreover, very similar to one another in appearance, 
as compared with tliose collected in one locality a t  Woods Hole, where one liaul of the 
mops may bring up  stars which apparently ‘belong to several quite different varieties. 

There are other varieties differing from those on our oyster-beds and from the 
purple star, which seem to be characteristic of certain localities. Thus, a t  the head of 
Buzzards Bay, a t  Neys Neck, a large number of common stars were collected, which 
were very similar to one another, but quite different from those on our oyster-grounds. 
They had very large coarse spines and were of a bronze color. The specimens taken 
by the Fish Hawk in waters south of Narragansett Bay seem to constitute a variety 
(maroon star) which-occupies this area to the exclusion of other kinds. 

It is not known certainly whether each of these so-called varieties is an actual 
variet,y in the sense that the individuals breed true, or whether the peculiar appear- 
ance is due merely to t h e  fact that t h e  individual stars are bred and reared in a 
particular locality. If it*should prove to be true that the young of a certaiii variety, 
e. g., t h e  maroon star, are always like t h e  parent stars, no matt,er wliere they grow, 
we might be able to determine to what extent the star-fish are dispersed while in 
the free-swimming larval condition. 

MODE OF LIFE. 

TIT. What i s  the method of locomotion? (It .is possible that some barrier nriglit be 
arranged that would limit, ij’ not prevent, invasion.) 

The star-fish crawls or glides over subinerged surfaces by means of the very 
numerous ‘( suckers,” or feet, which protrude from the furrows on the under side of 
the arms. Small stars, 6 inch or less from tip to tip, are frequently seen, ventral side 
uppermost, moving along with their sucker’s reaching up to the surface of the water. 
This performauce cam be carried on only when the water is very quiet, and is not often 
observed outside the aquarium. The buoyancy of the water and the great number 
of sucking feet enable the animal to crawl over the softest silt and the smoothest 
hard surfaces with ease, while the remarkable suppleness of the body enables it to get 
through incredibly small crevices. Besides this ordinary mode of locomotion, another 
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peculiar method has beeu accredited to the star-fish by many, namely, that of clinging 
together in great clusters and rolling aloiig the bottom with the tide. 

The tradition is that large numbers of stars cling together to forin a compact 
ball from 1 to 3 feet or more in diameter, which is rolled along the bottom by the tide 
until, striking an oyster-bed, the ball goes to pieces and the stars begin work at  once. 
It is difficult to find an actuel eye.witness of this phenomenon, though Ernest Tnger- 
sol1 tells of an old oysterman, “Captain Eaton, of New Haven, who Raid that he and 
his brother once raked up the end of a ‘cylindrical roll of star-fishes clinging tightly 
together, which they hauled into their boat until i t  would contain no more, when they 
had to break the roll or ‘string,’ as he called it, which was a foot or more in diameter.” 
The “string” was composed only of star-fishes. I have never observed auything to 
confirm in the slightest degree the truth of these stories, though I have seen balls of 
star-fish clinging to each other. Upon examination it was evident that. the stars 
were all endeavoring to devour some animal held in their midst. 

For the purpose of testing tho abilityof star-fish to creep over soft surfaces, 
vaseline mas smeared thickly on a vertical glass plate and on the under side of a 
horizontal glass plate. Those plates mere submerged in the aquarium with the star- 
fish, which measured % or 3 inches from tip t o  tip. The animals were observed to 
crawl over both these surfaces with no apparent difficulty. Paraffin was used in the 
same way and with the same result. It would appear, therefore, that submerged 
surfaces, though ever so soft ,or slippery, would not be eEective barriers against the 
invasion of stars. They will not crawl out of the water, nor even protrude an arm 
above the surface, but will move along over a surface covered with a very thin layer of 
water, even if i t  is not deep enough to cover the whole body. They are perfectly 
secure, therefore, in a dish of water as shallow as a soup plate, so long as the water 
does not flow over the edge; but if placed in ail aquarium which is constantIy over- 
flowing, they will frequently crawl over the edge and dowu tho outside. No barrier, 
therefore, over which even a thin layer of water is flowing would be effective. 

IV. To or from. what distance may star-fish, migratef 

This is a problem which has a decidedly practical bearing, but we have as yet very 
little nccurate data for its solution. I have been told by several oystermen that stars 
soinetimes suddenly appear in great numbers upon oyster-beds, and move over them 
a t  the rate of & mile per day, more or less. It is generally understood, also,that 
thore is some sort of a seasonal migration, especially noticeable in spring and fall, but 
the chi~racter and extent of this migration, if i t  really occurs, is unknomn. 

If a star crawled coiistantly in one direction at the rate of 6 iiiclies per minute, 
. which is a fair rate for a medium-sized one, it mould travel about 4 miles in a month. 
A t  this rate star-fish could go from one end of the bay to the other in the course of the 
summer. But &ere is no good evidence that they take such extended excursions. 
The fact that they cau be found all the year round iu the upper part of the bay, and 
on the 6yster-beds, shows that there is no wholesale migration to great distances. 

There are some other facts which seem to indicate that the wanderings of these 
animals are rather limited in extent. Certain kinds of star-fish which are common in 
one part of the bay are not found, or are rare, in other parts. The purple star and 
‘Lmaroon star” do not migrate into tlie upper half of the bay, although the purple 
star, at least, might live in these waters, as I have found by keeping thein iu confine- 
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ment. The star-fish in two neighboring parts of the bay, namely, Mouiit Hope Bay 
aut1 Rickemnit Itiver, do not seem to migrate back aiid forth, for those caught in 
Hickemuit Itiver, during the past two years a t  least, were for the most part small, 
rarely uieasuring more than 3 inches from center of disk to tip of arm, yet about a 
mile from the mouth of this river there have been great quantities of very large stars 
with arms 4 inches long or more. In  Barrington River there seems to be a great 
preponderance of small stars, about 2& inches (arm) or less, of a reddish-brown color 
ant1 thus distinguishable from the average star-fish caught in the vicinity of Nayatt. 
After the great freshet in the spring of 1888 nearly all of the star-fish in the Kickeniuit 
Eiver perished, Mr. Bourne tells me, and were not again troublesome for three or four 
years. 

These facts, though not conclusive, lead to the conjecture that natural barriers to 
the migrations of star-fishes exist in our bay. Some of these may be, depth of water, 
density of water, or a strip of barren bottom. If the conjecture is correct, that the 
migrations of the star-fish are confined to com1,aratively limited areas, the prospect 
of diminishing their numbers by a systematized effort is encouraging. 

If the young star-$sh .feed 
habitwally upon certain animals, i t  is possible that the destruction of the latter will cause 
the.former to perish. 

Star-fish, especially when young, are exceedingly voracious feeders, prey upon 
oysters, clams, mussels, barnacles, various kinds of sea-snails (including oyster-drills), 
worms, and small crustacea, and, if slightly pressed by hunger, turn cannibals and prey 
upon smaller star-fish. From its depredations upon the oyster-beds of New Englmd 
the star-fish has become notorious. Collins (Notes on Oyster Fishery of Connecticut) 
estimates that in 1888 the damage done to the beds in the Connecticut waters alone 
was $631,500, although 42,000 bushels of stars were taken from the beds that year. 

It was found during the summer of 1898 that the star-fish in Mount Hope Bay 
and in the vicinity of Nayatt were feeding in great numbers upon a little bivalve which 
closely resembles a young quahog, but which is an adult iuollusk of another species 
(Mwlinia lateralis). Fig. 1 represents a large specimen, natural size. The l{’ish Hawk 
recently found these animals exceedingly abundant in certain parts of the bay. 

Mussels are a favorite food of the stars, and doubtless many thousand bushels 
of mussels are devoured by them every season. Indeed, some of the mussel beds have 
disappeared within the last few years, having been destroyed, probably, by the stars. 
Unlike the oyster-beds, the mussel-beds are not protected from the onslaughts of the 
stars, and we can appreciate the extent of’ the damage to the mussel, if we imagine 
the condition of a bed of small oysters unprotected from star-fish for a single season. 

I n  rearing the young stars for the purpose of studying their rate of growth, etc.,. 
I found them to be very fond of small clams and barnacles, as well as of young oysters. 
A inore detailed reference to the damage done to young clams by the star-fish will be 
found ou p. 215. I have caught stars in the act of devouring oyster-drills, and believe 
it probable, therefore, that the drills, which are a serious menace to the oysters in some 
localities where the star-fish are rare, are to some extent held in check by the stars. 

V. What animals are devoured by the star-$sh for .food% 

V I .  What is  the method of feeding? 
The mouth of the star fish is in the center of the disk on the lower side of the 

body. Comparatively small pieces of food are taken into the stomach, and the refuse 
ejected again through the mouth. But, since the mouth is small (about 4 inch in a 
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good-sized star)  and surrounded by calcareous plates, larger animals, which form the 
greater part of the Rtar-fish bill of fare, are necessarily digested without being taken in 
through the mouth. The stomach therefore is turned inside out and, wrapping itself 
about the animal to  be devoured, digests it wliere it lies, and is then withdrawn to 
its normal position within the body. It is safe to say that the stomach can be pro- 
truded for a distance equal to the length of the sta,r-fish’s arm. 

The greater part of the anirnals upon which the star-fish prey are mollusks pro- 
tected by hard shells; for example, the sea-snails, mussels, quahogs, and oysters, How 
does the star get at the soft part of the mollusks? This question has given rise to a 
great deal of interesting, not to say amusing, speculation, especially with respect to the 
oyster. An old tradition in England and thia country is to the effect that the star 
takes the oyster by suprise and puts an arm into its gaping shell; then a fight ensues. 
Sometimes the oyster is victorious, while the star-fish retreats minus an arm, but often 
the oyster snccumbs, since i t  can not live long with its shell open, and the star then 
devours its prey at leisure. There are two fa.cts that are suflicient to disprove this 
theory. In  the first place, the oyster is very sensitive and feels tlie slightest dis- 
turbance in the vicinity of the margin of the open shell. In the second place, the 
shell does not open wide enough to admit the arm of the star. Moreover, simple 
observation of tlie star-fish during the process of eating disproves the story. 

It is supposed by many that the star-fish injects a poison into the shell which 
causes the latter to open. But the valves of the shell can be shut water.tight and 
would exclude such a poison. I have taken away from the star-fish oysters, nlussels, 
and drills which had already been opened, and placed them in an aquarium, where they 
soon recovered and behaved as though nothing had happened. Schiemenz found the 
same to be true in the case of the quahog (T7mcs). 

Some have supposed that the star bores a hole through the shell of the victim, 
but the star has no boring apparatus, arid the shells known to be opened by the star 
have no holes in them. 

It is a very common belief that an acid is secreted by the star,which dissolves the 
ahell so that an eritraiice is effected. After a successful opening, however, the litmus 
paper shows no acid from the stomach of the star-fish, and the margin of the shells 
shows no trace of having been acted upon by an acid. A considerable quantity of 
acid would be required to suficiently dissolve the shell of a medium-sized oyster, and 
this would undoubtedly dissolve, at the same time, the unprotected calcareous spines 
about t h e  mouth of the star-fish itself. 

The most prevalent opinion is, perhaps, that the star cliips away the thin edges 
of the shell until an entrance is gained to the soft parts. The broken edges of oyster 
shells which have been opened by the star seen1 at first to sustain this opinion. The 
process is thus described in a Providence newspaper: 

which it euts away until the soft oystcr can be siiclrod from the oriiice, etc. 

of acid in opening the shell, says: 
Moreover, it 8eems unnecessary, since tho appearance of every sholl attacked at once suggests the 

breaking-down, chipping-off movement,, which the star-fish might easily produce by seizing and 
sllddenly pulling down with t he  suclcers noarest the rnouth, or by a contraction of the elastic opening 
of t he  stomach. At 8ny rate, t h e  t h i n  etlgo of‘ the shell is broken away until au entrance is mido 
which the oystor has 110 way of barricacling. 

Tho star-fish seizes its prey by clasping its tontacles srollnd the soft, fringy edgo of the oystor, 

Ingersoll, in an article on the oyster industry, after speaking of the alleged use 
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An oyRter which has not been injured by rough treatment has the edges of the 
shell extremely thin and so fragile that they can be broken down with a camel’s hair 
brush. It will be noticed, 
however, that the valves frequeutly do not come together a t  all a t  the extreme edge, 
and the reel line of contact, the biting edge, is one-fourth inch or more further back. 
The chipping of themargin of the shell by the star-fish is merely accidental, and avails 
nothing in getting a t  the soft parts of the oyster. I have carefully examined a large 
number of shells of oysters known to have been devoured by star-fish, and, though 
they appear to be badly chippecl, the biting edge is never broken, and the shells have 
always been found to be water tight. If such a shell, recently opened by the star, be 
filled with mater, and the valves held between t h e  thumb and the finger, the mater 
will not leak out even though the shell be violently shaken. 

In mussels which have been opened by the star-fish there is no trace of any 
chipping a t  all. The reason is plain : the valves of the shell come together firmly at  
t h e  very edge; there is no delicate fringe a t  the margin. The same is, of course, true 
of the quahog. Nevertheless, the smell quahog and mussel are readily opened by 
the star-fish. It follows, therefore, that if the star gains entrance to the soft oyster 
by chipping off the edge of the shell, A different process must be adopted in entering 
a mussel or quahog, to say nothing of the snails which it also devours. 

The credit of solving the problem-How do the star-fish open oysters L i s  due to 
Dr. Paulus Schiemenz of Hanover, Germany, who carried on his invastigations a t  tlie 
famous zoological station a t  Naples. The problem was suggested to hiin by Uollins’s 
report of the enormous injury done to the oyster-beds by the star fish in Long Island 
Sound. The process is briefly as follows: The star-fish so covers his victim that the 
suckers on the under side of the arms are distributed, part to one valve, part to the 
other, and the remainder frequently to some surrounding object. (In the case of the 
snails the suckers are attached to the operculum and to the shell.) The suckers are 
very numerous and stick fast, and a tendency to straighten the arms results in a 
constant pull on the shells in opposite directions, which, if strong enough, would open 
the shells. It is true that a star-fish is not strong enough to open an oyster or quahog 
immediately in this manner: but it can and does fatigue its prey. The constant, 
steady pull iu opposite directions soon fatigues the muscle which holds the shell 
together, and the oyster or clam presently gapes open. The oyster can overcome a 
strong pull for a short time, but not a weaker pull for a long time. The same prin- 
ciple is well illustratkd in the case of t h e  periwinkle or conch. If a string be tied 
around the Lrfoot77 so as to give a good hold on the animal, a strong inan can not pull 
the mollusk out of its shell, but if it be suspended by this string it can not sustain 
for a long time even its own weight. On the same principle a man who can hold at  
arm’s length a weight of 20 pounds can not hold his empty hand in this position for 
10 minutes. Schiemenz showed by experiment that  the star-fish could exert a pull of 
over 1,200 grams, arid that a pull of 900 grams is sufficient for opening a good-sized 
quahog if allowed to act for 30 minutes. 

Often more than one star takes part in opening an oyster, and when gpetled 
other stmars often enter into the feast. It is the young oysters that are in greatest 
danger from the stars, and the danger decreases as the oysters grow larger. Oysters 
of marketable size, that  is, three or four years old, are comparatively unmolested. Of 
course the larger stars can open the larger oysters, but fortunately the larger ones are 
more easily caught in the (( mops” and thus more easily kept off the beds. It has llot 
beeu ascertained how large an oyster can be opened by a star-fish. 

The lower shell is particularly fragile near the edge. 
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VII. At what season of the year d o  thc star;fislb spnwi~ ? If at n particular season, 
a special e f o r t  should be alade to 7 4  the animals before spazuni?zg, and thus destroy both 
stars and spawn. 

I have attempted by two methods to determiue tlie spawning season of the star- 
fishes iu the upper portioii of Narragansett Say and at  Woods Ilole. The first method 
consisted in examining a, large number of adult stars a t  iutervals during the year, to 
see i f  they contained ripe eggs arid milt.. The second inethod consisted in dragging a 
fine silk ('tow net" a t  the surface of the mater, to catch the f'ree-swimming young. 

Most of the adult star-fishes exainiued mere obtained through the kinduess of the 
oystermen in Kickemuit River, Mount Hope Bay, and tlie vicinity of Rocky Point. On 
July 19 and 22,1897, G30 stars were carefully examined, and the sizes of speciniens and 
of sexual glands were tabulated. The specimens ranged froin 114 to 38 inches (taking 
distance from mouth to tip of arm). Fifteen contained eggs or sperm apparently ripe. 
In some, oiily one arm contained ripe products. None of' these appareutly ripe speci- 
meus were smaller t h m  2 inches. In  the great majority the sexual glands were 
small, less thau oue-half the length of the arm. During the remainder of the summer, 
stars from these localities mere frequently examined, and occasionally one was found 
witli ripe eggs, but there was no general increase in the size of the glands. 

On November 15 a lot of stars from ltocky Point vas examined. They were nearly 
uniform in size, and measured about 3 inches. In  about half' of these specimens the 
glands were Iialf the length of the arm, but nono more ripe. Among the 76 Rpocimens, 
measuring approximately 3 inches, collected at  the same place November 29,14 seemed 
to be uearly mature; the glauds in 44 others were half the length of the arm; the 
remainder had small and immature glands. 

January 6, 1898, Itocky Point: About 40 stars, 39 to 4 iiiclies in  length, mere 
examined. Only 4 had sesual products which seemed to bo nearly ripe, vhile the 
mrqjority seemed less mature than in November. 

January 7, Kickemuit River: BO stars ranging between 24 and 33 inches (4 speci- 
mens measured 4 inches). In 20 specimens the glands mere considerably developed, 
but iiot nearly ripe. In the remaining 30 they were quite small. 

Jeiiuary 15, Eickemuit River: 50 stars, measuring froin 2h to 39 inches were 
examined. 111 general, there was, perhaps, a slight increase in size of glands, though 
in over 30 they were very sinall. 

February 9, Rocky Point: 126 stars, 29 to 4 inches long. In  3 the sexual products 
were ripe; in 10, nearly ripe; in 53, large and turning color, becoming slightly pink; 
in 47, sinall, but showing signs of seasonal development; in 19, very small. 

February 12, Kickemnit River: G3 specimens, measuriug from 2 to 3& inches. I n  
G the glands were large and beginning to shorn a pink color; 39 showed seasonal 
development, while 18 were very small. 

March 4, ICickernuit IZiver and Mount Hope Bay: 39 specimens, 2& to 34 inches in 
h g t h ;  1 was apparently quite ripe; 26 seemed nearly ripe; the glands in 7 mere 
beginning to  change color; in 3 immature but showing ,seasonal developmeut; in orily 
2 specimens were the glauds very small. 

March 7, Rocky Point: 99 spedimens, measuring 2 to 39 inches; 6 were apparently 
fully ripe; 71 nearly ripe (very large glands); iu 20 the glands showed the pink color 
slightly; in 2 the glands mere small, but showed seasonal development; only 1 had 
very sulall glands. 

1". c'. 13. 18!lO-14 
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It is evident that, during the latter part of January and throughout the month of 
February, there is a regular increase in the size of the sexual glands in nearly all the 
star-fishes from ltocky Point, Mount Hope Bay, and Kickemuit River, By the end of 
the first +week in March, the great majority appear to be nearly mature, while the 
others, except in a few cases, shorn a distinct seasonal growth in the sexual glands. 
The stars a t  this time begin to look ‘Lfat’,77 because of the increased size of these glands 
and of the digestive glands, usually called the L‘liver,” which fill the arms. 

April 5, Rocky Point: 197 specimens examined, varying in length from 2 to 4 
inches; 137 had the appearance of being fully ripe; 32 were nearly ripe; in 20 the 
glands were beginning to show tlie pink color; in 0 they were smaller, but showed 
seasonal development; in 1 only were the glands very small. 

April 13: 25 specimens, out of a basketful from Mount Hope Bay, were examined. 
All seemed ripe, and so the examination was not carried further. Although during 
the first two weeks in April the stars are all apparently ripe, they do not discharge the 
products for about two months. During this time they appear to be extremely ‘‘fat.” 

On May 17  the stars were examined again in Kickemuit River and Mount Hope 
Bay, and appeared very much as in April. They were, perhaps, more distended with 
spawn and milt, but had not yet discharged. 

During the first four days of Juue, star-iish from many localities in the upper 
portion of the bay were examined on board the launch Sagitta, engaged by the United 
States Fish Commission. The stars were, almost without exception, full of very-ripe 
eggs and sperm, which were easily shaken loose in the water. Small specimens, 
measuring in many instances only 1% inches, were fully ripe.* 

The height of the spawning season occurred between this date, June 4, and June 
16. Prom June 16 to June 28 the star-fish examined in many localities, especially a t  
Eickemuit and Rocky Point, had extruded most of their eggs or sperm, but in some 
the ripe spawn was found in one of the arms, or merely in the base of’ the arms, as 
though not quite all had been extruded. Speciinens in  which some ripe products 
wereleft were more€requent on the 16th than on the 21st, 22d, and 28th of t h e  month, 
which indicates that the spawning season was rapidly drawing to a close. 

Star-fish examined in July, and occasionally during the rest of the summer, 
yielded the same results as those examined at the same season in  1897; most of them 
had very small sexual glands, but some were found with products apparently ripe. 

On June 22 I searched carefully on the seaweed and eelgrass in  Kickemuit River 
for very young stam, but not a single one (under one-half inch or more) could be 
found. On June 29 another careful search was made in the same locality, and couritless 
numbers of minute stars were found, most of them about the size of tlie liead of 8 pin. 
They were clinging by dozens to every spear of eelgrass, and scattered difl’usely through 
the branches of fluffy seaweed, which is abundant in  this locality; the larger of 
them were probably iiot mor’s than a few days old (since time of setting), as I after- 
wards determined by watching the growth of those whose exact t ime  of setting was 
known. Doubtless, therefore, the small stars were absent, and not overlooked, in the 
search on June 22. I feel sure, therefore, that in this locality the star-fish first begin 
to set, in considerable numbers, on June 28, or within a day or two of that date. 

The first attempt to capture stars in the free-swimming stage of their exist. 
ence was on June 27, a t  Kickemuit. The tow-net was dragged a t  the surface at  
intervals for two hours in the evening. The weather conditions were unfavorable, 
as I afterwards learned, and for this reason no young stars mere caught. On the - -  _____. - - 

*See remarks on “Age and size at sexual maturity.” 
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following morning, J u n e  28, a great many fry were swimming at  the surface of the 
water. Prom this date until July 1 G  they could be taken a t  any time, unless con- 
ditions were particularly unfhvorable. The few larvn: caught on July 16, however, were 
old, and all of them set in the aquarium during the next 12 hours. After this no more 
larvte could be obtained, though the next few days mere exceptionally favorable. 

It is evident, theiefore, that in Kickemuit River the season during which the 
star-fish larvte set in considerable numbers began about June 28 and ended about 
July 16, a period of a little less than three weeks. Allowing that the larvae set three 
weeks after the spawn is laid (which is the period given by Ingersoll), we may conclude 
that the beginnirlg of the spawning season was about June 7, and the end June 28, 
while the height of the season was the first, and possibly the second, week in June. 
From the observations of the sexual glands of the adults, it appeared that the greater 
part of the spawn was extruded between the 4th and lGth of June. The facts, therefore, 
obtained by both of these methods agree very closely. 

From Dr. Seitaro Goto, of Tokyo, Japan, who worked in Mr. Agassiz's laboratory 
a t  Newport in 1895, I have obtained the following interesting data. For one or two 
days before July16 the larvw had been very Iiumerous. On the 15th they were 
decreasing in number, and after Jyly 20 none were found. A t  Newport in 1895, there- 
fore, the breediug season was nearly the same as that a t  the Kickemuit River in 1895. 

A t  any time in the year a few star-fishes may be found which contain ripe eggs 
and spermatozoa, but it is not known that these eggs are laid out of season. If they 
are, the chance of their becoming fertilized is small. Dr. Goto writes me that e similar 
phenonienon is seen in a Japanese species of sea.urchin. He is able to obtain ripe 
eggs and sperm, and to fertilize the eggs artificially, even in the midst of winter, 
though the species probably does not breed in these waters at that smson. 

To answer briefly the ninth question we may say: The stars in the upper part of 
Narragansett Bay, and probably throughout the bay, have a short spawning season, 
beginning about the second week in .June and continuing two or three weeks. The 
young fry begin to set the last week in June and continue to set until'the middle of 
July. The fact that ripe stars may be obtained in very small numbers throughout 
the year is of no practical significance, for if they lay their eggs out of season the 
chances are comparatively slight of their being fertilized. 

Observations were made a t  Woods Hole from March to the end of the summer 
I is rather difficult to interpret the results satisfactorily, for at no one period were 
more than a small proportion of the 8tars a t  Woods Hole ripe, or even approaching a 
ripe condition, and, on the other hand, a few ripe specimens could be fouud at  any 
time. As e rule the sexual glands were very smell, like those of the Narragansett 
Bay stars in midwinter, and it was noticeable also that in  such specimens the digestive 
glands were also unusually small. The latter condition I take to be an indication of 
poor nourishment, judging from the condition of poorly fed stars kept in confinement 
as compared with well-nourished specimens, I am inclined, therefore, to assign the 
failure to breed to the same cause. 

In this connection I: may observe that in the specimens kept over winter a t  
Kickerunit, with very little to eat, the sexual glands did no6 approach a ripe condi- 
tion. An examination of stars taken in February and March from Narragansett Bay 
Shows that by this season of the year they are eating voraciously, shells and even 
fkagments of star-fish being found in their stomachs. In  some years the stars have 
bred in abu~ldance at Woods Hole, but the notes on the time of breeding are some- 
what puzzling, as they indicate that the time varies considerably. 
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VIII. What are the habits oj’ the ryry” or jiee-szuimniing young? The YOUJLQ of 
maqy marine animals, while j’ar more abundant than the adults, are much more delicate 
and easier of’ extermination. 

The ripe eggs of the star-fish are minute spheri(~a1 objects, measuring about one- 
tent11 the diameter of the head of a small pin. They are discharged from the female 
through minute pores near the base of each arm, into the water, where they may 
becoiiie fertilized by the spermatozoa discharged from the male iit a similar manner. 
Each egg, soon after i t  is fertilized, begins to undergo a long series of changes in 
form, During the first stages of development there is little or no increase in size, and 
t h e  egg rests, like a minute grain of sand, upon the bottom. In the course of a few 
hours, however, the internal changes which have been taking place express them- 
selves. Vibratile cilia appear in certain areas 0x1 the surface of the egg, which now 
begins to rotate, and soon risesfrom thebottorn as a free-swimming larva. Soon after 
this the mouth aiid stomach are developed, and the creature takes in food and grows. 
The growth is rapid, and during the next three weeks, more or less, the larva increases 
its diameter about 50 times. Meanwhile various iiiternal organs and several long 
arms, and other external features, are developed, The older fry are called brachiolaria, 
from the fact that they have so many long arms. One of these brachiolaria of the  
largest size is represented in  fig. 3, much magnified. The natural size is shown in 
fig. 4, where two specimens are figured, one on either side of the bit of’ eelgrass. The 
ariinial swims by means of the motile cilia, which are arranged i n  bands, represented 
by the heavy lines iii the figure. They form a cornplicated pattern over the surface of 
the body, and extend out upon the arms. The body is quite transparent, and the tips 
of the arms, which are shaded in the figure, are light red. The larva represented in 
fig. 3 is old, and would probably have set within 12 hours. Already tlie rudiment of’ 
the restilting star-fish, the disk.xhaped body a t  the bottom of the tigure, cau be seen 
within the brachiolarian. The five crenate lobes on the margin of tlie disk are the 
begiiining of .the five arms. The disk itself a t  this time is already somewhat opaque. 

When tlie larva is about to “set,” it attaches itselfto some object, like a spear of 
eelgrass, by the suckers, shown at the top of’ the figure, and then a rapid transforma- 
tion occurs. The whole superstructure above the disk collapses and becomes absorbed 
like the tail of a tadpole. In  a few hours the brachiolarian has disappeared, and a 
star-fish proper has taken its place. 

Although the free-swimming Iarvrc: have a considerable power of locomotion, and 
can swim from one side of a dish to the other in a few minutes, they can not, of course, 
make ‘headway against the tidal currents, and are carried hither and thither with 
their ebb a n d  flow. Other extensive movements of larvm are executed in response to 
such changing conditions as those of light and teinperature; at times myriads of 
them are swiinming a t  the surface, and in 12 hours not one specimen can be found. 
The brachiolarian, like niorc! lowly organized forms of living creatures, although it  
has no eyes, is exceedingly seusitive to light, sometimes being attracted to it, and 
again being repelled by it. According to ~ n y  experience, they were found at the 
surface in greatest abuiidance on cloudy or misty days and nights, and were much 
more rare,or absent altogether, on bright, clear days and moonlight nights. Oil June 
27, for instance, I skimmed the surface with the tow net from 9 until 11 o’clock, and 
not a single larval star wr7s found, although there were millioiis of the larvrc: of the 
annelid worm Syllis, and other organisms. The night was clear, with a briglit moon, 
and the tide was rising. The next morning, June 28, was cloudy with some rain, and 

- 
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large numbers of the larvzc mere taken in the nets, between 5.30 aud 10 o'clock. In 
the evening of this day, betwe& 9 arid 11 o'olocli, they were eveu more abundant thau 
during the day. The evening was calm aud cloudy, with a little rain. Afterwards I 
met with the same experience on several occasions. 

Another question in respect to the moveinents of the free-swimming larvae is of 
practical iinportance, iiiasmuch as  they arc: thousands of times inore uunieroiis thau the 
adult stars. To what distances may the larva be carried by the tides and currents 
i n  our bay? I caunot answer this question directly, but there are certain facts wlrich 
have an important bearing upon it. 

Although the purple stars (Asterias vulgnris) are comiiion in the lower portioii of 
the bay in the vicinity of Newport and Seacon~iet, they seem to be totally absent 
from the upper parts, although the adults, a t  least, can live in these waters. 1 hnvc 
kcpt them for a long tinie in Kicliemuit Rimr. This mould seem to indicate that the 
larvzc of 1)urple stars are not transported by the tides from the lower to the upper 
portion of' the bay. It may be, of course, that tho larvm, unlike the adults, can not 
abide in the  upper portion, or that the youug stars, as soon as they cau crawl, return 
to the southward unnoticed; this seems to me, ho~rever, to be improbable. 

The distribution of some other marine animals whose habits are similar to those 
of the brachiolaria is of interest in this connection. A t  Waquoit, about 10 miles 
uortheast of Woods Hole, on the Vineyard Sound side, the water was fairly alive 
with the young of a'certndn species of jelly-fish, which could be obtained from this 
locality in immense numbers at auy time for several weeks during the spring. A t  
Woods Role, however, tliese specimens were comparatively rare. Again, later in the 
summer, at Meiiemslia Bight, near Gay Dead, another small jelly-fish  vas found i i i  

such abundauce that every bucketful of water contained thousands of speciinens, yet 
they were exceedingly rare, if present at all, at Woods Hole. 

I11 the upper part of' Buzzards Bay, at Neys Neck, the star-fish probably bred in 
great nurnbers, ,judging from the appearance of the adults earlier in  the spring, yet 
the larva? were rarely caught a t  Woods Hole. 

These f'dcts, aud others of the same iiature, certainly 'suggest that the larval 
star-fish may not be transported to great distances in the bay by the tides. 

IX. Whnt are the habits of the young atar-$,fiek? I t  i s  possible that the young star- 
j ish,  lilce the ?JO 'cng oj' maw1 .fish, teiad to gather in schools. If so, tlie young ntight be killed 
of in thousands. 

The data with reference to tho habits of the young stars were collectecl at Kick- 
emnit, where i t  was possible to have a certain area :dong the shore uuder constant 
observation. Up to the very tiiiie when tlie larvzc are ready to set they swim freely 
in the water; and larv:E, caught ill the tow-net, often set in the dish of wmter before 
I had returned to the Iiouseboat, i. e., within an hour of the time they were caught. 
In this condition they attach theniselvcs by tlieir suclrers (see fig. 3) to any -object 
they happen to strike, and cling to it with groat ten:rcity until the metamorphosis is 
Completed. As tlie larvm are borne along by the curreuts, the eelgrass, rockweed, 
and especially the flutfy, branching seaweed, naturally catch imineuso numbers of 
them. I think it would not be an exaggeration to say that on a single handful of 
Seaweed which I picked up about the 1st of July there were more than a thousand 
Young stam For the next three weeks they reiiiaiii for the most part crawling about 
Over this vegetation, gradually working down among thc roots of the rockweed and 
Upon the large stones a t  the bottoin. Thcly grow rapidly during this time, but decrease 
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i n  numbers, for they are bright and conspicuous objects for the small fishes; yet they 
are exceedingly numerous for a long time. In order to obtain a definite expression of 
their abundance, I scooped up a large handful of the fluffy seaweed, which, together 
with the water, filled about two-thirds of a paper pail, and from this 603 young stars 
were taken. The average size was about that in fig. 9. A cart load of seaweed taken 
out at this t ime would have destroyed millions of star-fish. 

By the 1st of August the fluff'y, branching seaweed, which bore so many young 
stars, was nearly all dead, and though t h e  stars were still present in great iiumbers upon 
the eelgrass, rockweed, and stones covered with sea-moss, they were also frequently 
seen crawling along the muddy bottom. By August 15 the eelgrass was overgrown 
and lodged by a luxuriant growth of Botrylus, a compound ascidian, which appears 
as dark gelatinous patches. The sinal1 stars were still numerous upon it, but were 
rather thin and poor. The larger and better iiourislied stars had left the eelgrass and 
were searching for food upon the stones and along the bottom. 

The small star-fishes, such as live upon the eelgrass, are remarkably hardy in 
some respects. They will live for weeks, and even months, in a small dish, without 
change of water and with a minimum amount of food. During the first week in July 
I carried a number of free-swimming brachiolaria, like fig. 3, to Provideuce for further 
examination. They were in a glass 1-quart jar, and, after one or two were taken out, 
the jar  was closed and was left unopened during the rest ,of the summer. In a few 
days the Iarvz had all set', and when I examined the dish again, on September 5, i t  
contained still a few live stars, which mere, however, very small. Upon watching 
them it was seen that the more enterprising individuals were eating their companions, 
and finally only one remained. This one lived in the jar for weeks, but, unfortunately, 
I am not able to record the exact date of liis death. 

On the other haud, the same young star-fishes? which can live so long without 
food or change of water, perish quickly if left out of the water, especially if the sun 
is shining. They can not live, therefore, above the low-water mark, unless sheltered 
by a dense growth of vegetation. Large stars can endure very much longer exposure, 
since their bulk prevents their drying so quickly. On July 1G I made a special search 
for young stars on the sedweed, above the low-mater inark. I found none, yet just 
below low-water mark they were excessively abundant. At  the same time i t  was 
noticed that above the line where the star-fish were abundant there was a thick set of 
1-year old oysters, while below it t h e  oysters were absent. The oysters set some- 
what later in the season than the star-fish, and the latter, therefore, are ready to prey 
upon the young oysters as sooii as they appear. When, in addition to these facts, we 
take into account the extraordinary voracity of the young star-fish, their immense 
numbers, and their special fondness for oysters, we are led to conclude that one reason 
why a considerable set of oysters is so rarely obtained below low water is that they 
fall prey to the star-fish. The oysters which set above high water are comparatively 
safe, f;or when the tide leaves them uncovered they can endure for hours tbe direct 
heat of the sun, which mould kill the young star-fish in a few minutes. 

While the star-fish are living upon the eelgrass and seaweed they are supplied 
with an abundance of food in the form of the young of marine worms, snails, and other 
animals, which, like the stars themselves, swim freely in the sea for a tiine, and then 
settle down upon any object with which they happen to come iu contact. Throughout 
July the water at Kickemuit was teeming with minute free-swimming creatures, and in 
the aquarium the growth of the youngest stars could be greatly accelerated by feeding 
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them the contents of the tow-net. During the last four days of June innumerable 
larva of a marine worm (Syllis) were swarming at  the surbce, and on July 11 millions 
of the young of one of the sea-snails (Littorim?) were caught in the tow-nets. 

The clitin, also, is one of those unfortunate animals whose lam= set at about the 
same time as the star-fish, and in the same places. The star-fish before they are 3 
days old show a predilection for young clams, which apparently does not diminish so 
lorig as any clams remain. Fig. 2 was drawn from life last sumnier by Dr. J. L. Kellogg, 
itnd represents a characteristic scene in .the marine tragedy. 

In order to ascertain how fast the stars of the average size found upon the 
eelgrass would devour the young clams of average size, I placed one such star in a 
dish with 56 d i m s  tslren et randoin from the margin of a stone. The larger clams 
weie about the length of’ one arm of the star, aud they rangod from this length to 
1 or 2 mm. The experiment was begun at  1.28 p. In. on July 18; a t  5.40 p. in. 2 
clams had been devoured, each about the length of the ann of the star, and during 
the evening a third was eaten. A t  8 o7clock the following morning 5 had been eaten, 
at 9 o’ciock G ,  and a t  9.05 the seventh clam had been attacked. I was abseut from 
the laboratory for the next 4 days, and, returning on the 22d, found at  6 p. m. 29 empty 
shells whose contents had been eaten by the star, which had grown considerably’ and 
was eating faster than formerly. The next day 39 empty shells were found, and on 
the following day 46 were empty, while 10 more had disappeared altogether, having 
doubtless been devoured, shell and all, some time during the week. To make sure 
that the clams were killed by tho star and did not die from some other cause, a control 
dish of clillns was kept, iu which all the specimens lived. In si$ days a single star;fiah 
devoured over 50 clams. Both star-fish and clams represented the average size at 
this season. I regret that I did not record the exact dimensions of the star a t  the 
beginning of t h e  experiment. Fig. 11 shows its approximate size at the end of the 
esperiment on July 25. 

When we recall how exceedingly numerous star-fish are, and that they are found 
in the same 1ocalitieR with the young clains, the result of tliis experiment becomes 
still more significant. A t  this rate GOO stars froin one netful of seaweed could devour 
30,000 clams in 6 dttys. The star-fish in a cartload of seaweed, if it contained 200 
small forkloads, would have the capacity for destroying over 6,000,000 clams in a week. 

From the foregoing i t  appears that the star-fish set for the most part during the 
last few days i n  June and the first meek in July, some as late as July 16. They 
remain upou the seaweed in immense numbers until about the 1st of August, when 
many of them are found upon the bottom. By August 15 the greater portion of the 
stars have left the seaweed and gone to the bottom. The young stars do very great 
damage, not only to the young oysters, but also to the young clams. 

The stars could be destroyed by hundreds of thousands in July by collecting and 
drying a few cartlo;%ds of seaweed taken below low-mater mark. After the first 
week or two of July tlie collection of seaweed would do no injury to the clams. 

x. 1vhat is the rate of growth. up to sex?~al maturity? 

The observations and experiments bearing upon this question were made a t  the 

(u)  A large number of star-fish were kept under constant observation and were 

( b )  Frequent observations were made on the stars in their natural environment. 

Kickemuit Itiver, and these methods were adopted : 

surrounded with natnral conditions as far as possible. 
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(e) Individual star-fish mere reared under various conditions, and their growth 
recorded from time to time. 

( 2 )  Star-fish which were regenerating lost parts were kept under various condi- 
tions, to derermiile the rate of' growth ant1 tlie rate of regeneration. 

(a and b )  On June 29 a bunch of seaweed, 011 which were hundreds of small stars, 
was placed in a car a t  the house-boat. A11 the stars mere very small. The greater 
nnmbrr were about the size of that in fig. 5, but they ranged froin the size shown in 
fig. 4, just setting on the eelgrass, to that in fig. G. 

On July 15 i t  was found that hundreds of stars hat1 crawled through the wire 
netting and mere thiclrly scattered about 011 the under side of the car. Here they 
hat1 found an abundance of small barnacles, which to all appearances they very much 
relished. After preserving a few specimens, to compare witli those taken from the 
seaweed, the rest of the stars were left unmolested upon the bottom of the car. The 
average size of the stars on the car was greater than tho average of the larger speci- 
mens on the seaweed. This was doubtless due to the fact tliat the former were better 
fed. A difference in shape mas also striking, those on tlie car being more plump. 
Figs. 7, 8, and 9 represent three specimens taken from the seaweed on this date, and 
fig. 10 one of the larger specimens (3 rniii. from mouth to tip of arm) from the car, all 
natural size. The measurements which follow are all taken from mout'h to tip of arm. 

On July 18 the stars showed a very appreciable growth. One of the larger speci- 
mens, measuring 5 mm., is represented natural size in fig. 11. 

On July 24 oue of the largest measured 8 mm., and was preserved (see fig. 12). 
On July 26 one could see a11 appreciable growth since the 24tl1, and the speciinen 

shown in fig. 13 measures 0 mm. In 11 days (since July 16), therefore, tliere has been 
an increase of 300 per cent in the length of the arm, which is eqnivalent t o  a much 
larger increase in bulk. 

Tlie stars were taken from the bottom and put inside the car on August 1 and 
were fed with barnacles and small mussels. They hac1 by tliis time eaten nearly all 
the barnacles 011 the bottom of the car and were doubtless in want of food. 

On August 2 the largest specimen nidasured I 1  mm., and is represented in fig. 14. 
Those on the bottom, however, which ha& left the eelgrass, mere larger, some of them 
approaching the size of those on t,he car. 

On August 13 a box thickly covered with barnacles mas split up and pieces put 
illto the car. The star-6811 always preferred the under side of the boards, and the 
latter were therefore placed barpacle side doivn. 

The stars on t h e  eelgrass were examined on August 15 and the larger ones aver- 
aged about 2g mm., or about the size of that in fig. 9. 

On August 18 the largest measured sIightIy less than I8 rum (see fig. 15). This 
specimen was afterwards kept i n  a dish without food, aud will be referred to again. 

On September 5 oue of the largest specimenswas 26 mm. in length of arm (fig. 16). 
Another measured 27 mm., and several measured 25 nim. or more. 

On September 26 the largest measured 35 mm., aud is represented in fig. 17. 
On October 12 the largest found was 42 mm. (fig. 18). 
On October 25 oue specimen measured 54 mm., or about, 2& inches (fig. 19); this was 

preserved. The next largest (51 mm.), shown in fig. 19, is the largest star reared iu 
captivity. T t  was almost exactly 4 months old, having set about June 28. The sexual 
glands were inore llighly developed than i~sm~l, even for larger stars at this season. 
Prom this date to November 11 there was no growtli, but apparently a slight decrease. 

, 
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Spaaimon. 

No. I .............. z... .......... 
3...... ........ 
4 .............. 
6 .............. 
6. ............. 
7 .............. 
8 .............. 
9 .............. 
10 .............. 
11 .............. 
12 .............. 
13 .............. 
14 .............. 
15 .............. 
10 .............. 
17 .............. 
18 ............... 
19 .............. 

The following gives in brief the measurements of some of the largest stars found 
on the car during summer and fall. The asterisk (*) indicates that the specimen was 
not returned to the car, so that a smaller specimen was recorded on the next date. 

Scpt. 5. 

24 
24 
20 
I9  
19' 
10 
18 
18 
18 
18 
17 
10 
10 
1G 
15 
15 
15 
14 
12 

Ihte.  i -- 
July I8 

Ang. 18 
Sopt. 5 
Sopt. 5 
Scpt. 6 

_. ......... . 

38 ~ Oct. 25 
30 I Oct. 25 
35 1 Nov. 5 
35 N o r . 5  

51 I Nov. 5 
Nor. B 

48 Nov. 5 

54* ~ NO\,. 5 

50 ~ 

45 i Nov. 5 

Milli- 
iieters 

45 
14 
45 
44 
43 
43 
43 
42 
40 

On September 5 a number of speciniens (19 in all) were selected and placed by 
themselves i n  another car, so that I might be sure to measure tlie same individuals on 
succeeding days; these yere nieasured 011 six occasions, with the following results : 

, 

3cpt. 26. 
_ .  

:;5 
31 
30 
29 
29 
28 
28 
28 
27 
2ti 
20 
20 
35 
25 
24 
23 
21 
21 
21 

40 
35 
35 
34 
33 
32 
32 
31 
31 
30 
30 
30 
20 
29 
28 

27 
25 

28 

--- 
47 
40 
38 
38 
:I8 
37 
36 
30 
30 
30 
35 
35 
35 
35 
33 
32 
30 
30 
29 

40 
38 
38 
38 
38 - 
38 
38 
87 
37 
37 
37 
37 
34 
35 
33 
33 
32 
32 
31 

No\. 11. 

;;( 1 )  

40 
30 
38 
38 
80 
30 
35 
85 
35 
35 
35 
:I5 
36 
34 
33 
31 
31 

-_ 
It will be noticed that among these specinieiis, as well as aiuoiig those in t.he 

original car, given in the first table, there is rarely any evidence of growth after 
October 25, but there is rather a sliglit decrease ill size'. On each occasion the 
lueasuhuents were made without referring to those of the preceding date, so that no 
persoual prejudice might enter the results. For the most part the figures indicate a 
fairly uniform rate of growth among the differeut stars. Iu iuterpreting these figures 
there is one factor which is to be taken into consideration, iiamely, that star-fish 
over 20 mm. (sometimes less) are able to coutract and expand, so that two careful 
measurements, taken withiu a few minutes of each other, may vary as much as 1 
or Y mu1. The ineasurelnents in bhe last three columns, therefore, iivlicate that the 
star-fish in  the car were of about the same size 011 November 11 as ou October 25. 
The first measurement (41 mm.) uuder Noveinber 11 i8 doubtless an error. 

It may be inferred, froin what has already been said, that a t  any time during the 
summer, after tlie stars are all set, there is a great difference in size among them. 
To illustrate this point, I arrauged on August 18 a series of slmiiiiens taken froin the 
car and from tlie maweed, and photographed thein a t  natural size, by laying thein 
down 011 the sensitive paper (with a thin trangpnrent Alln between), and then exposing. 
The variation in size is shown in fig. 20, the first 5 specimens having been taken from 
the car, and the last 5 froin tho seaweed. This rari:Ltiori iu  size is doubtless due 
much more to the difference i n  ainoiiii t ol" food tlmu to difference in age. 
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The following experiments on the rate of growth support this view : 
(e) Rate of growth of individual star-$shes kept under various conditio&-The 

largest of the stars in the car on August 18 (compare fig. 15) was kept in a dish with 
only a few very small barnacles for food. When taken from the car, it measured 18 
ruin.; slightly more when fully expanded. On September 25 i t  measured 18 mm., 
showing no growth: On September 26, 39 days after it was taken from the car, it 
measured between 15 and 16 mm. In the absence of food, therefore, it had lived and 
apparently was in perfect health, bu t  had probably diminished somewhat in length, 
as well as in bulk. (Some allowance must, of course, be made for the contraction and 
expansion, as mentioned before.) During this time several of the stars, smaller than 
this one, remained in the car and grew to the length of 35 mm. (Fig. 17.) 

A small star-fish which was caught in the tom, and which set on June 25, was 
kept in the dish with many other& until June 23. On this date it was placed in A small 
dish by itself and fed with small clams and barnacles. Fig. 23 shows the growth .of 
this specimen: a, 2 mm., July 23; b, 4 inin., August 13; c, 44 mm., August 1s; d,  5 mm., 
September 6. On September 6 it was transferred to a car where there mas an abund- 
anceof small barnacles. Fig. 23, e (12 mm.), represents size ou September 26; f ,  21 min., 
on October 12; g, 30 mm., on November 5. 

As a control of this experimertt, several star-fish, which also set on June 2S, were 
kept with a minimum amount of food. One of these, photographed a t  natural size on 
September 6, is shown iu fig. 21 a,  while the largest star in the car (with plenty of 
food) is represented iu  fig. 21 2, (27 mm.). The specimen figured in a is 39 days old, 
and that in b is within a day or two of that age. 

The next experiment (illustrated by fig. 22) on the growth of stars was as follon-s: 
On August 3 two stars of average size were taken from the original car and placed 

On August 3 (No. 1) = 7 nim., fig. a. 
During this time the stars had little or no food, since they could iiot, or would 

not, eat the mussels. On August 15 a lot of barnacles was pIacecI in this car, and by 
September 5 the results of tho new food were evident eiiough: 

September 5: (No. 1) = 15 nim., fig. c (one arm was torn off in measuring). (No. 
2) = 19 mm., fig. e’. 

September 26: (No. 1) = 28 mm., fig. d (new arm 10 nim. measured from mouth, 
growth of 7 mm.). (No. 2) = 29 rnm., fig. d‘. 

October 12: (No. 1) = 3G mm., fig. e (regenerating arm, 20 mm., from mouth, 
growth of 17 mm.). 

From August 3 to August 16, while these specimens were not growing a t  all, 
those in the car grew about 6 mm. These two specimens afterwards, however, having 
more food and no interference in eating it, made up this difference, and by September 
26 had grown as much a6 those iu  the original car. 

One interesting point brought out by the experiment is that a star which is 
regenerating an arm may grow as fast as a complete star. Compare next experiment. 

( d )  Rate of growth and rate of regenerution.-The star-tish,like the lobster and many 
crabs, has the habit of dropping off an arm which has been mutilated and regenerating 
a new one. Unless the arm is mutilated or some other shock administered, one ma,y 
sometimes tear a star in two by pulling on the arms, while the latter still remain on 
the fragments of the disk. On the other hand, if the suckers are cut off from one arm, 
or the arm is crnshed or cut several times, it will usually drop off’, always at the same 
point near the diek, taking the sexual glands with it. 

in another car with a bunch of mnssels. 
On August 16 (No. 2) = 104 uim., fig. a’. 

(No. 2) = 41 mm., fig. e’. 
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On September 26 five of the larger stars in the original car were deprived 
of the arm opposite the '(eye;" or madreporic plate, ai@ then placed in a car with 
barnacles for food. Tbe subseyuerit measurements show that they kept on eating 
and growing at about the usual rate, like the specimen similarly treated in the last 
experiment described. The measurements are given in tabulated form below, the first 
measurement indicating the length of the longest arm. 

-___ _____ 
Oct. 12. . Oct. 25. 1 Nov. 5. 1 Nor. 21. ' ' Sept. 20. 

nun.  growth. ann. growth. : i n n .  giowth. arm. 

_I__ __ - ____ ___ - -- 
S ~ e c ~ m ~ ~ * .  Longest N O ~  Longest ~ o w  LongcJt. ~ o w  Longcst 

- -  
A .......... 32 0 30 3 42 7 41 11 40 .......... 30 0 35 3 38 . 7 41 12 
C .__.. ___.. 28 0 30 3 3 5 7 38 10 
I) ......... 27 0 29 a 30 0 35 fl 38 
E .......... 25 0 28 3 .................... 34 7 35 

r 
___-__ ~ ___ __ I 

A coinparisoii of the table with that OII page 217 shows that these 8tar.s which are 
regenerating an arm grew a t  about t'he same rate as the complete stars during the 
same period. The rate of regeneration was also about the same as the rate of gro\i th 
in the original arms, except that toward the last the new members grew in some cases 
somewhat more rapidly. 

Another experiment was made similar to the above, except that two a r m  were 
taken off' instead of only one, and the stars were youiiger at  the beginning. The stars 
were a t  first all about 12 mm. The eight detaclied arms were put in the car also, and 
oil September l o , %  days after they were detached, five were still alive and a p p ~ i t l y  
in good liealtli, but  had ucither grown nor shown any sign of regeiieration. One is 
figured natural size in fig. 24 b. 
. The growth of these specimens is tabulated below. (Measurements were made 
from mouth to tip of new arm, but figures in tabIe indicate merely iiew growth, and 
are derived by subtracting 3 mm. from original figures.) 

r- 
I Specimen. 

a ................. 
6 .................. 
c .................. 
(1 ................. 

1 

bug. 15 sopt. 5. 
- 

E 
t 
c) 

8 
4 

34 
30 
25 
23 

- 

... 

Scpt.. 20. Oct. 12. oct.  28. Nor. 6. 

1 It WIH inlimtlcil nt first to kocp nccoiint only of rntc of repencrption, nnd Ro fonr stars wwc pioked ont, of 
nbout tlio Runic3  Him, nnil OUH u n ~ y  W ~ R  inc:isurecl. This wne 12 mm. l l i o  oihors may linro boen 1 or 2 inn. larger 
or sinaller. Tlic growth 01 thh spocimon and tho sizo of tho single arm nlono, on Septeinbor 20, aro given in 
clingrnin, flg. 24. a r i n c l  b rcR icrctivcly. 

2 one detnclieil nrni. t+tili n ~ i v o ,  incaauron 7 mm. 
3 'rips cut off nnil imns alit ou Soptcinber 15. Tho longest arm \vas then 22 mm., nntl tho rogonernting arms 

15 ani1 10 mm., rospcatiroly. 
4 Arm broken otf, probably by linndling, on September 5. 

This experiment sliows conclusively that whon even two arms are lost the growth 
of the star-fish is not iiecesserily arrested or the rate of growth diminished. The rats 
of growtli in t,be new arms was greater than in the origiiial w m s ,  aud there mas a 
tendency, therefore, for all to become ultiniately of the same length. 
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The results show clearly that within very broad limits i t  is impossible to tell the 
age of a star-fish from its sige. Star-fishes of a11 ages are able to live for months with 
very little or no food. The rate of growth depends directly upon the amount of food 
eaten. Star-fishes which are regenerating one, or even two, arms mag, uuder ordinary 
circumstances, grow as rapidly as the complete stars. The growth of the new arms 
in the star-fish experimented upou was slightly more rapid than that of tlie original 
armR, showing A tendency in the organism to return to the original length In four 
rnontlis from time of setting, some of the larger stars kept in tlie cars uiider favorable 
Circumstances attained a length of from 50 to 54 mm., or 2 to 26 iuclies, measured 
from month to  tip of arm. This is more than twice tlie length of inany of the stars 
which were found just before the beginning of the breeding season, and which were 
therefore a t  least nearly a year old.' 

Allowing a moderate smonnt of growth during the winter and spring months, of 
10 to 15 mm. (the amount of iiicrease attailled iu one full month preceding October 12), 
the 1arger.year-old star-fish i n  the early summer would be about 65 mm., or 2g inches, 
in length, which is about the length of the greater number of stars taken on the mops 
in the Kickemuit 1iivt.r during the summer. 

XI. What is the size and uge ut sexual ntattirity8 

Among the star.fish caught in various parts of the bay on June 3,3, and 4, several 
specimens only 14 inches, or 33 mu)., were found to be very full of sexual products. 
This size was attaiiied by mauy of the star-fish reared in the car on September 26, 
about three months from tbe time of setting. See table on page 217." Great numbers 
of stars measuring ahout 2 inches, or 60 mm., mere found ripe the first week of June. 
This was the size of' several specimens in the car on October 25, which were not more 
than four inonths old, and whose sexual glands were well developed. In other words, 
a large number of the star-fbsh reared in the car were by the end of October as large as 
e great mauy which were sexually mature in June. Moreover, i t  was rare to find a 
specimeu of this size on the 1st of June whiuh WRR not fill  of ripe eggs, which were 
laid later, as the empty star-fish caught in July showed. It is au obvious conclusion, 

. therefore, that, with fkbirly good opportunities to obtain food, the star.fish becomes 
sexually mature in less than s year, and that those hatched one season breed the next. 

In  his monograph on North American star-fishes, Alexander Agassiz gives his 
views with reference to their rate of growth in the following words (the figures 
referred to represent specimens, all of them smaller than that iii  our fig. 9, of a star 
about 2 weeks old raised iu the car) : 

The young star-fishes figured on this plate (pl. VIII) mere all foiind attached to roots of Laininaria, 
thrown up on the  beaches, in  the neighboihood, after a storm; iiud from their different stages of 
growth, RS compared with the oldest star-fish raised from :I, I3rachiolaria (pl. VI, fig. 11), specimens of 
which mere also found upon these roots, i t  is proba1)le that  tho Hizes Itere figiired are 1 (fig. 1), 2 
(fig. 8), and 3 (fig. 10) years old. A eoiisiderablo nnrnber of specimens were liickcd up in this way, 
and they could all be arrauged into wry distinct groups, representing tlie star-fishes of the present 
and of two previous wxsons. There seemed to  bc no gradation froni one gronp t o  another, such 
a s  we have :mong  &lie yonng sea-iirchius, which, in conseqnenco of their ninuner of breeding during 
the whole year, forin seriae the relatious of which i t  is impos8ible to dctarmine. In this connection 
I vyoiild w y  that  by arranging the star-fishes found iipon our roclcs into series according to their 
size we are able to  obtain a rongh estimate of the niimber of years required by thein to attain their 
full development; this I presnrne t o  be somewliere aboiit fourteen y0ars.f They begin to spawn 

* Eggs from a specimen of 38 mm. were re:ldily fertilized with spermntoxoafroni amale of samesize. 
t For nn aceoiint of the method arloptcd by 1'roli:ssor Agassiz for ascertaining the age of iiirrny 

- _-__________ 

of our marine animals, see Proceed. Essex Inst., 1863, p. 252. 
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before that time, as specinicna have btteu suocessfi~lly fecundated which evidently were not wore than 
six or sewu years 0111. I t  is during the fourth Xoar that the rete of growth seoma to be nost  rapid. 
A young star-fish, nieasuring 14 inches acros8 tho arins, w i m  Lept ~lnril ig five xuoiiths aliw in Mr. 
Glen% tank at the miieeutn, and dnriug that space of time it grew to 3 inches. 

It will readily be seen that my observations do not agree with those of Agassiz. 
X found no difficulty in obtaining all possible gradations in size among the stars in tlie 
late surnmer, and those represented by Agassiz as 1,  2, nrid 3 Tears old, respectively, 
more nearly correspond with those raised in cars when they were 1,2, and 3 weeks old. 

X I .  W h a t  are the natural enemies of the star-$sh? 
The destructive agefits and natural euemies referred to in the last report mere 

cold and fresh water, various fishes which feed upon the larvre, gulls aud crows, and 
parasites. Some specimens which were attacked by tlie parasite frequently found in 
the fall of 1897 were kept over winter, aiid by spring the disease had disappeared; 
but the effects of the disease were sometinies visible. In one case an arm was entirely 
eaten through, abont $ inch froin the tip, but ma8 not thrown OR. The stump healed 
over, arid the star was kept throughout the year. It showed almost no trace of 
regeneration, probably because food mas rarely taken by the specimen. 

The enemy which is doubtless the most destructive to the star-fish is the men- 
haden. In  an article on the “Food of the nienhaden,” published in the United States 
Fish Corrimission Bulletiii for 1893, Dr. James I. Peck showed that this fish feeds 
exclusively upon the minute organisms which swim or float free in the water. The 
operi iriouth of the tiienhaden has  an area of about a square inch, :iiid as the fish swiiiis 
tlirougli the water with open mouth aud gill.covers raised, a comiderable column of 
water is passed through the mouth every minute (estimated by Dr. Peck at about 7 
gallons). The gillrakers strain tho mater, and the oi-gauisms which are not too minute 
are caught in  the mouth aud swallowed. The star fish larvre, of even small sizes, are 
far too 1:irge to pass through the giIlrakers. Numerous schools of rneiihaderi feed iri 
our bey (luring the season when the titar-fish 1arv:e are swimming at  the surface, aud 
undoubtedly destroy them by thousands of millions. 

After the stars are set they are no louger in danger of beiug destroyed by the 
menhaden, b u t  for several weeks are bright conspicuous objects upon the seaweed 
and eelgrass for eels and many small fishes to feed upon. 

XIV. I s  the popular idea that tlie dismembeved fragiiients oj* a star;fisli will regen- 
erate neur star-$slb.founded on f u c t  4 

This idea is comrnouly held, and is apparently founded on the fact that in nearly 
every lot of stars brought up i u  tho dredges or on the mops a considerable number 
may be found which are regenerating lost parts. Frequently two, three, or even four 
arms are being regenerated, and these are mnch smaller than the original arms. 
Upon careful examinatioii and inquiry into the extent of this regeneration I have 
never fourid a well-authenticated case among our species of stars in which part of the 
disk: was being regenerated, except those reared with great care in the aquarium. 
With this point in view I have examined a large nuniber of regetierating stars caught 
iu their natural haunts, soine of them reported to be regeiierating part of tha disk, but 
invariably tho regeneration was limited to the arm. I have, however, made a few 
experiments in the aquarium and in the cars which have a bearing upon this question. 

The fact that  a mutilated aril1 is frequently loosened and dropped OR a t  a par- 
ticular point near the base and the rate of regeneration of specimens which have thus 
loat one or two arms are recorded previous~y (p. 219). 

I 
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All of the arms may be pulled off and if the star is protected and fed all will 
regenerate. This specimen was kept after the 
operation in a glass dish with frequent chauges of mater, and was fed upon lhe soft 
parts of crabs, etc. The regeneration was slow as conipared with that given in the 
previous tables, the new growth sliomii in tthe figure (which is natural size) requiring 
five or six weeks: probably owing to the comparatively small amount of food taken. 

Since a mutilated arm drops off from the disk so readily, the latter nearly always 
remains intact, and in ordinary cases, therefore, if two stars were to result from 0118, 

one of them must regenerate from a single arm. I have several times kept single 
arms for B long time in the aquarium or cars, but have never seen any trace of 
regeiieration in them. On May 11 several :wins were taken off at the usual line of 
detachment, and kept alive in the aquarium until Juue 9, wlien they showed no sign 
of regeneration. One of' these was still olive on Juue 25, and at  that time was 
apparently enjoying good health, and would turn over if put on its back. It had 
lived, therefore, for over six weeks, but shomed 110 signs of regeneration. 

Another experiment was started on August 15; two arms were tsken off from 
each of four specimens. The rate of regeneration of these specimens is given in the 
tables on p. 219. On September 10, iiearly three weeks afterwards, five of the single 
arms were found alive, but showed 110 regeneration. On September 5 the new growth 
in the arms regenerating from the disk was from S to 5 mm. Or! September 26, six 
weeks after the operation, one of the single arms was found alive (7 mm.) It had 
not shown auy traces of regcuerating a new arm, although it had healed. This arm 
is represented natural size in fig. 24, b,  and the new growth which took place on one 
of the stars from which these arms were detacl~ed is shown in fig. 24, a. Similar 
experiments were tried last year with the same result. In a recent article by Miss 
Helen Dean King, in  Roux's Archiv, i t  is stated that single arms were kept alive for 
two veeks, but never showed signs of regeneration." 

Several experimeuts were carried on to determine what regeneration would take 
place if the disk were cut through. On the 11 th of May 1.9 specimens about 24 inches 
in length were treated in the following manner: Two arms were pulled off, and at the 
base of one of the arms a piece was cut out from the top of the disk in the nianner 
shown in fig. 26. Whese specimens were placed in a large car a t  Woods Hola without 
food (except what could be .carried in the water). 0 1 1  June 9 there was a trace of 
regeneration in some of the arms. On June 25, a little inore than six weeks after the 
operation, all the amis were growiug out a~le'u', and varied from a mere trace of a new 
arm with the terminal eye-spot (which always shows first) to arms 4 inch (about 7 
mm.) long. This experiment shows two things: that the new arm will regenerate if 
a, portion of the disk is absent, and that the rate of regeneration, like tho rate of 
growth, in normal specimens, is dependent upon the nourishment, for while the new 
growth in these ca'rs was only 7 nun. in six weeks, those which were well fed a t  Kick- 
emuit gained a new growth of from 13 to 18 mm. in the same time. See page 217. 

Other experiments were tried, to determine what regeneration would take plece 
if the whole star-fish were cut through in various ways, while the arms were l&t in 
place. It will be seen that the results were not always the same. 

In the summer of 1897 several stars about 2& inches in length were cut through 
so as to leave three arms and part of the disk on one piece and two arms and part 

Such a specimen is sketched in fig. 25. 

+During tho summer of 1899 several single arms kuru kept alive from early in May until the 
middle of August, when they 'woro destrogod by accidout. There was uo regoneratiou. 
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of the disk on the other. The smaller pieces perished, but the larger ones lived for 
several weeks and showed no sign of regeneration. All but one were destroyed by otlicr 
star-fishes which got into their compartme.nt of the car by accident. The remaining 
fragment, consisting of three arms and part of the disk, lived several months after 
the operation and did not regenerate. 

One 
arm was pulled off' and the disk then cut in two, leaving two arms witli a part of disk 
and madreporic plate on one piece (= n); and two arms and part of disk on the other 
piece (= b ) .  The fate of the single a rm has been already considered (page 222) .  On 
June 9 a11 the pieces were alive. In the piece marked a (i. e., having madreporic 
plate) a trace of e new arm was visible on the side toward the lost arm, but in no 
other place. The pieces marked b showed no regeneration a t  all. 

On June 25, 6.3 weeks after the operation, the coiidition was as follows: All these 
parts of specimen 1 were alive. The f&te of tho single arm has beell mentioned 
previously, The piece ( a )  with madreporic plate is sketched from the lower side in 
fig. 25. Two arms were well started and one minute arm was growing out between 
them. In the other piece (71) of this specimen, the wound was completely healed, but 
there was uo visible trace of any new arms. Of specimen 2, only one piece ( a )  ivas 
alive. From the stunip of the old arm a very small new arm appeared--no trace of 
any other. The two pieces a and b of specimen 3 were alive and healthy. In cc two 
very small a rms  were visible (one could be seen only with the help of a haiid lnus) 
near together, atid on one side of the cut surface; 011 the other side there wits a trace 
of another arm, indicated by an eye-spot. b had healed up, but showed no trace of 
regenerating arms. Of the fourth specimen, piece n was alive with two very minute 
regenerating arms. These specimens had very little food, aud it  is hardly necessary to 
remark that they grew very little or not a t  all. 

On September 5 ,  1895, another experiment, similar to the lest, was commenced 
at Eickemuit liiver. Eight specimens mere taken from those reared in the car aud cut 
in  two in the manner shown in fig. 29, leaving two arms and the niadreporic pIate on 
one piece and tliree arms and part of the plate on the other. The pieces of the latter 
sort died in a short time, and the following data refer to the pieces having two arms 
and the plate (('eye"). A t  the beginning of the experiment tlie specimens measured 
in millimeters, 23,2l, 21,20,19, 18, 18,18. 

On May 11, 1598, several stars about an inch long were cut as in fig. 27. 

Soptombor 26, 3 weoks nftor tho oporntinn: 
A 22 mm., boro trnco of two now nrnis. 
B.'l8 nim.. two now n m s  (presorvnd) o n h d l h y .  
C, 18 mm.. olio now 8rn1, 2 Inm. 
D, orushod. 
E, 20 nim., henltliy; uo trnoo of nnotlior nrm. 
F overlooked. 
A (?), 23 mm., two vory smnll firiris. 
C 20 mm two  nrms on0 smnllor t l inn thu otl~or. 
E'(?), 22 &n., no trclco ofrogenorntion. 
B, 21 mm., ono arm. 

SUO next, Oot. 12. 
ootodor 12: 

(1111 honlthy.) 

October 25 : 
C 20 ( a )  two nrms 8 to  10 m n ~  
E: 22, nd trnco of rogonorntjon: ' 
P, {ii ( a ) ,  onu arm, G mm.; n o  trnoo of nnotlior. 

A 25 nini., two now arms 2 nim. o;tch. 
C,'ZI mni., two now nrim, o'to 1omm. i no trnoo ofother. 
E, 22 mm., ono iiow nrnl directly in middle, 1 imn. loug. 
F, 19 ( ?), ono nriu, 4& inin.; 110 t r n w  of rest. 

A 23 nim., two smnll nrms  nborit 3 min. 
~ ' 2 1  mm two srnn~larnis '10 nntt 12. 
S: 21 mm.', ono nrm, I& m i . ,  diroetly i l l  iniilclie. 
F, 20 n~ni., on0 arm, G nim. 

(no traco ofothor arm8 ill any.) 

no trwo of otlior 

Novom )or 5 : 

Novoiubor 11 (flg. 30) : 

Similar experiments upoil young stars about the first of August yielded essentially 
the same results, except tliet out of seven pieces which lived until September 5 four 
were without madreporic plate and three of these were regenerating new arms. Miss 
King, whose recent article has been already referred to, seems to have had better suc- 
cess than I, and says that froin each of the pieces of a star cut in two a new star may 
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be formed by regeueration. That the madreporic plate is not essential to the life of 
the star, at least for x very long time, is shown by another experiment: This organ 
was removed from five large stprs oil Juiie 14, and on November 5 oiie of them was 
alive and healthy, but had not regenerated the lost structure. The madreporic plate 
was wanting in a specimen caught a t  Woods Bole on April 4. Another mas talien 
which had an accessory niadreporic plate, vliich was not, however, connected with the 
stone canal. In the last report I ineutioned an experiment in which this body was 
extirpated and regenerated before the end of the season. 

I n  every known case of regenerating star-fish caught on the mops and dredges 
the new growth is limited to the arms. The arms are readily looscwd aiid cast off 
when injured, but almost certaiiily do not produce new stars, as is shomii by t h e  
experiment i n  which siugle arms have been kept three months without trace of 
regenerating, and by the fact that single arms regenerating the rest of the stars have 
never been fouud aiuong tliis species of stair (they are commou in some foreign species). 
Star-fish which have been cut in two behave differently iii ditlkrent cases. They may 
live for a long time without regenerating the reuiaining arms to tlie slightest degree; 
they may show no sigu of regeneration for several weeks and then regenerate one or 
moie arms; they may soon regenerate only one or two of the arms when three are 
required to coiiiplete tine original torln of the body. The rate of’ regeneration and 
perhaps the possibility of regeneration are, like the rate of growth, dependent 011 the 
food supply. It is probably possible for two or more complete stars to result from oce, 
but in many experiments in which tlie stars mere carefully protected this result has not 
been obtained by me. The probability of this result occurring when stars are to:m 
apart and thrown overboard is doubtless very slight, for, as the experiments show, such 
stars have difficulty in obtaining food and are especially lisble to hjury and to destruc- 
tion by other stars or enemies of various kinds. 

XV. IVlbat are the artificial methods of destruction now in use in Rhode Islafind or 
elsewhere? 

Star-fishes are caught in considerable numbers with the spear aiid tongs, but the 
more efficient method is the use of tlre ‘‘ ti111g10” or “mop.77 The tangle coiisists of a 
number of inops of cotton waste or similar material attached to an iron bar. By 
draggiiig these mops over the oyster-beds the stars become entangled and are drawn 
up with the mops. The mops are usually detached from the iron bar and are thrown, 
together with t8he stars, into a tub of hot water. Xeanwhile other mops are attached 
to  the bar and thrown overboard. After the stars are killed they can be more easily 
picked oE the mops than when they are alive. Some oystermen prefer to dredge up 
oysters, stars and all, and, after having culled out the stars, to replant the oysters. 

Tlie star.fish become easily entangled in the mops, not only because they are 
rigid aud covered with spines, but because the little forceps (pedicellaria) thickly 
scattered over the surface of the body catch hold of the threads of the mop. If one 
presses the upper surface of a live star-fish against the back of his hand he mill’ 
find that these pedicellarin grasp the hairs on the hand tightly and will sustaiu 
the whole weight of the star-fish. 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole Massachusetts. 

___.______- 
Liberated. 

No. - - -x_ 

Loonlity. Date. 
~- - 

601 Lackey Bay ........ June 17 

I 004 , _ _ _ . d o  .................. do. .  
1 606 ..... do .............. .*:..do ... 

600 OOQ ..... do do .................. . . _ . d o  do 
..... .............. 1 

011 ..... do .................. do ... 

ON THE MOVEMENTS OF CERTAIN LOBSTERS LIBERATED AT WOODS 
HOLE DURING ‘THE SUMMER OF 1898. 

__.__ _-_ -. 

No. of Dietmoo Dirortion, [TI 
t i  

Recaptured. __- 
Laonlily. Dnto, days free. (milos). 

___ __-_ _ _  - - 
Mcncmsha .......... ( 1)  Q SSW. 1 
VineynrdSound .... July 11 “4‘ 0 0 ...... do .............. June 17 0 ........ .............. ........ do do .............. July 11 ‘2: 1 July 6 18 

Menemaba.. ........ ( Y) ( 1)  Q SSW. 

BY HERMON C. BUMPUS, 
Director of Biological Laboratory of the U. S. Fish Conzntission at Woods Hole. 

i _I -___________ -I__ 
---2 
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the rate of travel of these and other lobsters taken by him can not be given. I t  will 
be noted that the general course of the lobsters is toward the south and west. 

Oil the 18th of June 94 lobsters were tagged and placed on the steamer that runs 
from Woods Hole to New Bedford. The writer deposited 33 of these i n  Buzzards Bay, 
near the westerly opening of Woods Hole; 17 when the steamer was about iuidway 
between Woods Hole and New Bedford; 33 a t  a point south of West Island, and 11 86: 
the steamer passed Black Rock. For convenience these stations have been named A, 
B, C, and D, respectively, and are so indicated on the chart a t  the end of this paper. 
Along this course of the steamer there is an almost continuous series of lobster pots 
extending entirely across the bay, many of them owned by Greeks and Portuguese, 
who are somewhat disinclined to return the  tag^, preferring to Jeep them as charms. 
It is perfectly safe, therefore, to conclude that oiily a small proportion of the tags 
taken are finally returned to the Commission. 

From station A, 4 tags mere recovered; from statiou 13, none; froni station C, 4, 
and from station D, 2. The details are as follows: 

KO. 

- 
ai8 

a50 

087 
a81 
a99 

828 
889 
a45 

054 

705 
__- 

.... __ . ~~ 

Liberated. 

Ststion A ....... Near Hen and Chickens.. ..... do .......... . . _ .do  ... 
..... do ... Near West  Island ........ ..... do .......... . ._ .do  do .................... 

Cuttyhnnk ............... 

Station C. do ... Cuttvhunlc ............... SW. ..... do do ... Ne& Station A ........... 4 E. 
_ _ _ . _ d o  .......... . ._.do ... Petlikono .................. July 7 ..... do do ... Near Station C.... ........ June 30 

I Station D ....... . ._ .do ... Near Station 1) ........... Julv 9 0 1.. .. .do ........ -.I_. . .do -..I.. .. .do .................... 1 June 30 1 12 . 0 . 0 
i 

None of the lobsters disiributed on June 18 took a northerly course, and although 
three were taken at points roughly described as east of their place of liberation, four 
traveled towarbthe mouth of the bay, all of them considerable distances, and No. 618 
made a journey of 16 miles between June 18 and July 15, twenty-seven days. This 
is the longest distance traveled by any of the lobsters. Those liberated at stations B, 
C, and I) were taken originally at Cuttyhunk. The fact that two of these, Nos. G50 
and 667, returned to their former place of capture may iudicate a strong boming instinct. 

On the 24th of June 62 lobsters, originally froui Noank, Stonington, and Block 
Island, were liberated a t  Quicks Hole at a point iiidicated on the chart. The tags 
of eight of these were returned to the Commissiou. Tho details are as follows: 

.~~ 

1)irectioii. 

....... - - 

Of t he  animals liberated on June 24, i t  might be said that their course was not, so 
cbaracteristically toward the south as were the courses taken from some of the other 
stations, but the three which had traveled i i  sufficient distance froin the point of 
liberation to give a distinct trend to their coiirso did iiiove i n  the same direction as 
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those of other stations. As the lobster pots are not set iu large numbers off shore, 
lobsters liberated a t  Quicks Hole naturally would not starid the same chance of 
recapture toward the south and west that they would toward the north arid east, and 
therefore it would seem to be of more than passiug interest that from this southern 
point of distributioii no lobsters were found to migrate to any considerable distance 
either up the sound toward Woods Hole or acrosi the bay toward New Bedford. 

A second lot, of 140 lobsters, was liberated oft' Nobsque on the same day as those 
liberated at Quicks Hole. These were quite a t  liberty to migrate iu a northeasterly 
direction, but all reports of their capture came from the southwest. Thak so marly of 
these and other lobsters took a southwesterly course would seem to prove that there 
is in general a decidedly southerly end westerly trend to their migrations, although I 
am not prepared to say whether this is i.n response to  a strong homing impulse, or an . 
effort to pass from warmer into colder water, or from shallow into deeper water. Tlie 
proportion of auimals captured to those liberated is noteworthy. Of 140 liberated a t  
Nobsque, tags were received from 39. The details are as follows: 

779 
780 
791 
798 
goo 
802 
807 
R l R  

Liboratod. ltooaptured . 
No. of Distanoe No. j Locality. I Date. Ldonlity. 

Nobsquo ...... June 24 Wooils Role ............ July ..... do ............ do ... Nobsquo ................ July 'i 1 ..... clo ............ do ........ do .................. July 11 ..... do ............ do ... CodnrTrooNook ........ SO t 21 
_ _ _ _ . d o  ............ do ... WoodsUolo ............ JI$ 11 .... .do ........... .do ... Tarpul in  Cove ......... 3 uly 8 
..... do ............ do ... Vinovard Sound ........ Aug. 11 
..... do ............ do ... WUoh Aolo ............. AUK. 28 

I --I I- I I 

891 
831 
838 
848 
851 
808 
860 
R72 

..... do ............ do ... Vjniyard Sound ............. do. .  .... 

..... do ........... .do ... Monemaha .............. 1 ..... do ............ do ... Neshowoua ............. July 8 ..... do ............ do ... Goy Head .............. Ang. 15 .... do ............ do ... Vinoyard Haven. ....... July 5 

.... .do ........... ,do ... u i o h  Hole ................ .do ...... .... .do ............ do ... 4 arpaulin Cove.. ....... July 18-29 

.... .do ............ (10 ... Vincvarcl Hnvon ............. do ...... 

821 ..... do ............ do ... Tarpaulin Cove ... ., .... 
825 ..... do ......... . - .do ... Monemslra .............. 
828 ..... do ........... do ... Nobsquo ................ July 11 
830 --- I  do ............ 1 (lo ... I Tarpaulin Covn.. ..... ..I July 18-28 1 

891 
8% 
901 
902 
904 
007 

............ I ..... do do ... Nobequo.. .............. ............ 1 .... .do do ... Vineyard Sound ........ 
1 .... .do ......... ..do ... Menoinsha. ............. .... .do ............ do ... Nobsquo.. .............. July 11 
P .... .do .......... . .do ... Monomaha.. ............ 
1 .... .do ........... .do ....... .do .................. 

..... ... ............. 
.......... 879 

883 clo llobinbon Eo10 1 July ' 20 1 ..... do ... Nobiquo.. 
..... do ........ _ _ _ . d o  ... Q ~ ~ i o l t s  Holo ............ July 23 

17 
11 
17 
89 
17 
14 
48 
05 
20 
1 

17 
28 
20 
1 

14 
52 
11 
11 

I ?  
20 
20 

1 
9 
P 

17 
1 
1 

' E 

0 
0 
0 
5 
0 
5 
2 
0 
4 

11 
0 
4 
4 

10 
12 
13 
4 

11 
5 
5 
0 
8 
0 
9 
0 

11 
0 
9 

11 

Dirootion. 

0 
0 
0 ssw. 
0 

WSW. 
SE . 

0 w sw. ssw. 
0 wsw. msw . ssw. 

wsw. 
SW. 
SE. 

WSW. 
WSW. 
TVSW. 

0 
WSW. wsm. 

0 
WSW. ssw. 

0 ssw. 
SSW. 

On the 25th of Juue 55 lobsters were liberated near the can buoy a t  the entrance 
of Woods Hole Harbor. Of these, only three were recaptured. No. 928 remained in 
t h e  neighborhood until September 15, when it was captured near the Wepeclrets. The 
capture of this and other speciniens would go t o  show that molting does iiot always 
take place immediately after the eggs have reached maturity, for, if the aiiimals had 
molted, the tags would have been lost. 

_- ____ _- 
Libernted. Roospturod. 

LooalitJ-. Data. 

......... .......... 1 928 Can buoy So t 15 82 

900 ..... do 28 
946 ..... do ............ ... .......... JuY; 23 28 0 ................ .. ............. ... 9 
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On July 8 two lots of lobsters were liberated, 60 at  Lackey Bay and 49 at  Woods 
Hole. Of the former, 5 were recaptured, as follows: 

Liberatcd. No. of Recnpturcd. 

980 Laokey Bay. July 2 Vineyard Sound ........... July 11 

1034  do ...... . ._ .do ... Wepecltets ................ July 7 

999 ..... do ........... do ........ do ..................... July  20 
1020 .... .do ........ -.do ... Qoioks Hole ........... July 23 

9 
18 
21 
5 
18 1 1098 

It wilI be noted from the above that t h e  trend of migration of a11 those that had 
, tra,veled a considerable distance after liberati9n was in the same general direction a8 
that taken by those liberated from the stations mentioned. 

The lobsters in the second lot liberated on July 2 mere thrown into the water 
~ near the Fish Commission station, and not only is the direction of their course inter- 

esting, but the rate of movemelit of certain individuals is far beyond one's expectation. 
The animals trltveletl down the bay in a west southwesterly direction a t  a rate that  
seemed to indicate their desire to place as much distance as possible between them- 
selves and the hatchery. No. 1000 made the journey from Woods Hole to Outtyhunk 
in 3 da.ys, No. 1092 reac1iecl.the neighborhood of the Hen and Chickens lightship in G 
days, and No. 1014 reached ail equally renioto point in 7 days. The following table 
will give additional data relative to the movements of this last series: 

..... do .......... do ... Robinson Hole.. ........... July 20 

Liberated. 
Dato. 

No. of 
lays f'roe 

14 
11 
14 
5 
3 

75 
9 

11 
5 
I 

75 
0 

75 
75 
24 

- -  

Kecnptnrcd. 
- ~ ~ . -  ......... 

Locality. Date. . __ .... 

970 P.C.Stntion ...... 
971 .... .do ............... 
977  do do ................ 
991 .... .do ............... 

.lo00 .... .do ............. 
1OOU .... .do ................ 
loo9 ..... do ................ 
1010 ..... do ............ 
1013 ... ..do .............. 
1014 .... .do ............ 
1019 ..... do ............ 
1022 .... .do ............ 
1030 .... .do ............ 
1054 ..... do ................ 

,1055 .... .do ............... 

Attention has already been called to the strong migratory impulse which controlled 
the movements of the animals set a t  liberty, and i t  must be left for subsequent obser- 
vations to determine the reason therefor. During the latter part of June and the 
early part of July the water near Woods Hole ranges in temperature from 620 to 
G W  F., and as the water in this portion of the bay and sound is received from the 
presumably cooler water of the southwest, the incliiiation of the liberated animals to 
seek cooler water may account for the uniformity i n  their movements. But lobsters 
are caught about the station during the entire summer, arid the uniformly small size 
of these animals mould indicate that they remain in  the locality during the season and 
are not caught as they pass through the sound on their migrations. 

It has been already suggested that the uniformity in the movements of the tagged 
lobsters may be the result of a homing instinct. This question might be aiisaerecl in 

. ___ 
July 2 Ciittylinnk ............ J i ~ l y  10 

.no ...  do ................. July 13 

.do ... Woods llole ........... Julj- 7 
. - .do ... Cuttyhunk ....... .:.. . July 5 

do ... Wbpeokots ............ Se t. 15 

Cuttyhunk ............ Juli. 13 
..do ... Woo'da Hole ........... J u l y  7 

 do ... Ken and Chickeiis.. ... Jnty 9 
.__.do ... Wepeckets ............ S e  t. 15 

. . - .do ... Wepecketa ............ Sept. 15 
do ........ do ................. _ _ _ . d o  .. 

.do ... I'enikese.. ............. July 20 

do ...... ..do ................. J u l y  1G 

do ... Woods Hole ........... Jufy 11 

. - . .do ... Hen nnd Chickens. .... Juyp 8 

  do ... 

wsm. wsw. wsw. 15 
0 ............ 

12 WSW. 
3 wsw. 

12 UTS w . 
0 ............ 

15 wsw. 
3 w. 

15 wsw. 
4 NSW. 
3 W. 
11 wsm. 

1 
a ............ 
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the following way: If lobsters caught a t  Woods Hole and released at Gay Head 
were recaptured a t  Woods Llole, and if lobsters taken atdhe same time a t  Gay Head 
and released a t  Woods Hole were recaptured a t  Gay Bead, it would seem that only a 
homing instinct could account for the movement. 

It is quite possible that during June and J d y  lobsters seek deeper water, although 
i t  is generally believed that during the spring and early summer the general migration 
is from deeper to more shallow water, and that the return to the deeper water does 
not occiir until fall. During the summer months lobsters are caught off the coast of 
Maine in shallow water, ranging from 3 to 10 fathoms in depth, and it is not until 
October and November that the pots are set in deeper water, from 35 to 40 fathoms. 
Professor Herrick states that t h e  fishermen generally take their traps from the deeper 
water and place them in the shallow water of the sound a t  about the time that we 
have found the animals seeking the deeper water. From the neighborhood of‘ Gay 
Head the general migration into deeper water is said to begin the lattespart of August 
and to continue during September and October. If a relatively large uumber of both 
sexes, and of different sizes, should be captured at Cuttyhunk or a placo similarly 
located, and after being taggcd should be returned to the place of their capture, 
valuable data of a positive nature would undoubtedly be secured. One wishes that 
this might be attempted. 

It is possible that the movements are not dependent upon any of the above- 
mentioned factors, but that  the supply of food is all-controlling. The peculiar behavior 
of female lobster8 in the vicinity of No Mans Land, as  observed by Nr. Vinal Edwards 
and recorded by Professor Herrick, would seem, however, to make this improbable. 

I n  writing of the lobster’s powers of movement;Professor Herrick says that by the 
flexion of its abdomen the animal is able to slioot back ward through t h e  mater with 
astonishing rapidity, sometimes going, according to one observer, 26 feet in less than 
a second. He quotee Travis as follows: 

In tho water they can run nimbly upon their legs or small claws, and, if alarmed, o m  spring tail 
forward to a surprising distance, as swift &E a bird can fly. The fiishermen see thempass about 30feet, 
and by the swiftness of their. motion ~upposo that they go mnch farther. Athenmus remarks this 
oircumstance, and SLGYS that incurvedlobsters will spring with the activity of dolphins. 

While we do not know what method of progression lobster No. 1000 adopted in 
making her record of 12 miles in 3 days, w e  do know from the course taken by this 
animal, as well as by Nos. 1014 and 1022, that associated with their rapidity of move. 
ment there is remarkable endurance. 

It is generally believed that the female lobster molts very soon after its young have 
escaped from the egg membranes, and although it  is mauifestly incorrect to consider a 
lobster artificially freed from its eggs as one which has completed the incubtition period, 
the fact that many were renaptured with tags long after the period a t  which the young 
would probably have hatched under normal conditions, is a proof that in many cases 
females do not change their covering as soon as they are relieved of the obligations of 
niaternity. One tag was taken as late as September 21. 

One of t h e  most interesting results from this series of experiments is the direct 
evidence of the merciless persecution of the  lobster. The chances of continued life 
for alobster that ha8 reached a marketable size are extremely slight. Of the 140 
liberated a t  Nobsque, more than 20 per cent are known to have been captured within 
three months, and 16 of the 49 liberated on July 2 a t  Woods Hole, or fully 30 per 
cent, were taken by September 16. Of course, these numbers do not begin to show 
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what actually occurs, for many fishermen are known not to have returned the tags; a 
large number of tags are doubtless lost by the process of molting, and iiot a few of 

the animals perish from rough treatment received during 
captivity. It should be remembered that when first cap- 
tured they are thrown from the pot into the boat, and 
from the boat into a car, where they may remain several 
days awaiting the arrival of a smack to convey them to 
the station. While in the car they suffer from their own 
belligerency, and when thrown into tlie well of the smack 

and during their journey to Woods Hole not a few perish. Moreover, a t  the station 
they are handled several times before they are finally stripped, tagged, recorded, and 
made ready for their liberation. 

But without attempting to make any eRtimate of thb number that reached the 
market without leaving a completed record, and confining ourselves to the data derived 
from those that were recaptured, we find that of a total of 479 lobsters liberated, '76 
very soon fouud their way to mwltet. It is therefore evident that, unless tlie supply 
of' any one locality is replenished, &her by immigration or by artificial propagation, 
the lobster will be exterminated; indeed elimination has actually occurred a t  certain 
localities, and there is every indication that before long an industry which has yielded 
many millions of dollars will have perished through the illexcusable abuses of our 
fishing privileges. 

__ 

Figure of tag-exact size. 

BROWN UNIVEBSITY, 
Providence, Rhode Island. 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

IMPROVEMENTS I N  PREPARING FISH FOR SHIPMENT. 

BY RALPH W. TOWER, 
Assistad Profksor of Chemical Physiology, Brown Uziversity. 

It is well known that ice, as ordinnrily used in packing, is more or less unsatis- 
factory. It spoils the freshness, flavor, and firmness of the fish; but, moreover, the 
moisture of the nielting ice favors the development of putrefactive bacteria and thus 
hastens decay, which is only the result of the activity of certain putrefactive bacteria. 
If the fish are so handled that the activity of the bacteria is restricted, the process of 
decay mill be retarded; but if the fish are handled so as to encourage the ravages of 
the bacteria, the process of decay wiII progress muah more rapidly. The pressing of 
fish by close packing softens tho muscles and renders the flesh more susceptible to 
invasion by putrefactive bacteria. Packing fish in foul barrels and unclean boxes, 
the contauiination from which is conveyed to the fisk by the melting ice, also contributes 
to their speady decay. 

The following investigations, which mere carried on at  the biological laboratory of 
the United States Fish Commission a t  Woods Hole, mere uiidertaken for the purpose 
of ascertaining to what degree fish are spoiled by care1essness, tilth, and bad packing, 
and to devise methods which iiiigli t mitigate these evils. - The animals used for the experiments mere squeteague, bonito, blue-fish, and tile- 
fish. The fish from the large trap owned by the United States Fisk Oommission and 
located in Buzzards Bay fhrnished an unlimited supply of material. During July aud 
August squeteague were abundant; their flesh is soft, very susceptible to invasion by 
putrefactive bacteria, and difficult to preserve by the ordiiiary methods of packing. 
Bonito were also occasionally taken; their flesh is firm and hard and relalatively easy 
to preserve. 

The first experiments were to determine the influence of ordinary aummer tem- 
peratures and of the different iiietbods of killing atod handling upon putrefaction; 48 
squeteague were hung up by a wire passing through the eyes; 24 had the intestiiies 
removed, after which the fish were immcdiately drained; the other 24 were riot opened. 
The experiment was made in  a place protected from the sun, but to which the air had 
free access. The weather was humid and foggy, tlie temperature being 680 a t  8 a. m., 
720 at noon, and 710 at 5 11. m. After 24 hours the fish mere examined. Those that 
had not been opened were putrid and emitted an almost iiiibearable odor. Those whose 
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intestines had been removed mere in better condition, and might -even have been 
used for food. The abdominal cavity was much fresher and putrefaction had not 
penetrated so deeplyirito the flesh, The experiment shows that when the intestines are 
not removed decomposition takes place more rapidly, and that the immediate removal 
of the  viscera delays decomposition. The experiment gives some idea of the rates of 
putrefactive changes in the two kinds of fish. 

The next experiment was with 24 squeteague and 6 bonitos. After removing the 
intestines, as above, the fish were laid on their sides on a plank, but riot in contact 
with oue another. The day was humid and foggy, the temperature ranging from 690 
a t  8 a. m., and 720 a t  12 m., to 710 a t  5 p. m. At  the end of 24 hours the fish were 
examined. The squeteague vere badly decomposed on the side next the wood; on 
the other aide decomposition had not proceeded so far, although i t  had progressed to 
a coiisiderable extent. In  the body-cavity decomposition was evident, but it had nat 
advaticed very far. The bonitos were in much better condition, although they euiitted 
an odor of putrefaction, the side on which they lay beiug most affected. The walls of 
the body-cavity also were in better condition than those of the squeteague. The 
experiment shows that the free circulation of air about fish retards the process of decay. 

After the intestities had been removed from 12 squeteaque the fish were hung up 
by their tails and allowed to remain 24 hours. The weather was cloudy, and tlie 
temperatures were as follows: 8 a. m., 710; 12 m., 740; 5 p. m., 730. The atmospheric 
conditions were less favorable than ou the previous day, yet a t  the end of 24 hours the 
Bsh were found to be in much better condition than in any of tlie preceedirig experi- 
ments. There was a decided odor of' putrefaction from the outside of t h e  fish, but the 
abdominal cavity and the muscles showod only slight evidences of decomposition. 
The fish were in as good ooudition as matiy fish found iu our markets and generally 
scdd 5s The experiments thus far made show that early cleaning, froe circu- 
lation of air, aud thorough tlrainiiig retard putrefaction. 
' Twen ty-four living squeteague were decapitated, thoroughly drained, end then 
,their intestines were removed. .From another series of equal number the intestines 
oiily were removed. The 48 fish were packed in a box in close coiitact with one 
another. The weather and temperature conditions were practically the same as 0x1 
the preceding day. A t  the end of 24 hours the fish were very soft and had a bad 
odor. Although the 24 which had been decapitated were in a better state of preserva- 
tion than the others, all were unfit for use. Those in the top layer, where they wete 
exposed to the air, were in early stages of decompositiou. Those on the bottom, away 
from the air and moistened by the drip from those above, were in advanced stages of 
decomposition. The experiment indicates the importance of thorough drainage of 
the flesh by early decapitation. The presence of blood hastens decay. 

I n  all the above experiments the fish were taken from the fish-trap alive, and 
were immediately prepaked to meet, the conditions of the various experiments. By this 
mean's n,o decoruposition could have taken place before the experiments were begun. 
The fish were handled as carefully as practicable, to prevent bruising or rupture of the 
muscular tissue. Cleanliness was assured through copious washiiig with sea water. 

To recapitulate, the experiments show: 
(a)  That putrefaction takes place more rapidly if the viscera are not removed. 
( b )  That moisture hastens the process of decay. 
( e )  That the free access of air retards putrefaction. 

* 
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(a) That drainage of the blood retards putrefaction. 
( e )  That if the head and intestines are removed, and if the fish is suspended by 

the tail so that the blood is drained from the entire body, the fish will remain sweet for 
a considerable t ime without the use of ice. 

In  none of the above experiments were putrefactive bacteria prevented f rom enter- 
ing the $esk or directly hindered in their action after entrance. Consequently, further 
investigations were made to determine the feasibility of delaying bacterial invasion. 
To do this the fish must be washed with a solution which retards the growth of bstc- 
teria and is not injurious to the food qualities of t h e  flesh. Verious solutions were 
tried, but only on8 with success. I n  a11 cases control experiments were made on fish 
taken a t  the same time and sub,ject to t h e  saine conditions, the only difference being 
that the control fish were not treated with the sterilizing fluids. 

(1) The first experiment was with a 0.1 per cent solution of salicylic acid in sea 
mater. 24 squeteague, taken alive froin the nets, mere carefully dressed, washed with 
this solution, packed in a box, miti  allowed to remain for 24 kours. The temperature 
ranged fi-oin 730 to 760. When examined the next morning there was R perceptible 
odor of putrefaction; the fish were soft and unfit for inarket. The control fish were 
not much worse. Similar experiments were subsequently made with the same solation, 
but none were successful. 

(2) The next preparation experimented wit-11 was a 10 per cent solution of potas- 
sium nitrate. 18 squeteagne, cleaned immediately after being taken frou the nets, 
more decapitated and thoroughly washed with this solution, and packed close together 
in a box. During the next 24 hours the weather was foggy, slid the temperature 
ranged from 730 to 740, a t  the end of which t ime decoinposition had advanced to such 
a stage that the fish were totally unfit for shipment. There was no appreciable dif- 
ference between the fish subjected to the potassium nitrate and those of the control 
experiment. Six more trials were made with this solution, but always with the same 
result. 

(3) A 5 per cent eolution of formalin was next used, but, as might have been pre- 
dicted, t h e  fish did not keep, and they were 8s bad a t  the end of 24 hours as those 
of the control. 

(4) The next and most successful experiment was made with a 3 per cent solution 
of boric acid (B20:J in swa water. 24 squeteague were dressed imiiiedintely after 
being caught, some decapitated, and otliers packed without removal of the head and 
gills. All mere merely washed in the above solution and then closely packed in a 
box. The weather was foggy and cloudy, the temperature ranging froin 740 to 830. 
Wheii examined 24 hours M e r  the fish were in good condition, without odor, and 
decompositioii had evidently not begun; the flesh was bard and firm, the eyes clear, 
and in fact one of the fish was declared by a nat,ive fisherman to have been taken 
from the water that very morning, and he was not readily convinced that it had been 
kept without ice for 44 hours. One of tlie squeteagne was baked and served on my 
own table, and was pronounced excellent. It is needless to say that the control fish 
were in advanced stages of putrefaction and wliolly unsuitable for food. 

In these experiments with boric acid the fish were in no sense “embalmed,” 
injected, or even preserved. The walls of the abdominal cavity, after the removal of 
the viscera, were simply washed with a sponge that had been dipped in the solution. 
The success of the experiment is of course largely dependent upon (a)  the immediate 
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removal of the viscera after the capture of the fish; ( b )  the careful handling of the 
fish, both before and after evisceration; ( e )  the thoroughness with which the walls of 
the abdomen are washed, and ( d )  the care with which the fish are packed. The use 
of boric acid will not prove satisfactory if fish are first thrown about, walked upon, 
carelessly eviscerated, washed in the sterilizing fluid, and then pitched into barrels. 
Those who’prefer to abuse fish in this way will do we]! to stand by the older and more 
expensive methods-use ice, and complain of the market. 

Mr. E. G. Blackford, one of the largest wholesale dealers in New York, has said: 
As an example of increased returns to the shippers from careful ha~dling,  I call attention t o  the 

fact that certain shipments of shad going to the New York market from North Carolina bring from 
25 to 40 per cent more than other fihad from the same locality. ++ * ++ What I wish to impress upon 
the shippers and fishermen is that for every dollar invested in labor and ice in packing the fish they 
will receive ten dollars in return. 

Some of the ani- 
mals were decapitated and others were not, but the swini bladders’and kidneys were 
removed from all. If the gills were thoroughly washed i n  the solution i t  was found 
that even fish with’ the head attached kept as well as those which were decapitated. 
Neverthdess, in fish treated with boric, acid putrefaction first appears in t h e  gills. A 
bushel of squeteague prepared in this way was put on the deck of the U. S. Fish 
’ Commission schooner Qranhpus on the morning of August 12, 1898, and remained 

exposed to the sun throughout the day j the next morning, when cut up for bait, they 
showed no sign of decomposition. On another trip, 1,000 pounds of tile-fish were 
washed in the solution and then packed in ice, where they remained for t w o  weeks; 
when unpacked they were in a perfectly fresh condition. 

It is evident, then, that this solution retards the initial stages of putrefaction, 
even at the summer temperatures, and for a sufficient time for the fish to a8rrive a t  the 
market, where they may be iced arid kept indefinitely. The xolution of boric acid 
thus used is not a preservative, and it  is not intended as such, but, like soap, it is an 
agent of cleanliness. As the fish are simply sponged over, the amount of the fluid that 
remaius on a single fish is inconsiderable, and careful aualysis fails to show more than 
the least trace in the flesh. Moreover, Chittenden and Gies have shown that boric 
acid given in doses, even up to 3 grams per day, has no effect upon proteid metabolism 
or on the nutrition of the body; that  it is not cumulative, but is quickly elimiiiated 
from the system, and that it produces no renal complications. I ts  employment, 
therefore, as above recommended can have no injurious effect on the consumer. 

I n  preventing the growth of the micro-organisms which cause putrefaction we 
also eliminate the canse of ptomaine formation. Though some of the ptomaines are 
exceedingly poisonous, this is not characteristic of all, arid it can be safely ststet1 that 
t h e  greater number of those that have been isolated are of a nonpoisonous nature. 
The kind of ptomaine formed depends on the kind of micro-organism which produces 
it, the character of the material acted upon, and the circumstances in which putrefac- 
tion takes place. As the ptoinaines are only transition products, representing mere 
temporary stages in the great process of decomposition by which the complex organic 
molecule is transformed into the simple inorganic state, i t  is evident that  the kind of 
ptomaine present in putrid fish depends on the stage of putrefaction. Ptomaines 
formed when putrefaction takes place in free atmosphere mill differ from those resulting 
from putrefaction where atmosphere is excluded. Almost any illness caused from 
infected food is spoken of as being due to “ptomaine poi80iiing7” but in the mqjority 

Twenty more experiments were made with the same solution. 
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of cases the poisonous bacterial products are not basic, though their true chemical 
structure is not understood. 

It is worthy of note in this connection that poisonous ptomaines do not begin to 
appear uiitil about the seventh day of putrefaction, and that they finally disappear if 
putrefalction is allowed to go on for a considerablu time. The toxicity of the ptomaiues 
themselves is not affected by cooking, no matter how thorough this may be. It ghould 
also be noted that' there are two distiuct kinds of poisoniug that may arise from the 
use of fish as food. The first is an iutoxication caused by the devouring of meat which 
has become invaded by ptomeine-produciug bactcria. The second is an intoxication 
brought about by fish not necessarily infected with bacteria, but i u  which the poisous 
are lezccoiitair~es produced by the tissues of the fish aud their normal product. 

The researches of Meisener, Rosenbach, G. Hauser, F. Jahu, J. von Toder, and 
others have shown that the blood and flesh of healthy animals are entirely free from 
bacteria. But the qontents of the digestive organs are rich in schizomycetes. Popoff 
has showii that the digestive canal of a healthy new-born animal is, a t  the moment of 
birth, free from bacteria. Those, however, subsequently obtain access, priucipally in 
the food, and the contents of the bowels become extremely rich in microbes. 

If a slaughtered auimal is left without being disemboweled, these bacteria will make 
their way from the alimeutary tract through the capillary vessels of the iiitestinal 
villi into the arterioles, the alkaline contents of which (rich in albumen) are especially 
favorable to these acidly putrefactive bacteria, so that the entire carcass quickly 
begins to undergo decomposition. This early decay may be prevented by the imme- 
diate reinoval of the entire alimentary canal, from esophagus to rectum, and if  this 
precaution is taken the flesh (as already shown) will for a time remain free from 
putrefactive bacteria. I f  putrefaction afterwards sets in, i t  is probably due to bacteria 
from external sources which have obtained access to the flesh. 

The gradual penetration of bacteria by way of the blood vessels into the interior 
of the tlesh has been studied by Trombetta and Gartner. Gartner found them in the 
external layers only of meat 3 days old, but a t  the elfd of 7 days they had penetrated 
2 em. below the surface. It is probable, however, that the flesh of fish is not so resist- 
ant to the peuetratiori of bacteria. The aources of this bacterial infection can not be 
e11 tirely removed, but they can be considerably reduced by cleanly procedure, as 
above recommended, arid attempts may be made to restrict the increase of tbe microbes 
and thus arrest the process of decay. The moat common remedy is cold, but experi- 
ment has shown that t Ire temperature must be kept some degrees below freezing to 
obtain the best results. This method is used not only in the American and Australian 
abattoirs, bu t  haddock caught in Norway are cleaned and frozen at  -500 C. and then 
shipped in specially constructed steamers. This freezing of fish does not immediately 
kill the bacteria present, for Koch has found very many bacteria in fish treated in this 
way, but it prevents the reproduction of the bacteria for the time being. 

Foster has found that certain germs increase in ineat stored a t  moderately low 
temperatures, though actual putrefaction is not produced by them. Moreover, the 
researches of Frrenkol, Bordoin, Uffreduzzi, Pruddeii, and Heyroth show us that 
natural ice may contain both putrefactive and pathogenic bacteria. This fact alone 
&ould teach us to loolr with p us pic ion upon any meat that has been brought iu direct 
contact with ice of uuknown origin, especially when the ice is allowed to melt so that 
the drip soaks into the tlesh. 
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Contribiitions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

REPORT OF A DREDGING EXPEDITION OFF T H E  SOUTHERN COAST OF 
' NEW ENGLAND, SEPTEMBER, 1899. 

BY FREELAND HOWE, JR. 

On July 29, 1880, the Fis7b A'au~lc left the builder's yard a t  Wilmington, Del., and 
proceeded to Newport, R. I., and after some preliminary dredging in the shallow water 
off' the southern coastsf New England started for the locality where the tile-fish had 
been discovered in May, 1879. The remarkable results of the work of September 4, 
September 13, and October 2,1880, were published in the American Journal of Science, 
November, 1880, ant1 created general corurnent among men of science, for it had been 
thought improbable that such a wealth of marine life existed 011 this portion of the sea 
bottom, During the following year the Pish Hawk riiade seven excumiotw to the edge 
of the continental elevation, and Professor Verrill wrote : 

J t  is probable that  the remarkable richness of the fauna in this region, both iu tho numbor of 
species and in the eurprising abnndauce of the individiials of mauy o f  them, is duo very largely to 
the unusual uniformity of the temperaturo enjoyed i b t  all se:1soi18 of the year at all those depths that  
are below the immediate effects of the atmosphoric changes. The regiou under ilisoussion is siibjcct 
to  the combined effects of the Gulf Stream 011 one side and the cold northern ourreiit oil the other, 
together with the gradual decrease iu temperature in proportion to  the depth. * * * The vast 
quantities of free-swimming animals continually brought northward by the Gulf Stream and filling 
the water, both at the surface and bottom, furui8h au inexhaustible supply of food for many of the 
animals inhabiting the bottom, and probably directly, or indirectly, t o  nearly all of them. (Report 
U. S. Fish Commission, 1882, p. 642.) 

In the fipring of 1882 many forms of life on this portion of the sea bottom were 
almost exterminated, although the Fish Hawk found an  abundance of animal life at 
certain localities. The following year the Fish Hawk made only one excursion to the 
Gulf stream, and the dredges were not lowered into mater deeper than 62 fathoms. 
Although the Albatross dredged in the region in 1883, 1884, and 1885, no serious 
biological examination of this portion of the sea bottom was made until 1899. It was 
because the results attending a reexamination of this area would prove of considerable 
scientific interest that arrangements were made for the excursion herein described. 

On August 31,1899, the Fish Hark, under command of Oapt. J. A. Smith, left 
Woods Hole with Prof. H. 0. Bumpus and other members of the biological laboratory, 
and a t  5 a. m. September 1st arrived at the spot where nineteen years before the 
wonderful marine fauna Bad boen discovered. 

An attempt 
was made to use alarge surface net, but the leverage interfered so materially with the 
steering of the vessel that  its continned use was found to be impracticable. Sinall 
tow nets and long-haudled dip nets were used in its place. Most of the material was 

The principal piece Gf collecting apparatus was a 7-foot beam trawl. 
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preserved in 5 per cent formalin. The day was such as to promise excellent surface 
collecting; the air was calm and the water smooth. Large numbers of chain salpas 
were seen swimming near the surface and below as far as the sight could penetrake. 
The chains varied in length from an inch to several feet, and solitary individuals, or 
those arranged in rings, occasionally drifted ,by. The longer chains moved through 
the water puch more rapidly than the smaller ones, and in addition to the branchial 
action they exhibited distinct serpentine movements. The salpas were riot present 
during the midday ’hours, and my observations would indicate that they were not 
present a t  the surface on cloudy or windy days. 

I n  the forenoon 4 dredgings were made, and a t  each station the trawl wa5 on the 
bottom from 15 to 30 minutes. The afternoon and evening were spent i u  the course 
homeward, the latter part of the journey being through water of remarki%ble phos- 
phoresceuce. At about midnight the vessel came to anchor off Nobsque light. 

On this excumion fully 100 species of animals were collected, and many of the 
hauls brought up a surprising variety of bottom forms. A inuch larger number would 
doubtless have been recorded if the means for picking over and sorting the material 
had been adequate and if there had been more time for working up the material 
preserved. Inasmuch as the four stations were quite near one another, i t  has not 
been thought necessary to arrange the specimens in separate groups. 

Table of stations at ~ h i c h  dredging8 were nrade on Scpteniber 1, 1899. 
[Tho diatnnccs are inensured from Gay Haad Light in nautical miloa.] 

Statio?. l- 
7008 
7069 
7070 
7071 

_ _  
Lrt. N. 

0 I I ,  

40 04 00 
40 01 30 
39 58 a0 
39 59 30 
_ _  _. 

Long. w 

0 ,  

70 20 
70 21 
70 16 
70 19 

I__. I___- 

I L _.__ 

LIST OF SPECIMENS. 

In the following list the previously ascribed range of each species is given. 
fish were identified by Dr. Hugh M. Smith and Mr. Barton A .  Bean. It will be noticed 
that 8 species are recorded from new localities. The pelagic Copepoda collected are 
accounted for in a special paper by Prof. W. M. Wkesler, entitled ‘&The Free-swimming 
Copepods of the Woods Hole region,” in the Bulletin of the United States Fish Com- 
mission for 1899, pages 157-192: 

C (ELENTE RATA. 

Pelagia cyane2Za Peron & Le Suenr. Caribbean Sea to  St. Georgcs Bank. One specimen. Surface. 
Nedusa. Dr. R. P. Bigelow, of Boston, Mass., ~ t a t e s  that  this form seems to  belong to a new genus 

and species of &‘ginida~, which will shortly be described. One specimen. Surface. Sta. 7068. 
Pennatula acukata Koren & Danielssen. Range, 97 to  1,255 fathoms. ‘Ten specimens. Trawled. 
Adamsia sooiabilis Verrill. Rango, 79 to  410 fathoms. Abundant as commensal of Catapagurus 8hawei.i. 

Trawled. 
Epizoanlhus americanus Verrill. Range, off New Jersey to  Gulf of St. Lawrence. Hundreds of speci- 

mens growing on gasteropod shells inhabited by Eupagurua pnbesccns. Trawled. 
Sagartia abys8icoZa (Koren & Danielssen) Verrill. Range, 69 to  640 fathoms. Generally two or three 

occurred on each tube of Hyalinacia avtifex, of which thousands were trawled. 
Urticina perdix Verrill. Range, 63 t o  190 fathoms. Several specimens obtained by schooner Grampus 

on trawls set for tile-fish. 
Actinauge noilosa Fabr. Range, 86 t o  1,098 fathoms. About 20 specimens. Trawled. 
Bolocera tuedicc Gosse. Range, 37 to  1,106 fathoms. One specimen. Trawled. 
Tealia craesicornis Gosse% Bnnge, North Sea and Ihltic. One specimen. Trawled. 

’ Dasmosntilia lymani Ponrtales. Range, 65 t o  179 fathoms. Six specimens. Trawled. 
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Hyalinmcia artifes Vorrill. Range, 160 to  640 fathoms. Trawled by thousands, each tnbe generally 

Arotloth?*ia conchypI~ila Verrill. Range, 100 to  300 fathoms. Six specimens. Trawled. 
Lepidonotus sq?ian~atua Leach. Range, Atlantic Ocean. About 50 spocimens. Trawled. 
Aplwoditea ac?&xzta Linn:cus. 
Cerebratultts l t t r i d e ~  Verrill. Range, 64 to 192 fathoms. Three specimens. Trawled. 
Three long rubber-like tubes, about 3 feet long and 3 inches in diameter, possibly some worm-tube. 

bearing two or tbreo Sagartia abyssieola. 

One specimen trawled in Fiiriie Channel in  530 fathoms. 

MOLLTLSCOIDA. 

Bllgula sp. Very abundant on sargmsum. Surface. 
I'olyzoan. Sevorol speciineus growing 011 broken bottle. T'rawled. 
dlembranipot*a sp. Very abundant on fronds and vesicles of sargassnin. Surfacc. 
%'wbratulina septentrionalia Couthouy. Range, 16 to 396 fathoms. Throe whole shells. Trawled. 

ECHINODERMATA. 

Linckia sp. Twulvc spocimens. Trawled. 
Poranioniorplm borealia Verrill. Range, 192 to 226 fathoms. Two spocimens. Trawled. 
Diploaslev inultipcn Sara. R:Lnge 124 to  640 fathoms. Two specimens. Trawled. 
Arcliaxter agasaizii Verrill. Raiigo, 182 t o  1,342 fathoms. Five speoimeus. Trawlcd. 
AraAastcr (vobuntun!) Verrill. Raugo, 938 to  1,467 fathoms. F i re  specimens. Trawled. 
Scizasterfragilis Diiben & Koren. Rmge, 225 to  321 fathoms. Ton specimens. Trawlcd. 
Oplriopholis auuleata Grar. Range, shore to 1,000 fathoms. About 20 specimens. Trawled. 
Oplrioscole~ g2aciaZis Miifler L Troschol. Range, 101 to 1,000 fathoms. Several hundred. Trawled. 
Ophiacantha (segesta?) Lyman. 

lotzger near the Philippines. Numerous. Trawled. 
Ophitwan. Cau not be referred to any describod species. 
Thyone recctrrnta Th6el. Raugo, ICcrgnelen Islands, 10 to 100 fathoms. Nine specimous. Trawled. 
dntedon dentata (Say) Vorrill. Rauge, G9 to 640 fathoms. I-Iundreds. Trawled. 

The specimens most resemble the species segcsta taken by the Chal- 

MOLLUSCA. 

Cuspidaria fraterna Verrill Sr. Bush. Rango, N. lrtt. do0, W. long. G9O, aud N. hit. 39", W. long. 74O, 

Lncina,filosn 8tinipson. Range, 4 to  349 fathoms. 1 wo wliolo shulls. Trawled. 
Yoldia sapotilla Gould. Rango, 195 to  321 fathoms. One live specinion. Trawlcd. 
Astartc quadruns Gould. liange, 11 to 100 fathoms. Four live specimens. Trawled. 
Cgprina islandica Lamarek. Eange, 8 t o  128 fathoms. Ono live specimen. Trawled. 
Anomia actileata Miiller. Range, shore to 640 fathoms. Sevoral speeimcns on broken bottle a n d  on 

Chiton sp. One specimen recorded by Dr. Mnlligon, but  not found i n  preserved specimens. 
li'usus islandictts Martini. Range, 1G to 300 fathoms. About 30 shells iuhabited by Etfpngiwrbs politrts ; 

F i m s  ~~enfvicostte Gray. Range, bauk lishing-grounds. Two shells inhabited by Eopagurids. 

li'nnus piqntarts Stimpson. Rango, North Atlantic. Six shells inhabited by Eupagnrids. Trawled. 
ToTol.eZ2ia,~nhiata Vorrill Sr. Smith. Rauge, 142 t o  321 fathoms. Oiic live spccimen. Trawled. 
Lzinalia gt*a:nZnntlica Stiinpsou. Range, 125 to 368 fathorns. Two shells iiihabited by small Ercpagnvtts 

polifas. Trawled. 
Lunatia heros Stimpson. ltauge, shore to  238 fathoms. Fivc shells inhabited by Eupagnrids. Trawled. 
Sporrliais ocoidentalis Sowerby. Range, 34 to 640 fathoms,, , About 20 ebells, nearly all inhabited by 

Eupagurids; one shell bearing Sagartia abyssicola. 
'Iboclr ns (Zazaplianzcs) linctus Whtson. Range, 38 fathoms. Two shells. Trawled. 
Seaplmzder ni!rndus Watson. Range, 800 fathoms off Arrow Island. On0 live speciluun mid oiie shell. 

Trawled. 
Pleurobrunclria tarda Verrill. Raiige, 28 to 640 fathoms. Several specimons. Trawled. 
Avgonauta argo Linnmus. Range, Gd to  487 fathoms. One broken shell. Trawled. 
Ronsia sublevis Verrill. IEange, 115 to 640 fathoms. Several specimens. Trawled. These contain 8 

302 to 984 fathoms. Three specimens. Tmw,l$. 

shells of y / / S U S  is2nndicua. Trawled. 

3 contained the animals ; several served for att;mlinicnt of Anomia aculeata. 

Trawled. 

Trawled. 

lrawled. 

new Dicycmid which will be described by Prof. W. M. Wheeler. 

CRUSTACEA. 

CevaphiZu.4 agassizii Smith. Range, 263 to 959 fathoms. One speoimen. Trawled. 
Pontophilun bveairostt*is Smith. Range, 51 to  233 futhom8. About 10 specimens. Trawled. 
Hippolyte sp. About 30 specirnens. Surface. 
Anoisalopua frontalis A. M.. Edwards. 

About 20 spccinioiis. Trawled. 
Pnndalns annidicovnis Leach. 

Trawled. 

Range, 100 fathoms off Barbados; 73 fathoms off Florida. 

Ton spocimons. Rauge, Mcditerrauean ; cast ooast of Ainorica, etc. 
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A!l)irontocaris spinus Sowerby. Range, 85 fathoms south of Halifax. One specimen. Tmwled. 
Munidia mribma Smith. Range, 56 to 264 fathoms. About 30 specimens, some with eggs. Trawled. 
Nephropeb agcrssizii A. M.-Edwards. Range, West Indies. One specimen taken a t  Station 7068. Very 

Naiitilograpsus ntinutuo Milne-Edwards. Occurs with sargassum. One specimen. Surface. 
Cuncw borealis Stimpson. Shore to 435 fathorns; south to Cape Hatterm. One specimen. Trawled. 
Ncptunus sayi Stimpson. Occurs with sargassum. About 100 specimens taken in sargassum, nearly 

all females carrying eggs. Surface. 
Catapagurue sharreri A. M.-Edwards. Range, 51 to  264 fathoms. Abundant as commensal of Adamsia 

sobiabilis. Trawled. 
Eupagurus kriiyeri Stimpson. Range, 35 to  640 fathoms. One large specimcn having no ‘ I  house shell.” 

Trawled. 
Ihpagurus pubeacens Stimpson. Abundant as commensal of Epizoanthus 

cimwicanus. Trawled. 
Eupaguriis politus Smith. About 30 specimens inhabiting large Fusus 

shells; one small specimen in  shell of Fusus pigmccus; two small specimens iu shells of Lunatia 
heros; two small ones in shells of Lunatia grmnlandica; about 20 small ones in shells of Aporrhais 
occidenlalis. Trawlcd. 

Latreutes ensiferus Stimpson. With gulf wced. About 50 specimens, some parasitized by a Bopyrus. 
Surface. 

Epiniera loricata G. 0. Sars. Range, 90 to  640 fathoms. Ten specimens. Trawled. 

rare. When taken WQE a very brilliant red. Trawled. 

Range, 26 to 86 fathorns. 

Range, 31 to  640 fathoms. 

TUNICATA. 

Molgula sp. Several speoimens covered with small sand particlos. 
Salpa sp. Large, solitary form, about 6 cm. long. 
Salpa com%forntis-zonaria Quoy & Gaimard. Very plcnty in chain form, a few solitary individuals 

with characteristic, broader muscle bands being taken. A tunic 75 mni. long, containing a dead 
and miich contracted animal, was trawled. The size of the individuals of the chain a s  well as 
the length of tho chains varied considerably. The individuals were in  various stages of repro- 
duction. Surface. 

Cyclosnlpa (pinnataf) ForskBhl. Several colonies 
in various stages of reproductiod. These forms are of especial interest, as Herdman in Chal- 
lenger Expedition Roport records oiily one poor specimen of a solitary individual. Surface. 

Range Pacific Ocean between P a p a  and Japan. 

PISCES. 

I. SURFACE SPECIES. 

S ~ i o l a  fasciata (Bloch). 
Tbachuropa oruntenophthalmus (Bloch). Range, Atlantic coast of United States. Two specimens. 
Caranz crpos (Mitchill). Range, Cape Cod to Brazil. One specimen. 
Closeaniia pandiouis (Goode & Bean). Range, deep water off Chesapeake Bay. One spocimen. 
Abudefduf sazatilis (Linnmis). 
Ualislee ae+Za Linnmns. Range, tropical parts of the Atlantic, Gulf Stream to Woods Hole. 

Honacanthus ltispidus (Linnaus). Range, Cape Cod to  Brazil. Several speoimcns. 
LycencheZ!p vcrrillii (Goode & Bean). Range, coast of Massachusetts and northward. One specimen. 
iWlc?rZucciue bilinearis (Mitchill). ltange, coast of New England and northward. Two specimens. 

11. DEEP-WATER SPECIES. 

Range, West Indies north to  Charleston, S. C. One specimen. 

Range, both coasts of tropical America. One specimen. 
One 

specimen. 

Raia eglanteria Boec. Range, Cape Cod southward to Florida. One specimen. 
Helicolanus maderenaie Goode & Bean. Range, deep waters of Atlantic coast from Narragansett Bay 

Peristedion miniaturn Goode. Range, Gulf‘ Stream. Two fine, large specimens. 
Macrourns bairdii Goode & Bean. 
Cifltarichthya aiwtifrone Goode. Range, deep waters of Gulf Stream. Thirty specimens. 
Monolene sessiliEauda Goode. 
Sgntpkurus pusillus (Goode & Bean). 

Dibranchue atlantioua Peters. liaiige, Gulf Stream. Several specimens. 

to Chesapeake Bay. One specimen. , 
Ilange, West Indies to  Massachusetts Bay. One specimen. 

Range, deep waters of Gulf Stream. Two specimens. 
Range, off Atlantic coast of United States, in  deep water. 

One specimen. 

HARVARD UNIVERSITY, December 30,1899. 
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THE LOBSTER FISHERY OF 1\IIAINE. 

BY JOHN N. COBB, 
Agent ofthc Ukted States Fish Comrtiissiox. 

For some years past the condition of the lobster fishery of New England has 
excited the earnest attention of all interested in the preservation of 0110 of the most 
valuable crustaceans of our country. In  the State of Maine, particularly, where the 
industry is of the first importance, the steady decline from year to year has caused 
the gravest fears, and incessant efforts have been made by the United States Fish 
Commission, in conjunction with the State Fish Commission of Maine, to overcome 
this decline. This paper presents the results of a11 investigation by the writer iu 
1899. All statistics, when not otherwise stated, are for the calendar year 1898. 

I am indebted to so many dealers, fishermen, and others for information given 
and courtesies extended that it is impossible to mention them by name, and I now 
extend to all my most sincere thanks for their many kindnesses. 

NATURAL HISTORY O F  THE LOBSTER. 

Although the lobster has been of great value to the New England States and the 
British Provinces as a food commodity, but little was known of its life-history and 
habits until within the last few years. To this iguorance has been due quite largely 
the peculiar (aud in eome instances useless) laws ena'cted by Bome States. The 
gradual enlightenment of the public on this subject has borne good fruit, however, and 
most of the present State laws are founded on substantial facts instead of theories. 
Prof. Francis H. Herrick has been one of the most prominent of the investigators, 
and his summary of the present knowledge on this subject is quoted below from the 
Fish aommission Bulletin for 1897 : 

(1) The fishery is declining, and this decline is due to the persistence with which it has been 
conducted during the last twenty-fivo years. There is no evidence that  the animal is being driven to 
the wall by any new or unusual disturbance of the forces of nature. 

(2) The lobster is migratory only to the extent of moving to  aud from the shore, and is, therefore, 
practically a sedentary animal. Its movements are governed chiefly by the aPundance of food and 
the temperature of the water. 

(3) The female mag be impreguated or provided with a supply of sperm for future use by the 
male at any time, and the sperm, which is deposited in an external pouch or spurm receptacle, hue 
remarkable vitality. Copulation occurs commonly in  spring, and tho eggs are fertilized outside the 
body. 

(4) Female lobsters become sexually maturo when from 8 to 12 inchus long. The majority of 1~11 
lobsters 104 inchm long are mature. It is rare to find a female loss than 8 inches long which has 
spawned or one over 12 inches in  length which has never borne eggs. 

(5 )  Tho spewninginterval is a biennial om, two years elapsing between each period of egg-laying. 
(6) The spawning period for the majority of lobsters is July and August. A few lay eggs at 

other seasons of the year-in the fall, winter, and probably in  tho spring. 
(7) The period of spawning laets about six weeke, and fluctuates slightly from year to  year. 

Thc individual vitriation in tho tiino of extrusion of ova is explained by tlie long period during whioh 
P. C .  13.18DD-1G 2.1 1 
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the eggs attain the limits of growth. Anything which affects the vital condition of the female during 
this period of two years may affect the time of spawning. 

(8) The spawning period in the middle and eastern districts of Maine is two weeks later than in  
Vineyard Sound, Massachusetts. In 1893 71 per cent of eggs examined from the coast of Maine were 
extruded in  tho first half of August. 

The law of production may be 
arithmetically expressed as follows: The number of eggs produced ut  each yeproductive period varies i n  a 
geonketrical series, while tho length of lobstera producing these eggs mries i n  an arithmeticul series. According 
to this law an 8-inch lobster produces 5,000 eggs, a lobster 10 inches long 10,000, a 12-inch Lobster 
20,000, The 
largest number of eggs recorded for a female is 97,440. A lobster lo$ inches long produces, on the 
average, nearly 13,000 eggs. 

(10) The period of incubation of summer eggs a t  Woods Hole is about ten mouths, July 15- 
August 15 to  May 15-June 15. The hatching of a single brood lasts about a week, owing to  the 
slightly unequal rate of development of individual eggs. 

(11) The hatching period varies also with the time of egg-laying, lobsters having rarely been 
known to hatch in  November and February. 

(12) Taking all things into consideration, the sexes appear about equally divided, though the 
relative niimbers caught in  certain places at certain times of the year may be remarkably variable. 

(13) Molting commonly occurs from June to September, but  there is no month of the year in  
which soft lobsters may not be caught. 

(14) The male probably molts oftener than the femelc. 
(15) I n  the  adult female the molting like the spawning period is a biennial one, but  the two 

periods are one year apart. As a rule, the female lays her eggs in  July, carries them until the follow- 
ing summer, when they hatch; then she molts. Possibly a second molt may occur in  the fall, winter, 
or spring, but  i t  is not probable, and molting just  before the production of new eggs is rare. 

(16) The egg-bearing female, with eggs removed, weighs less than the female of the same lcngth 
without eggs. 

(17) The new shell becomes thoroughly hard in the course of from six to  eight weeks, the length 
of time requisite for this varying with the food and other conditions of tho animal. 

(18) The Foung, after hatching, cut  loose from their mother, rise to  tho surface of the ocean, and 
lead a free life as pclapic larva. The first larva is about one-third of an inch long (7.84 mm.). The 
swimming period lasts from six to  eight weeks, or until tho lobstor has molted five or at most pix 
times, and is three-fifths of an iuch long, whcn it sinks to  the bottom. It now travels toward the 
shore, and, if fortunate, establishes itself in  the rock piles of inlets of harbors, where it remains until 
driven out by ice in  the fall or early winter. The smallest, now from 1 t o  3 inches long, go down 
among the loose stones which are often exposed a t  low tides. At a later period, when 3 to  4 inches 
long, they come out of their rctreats and explore the bottom, occasionally hiding or burrowing under 
stones. 

The food of the  older and adult 
stages is largely of animal origin with but  slight addition of vegetable material, consisting chiefly of 
fish and invertebrates of various kinds. The large and strong also prey upon the  small and weak. 

(20) The increase in  length at each molt is about 15.3 per cent. During the first year the  lobster 
molts from 14 to 17 times. A t  10) inches the lobster has molted 25 to  26 times and is about 5 years old. 

As the purpose of this article is to deal more particularly with the commercial 
side of the lobster question all interested more particularly in the natural history of 
the animal are referred to the following works: 

The Fisheries and Fishery Industries of the United States, EGG. I, pp. 780-812. 
The American Lobster, by Francis H. Herrick. 

(9) The number of eggs laid varics with the size of the animal. 

This high rate of production is not maintained beyond the length of 14 to  16 inches. 

Young lobsters have also been found i n  eelgrass and on sandy bottoms in  shallow water. 
(19) The food of the larva consists of minute pelagic organisms. 

Bull. U. S. Fish Com. for 1895, pp. 1-252. 

HISTORY OF THE FISHERY. 

Ever since the early Puritan settlers first learned from the Indians how to utilize 
the lobster, it has been one of the most prized articles of food in the New England 
States. The early town records of Massachusetts contaiu frequent references to this 
vahable crustacean, and efforts were made a t  an early day to conserve the supply. 
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A t  first, as most settlers lived on or near the coast, each family could easily 
secure its own supply, but as the settlements gradually extended farther inland this 
became inconvenient, and it soon became customary for certain persons living on the 
coast to attend to supplyiug tho wauts of the inland settlers, aud thus the commercial 
fishery was established. 

The coast of Maine is very favorably situated for this fishery. I n  its eastern and 
middle sections the shore is bold and rocky, while it is cut up by large deep inlets 
and coves which are studded with numerous islands, large and small, and by bold 
rocky promontories. Groups of islands are also numerous farther off shore, like the 
Pox and Matinicus Islands, Deer arid Mount Desert islauds. Large and small fresh- 
water rivers are numerous and the granite bottoms of these channels and inlets form 
admirable breeding-grounds. In the western end the shores are not so rocky, being 
broken frequently with sandy reaches, while the rivers are small and comparatively 
shallow. West of Casco Bay the islands, are infrequent. As a result of this confor- 
mation of coast the best fishing-grounds in Maine are between Oape Elizabeth and 
Quoddy Head. 

As early aIs 1830 smacks from Boston and Connecticut visited Harpswell for fresh 
lobsters, and i t  is very probable that even before this time they had visited the points 
farther west in the State, as the history of the fishery, so fw as known, shows that it 
gradually worked to the eastward. This was doubtless owing to the fact that the 
trend of settJenient in the early part of the century was in that direction. It is also 
probable that, for some t h e  before the people along the coast took up the fishery, the 
smackrueii themselves did their ow11 fishing. . This is easily believed when the great 
abundance is oonsidered. It is known that this was dolie in Massachusetts. 

During summer tho lobsters were very common close in shore and could easily be 
gaffed by boys a t  low water; but this could hardly be called a regular fishery. 

The regular fishery began with the use of hoop-net pots, which were generally of 
very rude construction, aud the facility with which the lobsters escaped from them 
led to their disuse soon after Lhe lath pots began to be introduced. The lath pots were 
essentially the same iu constrnction as those now used on the coast of Maine, and each 
pair of fishermen then handled between 25 and 50. 

Up to about 1865 it was the custom to set the traps singly, and two men were 
usually employed in the fishery, one to haul up, empty the pot, rebait it, and drop it 
overboard, while the other handled the boat;. In the latter year i t  was discovered 
that by settiug the pots on trawls more pots could be set and only one man would be 
required to work them. This invention, which was claimed by several 'different 
persons, proved quite successful for a while, but after a time, when the supply of 
lobsters began to drop off, better results were secured by scattering the pots over a 
greater area and- shifting their position each time they were fished, which was very 
easily done. As a result of this the use of trawls decreased very rapidly. 

The following facts regarding the early lobster fisheryof Maine are from the 
Fishery Industries of the United States, section v, vol. 11, pp. 700,701 : 

In 1841 Capt. E.  M. Oakcs began to carry lobsters from Cundy's Harbor and Horse Island Harbor, 
Harpswell, to Mr. Eben Weeks, at East Boston. He wae then running a well-smack, named the 
Suiantpsoott, of 41 tons, old measurement. The season extended from the 1st of March until about the 
4th of July, after which time the lobsters were supposed to be unfit for eating; the black lobsters, or 
shedders, were even considered pokmous. During this season of four months Captain Oakcs made 
ten trips, carrying in all 35,000, by count. IT0 continued in this trade asbout six years, taking the 
combined catch of about five or aix fishermen. At this same period the smack Hdda B. Hall, 50 tons, 
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of New London, Conn., Captain Chapcll, W:LS carrying lobsters from Cape Porpoise, Gloucester, 
Ipswich Bay, and occasionally Provincctown, to  Boston, making 15 trips iii the  season of four 
months, and Qking about; 3,500 lobstcrs each trip. Captain Chapcll was supplied with lobsters by four 
men at Cape Porpoise, and by tho same number at both Gloucester and Ipswich Bay. For four months 
following tho close of the lobster scason on tho Maine coast, or from July 4 until Novcmbcr, Captain 
Chapell ran his smock with lobsters to  Now York, obtaiuing most of his supplies a t  Provincetown. 

In 1847 Captain Oakcs purchased the smack JosepIti2w, with which he began running to  Johnson & 
Young’s establishment, at Boston, in  1818, buying a portion of his lobsters in the  Penobscot Bay 
region, where this fishery liad just  been started. The  qriantity of lobstors carried by him tliat year 
was40,OOO. The prices paid to the fishermen for smack lobsters was as follows: During March, 3 cents 
each; April, 24 cents; May and June, 2 ccnts. I n  1850, he began to  obtain supplies from the Muscle 
Ridges, leaving Harpswell entirely, on account of tho sruall size of the lobsters then being caught 
there. At this time the avorage weight of the lobsters markcted was about 3 pounds, aud all under 
lo& inches in  length were rejected. Tho traps were made of tlie samc size as a t  prescnt, but  were 
constructed of round oak sticks, and with four  hoops or bows t o  support the uppcr framework. A 
string of bait, consisting mainly of flouudcrs and sculpins, was tied iuto each trap. About 50 traps 
were used by each fishorman, and they more hauled oiice a day. The warps or buoy lines, by mliich 
the traps wore lomercd and haulcd, were cut iii 12-fathom lcngths. Lobsters were so abuuclaut u t  the 
Muscle Ridges, at this period, that  four I ]en could fully supply Captain Oakcs with lobsters every trip. 
In tho course of ten days oacli man would obtain bctwecti 1,200 and 1,500 marketable lobsters. I n  
Captain Oakcs’s opinion, the Muscle Ridges havc furnished the most estonsive lobster fishery of the 
Maine coast. 

Cupt. S. S. Davis, of Soutli Saint George, states that  about 1864, when he firat began buying 
lobstnrs at  tho pfnscle Itidgcs, three ~uen, tending 40 to 50 pots each, caught all the count lobsters he 
could carry to market in  his smack. He could load 5,000 lobstcrs at, a time, and ayeraged a trip in  
7 to  9 days. I n  1879, Captain Davis bought from 15 mcn 
in  the same locality, and at timcs was obliged to  buy also of others in order to  make up a load. 

The fishery a t  North Haven began in 1848, but did not increase so ra1)idly a t  first 
as in sectioiis farther west, as tlie smacks would only take the medium-sized lobsters, 
fearing that the largest would not  be able to stand tlie trip. At  Matinicus Islalid 
tho fishing began in 1868. In 1859 the people on Deer Island began the fishery, and 
as the smackmen made frequent visits the business rapidly increased. The establisli- 
ment of a cannery a t  Oceanville, about 1860, also caused a considerable development 
of the fishery. The fishery was started a t  Isle nu Haute about 1855, and a t  Swan 
Island in the early fifties. 

The canning of lobsters was first carried on a t  Eastport in 1848, but the fishery 
was not taken up until about 1853, as it was supposed there were no lobsters jn the 
neighborhood. The supplies for these canneries previous to tlie inception of the 
fishery were obtained by smacks running to the westward. 

For some years the fishery was only prosecuted in the late spring, summer, and 
early fall months. Just  when winter fishing began in the State is doubtful; but 
according to Capt. Charles Black, of Orr Island, i t  began in that region ill 1846 at 
Hwpswell. Previously the fishermen had the impression that lobsters could not be 
successfully caugli t earlier than March 20. 

During the summer of 1815 the captains of the well-smacks of New London, 
Conn., who bought most of the lobsters ia that vicinity, induced Charles E. Clay, 
Samuel Orr, and a few others to fish during the winter, and they set their traps about 
the same distance from the shore that the fishermen do a t  present, a i ~ d  in almost the 
same depth of water. The smackmen paid them $4 for 100 lobsters. The next winter 
the fishermen refused to sell by number and wanted $1.26 per 100 pounds. The 
smacknien had no objectiou to buy them by weight, but refused to pay more than 
$1.12 per 100 pounds. This WAS accepted, and for severnl years tho prices were froin 
$1.12 to $1.25 per 100 pounds. 

He rau to this locality until 1874. 

This traffic continued for six or scven years. 
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Compnsatively few traps were necessary t,heii, as when the weather would permit 
the fishermen to tend their traps they would catch from 20 to 30 lobsters daily, and 
frequently, when the traps were Iiauled, they would find several lobsters clinging to 
some part of tlie pots. The bait was very plentiful and caught with spears. 

The lobsters mere placed in cars a t  that time, after having been ‘‘plugged?? to 
keep them from injuring each other. The plugs were almost l g  iiiches long, flat on 
one side, round 011 the other, and with a sharp point. Plugging has siiice been 
discontinued, as the trifling injury the lobsters did each other was iiothing compared to 
the value of cans of meat spoiled by one of these pine plugs being boiled with it. 

THE FISHING-GROUNDS. 

It is difioult to estimate the comparative value of the grouuds in the State, owing 
to the movemerits of the lobsters. In the early spring, in April or May, as the waters 
iri the bays and rivers warm up, the lobsters come into the comparatively shallow 
waters. They remain here until late in the fall, going back to the ocean or deep 
maters of the bays i n  either October or November. They love to congregate on rocky 
bottom, and pots set on such bottom will frequently make large catches, while those 

. on saudy or muddy ground will catch almost nothing. In  the early years of the fishery 
they came in very close in great numbers, and conld frequently be taken at low water 
in dip nets or by gags; but t h y  ar0 now found in summer in depths of from 3 to 15 
fathoms in the numerous passages between the islands and the mainland, and the 
lower reaches of the bays and rivers. For a number of years wiuter fishing mas not 
prosecuted, but now i t  is a very important business. In  winter the pots are generally 
set in the ocean a t  depths of from 16 to 50 fathoms. 

As the greatest part of the coast liue is cut up by numerous bays and rivers, and 
these are dotted with large and small islands, they form admirable breedinggrounds 
for the lobster. S o p  of the best locations are in Little Mnchias, Maohias, Englishman, 
Pleasant Point, Ohandler, Narragaugus, Muscongus, Lineltin, Slieepcot, and Casco 
bays, while the fishing is especially good around the numerous islands in the lower 
Penobscot and Blue Hill bays, and at Monhegau aud the Matinicus islands in the 
ocean. The Sheepscot River is also a favorite resort for lobsters during the warm 
months, while in the  minter they retire to the maters of the bey, where t h e  fishing cau 
be carried on very easily. A t  most of the other grounds the winter fishing is carried 
on in the ocean, as the lobsters do not usually remain in the bays. Most of the fishing 
in Oasco Bay is carried on a t  the easteru end among the numerous islands. The 
earliest fishing of which we have any definite record was carried on from the township of 
Hnrpswell on this bay. This region has held its own remarkably well, as in 1898 more 
tlinn twice a8 many lobsters were taken by fishermen from this township than from any 
otlier town in the State. 

The upper portions of Frenclinian, Blue Hill, arid Penobscot bays were formerly 
very important grounds, but are now almost exhausted. These regions were especially 
noted €or large lobsters. In August, 1891, Mr. 3’. W. Oollins, a ftoclrland dealer, 
hncl 50 lobsters in his establishment which weighed from 10 to 1Sg pounds apiece. 
About half of these came from Citstine, in tipper Penobscot Bay, and the reniainder 
from Bluu Hill Ii’alls, in the upper Blue Bill Bay. 

The grounds in Yorlr County, at the westerii ond of the State, were formerly quite 
prolific, but the excessive fishing of the lust thirty years has very badly depleted them. 
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THE FISHING SEASON. 

In the early days of the fishery it was customary to fish only during the spring 
and fall. When the canneries went into operation they usually worked during the 
spring, early summer, and fall, and as they furnished a ready market for all the 
lobsters that could be caught this came to be the principal season. A t  that time 
it was not thought possible to do any winter fishing, owing to the cold and stormy 
weather and the fact that the fishing had to be carried on generally in the open sea. 

I n  1878 a law was passed limiting the canning season to the period between 
April 1 and August 1. This season was frequently changed by subsequent enact- 
ments, but rarely covered a longer period than that fixed i n  the first law. As a t  
certain places on the coast the canneries were the only market for lobsters the fishery 
would cease as soon as the canneries stopped. At other places, which were visited 
by the smacks, some of the fishermen would continue fishing after the canneries closed, 
selling to the smackmen. A t  various times a close season was in force, but at present 
there is no limitation as to season. The canning industry in the State practically 
ceased to exist in 1895, and since then the whole catch has had to be marketed in a live 
or boiled condition. The smack fleet had been gradually increasing as the 1ive.lobster 
trade extended, and by the time the canneries closed permanently they had extended 
their visits to every point where lobsters could be had in any number. 

A t  present the majority of the fishermen usually haul out their traps during July 
and August and put them in good order for the fall fishing. During the excessively 
cold portion of the winter most of the pots are taken out, but some fishing is done 
during every month of the year. 
, The fishermen on Moiihegan Island, about 12 miles southeast of Pelnaquid Point, 
agree among themselves to put no lobster pots in the water until about the 1st of' 
January. There is then no restriction on fishing until about May 15, when all pots 
are hauled out and no more fishing is done until the season begins again. During 
this season the law in regard to short lobsters is rigidly enforced by the fishermen 
themselves. Should any outsider visit this island during the close time established 
by the fishermen, and attempt to fish, he is quietly informed of the agreement and 
requested to conform to it. Should he persist in working after this warning, his pots 
are apt to mysteriously disappear. As lobsters bring 8 much higher price in winter 
than in summer, the Monhegan fishermen reap a rich reward, as the lobsters are very 
numerous, owing to the 74 months close time. On the first day the fishermen hauled 
in 1900 one man secured 293, for which he received 19 cents apiece. The smallest 
number secured by anyone was 135. 

FISHING APPLIANCES. 

In most large fisheries for certslin species numerous changes occur at intervals in 
the apparatus used, owing to changed conditions, etc., but in the lobster industry 
changes have been few, and a t  an early period the fishermen fixed upon a uniform 
apparatus, which has been in use ever since with but slight modificntioas, and these 
generally only temporary. 

The earliest form of apparatus used to any considerable extent was the hoop net. 
This consisted generally of a hoop or ring of about +-inch round iron, or 8 wooden 
hogshead hoop, from 24 to 3 feet or more in diameter. To this hoop was attached a 
net bag with a depth of 18 to 24 inches as a bottom, while two wooden half hoops 
were bent above it, crossing at right sngles in the center about 12 or 16 inches above 
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the plane of the hoop. Sometimes these half hoops were replaced by short cords. 
The bait was suspended from the point of crossing of the two wooden hoops and the 
line for raising and lowering the pots was attached a t  the same place. As there was 
no way of closing the mouth of the pot after a lobster had entered, these nets had to 
be constantly watched, the lobster being in the habit of retiring after he had finished 
his repast. I n  usiug these the fisherman would geiierally go out in the evening and 
at  short intervals he would haul in his nets and remove whatever lobsters they inight 
contaiu. The constant attention necessary in attending to these hoop nets led the 
fishermen to devise an apparatus which would hold the lobsters after once entering 
and would require only occasional visits, and ‘(lath pots” were found to fulfill a11 
requirements. They acquire the name from the use of common laths in their construc- 
tion. They are usually about 4 feet in length, with a width of about 2 feet, a height of 
18 inches, and in Maine are usually of semicylindrical form, 

The following description of this apparatus is from the Fishery Industries of 
the United States, sec. V, --ol. 11, p. 666: 

The framework of the bottom consists of threp strips of wood, either hemlook, spruce, or pine 
(the first mentioned being the most durable), R little longer than thewidth of the pot, about 2% inches 
wide and 1 inch thick. In  the ends of each of the outer strips a hole is bored to  receive the ends of a 
small branch of pliable wood, which is bent into a regular semiciroular curve. These hoops are made 
of branches of spruce or hemlock, or of hardwood saplings, such a8 maple, birch, or ash, generally 
retaining the bark. Three of these similar Irames, stmight below and ourved above, constitute the 
framework of each pot, one to  atand at each end and one in  the center. The narrow strips of wood, 
generally ordinary house laths of spruce or pine, which form the covering, are nailed lengthwise to 
them, with interspaces between :tbont equal to the width of the laths. On the bottom the laths are 
sometimes nailed on the outside and sometimes on tho  inside of the cross pioces. The door is formed 
by three or four of the laths running tho entire lengtli near the top. The door is hinged on by  means 
of small leather strips, and is fastened by a single wooden button in  the oentcr, or  by two buttons, 
one at each end. The openings into the pot * * * are two i n  number, one a t  each end, are 
generally knit of coarse twine aud have a mesh between three-fourths of an inch and 1 inch square. 
They are funnel-shaped, with one side shorter than the other, and at the larger end have the  same 
diameter &E the framework. The smaller and iiiner end measures about 6 inches i n  diameter aud is 
held open by means of a wire ring or  wooden hoop. The funnels are fastened by the larger ends to 
the end frames of the pot, with the shorter side uppermost, so that  when they are in place they lead 
obliquely upward into the pot instead of horizontally. The inner ends are secured in  position by one 
or two cords extending to  the center frame. The funnels are abont 11 or 12 iuches deep, and therefore 
extend about halfway to the center of the pot. They taper rapidlyand form a stronglyinclined plane, 
up mhich the lobsters must climb in their searoh for the bait. A two-strand manila twine is most 
commonly used for tho funnels. 

A change in the shape of the funnel was first made at  Matinicus shortly before 
1890. This has been called t h e  “patent head.” Large lobsters are said to always go 
to the top and small ones to the bottom of the pots. By going to the top in the “old- 
head” pot large lobsters made their escatpe through the hole, but in the pots with 
‘&patent heads” instead of finding their way through the hole the big lobsters slide 
over it. The “patent head” has not been used to any extent, however. The sketch 
shown on the following page gives a good idea of the difference in shape. 

I n  the center of the ordinary pot is a sort of spearhead of wood or iron from 8 to 
12 inches long. This has one large barb and is set upright in the middle of the center 
frame. The bait is placed on this spearhead. Several large stones or briclrs are 
lashed to the bottom of the pot, on the inside, in order to furnish weight enough to 
hold the pot a t  the bottom. 

As it was noticed that a lobster getlorally crawled over a pot before entering by 

Cotton is also used, bu t  is more expensive and less durable. 



248 BULLETIN 03’ THE UNITED STATES FISH COMMISSION. 

the end, some po’ts of a square form and with the opening at the top were constructed, 
bu t  they were not successful. 

Another variatioii had a length of 73 feet and five supporting frames inside instead 
of three, as in the old pot. These were set at equal distances apart, and had two more 
funnels than the other, one funnel being attached to each of the frames except the 
center one, and all pointing inward. In  order to reach the bait the lobster had to 
pass through two funnels, and its chances of escape were thereby lessened. ThiR 
style is rarely seen now. 

Still another variety in vogue for a short time had A trapdoor, on which the lobster 
had to climb in order to reach the bait; the door then gave may and precipitated the 
lobster into a secure inclosure. 

A few pots are made with a funnel of laths in place of the net funnels. They are 
the same as the ordinary pot in every other particular. 

The ordinary pots cost about $1 to construct. 
During certain seasons the pots are badly eaten by “worms,” the shipworm 

(Teredo) or one or the species of small boring crustaceans. Pots are also frequently 
lost during stormy weather, and the fishermen therefore have a reserve stock on hand 
in order to replace those lost or temporarily disabled. 

Old tjtyle of head (iu general use.! ’’ Pate11t” head. 

IkTETHODS O F  FISHING. 

In fishing the traps are either set on single warps or on trawls of 8 to 40 and 50 
pots. A t  first all pots were seb singly. The line by which they were lowered and 
hauled up, and which also served as a buoy line, was fastened to one of the end frames of 
the bottom or sill, as it is called, a t  the intersection of the hoop. The buoys generally 
consist of a tapering piece of cedar or spruce, wedge-shaped, or nearly spindle.shaped, 
and about 18 inches long. They are usually painted in distinctive colors, so that 
each fisherman niay easily recognize his own. 

ground lines,” as 
lobsters are quite thick then ou the rocky bottom near shore. If the bottom i R  saiidy 
they are set farther from shore. Lobsters are most numerous on a rocky bottom. In  
the t rawl  method the pots are usually set about 30 feet apart, depending on the depth 
of water, so that when one pot is in t h e  boat the next will be on the bottom. The 
ground lines have large aiichors at each end and a floating buoy tied to a strong line, 
which is fastened to the ground line aSmost 25 fathoms fTom the anchors. When the 
last pot is hauled the anchor is far enough away to hold the boat in position. The pots 

Small kegs are also used as buoys. 
In the warm season the pots are frequently set on trawls or 
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are set at distances from the shore ranging from 100 yards to 3 or G miles. This method 
of setting pots was first used about the year 1865 in Sagadalioc County. The traps 
are set in from 3 to 10 fathoms in the warm season. 

In  winter fishing the pots are generally set singly, as the lobsters are more 
scattered tlieu and the best results aro attained by shifting the position of the pots 
alightly each time they are fished. This is caused by the drift of the boat while 
the fishermail is hauling in ‘the pot, einptying and rebaiting it, and then dropping 
it overboard again. The winter fisliii~g is generally carried on in the open se&, 
although in a few places, like Sheepscot Bay, the lobsters in minter retire to the 
deep waters of the bays and can there be caught. The pots are generally set in 
from 20 to 50 fathoms of water a t  this season. 

Certain fishermen claim that when pots are set on a trawl placed across the tide 
the catch is greater than when the trawl is set in the direction of the current. I n  the 
former case, it is asserted, the scent or fine particles coining from the bait is more 
widely diEused and more apt to attract the lobsters. I n  entering, after first recon- 
noitering around and over the pot, the lobster always backs in ,  primarily that he may 
be prepared to meet any foe following him, also because his large claws would be apt 
to catch in the net funnel should he enter he&d first. After discovering that he is 
imprisoned, which he does very speedily, he seems to lose all desire for the bait, and 
spends his time roaming around the pot hunting for a means of escape. 

The pots are generally Iiauled once a day, but sornetirnes twice a day in good 
weather. As the tide along the Maine coast is quite strong, the fishermen usually 
haul their pots a t  or about slacli water, low tide geuerally being preferred when they 
are worked once a day. The numbey used by a fisherman varies greatly on diEerent 
sections of the coast. According to the investigations of this Oommission, the average 
number of pots to the man in certain years was as follows: Fifty-six pots in 1SSO,50 
in 1887 and ISSS, 58 in lSS9 and 1592, and 80 in 1S0S. This average, however, is some- 
what misleading, as quite a number of persons aloug the coast take up 1obstering.for 
only a few inonths in the year, aud then return to  their regular occupations. As these 
persons use but few pots, the average per inan throughout the whole State is very 
considerably reduced. The regular lobster fisherinen have been steadily increasing 
the number of their pots for several years past. They have found this an absolute 
necessity i i i  order to catch as many lobsters now as they caught twenty or thirty 
years ago. It is not unusu3l now to find one of the regular .fishermen haudling as 
high as 100 pots, and sometimes even 138, when a few years ago 25 and 50 pots was a 
large number. This does not take into account his reserve stock of pots, which it is 
necessary to have on hand in order to replace those damaged or lost. 

BAIT. 

Cod, hake, and halibut heads are quite generally used as bait. Halibut heads 
are said to be the best, as they are tougher thaii the cod or lialre heads, and thus last 
much longer. Sculpins, flounders, i n  fact almost ally kind of fish, can be used. I n  
the vicinity of sardine canneries the heads of herring are iised. Sometimes the bait 
is slightly salted, a t  other times it is used fresh. Small herring are lightly salted, and 
then allowed to remain until partly decayed, ~vlien they are inclosed in small bags, xucl 
these put into the pots. The oil from th i s  bait forins a 66sliclc” in the water, and when 
the smell from i t  is strong the fishermen consider it a t  its best, The bait is generally 
secured by small haul-seines and spears in sections where offal can not be bought. 
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FISHING VESSELS AND BOATS. 

The fishing vessels are either sloop or schooner rigged, with an average net 
tonnage of slightly over 8 tons (new measurement) and an average ralue of about 
$475. There has been a great increase in the number of these vessels during recent 
years. Eight vessels were used in 1880,29 in 1889, and 130 in 1898. Quite a number 
of these vessels are used in other fisheries during their seasons. Two men usually 
form a crew, although three, and sometimes four, are occasionally used. 

The other vessels comprise sailboats under 5 tons and rowboats. The sailboats 
are generally small square-sternetl sloops, open in the afterpart, but with a cuddy 
forward. They are all built with centerboards, and some are lapstreak while others 
are “set work.” Around the afterpart of the standing room is a seat, the ballast is 
floored over, and two  little bunks and a stove generally help to furnish the cuddy. 
They vary in  length from 16 to 26 feet and in width from 6 to 9 feet; they average 
about 2 tons. They are especially adapted to the winter fishery, as they are good 
sailers aud ride out the storms easily. 

Dories are in quite general use in the lobster fishery, as are also the double- 
enders, or peapods. This latter is a s.m;tJl canoe-shaped boat of an average length of 
169 feet, 4& feet breadth, and l& feet depth. They are mainly built lapstreak, but a 
few are “set work.” Both ends are exactly alike; the sides are rounded and the 
bottom is flat, being, however, only 4 or 5 inches wide in the center and tapering 
toward each end, a t  the same time bending slightly upward, so as to make the boat 
shallower a t  the ends than in the middle. This kind of bottom is called a “rocker 
bottom.” They are usually rowed, but are sometimes furnished with a sprit sail and 
centerboard. 

TRANSPORTING VESSELS OR SMACKS. 

Even before the lobster fishery had been taken up to any extent, the coast of 
Maine was visited by well-smacks from Connecticut and New York, most of which 
had been engaged in t h e  transportation of live fish before engaging in the carrying 
of lobsters. These vessels sometimes carried pots, and caught their own lobsters; 
but as this method was not very convenient, the people living along the coast took up 
the fishery, and sold the lobsters to the smackmen. About 1860 the canneries began 
to absorb a coiisiderable part of the catch, and they employed vessels to ply along 
the coast and buy lobsters. As these vessels would only be out a few days a t  a 
time, wells mere not necessary, and the lobsters were packed in the hold. In the 
summer great numbers of them were killed by the heat in the hold. After 1885 the 
canneries rapidly dropped out of the business, the last one closing in 1895. In  1853 
there were but G smacks, 4 of them from New London, Coun. In  1880 there were 58, 
of wliich 21 were dry smacks, while in 1898 there were 76, of which 1 7  were steamers 
and launches and 50 sailing vessels. These mere all well-smacks. A few sailing 
smacks also engaged in other fishery pursuits during the dull summer months. In 
18iO a steamer which had no well was used to run lobsters to the cannery at Castine. 
The first steamer fitted with a well to engage in the business was the Brace Morgan, 
owned by Mr. F. W. Collins, a lobster dealer of Rockland, who describes the steamer 
as follows : 

Tho steam and well smack Grace illwgan was built in 1890, by Robert Palmer & Son, of Noank, 
Colin. At that timo she was a dry boat, but tho following Soar, 1891, tho Palmers built a small well 
in her a8 an exporimout, but I am of the opinion that i t  did not prove very satisfactory or profit- 
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able; consequently they offered her for sale aud  wrote to me in  relation to buying her. I we?t t o  
Noank and looked her over and came to  the conclusion that by enlarging the well and making other 
needed changes she could be made not only a good boat t o  carry lobsters alive, but  also to  do i t  
profitably; consequently I bought her and brought her to Rockland, had tho well enlarged on ideas of 
my own, and differently constructed, so as to  give i t  better circulation of water, and also made other 
needed improvements throughout the boat t o  adapt her especially for carrying lobstcrs alive. The 
ohanges I made in her proved so Ruccessful in keeping lobsters alive, while it increased the capacity 
for carrying, that I have since adapted the same principles on all my boate. The well I had put into 
the G h c e  Norgan is what is termed a “box well,” that  is, without any wcll deck. The well is built 
from the sides of the steamer directly to  the hatch on the main deqlr, with bulkheads forward and oft 
and tops running directly to  the dock. * * * You will BOO at once that this well has many advan- 
tages over the old style with flat well decks, like those of sailing vessels: (1) It affords a much larger 
carrying capacity in same space of vossel. (2) The priming-out pieces are much higher up on sidcs 
of vessel, giving more room for boring hull, which affords much better circulation of water in  well, 
which is a great advantage in keeping lobsters alive while on long trips. (3) Every lobster can be 
easily bailed out of the well without grounding the vessel, which i8 necessary y i t h  all vessels having 
the old-style well. (4) In all steam and well smacks the after par t  of t h e  ship is always steadiest, 
consequently the well being located aft, as in  my smacks, the lobstcrs contained in  them are not sub- 
jected to  the hard pounding while running in seaway that  they are in the old-style wells, where there 
is no chance to relieve themselvos other than to  bo forced against the well decks by the upward force 
of the water when the vessel settles into the sea, and which results in killing many of them. 

Both of my steamer8 have box wells aft, mid from my experience, compared with all other steam 
and well smacks afloat, I am convincnd that  this well, for all practical purposes, is the best that  has 
yet been adapted to  s t e m  smacks. So far as the Cmca d f o r g a ~  is concerned, sho ha8 been a perfect 
success in  carrying her lobsters in all lriiids of weather since I piit hcr into commission October 27, 
1892, duriug which timc she has had a wonderfiil career, as well as carrying millions of lobsters. 
Probably no boat of her size has evcr had such an cxperience, as she has run steadily the year around 
in all kinds of wcather during the past eight years. * * * Previous t o  buying the Grace Novgan 
I had run stcamers in the lobstcr busiiie~s, but they had no well, and being so hot in  their holds, 
particularly in the Bummer months, the lobsters died so fast that  the busincss in dry steamers could 
not be made profitable. 

The Orace Morgan has a length of 40 feet, a breadth of 13.9 feet, and a depth of 
6.7 feet, a gross tolinage of 21 tons, and a net tonnage of 10 tons. 

The steam smacks now used average about 14 tons. They are usually built low 
in t h e  mater, and have a small pilot-house forward, with an open space between i t  and 
the engine-house, and living quarters aft. The boat has also oue or two short masts. 
Some of them also have the pilot-house and engine-house joined together. In those 
with a space between the pilot-house and engine-house the well is usually placed in 
this open space, Where the pilot.houso and engine-house are together the well is 
either located forward or aft. These wells are gerierally capable of holding from 3,000 
to 10,000 live lobsters. Small holes in the bottom of the well keep it filled with fresh 
sea water. Should the weather be clear the proportion of dead and injured lobsters 
will be small, but in bad weather many are apt to be killed by the pitching and rolling 
to which they are subjected. 

Theso smacks make regular trips up and down the coast, landing their cargoes 
either a t  ltocklaud, Portland, or a t  one of tho lobster pounds scattered aloug the 
coast. They not oiily stop at the villages, but also drop anchor off the little canips 
of the lobstermen, and should the smacks of two rival dealers arrive a t  a place 
simultaneously, which frequently happens, the bidding between the captains for the 
fishermen’s catch gladdens the latter’s heart and greatly enriches his pocketbook. 
Most of the captains have regular places of call where they know the fishermen are 
holding their lobsters for them, and they follow a rude sort of schedule, which will 
not often vary more than a day or two. The lobsters are bought of the fishermen 

This is what promptcd me to construct a me11 in mine, as I have done. 
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by count, and cash is paid for them. Should the smack belong to a dealer this 
pr,z'ctically ends the fiuaucial side of the transaction so far as the captain is concerned, 
as the crew are paid wages. Should the smack belong to a person other than a 
dealer, which is frequently the case, he either makes an agrement with some dealer 
to run for him exclusively a t  a certain price or comtuission, or else buys from tlie 
fishermeu.and then sells a t  either Rockland or Portland. This method of buying 
lobsters is somewhat hazardous, as the market price sometimes chauges sharply when 
the smackjs out of reach of telegraphic communication. 

LOBSTER CARS. 

Lobsters must be marketed in a live or boiled contlitiori; and as fishermen can 
get better prices for them alive than boiled, each fisherman generally has a live-car in 
which t o  hold them until they can be sold. These cars are usually oblong, rectangular 
boxes, with opeu seams or numerous small holes to permit the free circulation of tlie 
water. They are of various sizes, according to the needs of the fishermau, a good 
average beiug about 6 feet long by 4 feet .wide and about 2 feet deep. The door is 
placed 011 the top. They are usually moored close to the shore during the fishing 
S ~ A S O I I ,  the rest of the time being hauled up 011 the beach. 

The dealers' cars are very similar to those used by the fishermen, only much 
larger. They generally average about 30 feet in length, 12 feet in width, and 3 feet in 
depth, with capacity for from 2,000 to 3,000 lobsters. The inner pal% of this car is 
iisually divided off into five trausvera? compartments by means of a framework inside, 
Each compartment is provided with two large doors entering from the top, one door 
0x1 eaoli side of the middle line of the car. These cars cost the dealers about $70 
each. The life of oiie of these cars is about five or six years, although at the end of 
about three years i t  is generally necessary to replace the sides of' the car on account 
of the ravages of a dock worm which is quite abundant along the Maine coast. 
When item the top of the car is usually about a foot above the water, but as i t  gets 
water-soaked it sinks down until i t  is even with the water, aud some of the older 
cars have to be buoyed up with kegs a t  each eud, placed inside, to prevent them from 
sinking below the surface. These cars are moored alongside the docks of' the dealers 
a t  Portland and Rockland and other points. 

Mr. J. It. Burns, of Friendship, has inveutecl and patented a new style of car. 
Tho inside is divided into a series of compartments by horizontal and vertical partitions 
of slats, wire netting, or m y  material which will permit the free circulation of the 
vater. Each compartmerit has a chute extending down into it from the top, by means 
of which the lobsters can be put in and their food given them. There are also 
conveniently arranged openings, with doors, through which the lobsters niay be 
removed when desired. These carscusually average about 35 feet inlength, 18 feet in 
midth, and (i feet in depth, and have a' capacity for about 5,000 lobsters each. They 
are in use a t  Rocklaud, Friendship, Tremont, and Jonesport. They prevent the 
lobsters from huddling together and thus killirig each other by their own weight. 

METHODS O F  SHIPPING, WHOLESALE TRADE, ETC. 

As lobsters cau not be shipped or preserved in a frozen state they must be shipp'ed 
either alive or boiled. About nine-tenths of the lobsters caught in Maine waters are 
shipped in the live state. The priucipal shippiiig centers are Portland, Rockland, aud 
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Eastport, which have good railroad and steamship facilities with points outside of the 
State. Those shipped from the latter lloint are mainly from the British Provinces, the 
fishermen near Eastport briuging them in iu  their own boats. A number also come 
in from the Provinces on the regular steamship liues. The other pleces get their 
supply from the smacks and also from the fishermen iu their vicinity, who run in their 
own catch. Portland is very favorably situated in this regard, as Uasco Bay is a 
noted fishing center for lobsters. 

The 
lobsters are then dipped out of the well by means of long-handled scoop nets and 
thrown on the deck of the vessel. The doors of the car are then opened, aud men ou 
the vessel pick over the lobsters lying 0x1 the deck and toss them two by two into the 
?liEerent compartments, those dead and badly mutilated beiug thrown to oue side for 
the time being. All vigorous lobsters above a certaiu size are placed iu  compartments 
of the car by themselves, while the weak aud small are put in separate compartments. 
The dead lobsters and those which have had their shells broken or have been so 
injured that they are very mre to die are either thrown overboard or 011 the dump. 
A lobster which has lost one or even both claws is not thrown away, as such an injury 
would have very little eff'ect on its health. 

When at1 order is received for live IobRters, those which have been longest in the 
cars are usually shipped. Flour barrels holding about 140 pouuds or sugar barrels 
liolding about 1S5 pounds, with small holes bored in the bottoius for drainage, are 
used for the shipment. Formerly the lobsters were packed close together in the barrel, 
and a large pieco of ice was put in a t  the top, but this was found to kill a number of 
them. The present method is to split off about one-third of a 100-pound cake of ice 
tlie long way, and place it upright about half way of the length o i  the barrel, the 
lobsters then being packed snugly on all sides of the ice. In  handling them the 
packer seizes the lobster by the carapatx with his right$ hand, beuds the tail up under 
the body with his left hand, and quickly deposits i t  in the barrel. The packer usually 
has his right hand covered with a ~001en mit or wrapped in a long piece of linen, 
for protection from the clams of the lobster. 

When the barrel is nearly full the lobsters are covered with a little seaweed or 
large-leaved marine plants, and the rest of the space is filled with cracked ice. The 
top is theii covered with a piece of sacking, which is secured under the upper hoop 
of tho barrel. Packed in this way, lobstors have easily survived a trip as far west as 
St. Louis. 

Owing to  tlie high prices realized in England for live lobsters, attempts have been 
made to ship live American lobsters to that market, generally from Canadian ports. 
111 1877 Messrs. John Msreton & Sons, of Portland, wade a trial shipment of 250. 
They were placed in a large tank 20 feet long by 8 feet wide and 3 feet deep, aud 
constantly supplied with fresh seawater through six faucets by means of a donkey 
engine, 8 waste-pipe preventing any overflow. The trip vas fairly successful, as only 
50 died, and the balance brought from GO to 75 cents per pound. 

The smacks and dealers buy lobsters by couiit, as the fisliermen generally have 
no facilities for weighing them; but the dealers always sell by weight. Tlie mortality 
among the lobsters from the time they are put aboard the smacks until they ;we 
barreled for shipment is estimated at about 5 per cent. 

As soou as a smack arrives it is moored directly alongside one of the cars. 
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Rock- Port. Numbcr of per- 
land. land. sons ongagcd. 

-- 
$14,338 $44,770 Firms, ......__. 

850 6,800 Propnotorn. __. 
22,000 110,500 Clocks .._...__. 
4,676 18,108 O t h e r  o m -  

plogcos . . . . . . 
--___ 

BOILING. 

Live lobsters are much preferred by the trade throughout the country, and only 
those that can not be marketed in such condition are boiled. The number boiled 
fluctuates considerably, owing to the condition of the markets. When the fresh 
markets of Boston and New York are overstocked, the lobster dealers of Rockland and 
Portland, where most of the Maine lobsters are boiled, proceed to boil their surplus 
stock. 

The following description of the boiling is from The Fisheries and Fishery 
Industries of the United States, section v, vol. 11, p. 684: 

The boilers are rectangular wooden tanks or vats of about 60 gallons capacity, lined with zino 
and furnished with a cover. Heat is applied by the introduction of steam through a series of perfo: 
rated pipesarranged i n  the bottom of the tank. The steam is generated i n  an ordinary boiler standing 
doso at hand. The lobsters are not thrown directly into the vat, as the operation of removing them 
after cooking would in  such an event be an exceedingly tedious one; bu t  an iron framework basket 
of rather slender bars is mndo to  fit the tank loosely, and is lowered and raised by means of a sinal1 
derrick placed over the tank. This frame, which holds about 350 pounds, is filled with lobsters at 
the edge of the  wharf from the floating cars, and is then carried to  the  tank and lowered into it after 
the water it contains has reached the desired temperature, that of boiling. The water is first sup- 
plied to the tank, which is filled to  about one-third or two-thirds i ts  capacity, about a peck of salt is 
added, and then the stearn is turned on. The same water suffices for sevcral successive boilings, 
about 2 quarts of salt being added each time. The lobsters are allowed to remain in about half an 
hour, or until the proper red color indicates they are sufficiently cooked. 

After cooling, they are packed in barrels for shipment, just as live lobsters ar0. 
When well iced they will keep a week or longer. Only live lobsters are boiled, as the 
meat of those which die prior to boiling deteriorates rapidly. 

The fishermen and small dealers use various kinds of boilers, from an ordinary 
washboiler to a smaller form of the regular boiler used by the large dealers. The prod- 
uct prepared by these people is generally picked from the shell and sold locally in that 
condition. This opens a way for the fisherman to evade the loi-inch limit law. They 
frequently take lobsters under the minimum legal size and, after boiling them, pick 
the flesh. It is then impossible for anybody to tell what sized lobster the meat had 
come from. Quite a local trade in the picking of lobsters has been established in a 
number of small coast towns, the meat generally being sold in the immediate vicinity. 

The following table shows the extent of the wholesale lobster trade in .Rockland 
and Portland during 1898, including everything connected with the business except 
the smacks and pounds, which are shown elsewhere. There are a few other dealers 
scattered along the coast, but most of the business is concentrated at these cities. 
An idea of the extent of the increase in the lobster trade of Portland can be gained 
when it is stated that in 1880 about 1,900,000 pounds of lobsters, valued a t  $70,000, 
were handled here, while 6,145,821 pounds, valued a t  $611,955, were handled in 1898. 

Zxtent of the wlkolesale lobster trade of Bockland and I’ortland in 1~98. 

Rock- Port- Lobstcrs bought 
land. land. and sold. --______ 

No. Valuo. 

2 *10 Bought _ _ _ _ _  No.. 602 188 .__.__ ~ 

3 13 Bought.. . ..lbs.. 1 038’ 282 $89 084 
2 2 Sold alivo ..lbs.. ’795’034 91’532 

sold: boiled A S . .  347: 815 20: 705 
7 31 

~ _ _ _  - __- 

Valuoofpro 
erty, capitaf,‘ 

and wagcs. 
~ 

l?roperty,eta 
Cars. -. . - - - - 
Cash capital 
Wagoa.. .. . . 

Portlnnd. 
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LOBSTER POUNDS. 

For a number of years the catch of lobsters was sold by the fishermen to the 
dealers and by the latter to the trade as rapidly as possible. In doing this  the markets 
would be flooded a t  certain times, when the price would drop to a very low figure, 
while a t  other times they would be very scarce, which mould enhance the price 
materially. The dealers were the first to see the necessity for devising some method 
hy which lobsters could be secured wheu they were plentiful and cheap and retained 
in captivity until they became scarce and high in price. Inclosures of various kinds 
had for some years been in use in the fisheries in various parts of the country for the 
purpose of keeping certain species alive until the time came to utilize them. In  1875 
Johneon & Young, of Boston, established an inclosure or pound near Vinal Haven, 
on one of the Fox Islands. A cove covering about 500 acres, with an average depth 
of about 90 feet, was selected. A section of about 9 acres, separated from the main 
portion of the cove by a natural shoal and with a bottom of soft grayish mud, was 
selected for the pound. In order to make it proof agaiust the efforts of the lobsters 
to escape and as a protection from enemies without, a wire fence was built over the 
shoal part. This section had a depth of from 16 to GO feet, and a capacity of about 
300,000? although there were rarely that many in the pound a t  one time. 

The lobsters are bought from smacks and from fishermen in the vicinity during 
the height of the fishing season, when the price is low, and are retained in the pound 
until the price becomes high, which is generally during the winter seafjon. They are 
fed with fish offal, which can usually be bought a t  Vinal Haven for $1 per barrel. 
Oily fish are not fed to them, as it is said that the lobsters decrease in weight on such 
a diet. Experience has shown that the quantity of food required depends largely on 
the temperature of the water, as lobsters do-not eat as freely when the water is cold 
as in water of a higher temperature. When wanted for shipment they are usually 
secured by means of pots, seines, or beam trawls. 

Even with such a successful example before them, other dealers were chary about 
goiug into the business, and in 1890 there were only three pounds in the whole State. 
They increased more rapidly after that, however, and in 1898. there were nine pouuds 
in the State, with a total valuation of $18,700. These were located a t  Dyer Bay, 
Sunset, Vinal Haven, Long Island, South Bristol, Pemaquid Beach, Southport, and 
House Island, in Portland Harbor. i t  is very probable that there will be a greater 
increase in the near future. 

THE OANNING INDUSTRY. 

Maine is the only State in the Union in which lobsters have been cmned. The 
following account of the inception and early history of the industry, teken from 
“The Fisheries and Fishery Industries of the United States,7’ is very complete: 

Lobster canning was first attempted in the United States at Eastport, Me., shortly after 1840, 
and was made successful in 1843, the methods finally employed having becn borrowed from Scotland, 
which country is said to have learned the process from France. For the successful introduction of 
the process into the United Statcs we are indebted to Mr. Charles Mitchell, now of Charlestown, 
Mass., a practical canner of Scotland, who had learned his trade of John Moir 65 Son, of Aberdeen, 
the first Scotch firm, i t  is claimed, to put up hermetically sealed preparations of meat, game, and 
salmon, their enterprise dating back to 1824. Mr. U. S. Treat, a native of Maine, appears, however, 
to have been most actirc and influential in starting the enterprise and in introducing canned goods 
into the market8 of the United ettates. Mr. Trcat was, at an early period, cngaged in the preparation 
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of smoked salmon on the Penobscot River, and h 1839 removed to Calais, Mc., where he continued in 
the  same business. About 1840 he associated with him a Mr. Noble, of Calais, and a Mr. Holliday, a 
native of Scotland, who had also been employed in  the salnion fisheries of the Penobscot River, under 
the firm name of Treat, Noble & Holljday. This firm moved to  Eastport in  1842, for the purpose of 
starting the manufhcturo of hermetically sealed goods, and began cxperirucnts with lobsters, salmon, 
and haddock. Their capital was limited, their appliances crude, and many discouraging difficulties 
were encountered. .The quality of the cans furnished them was poor,’causing them often to  buret 
while i n  the bath, and the propcr niethods of bathing and of expelling the air from the cans were iiot 
understood. The experiments were coutinued for two years with varying success, and in secret, no 
outsiders being allowed to  enter their bathing room. Though fairly successful in some of their 
results, they could not always depend iipon their goods keeping wcll. 

In 1843 they seoured the services of Mr. Charles Mitchell, who was then residing at Halifax, and 
who was not only well acquainted with the methods of bathing practiced in his own country, but 
was ~ l v o  a practical tinsmith. He had been employed in  the canning of hermetically sealed goods in  
Scotland for ten years, and came over to Halifax in  1841, where he continued for two years in the eame 
occupation, exporting his goods to  England. After Mr. Mitchell’s arrival a t  Eastport, no furtber 
difficulty mas experienced iu the bathing or othcr preparation of the lobsters, aiid a desirable grade of 
goods was put  lip, but  they foiiud uo sale, as couned itreparations were comparatively unknown in 
the markets of the United States. Mr. Treat visited cach of the larger cities with samples of tho 
goods, and endeavored to establish ageucies for them, but he was generally obliged to  send on consign- 
ment, as few firms were willing t o  take the responsibility of buying on their own account. A patent 
was also applied for, but  the claim was not pressed and tho patent was never received. 

%he success a t  Eastport led to a rapid extension of the business in other parts of 
the State. The second cannery was located at  Harpswell about the year 1849. A 
cannery was started a t  Carver Harbor, Pox Islsiiils, in 1851, and another at Southwest 
Harbor in 1853. I n  1857 a cannery was started a t  North Plaven, and at Gouldsboro 
two were started in 1863 and 1870, respectively. From this t ime the number increased 
rapidly for several years. After 1880 the number operated fluctuated considerably, 
depending on the abundance of lobsters. Some caniieries had to suspeiid operations 
at an early stage, owing to the exhaustion of the grounds in their vicinity. A t  most 
canneries lobsters formed only a part, of the pack, sardines, clams, fish, arid various 
vegetables and fruits being packed in their seasou. Most of the canneries were built 
and operated by Boston and Portland firms. 

At first the lobsters used for canning ranged in weight from 3 to 10 pounds. 
Gradually the average weight was reduced, until a t  1ast.it reached as low as 9 pound, 
or even less. This was caused priiicipally by the high prices paid for large lobsters 
for the fresh trade, with which the canneries could not compete. 

As the supply of lobsters on the Mains coast began to decrease shortly before 1870, 
while the demand for canned lobsters increased a t  an enormous rate, the dealers 
began to  establish canneries on the coasts of the British provinces. As ths  decline 
in the supply was attributed to the canneries, a sentiment against them was gradually 
formed, and laws were enacted regulating the time in which they could operate and 
the size of the lobsters they could put up. Prior to 1879 they were permitted to pack 
lobsters a t  any season of the year, but they usually operated only between Airil  1 
and August 1, and again between the 10th or middle of September and the 1st of 
December, the length of the season depe11diiq-y very largely upon the weather and 
the abundance of lobsters. In 1879 it was enacted that no canning of lobsters should 
be allowed from August 1 to April 1 following. In 1883 it was made illegal to can 
lobsters less than 9 inches in length. In 1885 the canning season was fixed from 
April 1 to July 15. 111 1889 the season was fixed from May 1 to July 1, and the 
minimum length of lobsters to be canned placed at  9 inches. In 1891 this act wtts so 
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amended as to make the season from April 20 to June 1. After 1880 the number of 
canneries gradually declined, until in 1895 the last one suspended the canning of 
lobsters, owing to the passage of a law fixing the minimum size at IO& inches. This 
law went into efiect July 1,1895. As they could iiot afford to  pay the high price 
demanded for this size they were compelled to give up the business. 

The followiiig table shows the number of factofies in operation, the quantity and 
value of fresh lobsters used, and the number.and value of cans of lobsters put up, in 
the years 1SSO,l889, and 1898: 

Numbor of ennuerios .......................... 
Lobstors used, fresh.. ................... .lbs.. 

Canned: 
One-pound onus ........................... 
Other sizoe ................................ 

Total cnua ............................... 
Two.pouIla WW.. ......................... 

1830. 1889. 1892. 

No. Value. No. Vnlue. Xo. Value. 
- 

____ - ____ __ ____ ____ 
23 .......... 20 .......... 11 .......... 

9,494,284 $95,000 5,752,054 $72,092 5,320,322 $78,720 

1,542, 090 .......... 999,521 120,577 1,228,944 195,114 

I, 831,201 238,280 1,085,041 142, old 1,232,040 195,053 

___________ __ __ 

.......... 
130,801 .................................................... 148,704 85,520 io, 030 3, 090 

----- -- ----- A 
ABUNDANCE,  ETU.  

There are no accurate figures showing the catch of lobsters in Maine previous 
to 1880. It is therefore diflicult to make comparisons, arid one is compelled to 
depend largely upon the memory of tho fishermen and the statements of the canners 
and dealers, which tho lapse of time, etc., makes rather unreliable. The numerous 
petitions sent to the legislature asking for restrictive lams, while possibly exaggerated 
a t  times, indioate that there mere fears of the exhaustion of the fishery for some 
years back. It is positivoly known, howwer, that  certain grounds have been almost 
or totally exhausted through overfishing for a number of years, mliile ou other 
grounds the supply of lobsters has seriously decreased. There was a time when uo 
lobster under 2 pounds in weight was saved by the fishermen. In  later years, bofore 
there was a restriction fixiug the minimum size of lobsters that could be canned, the 
canneries frequently used half-pound lobsters. The fixing of the minimum length 
of tho lobsters caught at l o &  inches, and the consequent closing up of the canneries, 
has been of incalculable benefit to the fishermen, BS the young lobsters now have an 
opportunity to reach maturity. 

The table given below shows for certain years the number of pots used, the quan- 
tity of lobsters taken, with their value, also the average catch and value per man, 
the average catch per pot, and the average price per pound : 

1880 ........................ 
X887.. ...................... 
1838 ........................ 
1889 ........................ 
1892.. ...................... 
1898. ....................... 

1,843 
I, 900 
1, U07 
2, oxo 
2, 028 
5,099 

$208,739 
512,044 
515,880 
574,105 
003,043 
992,855 

Averago 
ontoh 

por loan. 

PdUlLd8. 

12,023 
11,029 
12,020 
0,713 
3, GOD 

7,723 

Avorngo 
stoolc 

per uinn. 

$140 
209 
207 
270 
252 
320 

Avorngo 
cntoli 

por pot. 

2?JUTldB. 

zoa 130 

193 
200 
117 
78 

4 vorago 
irioo por 
potlna. 

OETbt*. 
1. 9 
2.2 
2.4 
2.3 
8.8 
8.9 

-~ 
F. C. B. 1809-17 
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While the catch increased up to 1889 and then decreased until in 1898 it was lower 
than in 1880, the number of fisherman and pots and the value of the catch steadily 
increased. The average stock per wan fluctuated somewhat from year to year, but in 
1898 shows a considerable increase over every other year. The most interesting point, 
howaver, is the ,average price per pound. In  1880 this was 1.9 cents, while in 1898 it 
was 8.9 cents per pound. With one exception, each year shows a progressive increase 
in value per pound. The great increase of 1898 over 1892, 5.1 cents per pound, mas 
caused by the closing up of the canneries in 1895, and the consequent dropping out 
of the cheap product they had been buying from the fishermen. 

WEIGHT O F  LOBSTERS. 

The figures given below show the average weight of lobsters a t  certairi given 
lengths. Thew weights are made up from the results obtained by investigators of the 
United States Fish Commission, particularly those of Prof. Francis H. Herrick. Males 
in nearly every instance weigh slightly more than feniales of the same length. 

0 inches.. ............ 1.10 
10 inches.. ........... 1.50 1 lokinchcs ........... _1 1.75 1 
llinclica 2 
12 incheri.. 
13inchea ....... 

CHEMICAL COMPOSTTION O F  LOBSTERS. 

The nutritive value of a fishery product is of considerable interest to tho consumer. 
Some years ago, Prof. W. 0. Atwater, of Middletown, Connecticut, made a series of 
careful analyses of the coinposition of the flesh of three lobsters fkom the coasts of 
Maine and Massachusetts, and the figures given below represent the results: 

~~ 

Propprtions of edible portion and shell: Per cent. 
lotal edible portion. .......................................................................... 89.77 
Shell .......................................................................................... 67.47 
Loss in clenning .............................................................................. 2. 70 

I;Vater ......................................................................................... 82.73 

- - 
Pro ortions of water and dry substnncc in cdiblo portion: 

Dry substance ................................................................................ 17.27 

Nitrogon ...................................................................................... 12.54 
Albumiuoids (nitrogen X 0.25) ............................................................... 78.37 
Fat ............................................................................................ 11.43 
Crude ash ..................................................................................... 10.00 

Sulphur (calculated as SO3) ................................................................... 2.47 
Chloriue ...................... .Z  .............................................................. 3.46 

Water. ........................................................................................ 82.73 
NitruFo ........................................................................................ 2.17 
Albuminoid8 (nitrogen X 0.25) ................................................................ 13.57 
Fat ........................................................................................... 1.07 
Crude ash .................................................................................... 1.74 
Phosphorus (calculated as P206). ............................................................. .30 
Sulphur (calculated &a SO3) ................................................................... .43 
Chlorine ...................................................................................... .50 

- __ 
Chemical analyais calculated on dry substnnco: 

PhOfJphOrllS (CRlCUhtC!d RS p&,). ............................................................. 2.24 

- - 
Chemicnl analpia calcnlated on fresh subatancc in flesh: 

- - 
Nutritive value of flesh of lobsters cornparod with bccf as a standard and rockoncd at 100.. ..... 01.07 
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ARTIFICIAL PROPAGATION+ OF TIIE LOBSTER. 

The rapid increase in tlie catch of this crustwean during the past ten years has 
drawn upon it the most earnest attention of all interested in the preservation of this 
valuable fishery. If the ( I  berried” or female lobster bearing eggs, and the young and 
immature, were let alone by the fishermen there would be no necessity for a resort to 
artificial lobster culture. Maine has a most stringent law forbidding the taking and 
selling of ‘‘ berried” lobsters, and of any Iobster under 104 inches in length, but this 
law is evaded by numerous fishermen whenever possible. An idea of the extent to 
which short lobsters are marketed in the State may bo gathered from the statement of 
Mr, A. R. Nickerson, commissioner of sea and shore fisherieg for the State, that in 
1899 over 50:OOO short lobsters were seized and liberated by the State wardens. As 
these wardens only discover a small proportion of the short lobsters handled by the 
fishermen and dealers i t  is easy to Bee what a terrible drain this is on the futuro hope 
of the fishery-the young and immature. Large numbers of ‘(berried” lobsters are 
also captured, the eggs brushed off, and the lobsters sold as ordinary female lobsters. 

The lteport of the U. S. Fish Commission for 1897, on pages 235 and 236, contains 
the following account of the artificial propagation of lobsters : 

Prior to  1885 experiments had been conducted at various points looking to tho artificial propaga- 
tion of the lobster. The only praotical attempts of this nature previous to  those made by the Fish 
Commission were by means of ‘‘ parking,” that is, holding in  large naturally incloscrl basins lobsters 
that  had been injiireil, soft-shelled oms, nnd those below marketable size. Occasionally fenialcs 
with spawn were placed in the same inclosures. One of these parks was established in Massachusetts 
in 1872, but  was afterwards abandoned; mother was ostablislied on the coast of Mniiie about 1875. 
It was soon demoustratod, however, that  the results from inclosures of this character, so far as the  
rearing of the lobsters from the young were concerned, would not be sufficient to  materially affect the 
general supply. The completion of the iiow marinc laboratory aiid hatchery at Woods Hole in 1885, 
with its complete system of salt-water circulation, permitted the commcnceineut of esperiments in 
artiGcia1 hatching on a large scale which hnd not beeii praoticablo theretofore, nlthough small quan- 
tities of lobster eggs, as well a8 those of other crustaceans, had boon successfully hatched. In 1886 
the oxperimeuts had progressed so successfully that  scveral million eggs mere collected and hatched 
at Woods IIole, the fry being deposited in Vineyard Sound and adjacent waters. From 1887 to 1890, 
inclusive, the iiuruber of eggs collected was 17,821,000. 

Iluring the above years the average production of fry mas about 54 per cent. 
By the use of more improved apparatus the average was brought up to 90 per cent in 
1807, when the collections amounted to 150,000,000 eggs, of which 135,000,000 mere 
hatched. As the commissioner of sea and shore fisheries of Maine objected to the 
takirig of female lobsters in that State and the planting of part, a t  least, of the 
resulting fry in other waters, an arrangement was made in 1898 by which all female 
lobsters and the fry hatched out from the eggs secured from these would be returned 
to the State waters. Under this arrangement 2,365 dCberriedj7 lobsters mere bought 
from the Maine fishermen by the U. S. Fish Commission. From these 25,207,000 eggs 
were taken and 22,875,000 fry were hatched. Of these, 21,500,000 were deposited in 
Maine waters a t  various points. In 1899,36,935,000 fry were planted in Maine maters 
by the Oommission. In order that the female lobsters may be secured the authorities 
of Maine permit the fishermen to catch and sell ‘( berried 77 lobsters to the Commission. 

The collection of eggs in Maine is usually made by the Commission during the 
months of April, May, June, and to about the middle of July, depending upon the 
supply to be had. During the season of 1899 a small steam smack was chartered for 
collecting the lobsters, starting from Gloucester, where the hatching of Maine lobster 
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eggs is uow carried on, and running to Eastport, returning over the same route. The 
Fish Commission schooner Grampus was also used in this work. The lobsters are 
purchased from fishermen, who receive the market price for ordinary lobsters, and as 
they are not allowed to sell these lobsters legally for consumption the sale to the 
Commission materially increases their financial returus. 

In 1883 a radical advance along the line of artificial propagation mas made, so 
far as t h e  legislature was concerned, when the act incorporating the Samoset Island 
Association, of Boothbay, was passed. Section 4 of the charter reads as follows: 

In order to secure a sufficient and regnlar supply of lobsters for domestio consumption on any 
land or islands under the control of said corporation, it may increase tho number of lobsters within 
said limits by artificial propagation, or other appropriate aots and methods, nuder the direction of tho 
fishery commission, and shall not be interfered with by other parties, but be protected therein, as said 
fishery commission meg determine, and shall have the riglit, by its agents and tenants, to take and 
catch lobsters within 300 yards of the low-water line of’ the islands and lands owned or h 8 e d  by said 
corporation, during each and every month, for domestic use. 

In  1857 the legislature passed an act granting 12. T. Carver the sole right to 
propagate lobsters iu Carver’s pond, in Vinal Haven. Mr. Carver’s experiment was 
a failure, as he says the mud in the pond was so filthy that nearly all the spawn was 
killed. 

LARGE AND PECULIAR LOBSTERS. 

Since the inception of the fishery, stories of the capture of lobsters weighing 30, 
40, and even 50 pounds have been common, but have rarely been well authenticated. 
Especially is this the case in the early years of the fishery. It is probable that iu the 
transmission of the stories from person to person the lobsters gaiued rather than lost 
in size. Among the most authentic cases in Maine are the following: 

On May G, 1891, a male lobstor weighing slightly over 23 pounds was taken in 
Penobscot Bay, southeast of Moose Point, in line with Brigadier Island, in about 3& 
fathoms of mater, by Mr. John Condon. The lobster had tried to back into the trap, 
but after getting his tail through the funnel he was unable to get either in or out and 
was thus captured. 

According to Mr. F. W. Collins, a dealer of Rocklencl, in August, 1891, a lobster 
weighing 184 pounds was taken at Blue Bill Palls, in upper Blue Hill Bay, while in 
November, 1892, a female lobster weighing 18 pounds was taken at Green Island, 

I n  Jauuary, 1893, Mr. N. P. Trefethen, of Portland, received a lobster from Vinal 
Haven which weighed 18 ponnds. 

According to R. B. Urie & Sons, of Uriehawen, on September 7,1898, a male lobster 
weighing 26 pounds and measuring 25 itiches from the cud of the nose to the tip of 
tail, and 45 inches including the claws, was caught on a hake trawl by Peter Mitchell, 
a fisherman. Tbe trawl was set about 2 miles southeast from Matinicus Rock Light 
Station in 60 fathoms of water. 

I n  August, 1899, the writer saw a live male lobster at Peak Island which measured 
44 inches in length and weighed 26 pounds, according to the statement of the owner. 
It had been caught near Monhegan Island, and the owner was carrying it from town 
to town in a small car, which he had built for it, and charging a small fee to look a t  it. 

In  April, 1874, a female lobster weighing about 2 pounds was caught off Hurri- 
cane Island. Her color was a rich indigo along the middle of’ the upper part of the 
body, shading OB into a brighter and clearer tint on the sides and extremities. The 
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upper surface of the,  large claws was blue and purple, faintly mottled with darker 
shades, while underneath was a delicate cream tint. The under parts of the body 
tended also to melt into a light cream color, and this mas also true of the spines and 
tubercles of the shell and appendages. 

In  1892 a Peak Island fisherman caught a lobster about 11 inches in length whose 
back was of an indigo blue, aud which toward the extremities and under parts vas 
shaded off into a pure white. The under part of the clmv was also of a pure white. 

Mr. Lewis McDonald, of Portland, has a pure white lobster preserved in alcohol. 
It was caught in 1587. 

A lobRter was caught a6 Beal Island, near West Jonesport, which was about G or 
7 inches in Iength and almost jet black. 

A few briglit-red lobsters, looking as tliougli they had been boiled, have also 
been taken along the coast a t  various times. 

A lobster was caught near Long Island, Casco Bay, about the year 1586, in which 
half of the body was light-yellow up to the middle line of tlie back, while the other 
half was bright-red. There were no spots 011 the shell. 

In  September, 1898, Mr. R. T. Carver, of Vinal Haven, had iii liis possessiou a 
female lobster, about 11 inches long, of a bright-red color all over, except the forward 
half of the right side of the carapace aud the feeler 011 this side, which mere of tho 
usual color. 

LAWS REGULATING THE FISHERY. 

In 1897 tho legislature revised and cansolidated the laws relating to the sea aud 
shore fisheries of Maine, and below are given the sections relating to the Iobster 
fishery adopted that year, together with the amendments to tho act adopted in 1899, 
which are incorporated herewith : 

Sso. 39. It is unlawful to catoh, buy or soll, or O X ~ O S O  for salc, or possess for any purpose, any 
lobsters less thau 104 inohes in length, alive or dead, cooked or nncooked, rnoasurod in manner as 
fol1ow.s: Taking tlio length of the back of the lobstor, muasucod from the  bono of the nose to  t,ho 
end of the bone of tho rniddlo of Glie flippor of tho tail, tho length to  be taken in  a gauge with a cleat 
npon each end of tho same, measuring 104 iuchos betwoen said oloats, with the lobster laid upon its 
back and extendcd upon its baok upon the gaugo, without stretohing or pulling, to  the ond of the 
hone of the middle flippor of the tail, i t s  natural leiigtli, and any lobstor shorter tlian the presoribed 
length wlien oaught, slmll be liberated alive at the risk and cost of the  parties takiug thorn, under n 
penalty of $1 for each lobster so caught, bought, sold, exposed for sale, or in tho possession not so 
liberated. The possession of mutilated, nuoooked lobstors shall be prima faoie evideiice tha t  they are 
not of the required length. 

SEC. 40. It is iinlawfiil to destroy, buy, soll, oxpose for sale, or possess any femalo lobsters in 
spawn or with eggs attaohed at any scason of the year, under a penalty of $10 for eaoh lobster so 
destroyed, oaught, boogl~t, sold, exposed for salc, or possessed: Aavided,  A O ~ I J ~ V W ,  If i t  appears t h a t  
i t  was intended to  liberate thorn in aocordance with the provisions of this act. tho persons having 
suoh lobsters in possession shall not be liable t o  any of tho penalties herein provided for, though he 
may have failed, for angcause not within his ooutrol, to so liberato them. 

SEO. 41. It shall be nillawful to  oan, preserve, or pickle lobstors less than 104 h o l e s  iu lcngth, 
alive or dead, rnoasured ns aforesaid; and for overy lobstor canned, preserved, or pickled contrary t o  
the  provisions of this seotion every person, firm, essooiation, or corporation so oanniug, preserving, or 
piokling shall bo liable to  a penalty of $1 for evory lobster so canned, presorved, or piokled contrary 
t o  the provisions of this section, and n ftirther ponaltg of $300 for every day on which suoh nulawful 
canning, preserving, or pickling is oarried on. 

Srrc. 42. All barrels, boxes, or other paokagos in  transit containing lobflters shall be marked with 
the word lobsters in  capital lcttors, n t  loast 1 inch in length, together with tlie full name of the  
shipper. Said marking shall bo plaoud in  n plnin niid lngiblo inamor on tho outside of snob harrolt 

Y 
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boxes, or other packages; and in  case of seiznro by any duly authorized officer of any barrels, boxes, 
or othcr packages i n  transit, containing lobsters, which are not so markeci, or i n  case of seizure by 
such olBcer of barrels, boxes, or other packages in transit containing lobsters less than the prescribed 
length, such lobsters as &re alive and less than tlie prescribed length shall be liberated and all such 
lobsters as are of the prescribed length found in  such barrels, boxes, or packages, together with such 
barrels, boxes, and packages, shall be forfeited and disposed of under the providons of section 47 of 
this act. 

Srcc. 43. Every person, firm, association, or corporation who ships lobsters without having the 
barrels, boxes, or other packagcs i n  which the samc arc contained marked as prescribed i n  tho 
previous sectiou shall upon conviction be puuished by a finc of $25, and upon subsequent conviction 
thereof by a fine of $50; and any person or corporation in the business of a common carrier of mer- 
chandise who sbaI1 carry or transport from place t o  place lobsters in  barrels, boxes, or other packages 
not so marked shall be liablc to  a penalty of $50 upon siich conviction thereof. 

SEC. 4L All cars in  which lobsters are kept, and all lobster cars while in  the water, shall have 
the namc of the owner or owners thereof on the top of the car, where i t  may plainly bo seen, in  letters 
not less than three-fourths of an inch in  lcngth, plainly carved or branded thereon, and a11 traps, cars, 
or other devices for the catching of lobsters shall have, while in the water, tlic owner’s name carved 
or branded in like manner on a11 the buoys attached t o  said traps or otlier devices, under a penalty of 
$10 for each car and $5 for each trap or device not so marked; and if sufficient proof t o  establish the 
ownership of siich car% or traps CDU not be readily obtained, they may be declared forfeited, subjoct to 
the provisions of sectiou 47 ofthis  act. 

SEC. 45. All  persons are hcreby prohibited from setting any lobster traps within 300 feet of the 
mouth or outer end of the leaders of any fish weir, under a penalty of $10 for each offense. 

Srcc.46. Whoever takes up, or attempts to  take up, or in auy way knowingly and willfully 
interferes with any lobster trap while set for use, without the authority of tho owner thereof, shall 
be pnnishcd by a fine of not less than $20, nor more than $50; Provided, however, That 110 action, 
complaint, or iudictmeut shall be maintained under this section unless the name of the owner of all 
such traps shall be carved or branded in legible letters, not less than throe-fourths of an huh  in  length, 
on all t,he buoys connected with such traps. 

SEC. 47. When any lobsters are seized by virtue of the provisions of this act, i t  shall bo the 
duty of the officer making such seizure to  caiise 81ich lobsters, so scized, &E he is not rcquired by law 
to liberate, together with the cars, traps, barrels, boxes, or other packages in which they are 
contained, to  be appraised within 24 hours after the time of such seizurcs by three disinterested men 
rosiding in the county where such seizure is made, to be selected by him, and the lobsters, cars, traps, 
barrels, boxes, or other packages so seized and appraised shall thereupon bo sold by the oEccr &king 
the scizure thereof, at such timc and in such manucr as shall by him be deemed proper. The officer 
making such seizure and salo shall within ten days aftor tho time of such seizure tile a libel in behalf 
of tlie State before a trial justice, or a judge of a policc or municipal court of the county in which 
such seizure was made, setting forth the fact of such seizure, appraisal, aud sale, the time and pLce of 
the seizure, the number of lobsters, cars, traps, barrels, boxes, or other packages so soized and sold, and 
the amount of the procecds of such sale; and such trial justice or  judge shall appoint a time and place 
for the heariug of such libel, and shall issue a uoticc of the same to  all persons interestcd to  appear at 
the time and place appointed, and show cause why the lobsters, cars, traps, barrels, boxes, or otlier 
packages so seized and sold, and the proceeds of such sale, should not be dcclared forfeited, which 
notice shall be mrved upon the owner, if known, and by causing an attested copy of such libel and 
noticc to  be posted in two public and conspicuous places in the town in which the seizure was made, 
seven days at least before the  time of hearing. 

I f  any person appears at the time and place of hearing, and claims that  the lobsters, cars, traps, 
barrels, boxes, or other packages so seized and sold werc not lisble to  forfeiture a t  the time of seizurc, 
aud that lie was ontitled thoreto, the trial justice or judge ehall hear and detcrmine tlie cause, pud if 
he shall decide tha t  such lobsters, cars, traps, barrels, boxes, or othcr packages, a t  the time of seizure, 
were not liable to forfeiture, and tha t  the claimant was entitled thereto, he shall order the proceeds 
of such sale to be paid to the claimant; if no q@imant shall appear, or if such trial justice or judge 
&all decide that such lobsters, traps, CDTE, barrels, boxes, or other packages, at the  time of the 
seizure, were liable to  forfeiture, or tha t  the claimant was not entitled thereto, he shall decroe a 
forfeiture of such lobsters, cars, traps, barrels, boxes, or other packagcs, and of the  procecds of sale, 
and shall order the proceeds of d e ,  aftor deducting all lawful ch:irges, to  be paid t o  tlie county 
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treasurer, and by him to the State treasurer, to  be used as direotcd in section 48 of this act, and shall 
render judgment against the claimant for costs to  be taxed as in  civil suits, and issue execution 
therefor against him in favor of the State, which costs, when collected, shall be paid in to  the 
treasurer of the county, and by him to the treasurer of the State, to  be added and made a par t  of the 
appropriation for sea and shore fisheries. The claimant shall have the right of appeal t o  the next 
supreme judicial court or superior court in the county, upon recognizing and peying the fees for 
copies and entry as in  cases of appeal in  criminal cases. The fees and costs of seizure, appraisal, and 
sale, and in all other proceedings in the case, shall !e as provided by law in criminal cases, tind in  
case a forfeiture shall bo declared, shall be paid out of tho proceeds of the sale, otherwise shall be 
paid by the county, as in  criminal cases. 

SEC. 48. All fines and penalties under this act may be recovered by complaint, indictment, or 
action of debt brought in the county where the offense is committed. The action of debt shall be 
brought in  the name of the commissioner of sea and shore fisheries, and all oKenses under or violations 
of the provisions of this statute may be settled by the commissioner of sea nnd shore fisheries, upon 
siich terms and condition8 as he deems advisable. Al l  fines, penalties, and collections under this act 
shall be paid into the treasury of tho county whero the offeiise is committod, and by such treasurer to 
the State treasnrer, $0 be added to  and made a part of the appropriation for sea and shcrc fitiheries. 

SICC. 49. The commiesioner of m a  and shorc fisherics may take Ash of any kind, when, where, and 
in such mannor as he chooses, for the purposes of scioncc, of cultivation, and of dissemination, and hc . 
may p a u t  written permits to  othcr persons to take fish for the same purposes, and may introduce or 
pormit to  be introduced any kind of fish iuto any waters. i 

The following special act was passed at  the 1899 session of the legislature: 
SEC. 1. No person shall tako, catch, kill, or destroy any lobsters between tho le t  day of July 

and the 1st day of September in each year, iinder a peualty of $1 for each lobster so taken, caught, 
killed, or destroyed, in the waters of Pigeon Hill Bay, so called, in the towus of Millbridge and Steuben, 
within the following points, namely : Commencing at Woods Poud Point, on the west side of Pigeon 
Hill Bay; thence easterly to  tho Nubble, on Littlc Bois Bubert Island; thence by the shore to  the 
head of Bois Bubert Island; thence northerly to Joo  Dyers Point, so called; thence by the shore around 
Long Cove and the creek; thencc to the hcad of Pigeon Hill J3ay aforesaid; thence by the shore to 
the first-mentioned bound. 

SEC. 2. A l l  fines and penalties undcr this act may be reoovered as provided in scction 48 of 
chaptcr 285 of the Public Lawe of 1897. 

..................................... 
I h n y  ........................................ Arooatook 

Mnc h a  ..................................... 
Pnssninnqlioddy ............................... 
Portlnnd nud l~nltilolith ........................ 
Wiacnasot ..................................... ..................................... 

i 
__._ 

IMPORTATIONS O F  LIVE LOBSTERS. 

For some years there have been considerable importatious of live lobsters iuto 
Maine from the British Provinces, particularly from New Brunswick j previous to the 
closiug up of the canning industry they were more iiumerous than at  present, as cou- 
siderable numbers were brought in by boat fishermen for the canneries a t  or uear 
Eastport. The iinportatioris are now made by the dealers, who frequently send their 
own smacks into the Provinces for a supply when lobsters are scarce in the State. 

The following table shows the importations into the State, by customs districts, 
for the fiscal year 1895: 

240,991 48,601 

327,481 85.873 
214,075 13,087 
43,204 3,211 
28,000 1,120 

Ciistoms districts. 
1898. . 

Pounds. 1 Vnliie. 
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Connty. 

Wasliiuglon ......................... 
Hancook.. ........................... 
Ponobacot ........................... 
Waldo ......................................... 
Knox ................................ 
Lincoln. ............................. 
Sagedahoc .................................... 
Cumberland ......................... 
Y ork 

Total .......................... 
................................ 

-._._ ___ 

STATISTICAL SUMXARY O F  Y'IIE LOBSTER INDUSTRY IN MAINE IN 1898. 

The following tables show the statistical' data relating to the fishery for 1898, 
except the wholesale trade of Rockland and Portland, which is shown elsewhere. 

While Hancock County leads in  the number of vessel fishermen with 173, Enox 
County has the largest number of persons transporting, 78. In the boat fishermen 
Washington County leads with 639, followed closely by Knox County with 606. In  
the total number of persons employed Knox County leads with 749, while Washington 
and Hancock counties have very nearly the same number, 695 and 683, respectively. 
The total number of persons employed was 3,304. 

Hancock County leads in the number of vessels fishing, 78, valued a t  $33,000, 
while Knox County leads in the number of' transporting vessels, 33, valued a t  $51,900, 
and is also second in the number of fishing ressels. Cumberland County is second 
in the number of transporting vessels. This county has more steam transporting 
vessels than all the other counties oombined, 8, valued a t  $31,200. .Tn the matter of 
boats engaged in the shore fishery Knox County also has the preeminence, with 696 
boats, valued a t  $37,175. Lincoln, Hancoclr, and Washington counties follow in the 
order named, and are all three very close to each other. 

Hancock Countyleads in the nuniber of pots used in the vessel fishery, 7,146, 
while Knox County is second. Knox County leads in the number of pots used in 
shore fisheries with 39,040, valued at $39,030, and is followed by Lincoln Oounty with 
29,190 pots, valued a t  $29,190. 

In  the matter of shore property Lincoln County leads with $16,917, although if 
the property used in the wholesale trade had been included in this table Cumberland 
County would lead. In  the total investment Knox County leads with $169,056. 
Hancock County comes second, with $136,651, followed by Washington and Cumber- 
land counties, respectively. The total investment for the whole State is $61G,668. 

In vessel catch Hancoolr County leads with 444,704 pounds, valued a t  $47,101. 
Knox County is second with 256,688 pounds, valued a t  $29,395. In  the boat catch 
Hancock County also leads with 2,198,518 pounds, valued, a t  $204,390, while Knox 
County is a close second with 2,165,256 pounds, valued a t  $186,968. Lincoln County 
is third and Washington County fourth. The total catch for the State is 11,183,294 
pounds, valued at $992,555. 

Table nhowing by counties the number of persons employed in tho lobster$sliery of Maine in 1896. 

Vessel 
fisher- 
men. 

30 
173 

2 

55 
12 

10 
4 

280 
,-.- 

-- 

Trans- 
porters. 

19 
27 .......... .......... 
78 
11 
2 

45 
8 

165 2,808 1 80 I 3,304 I 
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Table sliotvhg b y  coicnties the vessels, boats, appamttts, and shore property employed in the lobsterfcsl~ery of 
Maine in 1898. I 

78 
59;I 

2 
20 ....... 
8 
90 

....... 

....... 

ltonir. 

$YJ,MJ0 1 $350 ................ 28 $13,250 ...... i. 5 ........................ 184 ........ 
4,905 ........ 15 ........................ 3,923 
0,500 ................................ 3 18,000 ........................................ 31 ........ 
1.950 ........................................ 5,175 
9,900 ................................ 30 33,900 ........................................ 574 ........ 
885 ........................................ 4,881 

I Washington. 

'Vgyols fldiii~g ..................... 
lonnage .......................... 
Oattit. ................................... 

Vetmle transoort~iii~--stoiiiii ....... 

I, 
10 
76 

1 
I .  lonnnge.. .. ..... T ................ 
0utBt .................................... 

Ves8els transporting-mil.. ........ 
Tonnnee.. ........................ 

34 

5 
94 

011 tfl t .................................... 
Boats trnnxporting (sronniars nnd 

laiincliun under 5 tons) .......... 
Snilbonts flaliing.. .................. 
1towboutR iisliillg. .................. 
Pots iised in vessol fislirries ........ 
l'ots used in shore fishories.. ....... 
Shore properly ........................... 

Totnl ................................ 

Vuluo. 

$5,850 

1,100 
8, 850 

1,885 
8,500 

790 

___ 

....... 

....... 

....... 

1,100 
50, 170 
2,390 
1,710 

22,373 
4,015 

1 
351) 
209 

I. 710 
22,390 

- 
14,252 
- 
~ 

1 
215 
250 

7,148 
23,880 ....... 

4,950 ................................................ 
34,290 ................................ 212 31 780 
8,285 ................ 17 $255 484 5:416 
7?140 tl.2 R2 ................ 4,140 4,140 
23,880 ................ 675 675 89,040 39,030 
'5,870 ........................ 102 ........ 9,682 -------_ __ ----- 

Hancook. . I Ponobscot. 1 Waldo. I Knos. 

Itoms. 

Vonscls fishing.. .................... 
Toniingo .......................... 
outfit. .................................... 

Vessels transporting-steani 
Tonnage .......................................... 
Outfit ............................................ 

Vepsols transporting-sail .......... 
Toimago .......................... 

Bouts transporting @teninera nnd 
Inunchos unclor 6 tons) .......... 

Snilbonts tishing. ................... 
Rowboats 5shing ................... 
Pots used in vo~sol flsliurion ........ 
l'ots iiseil in shore flaherios.. ....... 
Slioreproporty .............................. 

Tohl ................................. 

outtit.. ................................... 

Linoolu. 

No. Valuo. 

0 $1,200 
42 ........ 

019 ....................... 

4 0,200 
73 ........ 

1 1,100 
132 i2,975 
851 3,671 
510 510 

29, 190 20,190 
16,017 

70,159 

~- 

877 

--_. 

__ 

No. Value. 

............... 
- 1  ............. ....................... ............... ............... ....................... ............... ............... ....................... 

.... --./130,861 I. ...... .I 447 I.. ..... .I 932 I ....... .11($9, 05U 
r--=- 

Sngndnhoc. I Cumberland. I Tork. 1 Totnl.* 

No. Valne. No. --_______- 
6 $1,950 2 
30 ........ 16 

335 ........ 
8 31,200 ....... 

100 ............... 
6,484 ....... 

10 11.800 2 
173 ........ 14 

1,814 ........ 

__I__I 

$1,000 

225 
........ 
........ ........ ............... 

550 

05 
........ 

130 
940 ....... 
14 
200 

' 60 
1,027 ....... 

Valuo. 

$00,200 

-- 

........ 
11,281 
64,050 

14.444 
70,860 

0,312 

........ 

........ 

1 
1 
90 

2,188 ....... 
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FISH PARASITES COLLECTED .AT WOODS HOLE IN 1898. 

By EDWIN LINTON, E”. D., 

PvofEssoi- of Biology, washingtoit atid Jeflersoit college. 

The following report is divided into two parts. 
In Part  I a list of the hosts which were examined, or from which parasites were 

obtained, is given. In  each instance brief mention is made of t h e  parasites found, the 
dates of examination are given! and where the stomach contents were noted g record 
is entered. In  nearly every case in which no note was made’of stomach contents the 
stomachs were empty. 

Adult trematodes and cwtodes arid a few nematodes have been identified. Many 
I a k d  cestodes and most of the nematodes have not yet been identified. 

The order of arrangement of hosts is substantially that of Dr. H. M. Smith, ‘ 4  The 
Pislies found in the Vicinity of Woods Hole” (Bulletin of tho United States Fish 
Cowmission for 1 S O T ) .  

I n  Part  I1 descriptions are given of new species and of species new to the region. 
While this report has mainly to do with the entozoa, I have given descriptions of 

two ectoparasites: (1) A copepod, found in  the cheek of a squeteague ( C y ~ o s c i o ~  
regalis). ( 2 )  A tristomurn (Epibdella bumpusii sp. nov.), from the skin of a stingray 
(Dasyatis centrum). I n  the description of the latter &re iiicorporated some observa- 
tions on the process of egg-making as it mas seen in this interesting species. 

PATHOLOGICAL CONDITIONS.  

It was under consideration to arrange in a third part such cases as might be 
referred to as pathological or diseased conditious. This proved nudesirable, siuce it 
would have caused needless repetition. For convenience of reference, however, are 
here arranged the principal cases where damage, more or less 8erious, resulted to the 
tissues of the host from the presence of parasites. 

1. Cyst with trematodo ova, p. 297, figs. 82-84. 
2. Ininiaturo distoine enoystcd in tho skin of‘ tllQ 

3. On ;the occiirrence of‘ cysts id tho stomach-wall 

4. On cysts in tlic stomach-wall of tho blaok sea 

cuiiimr, p. 296, figs. 76-81. 

of tho blue-fish, p. 301, fig. 101. 

bass, p. 301, figs. 103, 104. 

5. Cysts from kidneys of scup, p. 301. 
G .  Acutzthocheilus nidifex, p. 303, fig. 116. 
7. Cypriwodon variegatas, p. 277. 
8. Galeocwdo tigritius (not duo to entozoa), p. 270, 

9. Morone ameriouna, p. 279. 
ng. 102. 

10. Caloston~us commerso&i, p. 276. 

In this connection reference may be made to Fctrarhynclws bicolor, which was 
found burrowing into the stomach coats of the leopard shark (Qaleocerdo tigrinus), and 
to T. elongatus, whose extraordinarily long blastocysts appear to be always present in 
tlio liv& of the sunfish (Nola ntola). Dibotlwium pldca#tun, appeltrs to produce more or 

267 
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less irritation by its attachment to tbe walls of the rectum of the. sword-fish (Xiphias 
yladius): and Ecluinorhynclvus proteus, in almost all cas(?s where seeii in the squeteague 
(Cynoscion regalis), the blue-fish (Pomatomus saltatria), and in former years in the 
striped bass (Roccus lineatus), penetrates the intestinal wall of its host, cauRing 
various degeneration alterations in the surrounding tissues. 

Summary of ~ 8 s u l t e  (for ileteils see Pert I): 
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3. Carcharhinus obscnrus, Dusky shark. 
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ray. 
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20. Nnucrntes ductor, Pilor, flsh .......... 
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27. Cynoscion rogalis, $quotaaye . .__.._ 
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References to my former papers have been inserted in Part I i n  all oases where 
forms were identified as belonging to species thereiu mentioned or described . As a 
rule. references are made only to record of latest date. and are not repeated under 
the same host. but are given under the first date on which the species concerning 
which reference is made was found . 

A list of the papers to whioh referexices are made is here given for convenience: 
Notes on entozoa of marine fishes of New England . llopt . U . S . P . C . 1886. pp . 453-511.'~1 . I-VI . 
Notes on entozoa of marine fishes of New England. Part 11 . Ropt . U . S . I.'. C . 1887. pp . 719-899; p1 . 

Notes on entozoa of marine fishes of New England. Part III . Bopt . U . S . F . C . 1888. pp . 623-542; pl  

Notes on larval oostode pibrasites of fishes . Proo . U . S . N . M., vol . XIX (1897). pp . 787-824; pl . LXI 

Notes on oestode parasites of fishes . Proo . U . S . N . M., vol . xx (1897). pp . 423-456; pl . XXVI-XXXIV . 
Notes on trematode parasites of fishes . Proo . U . S . N . M., vol . xx (1897). pp . 507-548; pl . XL-LIV . 

The authority for the names of fishes used in this report is The Fishes of North 
and Middle America, Bulletin U . S . National Museum, No . 47, Jordan & Evermann . 

I - x v  . 
LIII-LVIII . 
LXVIII . 
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PART I. 
1. Mustelus canis, Dog-jish. 

(1) July 20; one; small; stomach with fragments of crabs. Calliobofhrium verticillatum (Cestode 
Parasites of Fishes, p. 447, pl. XXXIV, figs. 6, 7) and mature proglottides of 12Zt~nchobo2l~ri~~n~ bztlbvee,. 
(Cestode Parasites of Fishes, p. 448) in  spiral valve. 

(2) July 23; one; stomach contents not noted, probablyempty. Enormous numbers of Z2. brtlbifer, 
young and adult together, in  spiral valve. 

(3) July 25; one; crabs in  stomach. C. verticillattcm, 
7 ,  spiral valve. 

(4) July 26; one; stomach contained a partly digested fish, probably a squeteague, which may 
have becn taken in  the pool, where the dog-fish had been confined for a few days. C. verticillatum, 2; 

.It. bulbifer, 12, in  spiral valve. 
From the spiral valve of one were obtained 19 

1:. bulbifer and 6 C. verticillatum; from the other about 50 Ztlr?lnck.obotBiiur~k tuntiduluni. There was also 
an unusually large number of small cysts in  the stomach-wall. (See Notes on tho Larval Ccstodes 
of Fishes, pl. VI, fig. 6.) 

(6) July 30; two; stomach contents not noted. In the spiral valvo of one there wcro found 3 
R. bulbifer and 1 R. tumidulunt; from the other, 11 C. verticillatum and 4 IC. bulbifer. The second 
specimen had been in  the pool for some time. 

(7) August 1; three; stomachs empty. Thesc fish had beoil in  tho pool for several days, and 
had been dead for some time before they were examined. The alimentary canal showed some signs 
of decomposition. From the spiral valve of the first wero obtained 26 specimens of R. bdbvw, tho 
scolices still alive and moderately acltive. From the second 13 specimens of the same species wore 
got and also 2 of C. verficillalum. The latter were in  poor condition, the anterior segments having 
disintegrated; the former were in good condition and still active. In the spiral valvo of the third 
were 24 R. bulbifer and 10 C. verticillatunt. Thesc parasites \vert) not attached to  the mucous memlirane, 
but  were lying loose i n  the contents of the intestine. It would appear that  with the beginning of 
decomposition ihe heads soon detach themselves from the walls of the host. 

(8) August 12; one; stomach with crabs. Spiral valve contained 12 specimens of C. vorticillatum 
and 12 of R. tunbiduluni. 

(9) August 19; one; taken from pool and had been dead for some timc. Three or four C. veriicil- 
latum in  spiral valve in poor condition. 

(10) August 24; one; the specimen had been kept in confinement for a week or more, and liad 
been dead several hours before i t  was examined. Nothing in  stomach except mucus, and no entozo:rin 
alimentary canal. 

(11) August 25; three; same conditions as preceding. A few fragments of I?. bulbifeta found in 
spiral valve, but in  poor condition. 

It may be concluded from the foregoing examples that  entozoa remain living for bnt a few hours 
i n  the intestinal tract after tho  death of the host. They quiclrly become flaccid and soon show the 
effect of the  digestive Euids, and later of decomposition. Presumably they reqdire the presence of 
oxygen in  the intestinal blood-vessels, and as 80011 8s this supply is cut off they quickly succumb. 
When they are placed in  normal salt solution while still active they may be kept alive for hours, and 
by adding a small amount of nutrient material and pepsin will not only livo for days but  may inercasc 
in  sizo. 

No other entozoa noted. 
Degeuerate waxy cysts in stomach-wall. 

R. bulbifer, 23, spiral valve. 

(5) July 29; two; stomach contents not noted. 

2. Galeocerdo tigrinus, Leopard Shark. 

(1) August 11; one; stomach contents were sand, one pod of a string bean, and two tough masses 
of flesh, mainly coarse fibrous tissue, not identified. The color of these pieces was about that  of fresh 

pork” (Amarmcium), and the structure something like that  of the foot ” of the winkle (Spotypus).  
Mr. Vinal N. Edwards reported t o  me the contents of the stomach of another specimen talrcn on 

August 12, but  not brought into the laboratory, which consisted of a rather curious collection, 
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namely, one chicken wing with the feathers on it, two sliccs of beefsteak, a few pieces of cucumber 
rind, two large pieces of '' sea pork," a piece of ropo yarn, partly ravclod out, with other d6bris. 
Evidently a bucket of waste from the cook's galley of some' passing vessel had boon thrown over- 
board, and tho shark had scooped up the wholo mcss. 

Large numbers of Thyeanoccphalu~n crispurn (Cestode Parasites of Fishes, p. 448), large aud small, 
with enormous nunibers of free proglottides in the spiral valve. Tho scolices were found attached to  
the mucous membranc. The pseudobothria, in  siich cases, were expandod into a flat finibriated disk 
and closely adherent to the mncous membrane. These cestodes were counted and a number of them 
measured. There were SG with mature proglottides and 238 young. Tho latter ranged in  length from 
30 to  300 mm. Strobiles, which had ripe pro- 
glottides, measured 1.25 meters. This represents an aotual total length of something like 100 meters; 
or, allowing for the maturity of tho small specimens, a potential leiigtli of 367 metors (approsimately 

AcantRocdeiZas nidifex sp. nov. (see Part 11, page 303, for description) in crypts in stomach-wall 
and free in pylorus. 

(2) August 19; one (2.5 meters in  length); stomach contained numorous jaws of squids, some 
of them of good size; various bones, skull of a fi~li,  numerous oar-bones of iish, tlie operculum of a 
mollusk ( luna t ia ) ,  seaweed (Fucus), sa11d and gravel, and a noudescript piece of animal tissuo about 
the size of one's hand, probably tho remaius of the pectoral fin of a goose-fish. 

Largo numbers of Thy8anOCephUZlknL c~ispfflni, as in overy specimen of this shark 1 have examined, 
in spiral valve. Also a few small forms not yet idelltiGod, heads resembling those of tho genus Spon- 
giobothriunb. Thero is, however, a fleshy anterior median eminence on the hond. The worms are 
small, and before killing exhibited a tendency to become convoluted. 

There were also sovural free proglottidos of an altogether different kind from those of !fh~'kgsUnO- 
ccpkalun~, of which, as usual, thore were euormous numbers. Tho eggs of Yhysanoccplialun~ are fusiform 
in  shape, an unusual form among cestode eggs. 

T c t r a r l ~ g ~ ~ c l ~ t s  bicolor (Larval Ccstodo Parasites of Fishes, pp. 813-815, pl. LXVIII, figs. 1-G), 36 
specimens, firmly attached to stomach-wall, where they hat1 formed dcep pits, extending into the inus- 
cnlar Iayors. Head and nock white, back of collar yellowish. These specimens, when removed from 
their host and placed in  sea-mater, contract and expand activoly and assume a groat variety of shapes. 

Two imperfect strobiles without scolices werc found iii tho stomach. Upon sectioning they worc 
found t! be identical with sections of ~ ~ ~ y s a n o c c p h a ~ u n ~  and were so identified. I do not know how to 
aocount for their presonco in  the stomach. 

The avorage of 11 representative forms was 128 mm. 

mile), without taking into account the free proglottides, of which thcre were immense numbers. 

Acanthocheil118 nidifax as in shark examincd on August 11. 
Patltological conditions of p 1 ~ l O V l b 8  of Galeocwdo ttgrbus.-Thc pylorus of each of tho specimens of 

leopard sliark oxamined was occluded by what appears to be a colloid tumor developed in tho sup 
mucosa, pl. 42, fig. 102. Although occurring in  different places in the two cases they worc of the  
same essential structure in eaoh. A brief description of the first is given. The tumor was Brst 
encountered at its anterior end while slitting the pylorus with wissors from the anterior end. It 
presented a smooth globular stopper-like surface, which apparently completely occluded the lumen of 
the pylorus. No passage could bo found on passing a probe around the periphery of tho tumor. OU 
cutting into the lumen a t  the posterior ond of the tumor a narrow passage was discovered, which led 
baok bosido the tumor and proved to  be ooutimous with the lumon of the pylorus. This narrow 
passage diverged from tho lumen a short distance in front of the tnmor. Two raised folds of opithe- 
lium, parallel with oi~ch othor and lying longitudinal to  t h e  axis of the pylorus, led into the passage. 
The anterior end of the tumor lay 24.5 cm. back of stomach. It was about 9 om. in  length and 2.6 om. 
iu diameter at its anterior end, its posterior eud about 9 om. i n  front of the entrance of the bilo duoti. 
These dirnemsion~ include tho uucous mombrane, whioh was pushed into the lumen by the developing 
tumar. The anterior end was the larger, and the diametor grew gradually less to tho posterior end, 
whioh terminated in a blunt point. The passage, whioh remained open, was very narrow, and its epitho- 
lium had a different appearance from that  of the lumen, both before and behind the tumor. 

In the shark examined on August 19 a similar tumor was found about midway of the length of 
the pylorus, also with a narrow passitgo beside it. The mein lumen was also interrupted at other 
points. I find no mention of suoh structures in notos made in former years on examinations of this 
shark, and have no recollection of seeing anything like them bofore. 
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3. Carcharhinus obscurus, Dusky Shark. 

(1) July 18; one; a small skate the only identifiable stomach contents. All the parasites found 

Anthobothrium laciniatum (Cestode Parasites of Fishes, p. 439), numerous, spiral valve. 
Oryqmafobothduni anguatum (Cestode Parasites of Fishes, p. 443), numerous, spiral valve. 
Plsoreiobothrium lasium (Cestode Parasites of Fishes, p. 447), numerous, spiral valve. 
Tetrarkynchua hiaukatus (Cestode Parasites of Fislies, p. 452), very numerou8, pylorus. 
The pyloric portion of the  stomach, which was about 46 cm. in  length, was crowded throughout 

its length with Telrarhynchua biaulcatua, of which there were approximately 300 specimens. Theee 
worms had their heads deeply embedded in the  mucous membrane of the pylorus, several of them 
often being attached at the ~ a m e  point, the strobiles hanging in a festoon from a cominou pit in  the 
pylorus wall. The mucous membrane, especially in tho viciuity of the pits, was in  a highly inflamed 
condition. It is quite conceivable that  these parasites might occasion the death of their host by 
giving rise to  such irritatioii as to  occlude tho pmsage by tho consequent swelling of the mucous 
mcmbrane and underlying tissues. In  scveral places the strobiles themselves were so numerous as to 
offer serious resistance to  the passage of food. These specimens were larger thau usual, many of' them 
when straightened, while living, measuring as much as 40 om. 

It would appear from a consideration of the occurrence of these parasites in  this case that  the 
most defective part of the  alimentary canal of tho shark is not the spiral valve but  the slender pylorus. 
This is borne out also in  the case of the  tiger shark. The three species of cestodes found in the spiral 
valve, while occurring i n  great numbers and attaching themselves to  the mucous mcmbrane, are 
small and do not occrcsion much irritation by  their presence. 

(2) July 19; one, stomach contained a partly digested squeteague. The shark had bgcu confined 
in  the large pool for a week or more. No parasites in  stomach or pylorus. Tn the spiral valve the 
following cestodes were found: 

in this shark were cestodes, as follows: 

Anthobothriuni ladniatum, few. 
Di~coceplsalum pileatuni (Entozoa of Marine Fishes of New England, 11, pp. 781-787, p1. x, figs. 

Orqymatobothriucm anguatum, few. 
The largest specimen of Diacocephalunk vvas over 40 om. in length and 7 inm. in  breadth. The 

last segments werealmost square and nearly 4 mm. long. The disk-like hoad, resembling mush- 
room anchor, was firmly embedded i n  the submucous coat in  each case, and had to  be dissected out 
before i t  could be removed. 

Nervo cells worc distiuguished 
i n  the axis of the head in  the basal par t  of the disk and also in the  corrugated portion behind the 
head. Fibers from the axis continuous with those iu  the anterior part of the strobile diverge at the 
base of the disk and make up a large par t  of that  organ. These fibers are most abundant and con- 
spicuous in the basal par t  of the disk, as are also the  vcssels of the water vascular system, which 
appear, indeed, in the anterior par t  of the disk, but  are there few. 

(3) July 27; one, young; remains of young mackerel in stomaoh. Two species of cestodes were 
found in  the spiral valve. 

Anthobothriun~ laoiniatuns, 19, both long and short necked varieties. 
Phoreiobotlirium laaium, 6, largest 32 mm. 
(4) August 9; one; stoniach oontaiued partly digested fish of good size, probably a squeteague. 

[Jnfortunately only the stomach, including the pylorus of this specimen, was examined, the spiral 
valve having been taken by auother for use as a specimen. 

At the lower end of the stomach proper, not yet in the constricted pylorus, were four specimens 
representing three species, which, i n  view of the stomach contents, are of special interest. 

Echeneibothriunt ( 8 )  larva, 1, active. 
Tetrarhynchua biauloatua, 2, scolices only, active. 
Nematode, immature, 1, partly digested. 
The two cestodes are just  such as are found i n  the  squeteague, the former in the cystic duot and 

intestine; the  other (Tetrarhynohua) enaysted in the submucosa of the stomach. In the larva there 
waa a faint indication of two red pigmeut spots back of the bothria. The nematode appeared to  be 
identical with immature forma collected from a squeteague on August 5.  The condition of these 

1-7) 12, large and small. 

One of the heads was stained in borax carmine and sectioned. 
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specimens is intcrosting when it is romombcred that  when forms like those aro taken from a sque- 
teague and plaoed in  ordinary sca water or normal salt solution the uematodos will continue aotive, 
ofton for days, while the cestodes usually cease activity after less than a day. When the o6stodes 
were placed in  Lang’s aceto-pioro-corrosive fluid bubbles of gas wero given off, indicating tho presenoe 
of oaloareous bodies. 

4. Sphyrna zygaena, Haninier-head Shark. 

(1) July 21; one; stomach oontainod remains of two menhaden. No entozoa instomaoh or pylorus. 
From the spiral valve were obtained two ncmatodes, throo.sco1ices of Otobothrium (Entozoa of Marine 
Fishes, 11, pp. 849-853, pl. XIII, figs. 9-15; XIV, figs. 1-4), and five specimens of Phoreiobothriuni lasiunt 
(Cestode Parasites of Fishes, p. 447). The entozoa in this shark were in  poor oondition, &E if partly 
nioccratod. 

(2) August 5; onc; small; stomaoh with fragmont of partly digested fish. No parasites of any 
kind found. 

(3) August 18; one; stomach contained fragments of squids; spiral valve yielded a few speci- 
mens of Plioreiobotlwiunb lasiunb. These spcoiuiens were exceedingly spiny, but  the EpineE were easily 
dotsohod; bothria had fluted posterior borders, and contracted t o  about one half their length when 
placed in pioro-sulphurio acid; length, 12 t o  22 mm. 

Also from spiral valve one speoimcn of the genus Plntybothrium (Entozoa of Marine Fishes, pp. 
820-823, pl. VIII, figs. 8-10; IX, fig. 1). See page 300 for description, 

5. Carcharias littoralie, Sand Shark. 

(1) July 21; one; stomach empty. Large numbers of the ccstodo Crossobotlwiurn Zaciniatuns in  
spiral valve (Cestode Parasitos of Fishes, pp. 445-446), large and small togothcr; also several of the 
short varioty uotod in former papers, i. e., forms with mature segments beginning near the head. 
Whether those are to be looked on as a distinct varioty or as individuals in which the proglottis- 
forming energy is nearly spent I am not certain (Entozoa of Marine Fishes of Now England, part 11, 
pl. VII, fig. 4, p.  800). 

(2) July 23; o m ;  stomach contents not noted, probably empty. 
Numcrous C. lacinialum in  spiral valve. 
(3) July 25; onc; stomach with partly digcstcd fish, probably fiat-fish. 
Numerous C. laciniatunt in  spiral valve. 
Numerous Echinorhynohi, partly digested, in stomach ; one in  pylorus, evidently introduced with 

the food. Echinorhynchus acus often occurs i n  groat n’umbors in  the flat-fish (Pseudopleuronectee 
antericanus). 

Tho onlyparasitos found were C. Zaci- 
niatuni, numerous in each. I11 one thcy were mainly adult, the  longe8t mcasuring 42 om. In one of 
the others a large numbqr were young. These, contrary to  their usual habit, wore rather firmly fixed 
by their sucking-disks to  the intestine. Ono of the short variety found in  this lot. 

(5) July 28; one; stomach with a fish (tautog). Forty-four specimens of a parasitio copepod 
(Pandarus) on fins. As usual, large numbers of C. laciniatum i n  spiral valve. A large proportion of 
theso woro young, and there wore no free mature proglottides, which are always very abundant in lots 
containing mature strobiles. Tho longest nicasured about 160 mm. in length. 

(4) July 27; three; stOmaOhE contained fish (menhadon). 

(6) July 29; one; stomach ouipty. 
(7) July 30; two; stomaohs with partly digestcd fish. Fower than ordinary parasites in  spiral 

One containod 10 C. lachiaturn from 80 to 110 mm. in  length; tho other contained the same 

(8) August 1; one; stomaoh with good-sized squetenguo which had been bitten into two pieces. 

(9) August 8; one; stomach empty. C. Zaciniatum in spiral valve, numerous, young and adult. 
(10) August 13; one; stomach empty. The sharkhad been oonfined in tho pool for severaldays. 

(11) August 18; one; stomaoh oontained the d a w  of a small orab. C. Zaciniatuin, young and 

Very oareful scaroh was mado i n  the spiral valve of (I number of the foregoing speoimens of sand 

C. laoiniatum i n  oonsidorablo numbers in spiral valve. 

valve. 
number, all rather small, 5 to  25 mm. in length. 

Spiral valve with numerous C. laciniatum, young and adult. 

C. laciniatum, young and adult, 42 in  all, in spiral valve. 

mature, 87 in all, in spiral valve. 

sharks for other forms than tho over-rocurring C. laciniatum, but  without success. 
F. 0. B. 1899 -18 
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6. S q u d u s  acanthias, spiny Doglfish. 

August 20; viscera of over 100 examined. These were collected at Rockport, Mass., by Prof. 
H. V. Neal, of Knox College, Galesburg, 111. They h a d  been placed iu formalin, where thcy l ind 
lain about one week bcfore they were brought to  Woods Holc. Thc couilition of the niaterial was 
fairly good, so that  if there had been entozoa in the alimcntary canal at the time i t  was put  into the 
formalin shcy should have been in  good enough state of preservation for identification a t  least. The 
tissues of tho Htomach and spiral valve, the oiily parts saved, mere in fair condition. No evidence of 
decomposition could be detected, and yet, after a careful search, no cntozoa were found, except a 
small, immature nematode in the stomach of one, and the head and about 3 mm. of the body of a 
cestode, probably ~nthoboihrium from a spiral valve, with tmwo or three cysts their tissues degenerated, 
in the stomach wall. 

A few fish bones and scales and a small amphipod (Gummarus) were found in the stomach and 
iutestine. 

Most of the spiral valves had been opened before preserving. 

7. Raja ocellata, Big Skate. 

(1) August 10; one; stomach empty. This specimen had been put  in the pool in April. I t  had 
been dead probably a day before it was examined. It was in poor condition, ovidentlJ the result of 
confinement. One cyst in  stomach wall filled with 
a cheesy, degenerate tissue. One nematode found in dish (luring the esaminatiou, probably from the  
intestine; an immature female, 21 mm. iu length, living, though not very active; very transparent; 
length of msophagus 2 mm.; cuticle thrown into fine transvcrsc wrinkles; posterior cnd bluntly 
rounded with rnucronatc t ip ;  length of tail 0.11 mm. Under the layer of longitudinal muscles the 
cells forming the intestinal tract could be seen. Upon focusing carefully, an open, somewhat reticu- 
lated, structure appeared in  this cellular layer. 

(2) August 11; another specimeii taken a t  Meuemsha Bight, Vineyard Sound, had no parasites. 
(3) August 16; one; stomach with a large squid (Lol igo)  and one or two annelids; intestine with 

many annelids only partly digested. 
0110 ontozoau (Bhynchobothrium imparispiiie) [Ccstode Parxisites of Fishes, p. 4501 in  intestine. 

The following measurements of the living specimen, in millimeters, are appended: Length 60; longth 
of bead and neck about 8, but  very variable; average length of last six segments 1.5; length of last 
segment 3; breadth of last segment 1. Bothria on flat sides of strobile, varying from long elliptical 
and parallel t o  axis of body to  cup-shitpe with cavities directed forward, then standing at about r ight  
angles t o  the axis of the body, or even with free borders directed forward i n  advance of' apex of head; 
free border of bothria emarginate; color of worm yellowish white; first segments begin very close 
behind the contractile bulbs, a t  first broader than long, soon becoming squarish and ultimately 
longer than broad; reproductive cloaca i n  a deep lateral notch irregularly alternate and situated 
rather nearer the  posterior end of the segment. 

Only mucus found in  stomach and intestine. 

8. Raja erinacea, Common Skate. 

(1) July 20; one; copepods and hermit crab in  stomach. 
(2) July 21; two; stomachs empty. 

uariubile in spiral valve (Cestode Parasites of Fishes, p. 440). 
(3) July 23; one; stomach empty. Two nematodes in  stomach. 
(4) July 26; one; stomach contailled crabs (Panopeus) and annelids (Nereis). No entozoa except 

(5) August 12; one; stomach and intestines with partly digeetcd crabs (Panopeus); female, 

( 6 )  August 16; two; stomachs with small shrimp (Crangon vulgaris). No entozoa. 

One nematode found in stomach. 
One nematode in  stomach of each. One Zeheneibdwium 

a few cysts, not determinable, i n  stomach wall. 

with one egg containing an embryo. 

9. Tetronarce occidentalis, Torpedo. 

(1) July 25; three; stomach ani1 intestine contained nothing but mucus (exceptionally tena- 
The 

The walls of both stomach and intestine are 
The viscera, after removal from the body, were left lying in  a pail for 

When they were then examined several holes had been digested through the intes- 

cious and of a brown color), one small fragment of a shell, and B part of a small fish vertebra. 
digestion of the torpedo appears to  be very powerful. 
remarkably thick and heavy. 
about 2+ hours. 
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tinal wall. One of the specimens had no entozoa; the other had in the spiral valve 1 large and 6 
small specimens belonging to Monticelli’s genus Calyptrobothrium, which I refer to  a new species, 
C .  occidentalis. See p. 298 for description. 

(2) July 26; one; contents of stomach and intestine as in lot ( l ) ,  vie, brown, viscid mucus. I n  
the intestine tho only identifiable food substelice was the crystalline lens of a fish. Two specimens of 
C. occidentalis in spiral valve. Throe cysts in  intestiual wall, each containing blastocyst 5nd a larval 
Rliynchobothriuru agreeing with form deseribed in Notes on Cestode Parasites of Fishes, page 800, pl. 
LXIV, figs. 9-11 (R .  imparispine). The liberate11 larva remains attached to  the blastooyst, which 
possesses an exhalent pore :tt tho posterior end, and evidently functions as a nutrient vessel for the 
young worm. This torpedo was taken at the same time as those examined on July 25, but had been 
kept alive in  a tank until the  next day. 

(3) August 22 ; one, large female with one young ; the stomach contained a partly digested flounder 
(Pu~alicl~tl iye dantatus) about 45 centimeters in  length. No entoeoa except what seemed to  be loose 
segments, immature, of a siuti11 cestode in tho spiral valve. 

w 

10. Dasyatis centrura, Stingray. 

(1) July 29; two; stomachs empty. The first specimen yielded the following cestodes: 
Anthobothrium pulvinatunk, 40 (Cestode Parasites of Fishes, pp. 439-440, pl. XXXIII, fig. 1). 
Ilhinebothriun~ jlfle.de, 1 (Entozoa of Marine Fishes, 11, pp. 768-771, pl. V, figs. 3-5). 
Rhinebothriuni cancellafuni, 3 (Entozoa of Miiriue Fishes, XI, pp. 771-775, PI. V, figs. 6-8). 
~tnthooephalunl gracile, 10 (Entozoa of Marine Fishes, XI, pp. 794-796, pl. VII, figs. 1,2). I 
Phyllobothriun~ fol iafum, 16 (Cestode Parasites of Fishos, p. 443, pl. SXXIII, fig. 6).  
I’aratwnia inedusia, 12 (Cestode Parasites of Fishes, p. 440). 
Rhynohobothrium hispidunk, iiumerom (Ento. Mar. Fishes, 11, pp. 833-835, pl. XI, figs. 12-17), 
Syubothrium $licolle, from cyst, 1 (Larv. Cest. Par. Fishes, pp. 815-820, pl. VIII, figs. 7-12). 

The second 
specimen, a very large one, had been dead some five or six hours before the parasites were removed. 
They were not iu first-class condition. The following entozoa were obtained: 

Rli iuobo t hri um jlexil e, 1. 
Spongiobotliriuni variabilc, 7 (Cestode Parasites of Fishes, p. 442). 
Lecaniccplkalunlpeltatunk, 9 (Entozoa of Marine Fishes, 11, pp. 802-805, pl. IX, 5gs. 2-4). , 
Acanthobotliiium paulum, 30 (Entozoa of Marine Fishes 11, pp. 816-819, pl. VIII, figs. 1-7). 

A few cysts in spleen and stomach-wall for most par t  consisting of degenerate tissue. 

With exception of the cysts tho above-named cestodes were found in  the spiral valves of the rays. 
(2) August 1; one; stomach with remains of a crustacean (Callianassa). Tho following eestodes 

were obtained from the spiral valve : Anthobothrium pulvinatum, 2, and numerous free proglottides j 
8pongiobotlirium variabile, 1 ; Antliooeplialuni graoile, 3, longest meosuring 46 mm. Phyl2oboth?ium foli-  
ataru, 9 ; ~I%ynChObOt1kriU?n hispidum, numerous. 

Free proglottides from several of these cestodos were observed to  keep up active progressive 
movements in  Boa-water for four hours after they wero eolloeted, that  is until they more killed. The 
resemblance, in such cases, t o  a trematode is very striking. 

(3) August 17; one, small; stomach empty. No parasites, except II few cestode oysts in  spleen 
andstomach-wall. Some of these contained blastocysts, but the larvm were too young to  be identi- 
fiod, probably Rhynchobothrium. 

(3) August 18; one. This ray was placed in the pool and was not killed during my stay at 
woods Hole. Six external tremiitode parasites collected, Epibdella bumpusii sp. nov. See page 286. 

(4) August 22; %no, small; stomach empty. One 
cyst i n  spleen from which a blastocyst was obtained, not far enough developed for identification. 
Other cysts in  wall of stomach and pylorus had degenerated to yellow masses of cheesy consistenoy. 

(5) August 25; one; stomach empty. In spiral valve were found: Ant71,obotl~rium pulvinatum, 2;  
Phy Zlobothrium foliatuni, 1 ; Paratamia niedusia; Iihynohobothrium sp. 

Ono dnthobothrium p u l v i ~ a t n m  in  spiral valve. 

11. Myliobatis freminvillei, Sharp-nosed Ray. 

July 27; one; stomsch contained pieces of fleshy part of some large univalve mollusk, probably 

Rhynokobotlkrium Zongioolle (Cestode Parasites of Fishes, p. 441, pl. XXXIII, figs. 2-4) verx numerous. 
Rhynohobotlirium agile (Cestode Parasites of F’IS~OE, p. 451, pl.’ XXXIV, figs. 12-15) 30. 

~ Y C O t ~ p u 8 .  From tho spiral v a h o  wore obtained: 
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From the pylorus was obtained a single spepimen of TetrarhyncHue robustus (Ccstode Parasites of 
Fishes) p. 452. 

One of the larger specimens of R. agile measured 95 mm. in  length. It was noticed that  these 
specimens contracted very greatly when placed in  the  killing fluid (Long’s aceto-picro-nierciiric 
fluid), especially the  mature and maturing proglottides, somc of the latter contracting to  one-fourth 
their length. Specimens were then stretched on the bottom of a glass dish and allowed to  lie there a 
short time until they were fastened by their own mucilago. Thcy did not then contract when tho 
killing fluid was placed on them. 

11 a. Catostomus commersonii, Common Sucker. 

August 26, I received a specimen of sucker and a bottle containing a large number of parasitic 
copepods, which were sent to  me by Dr. H. M. Smith. Along with the spocimens was a letter from J. W. 
Titcomb, superintendent of the Fish Commission station at St. Johnsbury, Vt. The fish and par- 
asites had been collected by I. W. Parks, Montpelier, Vt. Mr. Titcomb wrote: 

Through the courtesy of I. W. Parks, veterinary surgeon at Montpelier, Vt., I have obtained a 
lot of specimens of the parasite which infested the river thcre this summer and a sucker which had 
been attacked by them. It will be noticed that  one of tho pectoral fins is quite badly eaten aud a 
spot on the  fish below it. These parasites usually attack the pectoral fins first. They are sometimes 
found on the eyes of the fish and apparently stand on their heads in  working into the  fish. 

These parasites belong to  the genus Argulue, probably A .  catostomi Dana and Herrick. The 
abraded place on the side of the fish was examined and tho tissues were found to be penetrated by the 
hypha of some fungus, presumably a species of Saproleguia. Since the mouth parts of Argulns are 
fitted for piercing and sucking, and not for bitiug, it seems rather hard to  account for tho frayed hna 
tattered condition of one of the  pectoral fins of this fish. Because of the presence of the fungus noted 
above, I stated in  my letter t o  Dr. Smith relative to this casu that these parasites may not have been 
wholly to  blame for the damage, although the trouble might have been started by them. 

Later I received a letter from Mr. Parks, dated September 20, in  which he gives an interesting 
account of his observations on the effect of those parasites 011 trout and suckers. The following 
extracts, give the substance of his observations. After speaking of a fish which had no marks of any 
kind upon it when he first saw it, which was swimming in  shallow and clear water, he proceeds: 

until i t  seemed to  become frenzied. This stage does .not last mor0 thau 30 minutes, however-an8 
then it commenced to turn upon its back and became copatose and soou died. * * * To make 
sure the parasite was the cause of death I obtained trout and suckers from an adjacent stream, and 
after placing the sucker in  a tank of fresh water I dropped in about fifty of the araeites, which at 
once attacked the fish. While they were upon the sucker I placed three trout in  afso. In 55 minutes 
I noticed signs of frenzy and in 75 minutes coma, and in 90 minutes the first trout was dead, and upon 
examination I found t h e  left pectoral fin completely stripped, the  right eye destroyed, a spot near the 
tail stripped of the scales the size of a ten-cent piece. I tind that  suckers can live longer thau trout, 
also the parasites will go from a sucker to  trout. 

The Argulidw, according to  Claus (Zeitschrift fur Wissenschaft, Zool., XXV, 3, 1875, p. 277), live 
on very different sorts of fish, and chiefly on the plasma of the blood t o  which.they obtain access by 
means of modified mandibles aud maxilla which are transformed into a piercing and suckiug organ. 

First the fi8h swam along in the usual manner feeding, but soon became uneasy, this iucreasin 

12. Anguilla chrysypa, Common Eel. 

(1) July 25; one; stomach empty. 
Cestodes : Cysts containing larva, on mesentery, several, Rliynchobotlwium @tparispina Lt. (Ces- 

Nematodes; one encapsuled on liver, immature; not yet identified. There was an inflamed patch 

(2) August 5 ;  one; partly digested fish in  stomach. 
One hyaline cyst on viscera, containing a Rhynchobothrinm larva. 

(3) August 29; one; stomaoh empty. 
The only entozoon found W&B a single immature cestode larva of the type which I have foiind 

in  the alimentary canals of a variety of fish; small, with two red spots on the  neck. (Larval Cestode 
P a r d t e e  of Fishes, pp. 789-792, pl. LXI, figs. 4-15.) The stomach and intestine were washed and the 
conteiits looked over very carefully with the above meager result. The specimen had been in  an 
aquarium for a few days. 

tode Parasites of Fishes, p. 450.) 

on the stomach wall and on the intestine, evidently causod by a wound on the side. 

When released i t  remained 
attached t o  the blastocyst. 
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13. Clupea harengus, Herring. 

September 5; one, yonng; stomach with enormous numbers of copepods of several speoies, young 
shrimps in large numbers, and numerous crabs in  the  megalops stage. The fish mas taken with a dip 
net at the  surfaco where it was feeding. A few small cysts containing blastocysts were found on the 
viscera. The blastocysts contained larval Rhynchobothria, the hooks of which agree with those 
figured in  my report on larval cestodes (pl. LXIII, fig. 5). The longer hooks measured about 0.017 mm. 
One of the  cysts, averago, measured 2 mm. in  length and 1.4 mm. in  the shorter diameter. One encap- 
suled nematode was found, immature. 

14. Brevoortia tyrannus, Menhaden. 

(1) July 21; five; stomachs empty. 
Elongeted cysts and blastocysts on viscora (Synbothriwn) ( I) (Larval Cestode ParLsites of 

(2) August 15; two; stomachs empty save sand and fine material not identifiable with lens. 
Cestodes: Three elongated cysts on viecera and a considerable number of larval cestodes of 

same general type as those found in cystic duct of squeteague, although the head seemed to  be 
proportionally larger; red pigment back of head observed in  some. (Larval Cestode Parasites of 
Fishes, pp. 789-792, pl. LXI, figs. 4-15.) 

. 

Fishes, pp. 815-820, pl. LxVUr, figs. 7-12.) 

Nematodes: Three m a l l  specimens, very slender, and about 8 mm. in length. 

15. Cyprinodou variegatue, Short  Minnow. 

July 23; two, each with several tumors caused by psorosperms (Myxobolus Zintoni Gurley). 
August 23; mother specimen, which had been kept for a month in sn aquarium, also with 

tnmors. On the  surface of the tumors a number of small white specks were noticed; this was after 
the specimen had been lying overnight iu 2 per cent formalin; these specks were on the surface and 
looked like masses of coagulated IYIUCUB. When transferred t o  a slide and examined under considera- 
ble magnification they were found- to  be definitely limited clusters of psorosperma. When flattened 
under the cover glass they became elliptical in  outline. 

Dimonsions in  millimeters : Length of elliptical mass, 0.25; breadth, 0.2; length of single psoro- 
sperm, 0.0141; breadth, 0.010; leugth of oval bodies, 0.005. 

No special search was made for this parasite. Dr. Gorham reported that  other specinlens simi- 
larly affected wero seen earlier in the slimmer. Several specimens were taken during the summer 
with these tumors, but no formal record was kept of them. 

16. Tylosurue marinus, Gar-J?sh. 

August 27; three, small; stomachs of twd empty, other with small fish (silverside). Larval 
ce8todes with two redpigment rrpots in neok in  intestine. (Law. Cest. Parasites of Fishes, pp. 789-792). 

Gasterostomi~m sp. onc, in intestine; see pagc 298 (fig. 91) for dcscription. 

17. Sarda sarda, Bonito. 

(1) July 20; tpree; stomachs empty. 
Tntrarhynckue bicolor (Larval Cestode Parmites of Fishes, pp. 81341.5, pl. LXVIII, figs. G6), 

Gasterostomuni arauatwm sp. nov. See page 297 for description; very numerous in  pyloric cmca 

One small nematode, immature, encapsuled on scrous coat of intestine. 
(2) July 23; one; a small shell in stomach. Xsternal copepod parasites in month. 
One larva in  blastocyst, enveloped i n  a delicate cyst; colorless or white with yellow blotches 

After removal from the cyst i t  
It appears t o  be 

(3) July 28; two; stomachs empty. No parasitos found except copepode, two on ono and one 

from cysts under peritoneum. 

and intestine. 

at the ends. This was found in the muscular tissue near the  anus. 
Was active and crawled with progressive motion on the bottom of a wa,tch glass. 
T. bicolor. 

on the other, in mouth. 
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(4) August 1; one; stomach with nearly digested remains of small fish; no parasites. 
(5) August 5; eight; stomachs empty oxcept in  one case, where nearly digested small fish were 

found, also jaws of small squid and small arthropods, apparently copepods and amphipods. One 
slender blastocyst liberated from cyet on pyloric cmca, very active. See page 300 for additioual 
details. 

(6) August 8; fourteen; the stomachs of most of them with fragments of noarly digested fish. A 
few copepod parasites from the mouth of one, other heads not examined. One cyst from viscera, 
not determined. 

Ga8tWO8fomUm arouatum, few, from pyloric cicca at juncture with intestine. 
(7) August 10; seven; August 11, one; stomachs of severd contained partly iligested small Ash. 

One larva (Tctrarhync7ius), also a few cysts, not determined, from stomach wall. Two of these had 
become degenerated. Two elongated cysts on pyloric cmca. 

See (1) ante. 

(8) August 15; two; stomach contents not noted, probably empty. No parasites found. 

18. Scomberomorus regalis, Spanish ~ a c k e i * e l .  

Auguet 16; one; stomach nearly empty, the  vertebra of a small fish being kl1 that was distin- 
guished. Numerous cyets containing blastocysts and larvm (Sgnbotlriunt) under serous membrane on 
pyloric caca and ovaries. (Larval Cestode Parasites of Fishes, p. 815-820, pl. LXVIII, fig. 7-12.) 
The posterior end of one of the blastocysts was bifurcate. 

19. Xiphias gladius, &wo?*d-fish. 
July 17; two; stomachs with hake, young cod, and beak of a squid. These fish had a number 

of trematode parasites on the gills (Tristomum), most of which, however, had been removed before I 
saw the fish. The following were obtained by me: 

~ t B C U r i 8  inourva, from stomach, 24, large and small together. 
Rhynchobothrium attonualum (Larval Cestode Parasites of Fishes, pp. 805-806, pl. LXV, figs. 8-11). 

Three found on serou8 membrane in  vicinity of rrproductive organs of oue of the fish. One of 
these larva, while lying in fresh water, extended itself until i t  mas 130 mm. or mor0 in  length. 

Two specinions from one host 
and one from the other. These spccimens were all in the rectum o f  their several hosts and firmly 
attached. In two cases the heads penetrated simply tho mucous and submucous coats. The other 
specimen had penetrated tlie intestinal wall and was surrounded by a globular cyst about 12 mm. 
in diameter which protruded into the body cavity. 

Tristomuni cocci~zeim, from gills; 4 specimens. 

Dibothrium plicatum (Cestode Parasites of Fishes, pp. 430-431). 

(Trcm. Par. Fishes, pp. 509-510, p1. XL, fig. 9.) 

20. Naucratee ductor, PiZot-jisl~. 

August 23; ono; stomach empty. No entozoa. 

21. Pomatomue saltatrix, BZue-$sli. 

(1) ,July 20; one; stomach with young herring. Numerous small cestodo cysts (Tetrarh~nclci~s)  
in stomach wall. 

(2) July 21; two; stomach of on0 empty, tho other with fragmeut of squid ( L o l i g o ) .  Numerous 
cysts in  stomach mall (Tetrai*hgnchus) ; several elongatcd blastocysts with thin or imperfect cysts on 
viscera (Synbothrinm). 

(3) July 23; one; stomach contained a small cunner (~autogo~abrus).  The nsnal large numbers 
of cysts (Tetrarhynckrts) in  submucosa of stomach. 

(4) July 25; onc; stomach contained pieces of squid (LoZigo). Numorous cestode cysts on viscera 
and in liver. 

(5) July 30; one; stomach empty. Large oysts containing blastocysts, which wore active when 
liberated, three on mesentery and one in ston1ach-wall between mucosa and submucosa. The larvm 
proved t o  be examples of the species RJiync7iobothriant epcciosum. (Larval Ccstode Parasites of Fishes, 

No entozoa found except a small, 

Elongated cysts (Spcbothriun~) on inesen tory aud serous covering of viscera. 

See page 301 for additional'notes. 

pp. 801-805, pl. LXIV, figs. 13-14; LXV, figs. 1-7.) 
(6) August 8; two; stomachs contained partly digested fish. 

immature nematode in the stomach. 
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22. Palinurichthys perciformis, Rudder-fish. 

(1) August 10; one, small; stomach contents not noted. An enormous number of small distoma 
on and in the pyloric cma,  D~sloniun~.pyl.iform~. See page 292 for dcscription. 

(2) August 19; six; stomach contents not noted. Larval cestodcs i n  general similar to  fornis 
found in squetcague, flounder, goose-fish, etc., in  intestine, but very small. Dimcnsions of living 
specimens, in millimeters : Length 0.34, brcadth 0.17; specimen with head invaginated, length 0.26, 
breadth 0.14. A few small distoma, D. pyrifornte, in  intestine. 

Echi?torhynch~s pristis, var. fmuicornia (Entozoa of Marine Fishes, 111, pp. 531-532, pls. IV, 

figs. 39-41; v, figs. 42-53); from intestine, one. 
Onc Nmall immatnre nematode also found, from inteRtine. 
(3) August 22; three; stomachs contained small univalve shells (lkittia triaitala), and the slender 

crustacean, quite common among hydroids (Caprella geometrica). Larval ccstodes, and numerous small 
distoma, as in lot examined August 10. These entozoa were from the alimentary canal in the vicinity 
of the pyloric cmca. 

(4) August 25; four ; stomachs contained young squid (Loligo p e d i i ) ,  crustacea. Larval oestodes 
and small distoma, as in preceding lots, obrained by opening the alimentary canal, and washing con- 
tents in a dish of sea water. One of the former appeared to have a more prominent myeorhynchus 
than usual. 

23. Rhombus triacanthus, Butter-fish. 

(1) Ju ly  21; one; stomach contents not noted, probably empty. Numerous immature nemqtodes 
on viscera. 

(2) July 23; one; stomach contents not noted. One small cyst containing blastocyst and larva 
(nhyirclrobothriiLm), and enormous numbers of immature nomatodes on and among the pyloric cmca. 
The combincd bulk of the worms appeared to  be almost cqual to that  of the pyloric omca. 

(3) August 10; three; stomach,contents not notcd. Serous coat of pylori0 cmoa with large 
numbers of immature nematodes. 

(4) August 22; four; stomach contents not notcd. A few small cysts and numerous small, 
immature nematodes found on pyloric cmca. 

24. Morone americana, White Peroh. 

August 27; three, small; stomach full of shrimps. 
Dietomum areolaturn Itudolphi. Sce page 293 for descriptiou ; rather numerous, found in dish in 

which viscora hail been lying. 
Numerous pigment patchcs on viecera generally, especially on livor, but also abundant on 

mesentery, stomach, and intestine. A study of the tissue affected with these patches confirmed certain 
conclusious recorded in my Notes on Trematode Parasites of Fishes, page 537. 

Large numbers of cysts in  various stages of degeneration were found. In  most of them ova, which 
are without doubt tho ova of sonie distomum, formed tho nucleus of the cyst. These ova meaaured 
about 0.020 and 0.013 mm. in the two priuuipal diametcrs. They thorefore do not bclong to  D. areo- 
Zattim. The principal steps in  the degeneration of the cysts to pigmcnt were reprcseuted by, (a) one 
or more ova with cyst of coniiectivu tissue just  boginning to form, (b) others with cyst of connectiw 
tissue fully formed, ( 0 )  others with cyst and the oontained ovum or ova surrounded with a waxy 
secretion, (d )  a waxy maes with no ova visible, a180 masses of dark-brown, almost blaak pigment. 
Sections of tlie liver were made, but  no pathological couditions were notcd furthcr than the presenoe 
of pigmont patches in  the serous coat, some of which contained largo numbers of ova; 6,400 estimated 
in one patch through which seotions were made, and about half of thorn mounted serislly. 

25. Centropristes striatus, Blaok SeU-bU88. 

(1) Ju ly  28; one; stomach empty. The dsh had been in  an aquarium for several weeks. The only 
parasites found were numcrous small cysts containing larval cestodes in  the submucosa of the stomach. 
See page 301 for supplementary note. 

(2) August 5; one; stomach with a few small fish nearly digested. The fish was taken from an 
aquarium where i t  had been kept for scveru;l wcclts. A fcw o p t s  on the  mesentery and under tho 
serous coat of tho liver. One of the cysts when opened roleasod a blastocyst t o  which the larval 
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Rhynchobothrium remained attached when it was forced out by pressure. A few encapsuled nematodes 
among the cysts on the mesentery, the intestines of which wcre somewhat folded or  crumpled, white 
by reflected and palc reddish or yellowish brown by transmitted light. 

26. Stenotomus Chrysops, SCU~J. 
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(1) July 19; sixteen, about two years old; stomachs empty. Scvernl nematodes and a few c p t s  
on serous covering of viscera. Small cestode larvre, similar to  those found in squeteague, flounder, 
etc., in intestine. 

(2) June 14; small nematodes and cysts from body cavity, collected by Dr. F. E'. Gorham, agree 
with lot  (I). 

(3) July 25; two; stomaclis coutained annelids and amphipods. Cestode cyst and nematodes 
on viscera-same as lot (1). 

Leech, slender, yellowish-brown, with tlirce longitudinal rows of white blotches, one on each side 
and one dorsal, about eighteeu in  each row; Buckers bluish-white. Although this leech was found on 
the scup, i t  probably camc from one of two floundcrs which were in tho samc pail with the scup. In 
the same pail were, in addition to thesc, an eel, a blue-fish, and two sea-robins. 

(4) July 26; one; stomach with young squid. 
(5) August 4; one; small globular cysts in  kidneys, collected by Mr. E. E. Tyzzer. See pagc 301 

for description. 
(6) August 5; two; stomachs empty. Dimensions, in 

millimeters : Length (alcoholic), 9. Other dimcnsions from lifc. The worm was transparent, and the 
brownish intestine had an anterigrly projecting diverticulum 0.14 in length ; length of clesophagus, 
1.42; head with prominent papilla on ventral lip and two others less distinct; postcrior end slender 
acuminate; distsuce from anal aperture to  posterior cud, 0.14. 

Two small nematodes and one 
small distomum from viscera. The body of the distomum was covcred with minute scale-like spines. 
For further details see page 296 (fig. 72). 

Careful search was made in the hope 
of getting more examglcs of the tlistornum fouiicl in (7). Only a few small, immature nematodes and 
encysted larral  Rhynchobothria found. Tho latter agree with tho form ilescribed in my Notes on 
Larval Cestodes of Fishcs, pp. 796-797, plate LXIII, figs. 9-13. 

A few nematodes on viscera, same as in  lot (1). 

Sinall immature ncmatodo on mesentery. 

(7) August 15; two; stomachs coiitained hydroids (PwzTI~?*~cz) .  

(8) August 22; thirty-one; stomach contents not noted. 

27. Cynoscion regalis, Squeteague. 

(1) July 18; two; stomachs empty. 
Cestodes: I ~ r v a l  Rhynchobothria in  cysts on viscera. Larval cestodes in gall bladder, very 

numerous in one, attached in clusters to  mucous lining of gall bladder; iu the other fcw. (Larval Ce8- 
tode Parasites of Fiahes, pp. 789-792, pl. LXI, figs. 4-15.) 

These were small, immature, for the most part of a 
brown color, especially those recently liberated from cysts. 

Nematodes: Numerous in  cysts on viscera. 

(2) July 19; five; stomachs contained young herring and butter-fish. 
Cestodes : Numerous cysts containing larval Rhynchobsthrie aud Tetrarhynehi on serous cov- 

The usual larval cestodes in gall bladder and cystic duct, tho clusters forming ering of viscera. 
swellings in tho cystic ducts of some, which look as if they might occludc the duct in some caYes. 

Nematodes : Numerous himature nematodes encysted on serous membrane of viscera. 
Acanthocephala: ~c~~ichCorhynC7LU6 proteU8. Two of the fish with several specimens in  intestiuc. 

In each case $he head and globular bulla had penetrated the intestinal wall and were protruding into 
the body cavity. 

(3) July 23; three; stomachs not noted. Cestode cysts on viscera, especially on mesolitcry. 
Large numbers of immature nematodes, frco and cncapsuled on mesentcry. 

(4) July 28; three; stomachs with half-digestcd fish. Numcrous cysts (Te%li*arWynch~) in stom- 
ach wall; cystic ducts of two with the usual cestode larrm. 

(5) July 29; eightcen; Stomachs with partly digested fish. t The usual entozoa in oach, viz: 
Tetrarliynchus larva encysted in  the stomach wall. Nematode and 
cestode cysts in mesentery. 

Cystic ducts with tho usual larval cestodes, free in the 
lumen ofthe duct and i n  gall bladder, and loosely attached by their heads to the mucous membrane. 
Masee of cestode cysts and encapsuled nematodes on mesentery. 

(Entozoa of Marine Fishes, part 111, pp. 537-538, pl. VIII, figs. 85-88.) 

Cestode larvm in cystic duct. 

( 6 )  August 5 ;  two; stomachs empty. 
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(7) Angust 15; eight; stomach contents not noted. Cystic ducts with usual larva. Tetra- 

rhynchns larva in stomach walls, not abundant. Numerous small, immature nematodes ou mesentery. 
About 20 specimens of &’c?binork2/nckue proteue in  a cluster in one of the squeteaguos, within about 
25 mm. of the anal end of the rectum. The heads of these worms had penetrated the intestine and 
tho serous side of the intestine a t  this place was covered with cysts; eome of the latter were opened 
and revealed waxy concretions similar to those clescribed in a former paper, though in these cases 
all were small. 

(8) August 1G; one; stomach contents not noted, probably empty. Larvm in cystic duot and 
gall bladder, usual. 

(9) August 25; ten; stomachs with fish and squids. The usual larval cestodes in  cystic duct and 
gall bladder: also in the in testine others similar but smaller, and all with two red blotohes in the neck. 
Larval Tetrarhynchi eucysted in  stomach wall, small cysts and nematodes OII mesentery. One much 
elongated blastocyst on mesentery of one of .the fish. Leiigth of anterior portion in life varying from 7 
to  14 mm. ; length of the posterior slender portion, 75 mm. or more. When placed in the killing fluid 
the anterior part, which in  life was oblong and translacent, contracted to  a globular shape, 5 mm. in  
length, and beoame tense, opaqlle, and of a dead white color; the posterior portion, when straightened 
i n  the killing fluid, measured 90 mm. in length, and was tranRparent and colorless. Tho larva, when 
liberated from the anterior portion, was fouud to  have well.developed hooks on the proboscides, and 
proved to bo a scolex of the  species Tetrarhynckus erinaceus Beneden. (Larval Cestode Parasites of 
Fishes, pp. 811-812, pl. LXVII, figs. 1-8.) 

28. Tautogolabrus adspersus, Cunner. 

(Entozoa of Marine Fishes, 1886, p. 497, pl. VI, fig. 5, a and b . )  

I 

(1) August 10; six, small, 9 to  10 cm. in  length; scihles of fish found iu stomaohs of three, others 
empty, one cyst containing blastocyst and larval Rhynchobothrium. Tho proboscides were retracted 
and the specimen was too immature for satisfactory determination. The armangemout of hooks Bug- 
gested R. btclbife~. (Cestode Parasites of Fishes, p. 448; L$rval Cestode Parasites of Fishes, p. 793.) 

(2) August 16; one, n good-sized specimen; i n  stomach wero bits of sea-weed and a tunicate 
(Cyn tk iapar t i t a ) .  Five or six amber-colored cysts ou sild in  the testes and one of similar nature on 
liver. These had the general appearance of a ccstode cyst, but contained only waxy, degenerate 
connective tissue. Two of the larger cysts wcre siirrouiided with patches of fat cells. 

Several small cysts, containing blasto- 
Cysts and larva,  on viscera. These appear to  bo the samo as.form mentioned in my notes on Cestode 
Parasites of Fishes, page 794, pl. LXIII, fig. 2. 

Skin 
with immense numbers of oysts and pigment patches, producing a blue-black color effect which makes 
the i ~ ~ f e c t e d  fish a very conspicuous object, due t o  immature distoma. For further details, see page 
296 (figs. 76-81). 

(3) August 26; ten, small; stomaoh contents not noted. 

(4) September 5;  five; stomach contents not noted. No entozoa found exoept in  one. 

29. Spheroides maculatus, Puffw. 

(I)  June 13 and 14; one 011 eaoh date; Stomach contents not noted. 

Numerous distoma from intestine and pharynx, large aud sma1l of same species. 

Specimens collccted by Dr. 

The largest 
I refer this distomum 

One cestode cyst ( T e t v a r l ~ y n c l m  clp.), a lernean, and one specimen of Kclhinorhynchus, probably 
Mr. Gorliam obtained all of these from the pharynx of the fish. 

Tho hooks and general proportions, proboscis and 
The specimen is much smaller, howevcr, than is usual in that  species. 

Small distoma, probt&bly young of D. vibex, 

3’. P. Gorham. 

were from the pharynx, attached to  tlhe walls around ontrnnco to  tho pouoh. 
to a new species, D. vibex. 

E.  acu8, in  bottlo with the distoma. 
The Echinorhynchus is a femalc; lpngth, 10 mm. 
body, agree with B. acic8. 

The lemnisci were indistinctly seen. 

in intestine. 

See page 291 for description and general account. 

(2) July 20; one, small, loss than 20 mm. in length. 
Collected by Dr. F. P. Gorham. 

30. Mola mola, Sun;TcsH. 

July 18; one; alimentary canal filled with digested material of the consistency of thick soup, 
Vinal N. Edwards tells nie he lias usually fouud them full of jelly-fish.” Tho fish had been talien 
off No Man’s Land by a party from tho Marine I3iologicsl Laboratory. The esternal parasites, of 
whiah I was told there wore many, probably T14ston~zini ~udolpltianuni, had been removed by the 
oapturing party and were not seen by me. 
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The following entozoa were found: 
Dibothrium microcephalum (Ent. Marine Fishes, 11, pp. 736-745, pl. XI, figs. 5-18), young and adult 

in intestine. The largest specimen measured 50 om. in length and 7 mm. in greatest breadth. 
Tetrarhynchus elongatus (Larval Cestode Parasites of Fishes, pp. 812-813, pl. LXVII, figs. 9-12) 

and possibly another species; enormously long blastocysts burrowing in the substance of the liver. 
The cnlarged and in some cases globular portion as a rule lay immediately under the serous coat, 
while the slender, filiform posterior part penetrated the deeper tissue. 

Distomum macrocotyEe (Trematode Parasites of Fishes, pp. 522-533, pls. XLV, figs. 8-11; XLVI, 
figs. 1-5), 1 intestine. 

D. foliatum (Trem. Par. Fishes, pp. 532-534, pls. XLIX, figs. 3-5; L, figs. 1-3; LI, figs. 1-4), 3, 
intestines. 

D .  nigro$avim (Trem. Par. Fishes, pp. 530-531, pls. XLVIII, f ign.  8-11 ; XLIX, figs. 1,2), 1, intestine. 
D .  fragile, rather numerous. See page 295 for doscription. 

31. Myoxocephalus Eneus, Sculpin. 

July 23; one; nothing identified in stomach. One sniall nematode in the body cavity. 

32. Prionotus carolinus, GzLrnard or Sea Robin. 

(1) June 5; scolices of Tetrarhynchue biaulcalus found by Dr. F. P. Gorham encysted in stomach 

(2) July 21; one; stomach empty. One larval Rhynchobothrium and one 1arv:il Tctrarhyiichus 

(3) July 25; two; stomachs e6pty. Nematode, immature, on viscera; no other entozoa found. 
(4) August 5; three; fish scales in stomach of one, others empty. A few sinal1 nematodes 

These were immature, rather thick-walled; iuiier outliuo of body wall irregular; 

SOB pagc 295 for 

and intestinal walls; also the same cestode in muscles, but not encysted there. 

found in  the body cavity. 

found on mesentery. 
posterior tip minutely iuucronate; intestine brownish; anterior end truncate. 

description (fig. 71). 
(5) August 24; two; small; stomachs empty. Three distoma from intestine. 

33. Lopholatilus chamaeleonticeps, Tile-jish. 

September 1; five; stomachs more or less everted and empty; inte8tines with considerable 
quantitiea of partly digested crabs. The fish were taken in  135 meters (75 fathoms) of water south of 
Newport. The viscera of these fish had been put  iu formalin and were examined by me September 5. 
The coutents of stomachs a s d  iritestines were examined with great c:rre for entozoa. There were 
found about a half dozen fragments of immature nematodes, evidently taken in  with the food; one of 
them was coiled up, as if it had been encapsuled; one cestode in two pieccs, small, could not be iden- 
tified, but looks like Tmnia. 

One distomum was found which seems to  be new. See page 289, Dietoniunc fmcundum sp. nov. 

34. Opsanua tau, Toad-fcsh. 

September 5 ;  two;  fragments of fish i n  stomach. Nematodes in stomach aud iutestine of each, 
Ascaris Iabena sp. nov. Eight specimens from both. See page 303 for description. 

35. Merluccius bilinearis, Hake. 

(1) June 4; a vial with specimcns collected from a hake by Dr. F. P. Gorhaiii contained parts 
On the latter were smell cysts not identifiable, app:arently very 

A few immature nematodes obtained from 
See below. 

(2) July 30; one, young; stomach empty. No parasites found. 
(3) August 29; one; stomach contaiucd fragments of fish. Larval cestodes in intestiue; numerous 

o p t s  (Rlrynchobothrium) on mesentery and in walls of stomach; small distoma of two kinds found in  
dish into which contents of intestine had been washed. 

of pyloric cteca and pieces of gills. 
young encysted distoma. 
the pyloric cteca. 

One small distornum in the vial. 
I refer the dietomum to D. ocrcatuni Molin provisionally. 

Fish had died in  an aquarium. 

Distomunk (Apoblenka) oweatuni Molin. 
Distomum uitellosunc sp. nov. 

See page 298 for further details. 
See page 290 for doscription. 
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36. Pollachius virens, :'ollock. 

July 14; one; collectoci by 11. M. Kelly. 
Ascaris clarata, about 50; stomach. 
Disfonwni ocreafuni Molin, about 100; stomach. 
Ootobothvircni detiticnlafum OlsNon, one; gills. 
~l~yaclioBotlirizim, encysted ; niescntery. 

See page 302 for additional notes. 
See page 288 for additional notes. 

See page 286 for additional notes. 

37. Paralichthys dentatus, Summer Flounder. 

, Larval cestodes in cystic 
duct of one, as in squeteague, also many scattered throngh the chyle of tho intestine. Many cestodes 
(Tctvarhyncltus) encysted in walls of stomach and intestine of each. A few nematodes, immature, 
encapsuled in mesentery of each. 

(2) July 20; one, large; stomach empty; numerous external copepod parasites on skin; one lernean 
parasite atfixed to  palate; an encystcd larva (Teti~ai.ltyitchtts) with margins of bothria bristly, In 
submucosa at pyloric end of stomach (7'. vobnstns). A few 
encapsuled nematodes, immature, and an encapsuled Ecliinorhynchus on mesentery. In the latter t he  
body was orange-colored, the head and neck translucent, oolo~less. 

(3) July 22; one; contents of stomaoh not notod, probably empty; larva, (Tetrarhynchus) in 
stomach and intestinal wall; and small, immature nematodos in mesentery. 

(4) July 23; two; stomach contents not noted, probably empty; one lernenn parasite in mouth; 
cestode cysts in  stomach and intestine, as in foregoing; cotitents of intestiue washed ou t  'and 
examined with care; numerous larval cestodes, very small and very active after lying in water for 
eight hours; same as in foregoing. 

(5) July 25; two; stomach contents not noted, probably empty; nematodes on viscera; Tetva- 
rhynchus 1arvLc encysted in stomach mall, rather nunierous in vicinity of pylorus. 

(6) July 27; one; stomach contents not noted; large number of larval cestodes from cystio duct; 
small nematode from viscera. 

(7) July 28; one; stomach contained young squid (Lol igo) ;  cxternal copepod parasite on skin of 
upper side; cystic duct with large numbors of larval cestodes; rather numerous cysts (Telrarltynckus) 
in submncous coat of stomach. 

(8) July 30; two; stouiach contents not noted, probably ompty; the usual cysts in stomnoh 
wall; also numerous cysts under serous coat of stomach. As the latter appeared to  be new in  this 
host, the following measnremcnts were takcu, iu millimeters: Length of cyst, 1.12; shorter diam- 
eter, 0.73; length of blastocyst, 0.81; length of Imva, 0.52; length ol' bothrium, 0.18; brendth. 0.18; 
length of bulbs, 0.35; length of longest hooks, 0.021 to  0.034; bothria slightly emarginate. The 
hooks are of various shapes aud agree with Rliynchobothvium keterospine. 

(9) August 8 ;  one; stomnch contents not noted; probably cmpty. Nematodes and one Echino- 
rhynclrus encapsuled in mesentery. The latter had its proboscis partly retracted. Wheu i t  was placed 
in the killing fluid the proboscis was gently pulled, when a slencier neck made its appearance and the 
specimen was identified as a young E. profeiis. 

(10) August 16; one; stomach contents not noted, probablg cmpty; the usual cy& in stomach 
wall; numeroils small white cysts under ser'Ou8 coat of Ntolnach, which appear to  be same as those 
recorded under date of Jnly 50 (nlryncliobotkriunI kctcvospine). 

(11) August 2 5 ;  two; stomachs with young scup (Stenotonius chrysops) and young squid (Loligo 
pea l i i ) .  The oommonly occnrring cysts werc foulid in tho stoniuch mall. The alimcntnry canals of 
these flounders were washed out and scarch made for s m d l  distoma; only one specinion was found, 
D.pudens  sp. nov. 

(12) August 2?; 011.c; 8tomach couteiits not noted, probably cmpty; parasitic copepods on side; 
one nematodc (lclttlt~oo,tenin sai~gttincuni) partly embedded on inside of cheek; BUQ page 304 for tho 
~~eseription. A fow small distoma (Disfoiuiwt dctifatuni) were obtained from tho inteatino; see page 
2% for description; also two small distonia, belonging to  the subgenus Apoblsma, which I refer to 
the species D. appcndiculafum; ace pago 289 for description. 

(13) September 5; four; stomach contents not noted, probably empty; external copepod para- 
sites on side; a lerncran from mouth of one; two immatnre enoapsuled nematodes aud several young 
e1lcnpsuled Ecliinorhynchi, orange ye~low, froin viscera, identified as E profeus. Numerous (listonla 
( I ~ . p u d e ? i s  sp. nov.) See nniler diitc of Angnst 26 and page 290 for descriptiou. Tho usual 0y3ts were 
Present in the stomach walls of these flounilers; iudeed, thoy appear to  be rarely, if ever, absent. 

(1) July 19; five; stomnchs contained only youngsqnid (Loligo pea l i i ) .  

. 

(Cestode Parasites of Fishes, p. 452.) 

See also page 285. 

See under date of Septcmlier 5 below, also page 290, for description. 
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38. Limanda ferruginea, Sand Dab. 

June 29; one specimen of Dibothrium punctatum (Cestode Parasites of Fiches, pp. 430-431); col- 
lected by Mr. S. R. Williams from the intestine of the flounder on the above date. 

39. Pseudoplauronectes americanus, Winter Flounder. 

(1) July 25; two, small; stomachs empty; one with six Echinorhynchus  CUB (Entozoa of Mariue 
These were cdorless and yel- Fishes, 111, pp. 525-528, pls. I, figs. 1-11; VIII, figs. 89-90) in  intestine. 

lowish white, with the exception of the bursa of the males, which were bright orange. 
(2) specimens of It. aczis from intestine; collected by Mr. S. R. Williams June 11 and July 2. 
(3) July 25; one; collected by Dr. Ulric Dahlgren; five specimens of E. acus from intestine. 
‘4) September 5; one, small; stomach empty; no entozoa found. 

40. Lophius piecatonus, Goose-$sh. 

(1) August 11; one; stomach empty. 
Numerous cestode cysts in  the mesentery. One of these was opened and the blastocyst yielded a 

specimen of Rhgnchobotlirium qecioeunt (Larval Cestode Parasites of Fishes, pp. 801-805, pl. LXIV, figs. 
13-14; pl. LXV, figs. 1-7); other species also repreaented not yet  identified. The intestine contained 
immense numbers of the larval cestodes, small, and like those observed in  this host in previous years, 
with two red pigment patches in the  neck. They possess cousiderable vitality and were active 
after being in  normal salt solution for twenty-four hours. While living, these specimens attached 
themselves firmly t o  the bottom of the dish with their suckers, the body floating in  the water. Even 
etroug suction with a pipette often failed to  dislodge them at first. (Larval Cestode Parasites of 
Fishes, pp.789-792, pl. LXI, figs. 4-15.) Several nematocles escapsuled in the mesentery and a consid- 
erable number, apparently the same species, free in  the intestine. These were small and immature. 

(2) August 20; one; stomach empty. A number of cestode cysts found in the malls of stomach 
and intestine, for the most par t  under the serous coat, but  also found involving the deeper layers, some 
of them even showing more plainly on the inner than on the outer side of the intestinal wall. 

Enormous numbers of the small larval form with two red pigment spots in theneck, noted above. 
No attempt was madc t o  estimate the number. There were aertainly many t,houstpds of Lhem withiu 
a small area and they occurred for the greater part of the length of the intestine. 

Three Acanthocephali, apparently Ec~iiworhgnchus acus (Entozoa of Mar. Fishes, III, pp. 525-528, 
pl. I, figs. 1-11, pl. VIII, figs. 89-90), 22, 30, and 31 mm. in length, respectively, all females, found ill 
intestine. 

(3) May 28. A few nematodes obtained from the liver of a goose-fish by Mr. Lawrence E. Griffen 
on above date, similar to those mentioned above-in par t  at least, probably identical with Ayamo- 
nema capeularia Diesing. 

In previous years 1 have found  isc car is inoremens, Ascaris sp. (immature), and others probably 
belonging to  the genus Aacaris, but  too young for satisfactory determination. 
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PART IT. 
Parasitic Copepod from the Squeteague. 

[Plate 33, flgs. 1-5, U. S. N. M. No. 6507.1 

I iucludc in  this report notice of a copepod parasitsfound by Mr. E. E. Tyzzer, July 22, under 
the skin on the preopercular bone of a squeteague (Cgnoaoion regalia). One specimen w m  given to  
me on the date of capture and a sketch was made of it while i t  was still alive. There was a mass of 
ova associated with the specimen and a few were attached to the forked tail. Later two other smaller 
specimens were given to me, which had been found in  the  same fish in  the same ppsition, but  on the 
opposite side of the head. 

Head bluntly rounded in  front, obscurely cordate behind. A single median, orange-colored pig- 
ment spot, suggesting in position the eye of Cyclops, was distinctly seen in  the living specimen, but 
can not be made out in the alcoholic specimens. One pair of short, obscurely jointed antenna were 
seen protruding bcyoud the auterior border of the Bead. The body is not clearly articulate, but 
about eight constrictions of the body-wall impart an articulate appearance. These constrictions 
divide the body into about eight segments, including the head. There is, then, first the head, whose 
breadth equals or even slightly exoeeds its length; second, a neck-like segment, narrower than the 
head, cylindrical, the diameter about three-fourths the length ; following this the third division of 
the body, which is ovoid, enlarged, its diameter more than three times the breadth of the head and 
its length equal to abont one-third the entire length of the animal. Behhd the enlarged segment are 
four cylindrical sogmcnts diminishing in  diameter and slightly also in lengtb posteriorly. Tho diam- 
eter of the first segmeut behind tho enlarged par t  is about one-third t,he diamcter of that  par t ;  the 
last, that  is, the eighth segment, is anteriorly cylindrical and posteriorly divides into a forked tail, 
each fork being equal in longth to  tho combined length of the preceding three segments and standing 
oiit a t  nearly right angles to  the axis of the body. 

Froni certain faint superficial markings on the dorsum of the enlarged portion there is some 
reason for believing that  it stands for at least three primary divisions of the body. On i ts  anterior 
end, also, there is a faint constriction, indicatcd in  the sketch, whioh, if it were of equal distinctness 
with the other constrictions, would make a short segment, not enumerated in  the  foregoing. One of 
the smaller specimons when placed in glycerin showed a corresponding constriction i n  the intcstine 
at this point. The other did-not. Moreover, the intestine bu it showed annulations anterior to this 
which did not have any corresponding annulations in the body-wall. 

The alcoholic 
speoimens are white, slightly tinged with yellow. The exterior wall, moreover, is separated a little 
from the parts beneath, espeeially behind the enlarged portion, so 88 to  look like a thin transparcnt 
cuticle. The opaque inner part is studded with sharp-pointed elevations, giving a spinoseappearancc 
posteriorly (fig. 5). This appearance is prcsumebly due to  the shrinking of the inner par t  away from 
the outer wall. The latter is thin, transparent, and very little crustaceous. 

On the under side of the head at its anterior end is a circular aperture within whioh could be 
distinguished a jointed appendage. This appears to  be one, the left, of e pair of maxillae. There 
appeared to be three joints to this appendagc and what was taken to be the basal joint of its fellow. 
‘l‘here was some indication of an additional rudimentary pair of appendage8 i n  front of these. No 
anal opening could be made out on the large spocimen at first, although a longitudinal mark on the  
ventral side of last segment, just  at tho bifurcation, probably represents it. Later it W ~ E  made out, 
but  was indistinct in  thc opaque specimen. The two smaller specimens, which were not in  first-class 
condition when they came into my possession, when put  i n  glycerin showed the intestine apparently 
ending in an anus which was situated on the ventral side of the last sogment just  at the bifarcation 
and opening posteriorly. 

Dimensions of large specimeu in  millimetcrs: Length 13; length of head 0.76, breadth of hcad 
0.78; length of second segment 1, breadth 0.72; length of third segment 4.5, breadth 2.5; diameter of 
fourth segment 1.5, of seventh 1.3; average length of last five segments 1.2; length of antenna 0.21. 

The larger, when viewed from above, had the following charaoters: 

The color in  life was whitish, the  intestiue dark-brown i n  its anterior portion. 
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Octobothrium denticulatum Olsson. 

[Plate 33, figs. 6-10, U. S. N. M. No. 6508. Bidrag till Sksndinaviens IIelminthfsuna (1876), page 10, Plate I, figs. 13-17.] 

A single specimen collected July 14, by Prof. H. M. Kelly, from tlic gills of the  pollock (Pollachim 
virena) agrees closely with 01sson’s species, whose synopsis I trhnslate : 

“Body depressed, ovate-oblong, tail large, assuming half the length of the animal, canaliculate, 
each plectannm bearing four pedicels, the pediccls short, cylindrical, their anterior valvcs oxtrinsicslly 
denticulate. Ova with a filament nt  
each extremity. Length 7 mm., breadth 2 mm.” 

The f o l l o ~ ~ i n g  notes were madc on the alcoholic specimen : Head bluntly triangular; body lance- 
olate, slightly condiricted behind the head; bothria a little longer than broad, approximating in  length 
t o  subglobular pharynx. Anterior end for about 0.8 mm. and pedicels white, with tinge of yellow, 
also white spot in middle and white along mid line near anterior end; remainder of body dark brown. 
This for the dorsal side; ventral side samo, but paler on the brown parts, and the mid line is white 
from the anterior end to  about the level of the second pair of pedicels. Each pedicel appears to  
expand into a two-valved disc a t  the extremity, the valves being supportcd by a chitinous framework. 
There is a cluster of denticulate papilllo on the anterior outer fourth of each disc, or1 what, when i t  
is expanded, is i ts  dorm1 surface. Two dark-brown ova lay on the median line about 1 mm. back of 
the pharynx. The character of the 
filaments could not be madc out exactly without mutilating the specimen. 

Dimensions of alcoholic specimen in  millimeters: Length 8; breadth, auterior 0.39, in front of 
pedicels 2, including pedicels 3.5; diameter of single disc 0.65; breadth of one of anterior bothria 0.14, 
length of same 0.16; breadth of pharynx 0.16, length of same 0.17; length of ovum not including 
filaments 0.19, breadth of same 0.07; length of single filament 0.14. 

The cirrue, which is armed with a circlc of fourteen bifurcate hooks, opens‘ OIL the  mid-ventral 
line 0.17 mm. back of the pharynx. The arrangement 
of the reproductive organs could not be made out. The vitellaria fill up the greater part of the body, 
extending from the extreme posterior end, even going a short distance into the bases of the posterior 
pedicels, to  within less than 1 Inm. of the anterior end. The testis and ovary could be seen lying R 

little in  front of the anterior pedicels, but  they were so much hidden by the voluminous vitollaria that  
their outlines could not be made out. 

Testes in the postero-median part of tlie body near tho tail. 

These were oblong and had a slender filament at each end. 

The length of these hooks is about 0.02 mm. 

Epibdella bumpusii sp. nov. 

[Plate 34, figs. 11-15, U. S.N. M. No. 6509.1 

My attention was first called to this beautiful and interesting forth by Dr. Hcrmon C. Bumpus. 
Several specimens were obtained on August 18 from the exterior of the stingray (Daayatis centrura). 

Body, flat and leaf-like, smooth, ovate, slightly constricted behind tho anterior suckers, bluish- 
white and transparent. Anterior suckers crossed by about 23 ribs. Posterior suokcr tittachcd by 
pedicel a t  posterior margin of body, elliptical, the  length slightly esceeding the breadth, armed with 
four hooks; the two anterior hooks straightish on tho inner and convex on the outer margins, as seen 
in dorso-ventral view ; the  two posterior hooks IougeF, more slender and arcuate, being curved 
toward the lateral margins. Testes two, about the middle of the body, on 
oppositc sides of the median line, subsphcrical. Ovary a short distmce in front of testes, triangular 
in  outline. Vitelline reservoir immediately in  front of ovary and a little toward the left. ltepro- 
dnctive apertures on left sido of neck at  marginal notch. Cirrus, nteris, and vagina open near 
together, the former b e h g  the most anterior and the others following in  the order named. Larger 
par t  of the body occupied by the vitelline glands. Ova tetrc~hedral, with long, slender filament, 
ejected from uterus as fast as made. 

Dimensions of living specimeii, in millimeters : Length 12.5, breadth 8.35, breadth of posterior 
sucker 4.4, length of anterior sucker 1.28, breadth of same 0.31, breadth of pharynx 0.71. Other 
epecimens were somewhat smaller. In  a spcoimcn mounted i n  balsam the length of the ventral 
sucker is 3.2, the  breadth 2.4; the  length of the longei. hooks is 0.85, of the shorter 0.6. The length 
of the body of this specimen, exclusive of the ventral sucker, is 8, breadth 4.5. 

Althongh somewhat aside from the v a i n  purpose of this paper, I append a few observations m 
the process of ovulation in this species, first as seen i n  oporation in  the living worm, aud second as 
confirmed by a study of serial sections. 

Pharynx subglobular. 
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1. T h e  proocss of egg-making in tlte living worm.-One of the lobes of the yolk reservoir appears 

to  empty itself suddeuly by a short duct into the common duct immediately in  front of the ovary. 
Thence the mass of coarsc granular yolk is seeu to  pass rapidly forward along the duct to  the capsule 
mold, where i t  is shaped into a tetrahedral form by the muscular walls of the mold. As soon as 
the mass of yolk reaches the mold the passage oloses just  behind the iuold, whero a comparatively 
solid basc is formed, against which the mass of yolk is hammered into shape by the walls of tho 
mold. A t  the same timo the capsule is built around the mass of yolk. The material of whioh the 
capsule ia formed appears to be secreted by what was interpreted to  be the shell gland, which ww 
situated about midway between the mold and the ovary. 

It W ~ E  not clearly evident where the slender filament was formed, although I thought I saw it 
lying in the spiral common duct, between the shell glaud aud the mold, just  before the discharge of 
an cgg. When the capsule is nearly finished a very small fine granular maw makes its appearance sud- 
denly in the commou duct at about the level of the shell gland. This mass, apparently injectedinto 
tho common duct from the dorsal side, travels rapidly along the common duot, and as soon as it reaches 
the mold the completed egg is ejected forcibly by powerful contractioiis of the muscular walls 
of the mold. The duct through which it passes lies between the cirrus and the seminal receptacle. 
When an egg is not in  transit this uterine duct i s  difficult to  see, the walls being apparently nearly 
approximate. 

The rush of yolk from the yolk receptacle to  the common duct probably creates sufficient suction 
to  draw a germ cell from the short communicating duct. Germs were distinctly seen in  this duct and 
they were also seen to  be set into osoillatory vibration when a mass of yolk was passing, but the yolk 
mass itself concealed the proximal end of the communicating duct, so that  no germ cell was actpally 
seen to  leave the duct to join the yolk mass, although when the latter reached the egg mold, a germ 
cell could occasionally be soon amoug tho coarse yolk granules. The fine grauiilar mass which joined 
the egg just before it was ejected was inferred to come from the seminal duct. This inferenoe is appar- 
ently confirmed by structures revealed in  serial sections as described below. 

Eggmaking woultl proceed actively for some time, 10 minutes or more, then would follow a short 
period of rest. Unfortunately the time occupied in making an egg was not noted until the specimeu 
had bcen under observation for 2 or 3 hours and had presumably lost much of its vitality. When 
noted the period occupied from the time when a mass of yolk left the reservoir until i t  was ejected as 
a completed capsule was about 40 seconds. 

2. Coiijirmation of some of the above-ntentioned inferenoes. --Sections, both transverse and horizontal, 
were made of this interesting worm. The results were highly satisfactory, but the anatomioal details 
are so numerous as to  be altogether out of plrtoe in this report. I shall mention only certain details 
of structure which explain some of the phenomena of ovulation narrated above. 

The duct which leads from the yolk rescrvoir passes dorsally (fig. 14, yd) ,  hence can not be seen 
plainly, either in dorsal or ventral view, in  the living specimen. The duct from the germ gland also 
has its outlet dorsally, and the two conucct i n  such a mauner tha t  when a mass of yolk rushes 
along the yolk duct and into the common duct, a suctiou would be oreated which would tend todraw D 

germ from the germ duct, While the germ duct is spacious at its beginning in the germ gland, which 
feature, indeed, could be seen plainly in the living specimen, wherc numerous ripe germs could be seen 
oscillating every time a charge of yolk passed toward the shell mold, the duct grows narrower 
distally, and at a short distance from the point of union with the yolk duct is but little wider than the 
diameter of a single germ. Since the amount of yolk which is necessary for a single egg is doubtless 
regulated by reflex nervous aotion, the whole apparatus has become adjusted with wonderful nicety, the 
several parts to each other, so that, wheu normal conditions prevail, jus t  enough suction is oreated 
by the charge of yolk to  draw a single waitiug germ cell from the germ duct. 

Another fact demonstrated by serial sections is that  at a point but a short distance from the 
junction of germ duct with yolk duct, the oommon duct is joined by a small duct which was traced 
$0 the seminal receptacle. The latter is a thick-walled, mlisoular organ, lined with what in the  
Sections look like cilia. It lies to  the left of tlie other reproductive organs and has its external aperture, 
like them, at a notch on the left side of the head. The semiiial duct is very much smaller than the 
vas deferens imd does not stain so deeply with carmine. The vas deferens in these sections is very 
conspicuous and can be traced with ease from the testes forward in  a somewhat tortuous course to 
the seminal vesicle at the base of the cirrus pouch. 

This and kindred forms would well repay careful study and are commended to anroue who is 
in  search of (I thesis for researoh work. 
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1.36 
1.28 
0.19 
0.37 
0.14 
0.18 
0.2u 
0.10 
0.10 
0.020 , 0.014 

Distomum ocreatum Molin. 

[Plato 36. 5ga. 16-24, U. S. N. M. No. 6510.1 

Two lots of distoma. the first collected July 14 by Prof. 11. M. Kelly from intestine of the pollock' 
(PoUad&iue virens), the  second collected August 29, from tho hake [ Xcrlucciua bili?tearia), agree closely 
with the species obtained from the blue-fish. (Notes on Trematode Parasites of Fishes, Proc. U. S. 
National Museum, vol. xx, pp. 514-515, pl. LII, fig. 13.) 

For purposes of comparison I give the following measurements : 

- 
I ~ 0 . 1 .  NO. 2. NO. a. I _ _ _ _  l l  ~ 

r Mensurementa. 
I 

median .................................. 
postorior ....................................... 

Diamotor of oral suokor .......................... 
ventral suokor.. ..................... 

Length of pharynx. .............................. 
Breadth of pharynx.. ............................. 
Longer diamete'r of ovum.. ....................... 
Shorter diamoter of ovum ........................ 

Longth, including uppondix ...................... 3. 66 
oxclludiug appendix ...................... 2.88 

Broadth, anterior ................................. 0.40 
1.05 

0.30 
0.34 
0.17 
0.14 
0.025 
0.013 

1.26 
1.00 
0.10 
0.33 
0.10 
0.15 
0.15 ........ ........ 
0.026 
0.014 

No 1 is from Nerluccius, the measurements made 011 a living specimen slightly couipressed. Nos. 
2 and 3 are from Polluchiica, measurements made of specimens rnounte~l in glycerin. 

Among the specimcns from the hake were two sizes; the measurements given are from one of the 
larger specimens. A smaller specimen in  life had the following dimensions in millimeters: Length 
1.63, breadth of anterior sucker 0.20, breadth of posterior sucker 0.18, longer diameter of ovum 
0.025, shorter diameter 0.013. The appendix was retracted. Another specimen measured 1.92 in 
length, the appendiculate portion measuring 0.35 in  length. The bodies of the smaller  specimen^ 
were much contracted and tho appendages retracted. Sections of the smaller specimens show tha t  
the seminal vesicle ia dorsal to  the acetabulum and situated rather more toward the posterior than 
the anterior border. 

Only one large specimen was found among the preserved specimens. It was sectioned, but  since 
it had been subjected to  pressure during the preliminary examination i t  was found to  be somewhat 
distorted. The seminal vesicle is at the anterior edge of the acetabalum aud there is a Conspicuous 
prostate behind the pharynx. Sections of the smaller specimens showed that  the excretory ves~els  
unite in front of the testes, which, as in  tho specimens from the pollock, are but a short distance back 
of the acetabulum. The brauches of the intestine extend into the appendix. After lying in water 
for some time some of these worms lost the sharply serrate margins, which is a characteristic feature, 
due t o  the regular transverse plications of the cuticle, and in  some of the mounted specimens these 
trnnsverse etrito no longer appear. 

While examining some of the smaller spccimens at the time of collecting, numernus spherical 
masses were seen, which at first were taken to  be ova. Further considerations proved them to be con- 
centric i n  structure and t o  lie in the excretory vesseh. They were observed in  other distoma and appear 
to  be solid excreta. Search was made for these spherical bodies in  sections, and in the excretory 
vessels some werc found which appear to  be identical, although much smallcr. 

While these specimens, which I have identified a& D. ocreattcnt Molin, agree closely with published 
descriptions of that  species, especially those of Olsson, there is one point which I have not been able 
t o  verify with entire satisfaction. The cirrus of D. ocrcutunt is papillose. The oirrns in the spuci- 
mens which I have examined appears to bo minutely papillose, but  none were seen with satisfactory 
distinctnees. The reproductive aperture is at the nuder side of,the mouth. 

The trilobed character of one of the  two vitellaria is clearly shown, and the size of the ova is 
substantially t h e  same in  all. A t  the same time sufficient diversity is shown in these several varieties 
to  make i t  desirable tha t  those forms bulouging to the subgenus Apoblema, which have equal or nearly 
equal suckers, be revised with care. 

The prostate is large and lies dorsal and antero-dorsal to  the acetabulum. 
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Distomum appendiculatum Rudolphi ( 7). 

[Plato 30, figa. 25, 26, U. S. N. M. No. 05ll.l 
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TR-o small distoma, associated with D. dentatrim, from tho flounder (Paralichthys d e t t t a t t ~ ) ,  belong 
to  tho subgenus Apoblema mid appear to  be near D. appendiculatun,. The spocii1iuus, while quite 
emall, are adult, cach contaiuing nnnierous ova. Collected Allgust 27. 

T'he following description is based ou a mounted specimon : Body cylindrical, crosscd by fine 
transverse s t r ia  about 0. C05 milliinoter apart. Those strim are sharp and clear and mekc a rogiilnr 
serrate outline at the mergins; neck short, conical, concave~beneath; mouth subtermiual; acotabuluni 
at bnso of neck about twice the diameter of the oral sucker, both suckers nearly globular; seminal 
vesicle a short distance back of acetabulum situated toward dorsal sido; betweeu it and tho acctab- 
uluui is the large prostate aud cirrus pouch. The csternal reproductivo aperture is on tho iuicivcntml 
line very close to  the mouth; cirrns smooth. Tho testcs are two small subglobular bodies about 0.17 
mru. behitid the acetabulum, ventrally placed and lyiug diagonally ncar together 011 tho rnediiiu line. 
The vitellaria are two small but wcll-dofined bodics lying ventrally a litt81e toward thc right, thcir 
front ruargins shoat half way bctwoen the acetabulum aud the end of tlio body proper; the riglit lobe 
is sabglobular, tho left somewhat three-lobod. Tho folds of tho utorus do not extend iuto the apgcndis; 
ova numerous, lying aiuoug the reproductive organs from behind the testes to tho acctabulum; ovary 
globular, lyiug just  in  frout of tho vitcllsria slightly dorsal to ru~d touching them. 

Length with appcudis 1.13, longth without 
appondix 0.92, greatest dianictcr 0.25, diameter of oral sucker O.OG5, diaincter of ucetabuluuk 0.12, 
length of pharynx 0.08, diameter of pharyus 0.06, longer diamotor of ova 0.037, shortor diauieter of 
0~00.014. 

It will be noticcd that  whilo the proportions of the suckers are those of 11. upptxdict~latun~ the 
charactor of tho vitollaria shows 11 rliminiilarity to that  species. 

Diuionsions of mounted speciuieii, in  niillirneters: 

Distomum fcecundum sp. nov. 
[ P l h  30, flg~. 27-35; Plat0 37, 5g8. 30,37, U. S. N. M. NO. G512.1 

On Sopternbur 1 tlic viscera of five tilo-fish (Lopholalilus clfnn~c~leo#liccps) takou in 75 fathoms 
of water, sonth of Newport, R. I., were placcd in formalin. On September 5 I cxamiuud thoso viscore 
for entozoa, finding b u t  few, tind only oiie specimen of Distomum. 

The specimen beiiig to,o thick to  permit of 11 satisfactory oxaminatioii of the intorunl structure, 
it was cut iuto transverse suctions. A study of thesc yioldocl snch iutcrostiiig results that  1: fccl 
justified in  recording the followiug description: Body unarmed, smooth save for tmmvorsc ~vrinkles 
probably due to  contraction, thick, bluntly roundod in front, sqiiarish posteriorly; ueck slightly 
exce\mto beneath ; mouth subterminal, circular ; acetabulum inuch larger thau oral suckor, scssilo, 
promiuent, its aperture a transverse slit; pharynx subglobular ; msophagus vcry short; branchcs of 
iutestine simple, extendiiig to  post,erior end; gonital apcrturo in  front of acotabuluni (I little t o  right 
of median line; cirrus and pouch for tho greater par t  dorsal to  acetabulum, sominal vesicle dorsal on 
loft side just  in front of ovary, vas dcfcrens accompanied by protltate from seminal vesiolo to  oirrus 
also doraal; ovary dorsal back of postcrior third on modiau line; testes two, transverso, tho right a 
little in advaucc of tho other, followiug tho ovarytpostcriorly, but situated more ventrally than ovary. 

l n  sections proceeding from the head the right tostis appoars soon aftcr tho ovary is first seen, 
and coutinues to show in scctions after the ovary 1ies.disappeared. Tho shell-glniid i8 ventral to  tho 
ovary. Vitellaria not abundant in  this specimen, whioh is adult, situated along the dorso-lateral 
rogious of the body from tho testes t o  tho posterior cdge of the acetabulum. The excretory vessol was 
traccd from tho terminal pore, as a 8ingle narrow media11 canal, t o  a point in  front of tho ovary, 
where it divides, the two branches passing one on either sidc of tho acetabulum vciitral to  the 
intestine. Tho most couspicuous organ in this speoimen is tho uterus. Its folds fill the body from 
the posterior ond to the acetabulum. Both behind and in  front of tho ovary and testes tho uterus 
occupies the whole oavity, save tho small place occupied by the intestiual branches niid excretory 
voseels. Thc OVD, of whioh thcre are immense numhcrs, are sniclll, oblong-elliptical in outlino, with 
thin shell. The coutcnts of a great many of them were stained deeply with oarmine. Many of thoin 
were broken open in  the same manner at one end as if 11 natural lino of cleavage existed thoro, cuusiug 
a terminal cap like part of the shell to scparate. The cells which line the intcstinal tract aro long 
and project iuto the lumen with their bluutly rounded and slightly enlarged euds. 

Dimoneions iu  milliiuetcrs: (1) Specimen cntiru in  oil of cedar. Length 2.75, brcadth through 
I?. c. u. 1880-10 
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anterior sucker 1, brcadtli through acetabulum 1.25, broailtli at postcrior fourth 1 4, ilistrince botwecn 
suckers 1.1, thickncss bohiiid acetabulum 1.1, thickness at acetabulum 1.5; (2) from sectious, transverse 
diameter of oral sucker 0.68, vertical diameter of same 0.47, transvorse diameter of 1)liargnx 0.34, 
vertical diameter of same 0.28, leugtli of same (estimated) 0.28, trausvorse diameter of acetabulum 
1.03, vortical diameter of sauiu 0.65, greater diameter of ova 0.034 to 0.041, lesser diameter of ova 0.017, 
transverse diameter of ovary 0.48, vertical diametcr of s i m e  0.24, loiigth of same (ostimatcd) 0.50. 

Some of the details of structurc are shown in the  sketclies, figs. 29-37. 

Distomum vitellosum sp. nov. 
[Plate 37, figs. 38, 39, U.S.N.M. No. 0513.1 

Throe small distouis associated with others rcfearcd to D. oowutum Molin, in the hirlre (~lferluccit~cr 
bilineuvis), colloctcd August 29, are hcre doscribed. They werc distinguished from the others :ut the 
time of collecting by their slender conical necks, very proininout acetabulum, re1:itivuly 1:trge ova, 
and having the posterior par t  of tho body fillcd with subangular vitelline masses. 

It wauld seem to be A inombcr of a group of species of whicli 
1). umbrina. Stossich, D. obovutum Moliu, and 1). mormyri Stossicli are rcpresentatives. Tlie cliaractcrs, 
RO far as they can be made out from my specimens, are : Body smooth, subcylindrical; neck short, 
slcnder, coiiic:tI, very contractile in lifc, in preserved specimens arched above, coiiciive and hollowed 
out betieatli; mouth subterminal, :qmrture trausvorse; pharyiix, immediately following oral suckor, 
elongated; msophagus not inode out, but either noue or very short; branches of inteatino simple, not 
spacious, extending to  iicar the postcrior end ; acetilbulum much larger thitn o ~ a 1  sucker, prominent, 
aperture ooutraets to small, transverso opcniug with puekerecl Inargius, situated about antcrior third 
i n  preserved specimeus. Aperture of reproductive orgaiis in  front of acetitbulum, on loft of nieilian 
liue; teetes two, moderately large, median, approxiinate, and situated iiear postcrior elid ; ovary in  
front of anterior tctrtis and toueliiug it, lying ou median line, but a littlc toward tho right; vitellaria 
consistiiig of numerous rather large subangular masses, wliicli fill the body bchind the testes and 
extend along the sidcs as far forward as the acetabulum; ova not ~iumerous and rather large, lying 
botwecn ovary end acetabulum. 

Dimensions in  iuillimotcrs : (1) Of a spccimen in  glyccrin, length 1.42, diameter of oriil sucker 
0.08, diameter of acetabulum 0.25, longer diameter of ova 0.052, shortor cliariiotcr of ova 0.031; (2) of 
a spccimen in balsam, length 0.88, diameter of anterior suckor 0.10, dianieter of ncctabulum 0.17, 
greatest breadth of body 0.25, length of neck 0.22, longcr cliariietcr of ova 0.058, shorter dinmuter of 
ova 0.034. 

Distomum pudeus trp. nov. 

The specios is probably new. 

[l’l:itu 37. figs. 40-47, U. S. N. M. No. 0514.1 

Certilin distonia from tIic oominou flounder (Pumlichtkp dentatus) oollectcd Septmnber 5 wcrc 
thought at first to  be ideutic:il with I)istonti~tti trp. from tho s:~mo host, doscribed on p:ige 29G; but  when 
ex:imincd more closcly worc found to bo diffcreiit. The alimcutary caiials of four flounilers \vera 
mashed out and, after repeated wmliing :md decanting, a large iiuiiibcr of iliatoma wero obt:binecl. 
These am of various shapes and sizes, but appoar to beloug to tho siinio species. The 1:irgcst when 
living mcasurod fromi 2.7 to  3.7 111111. in leiigth, with inaxiiiiuiri breadtli of about 0.8 mm. One of tho 
smaller specimoutr measured 1.2 mm. in  length and M 2  i r m .  in  breadth. 

The following description is based on preserved 1u:bturial: Rody suooth, ovate to linear o l i o ~ ~ g ,  
soniewhat depressed; ncclc v:wiable, conical, tapering t o  moutli, or oftcn shortellot1 by inversion of 
aulmior end; mouth terminal, unarmcd; oral sucker iioarly circular in outline iu a few cascs, but  in  
most considerably broader than long; :rcetabulum nearly circular in oiitIino, i. e., when viewed either 
from tho dorsal or ventral side, and considerably larger thaii tho oral suckor, situated iiot far from 
the anterior fourth ; pharynx pyriform, with thc posterior ond tlie larger, proportions not uniform. 111 

some cases the length is greater than tho breadth, in some it equals the breadth, and in somo it is less 
than tho breadth; separated from tho oral suckor by a distance oqiial to a little more thaii i ts  own 
length aiicl from the intestinal rami by a distance less than half its length. Thosc proportions are 
for a specimeii in which tho neclc. is cxtonded. When the anterior cud is inverted, or even slightly 
eontractcd, the pharynx may follow the oral sucker very closely cmd appear t o  opoii directly into the 
iutestinal rami. The wells of the intestine arevery thin; the intestinal rami are siiriplo :bud extend 
to tho posterior end of the body. The excretory vessel was seen to  be spacious and thin-walled at the 
postcrior end, but  was not seen in anterior part of the body. It should be notod that  tho specimens 
had lain overnight in water before they werc placed in killing aud liardeniiig fluid. 
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Testcs two, rather large, mediaii, approximato, autorior testis nearly circular in  outlino wlieu 

soon from dorsal or vontral surface, the posterior testis a littlo longor than broad; seminal vosiclo 
largo, situated toward the right side a t  baso of cirrus pouch, in  which i t  is purtly iiicludod, bchind 
acetabuloin, but passing, with cirruspouch dorsal, to acetabulum to the right, tho cirrus, which is a 
conspicuous orgau, opeuing beside the utorus just  in front of the acetabulum; spines werenoted in  
sections of what in  au everted cirrus would be tho somowhat buIbous base; ovary globuIar, N U C ~  

smaller than testis, approximate to anterior edge of anterior tostis ancl on tho right o f  tho moclian 
line; tho vitollaria coiisist of numerous small bodies, which liu along the lateral margins and at tho 
posterior cnd; they extend laterally into tho ngclc as far ?s pharynx; uterus from genital aperturo 
passes back ou left sideof acetabulum dorsally to folds of uterus, which lie betwoon the anterior testis 
and acetabulum and contain rather largo, not numerous ova. 

A large number of moasurements were made of mounted specimens, and considereblo variation 
was found in  tho proportions of oven such usually constaut organs as tho suckers and pharynx. 
Dimensions in millimotors : (1) Of soctionod speoimen, length 2.74, greatcst breadth 0.57; oral sucker, 
loiigth 0.14, breadth 0.18; acetabulum, length 0.21, breadth 0.21 ; pharynx, length 0.16, broadth 
0.13. (2) Of a iuountedspeoimeu, length 1.6; oral sucker, length 0.076, broadth 0.114; acetabulum, 
length 0.155, breadth 0.155; pl~arynx, length 0.086, breadth 0.076. Longor diameter 01’ ova in soo- 
tioued specimon 0.055, shorter diameter 0.035; ova in  a speoimen clearrod up in acotio aoid measured 
0.069 in  the longer aud 0.035 in tho sliortur diameter. 

Tliesospocirueus agree very closely with D. facrciatnrth Riidolplii, but diffor in tho ratio of oralsucl<er 
to acetabulum. I n  D.fasciatuai tho acotabuluiu isdouble tho diamcter of tho oral sucker; fiirthoriuoro, 
the tesoph:igus, i. o., tha t  portion of the alimentary oanol butweoil tho pharynx aiid tho intogtinal 
rami, is reprrsented as longer than tho pharynx, arid tho pharyiis as following the oral sucker 
cliroctly. In I). pcderis tho diauiutcr of the acclabul~im, whilu groator than that  of tlie oral sackor, is not 
twice as greiit, and the ph:iryiix is followod by a very short cusoph:igus, wliile i t  is sop:irstocl Dolrl tho 
oral suckorby a distaucu :bbout e q u d  to its longth, oxoept in cmos of invorsion of anterior eud. 

Distomum vibex sp. uov. 

[Plato 38, lips. 48-51, U. S. N. N. No. 0515.1 

Tlie followiiig desoription is basod on alcoholic specimens collected by Dr. F. 1’. Gorham, Juno 14, 
from the smooth puffer (Splwoides maculatzcs), pharynx and intestine : Uody unarmod, sublauceolate2 
thiolr, oonvex above; neck concave beneath; acetabulum much largor than mouth; aperture trnirs- 
verso, in iiiost eases retractod, with part of the adjacent body wall drawn into its interior; iuouth 
tnibtcrniiiiaI, aperture oiroular ; pharynx subglobular, contiguous to  oral suckor; tusophagus short; 
iutestinal rami simple, extending to postorior eud of body; excrotory vossols large; testes two, 
lateral, bohiiid :icetabulam aiid in frout of tho folds of tho uterus; ovary subglobular, in front of 
testes, dorsal; vitellaria luteral and posterior, exteiidirig forward to  the acetabulum; genital aperture 
behind tho pharynx iioar the  modian h e .  

This spooios resembles 11. fe l l is  Olsson, but  differs eapeoially iu the position of‘ genital aperture. 
The specimens vury from 1.25 to  ov6r 6 mm. in  Ieilgth. Many of tho larger oiies aro transversely 
wrinkled. %he smaller oiies are smooth, and all present a plunip appearanoo. Many of Choi~ h r d  
become faatenod together, probably u t  the t h i o  of iminorsiou in tho killing fluid, tho ficetabulum of 
one adhering so strongly to  :mother as to  pull a par t  of body iiito a prominent kuob. 

The following gives dimoneions, in  millimeters, of a large aud small spooimen, alcoholic - 

___-_I_ 

0.00 
1.00 
1.80 
2.00 
0.65 
0. ts 
0.08 

Mcllsuroruonta. 

1.34 
0.37 
0.60 
0. 70 
0. n3 
0.32 
0.66 

Longth ............................................ 
Dinmotor at  orul suuker ........................... 
Uiamotor at aootnbulum ........................... 
Groatost bmndth .................................. 
Brondthof ornl sackor.. ........................... 
Length of ornl suokor.. ........................... 
Ureadth of acetabulum ............................ 
Longt,li of uootabululn ............................. 
Uistnnoo Irotwoon suclcors ......................... 
Groatost thloknoss of body.. ...................... 
Longor diameter of ovuin. ......................... 
Shortor diaiuotor of uvuu ......................... 
L- I I I 
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Sections of both the large and thc small spociuieus were made, and while i t  does not enter into 
tho plan of this paper to  give Iiistological details, the following auatomical dotails may bo hero 
recorded for purposes of identification : Tho euticlc is thick, particularly its inner lilyor, which 
presents a crenulate outlino. Both longitudinal and circular muscles strongly devolopod, especially 
tho former, and i n  tho neck traiisverse fibers are very abuudant. The submuscular cell layer is very 
conspicuous. Tho pharynx is about half the longth of the oral sucker, and opens into tho iutestini~l 
rami by a very short msophagus. Tho acetabulum is strongly developed, and evidently functions as 
a powerful suctorial organ. III all the specimens sectioued it had drawn in a par t  of the tissues coli- 

stituting tho ventral portion of the  base of tho neck, while the cavity of the acetabulum contained 
material which appeared to  be piocos of the intestinal mucous membrano of the host. Tho branchcs 
of the intestine lie dorso-laterally, aud reach to the  postcrior cndof tho body. On account of tho state 
of contriiction of thqbody,  the  intostinal walls are much convolutod. Tho colla liniug tho  intestine 
aro large and the cuds turned toward tho lumen are swollen and stain very slightly with carmine. 

T’he oxcretory vessels wore traced forward to  tho oral sucker and back to  the posterior cnd, whore 
they unite. The vo~sols are large, their walls thin, granular inner surfaco staining deeply with 
carmine. Near the posterior end tho walls becomo somewhat thiclroned and appear muell foldod. 
Tho ovary is in frout of testes, toward the dorsal side ;~nd close behind tho acotabulum. Somo of the 
sections indicate au obscurely lobed structure. Tho shell gliind lies on tho ventral side of tho ovary 
aud immediately behiud the acetabulum. The uterus, begiriniiig a t  tho shell gland jus t  bohind the 
acetabululu, fills the posterior par t  of tho adult body with its voluminons folds. It leads forward on 
the dorsal sido of the acotabulum, and in front of that  orgnu passes rentrally beside the cirrus pouch, 
the extornal genital aperture boiug on t h o  ventral side of the nook, 3 little to  the right of the  ulcdiau 
line i n  ouc spocimen, m little to  the left in  another, and, as iieai’ as could be determined in  these highly 
coutractocl specimens, approximately about tho anterior third of distance betweon the two suckers. 
The testes are two, latorally placed behind die ovary aud vontrally, and nom onough so that  some 
of the transvorse thin soctions of the body passod through both the testes and the ovary. 

It is incloscd in a spherical 
muscular me, but  it  and tho vas defcrens, cirrus, and prostate gland all are iucloscd in  a special sac. 
This is partly shown in the sketch, fig. 49, p. (IC. 

The vitollino glands aro couspicuous voluminoua organs lyiug latorally and posteriorly rather 
morc vcntral than dorsal. ’I’hcy appear to consist of nuiuorous branching glands which oxtend 
forward to the postJcrior edge of tho acotabiiluiu. In  scctious stained lightly with cariuiue tlleso orgalls 
are beautifully difierentiatecl as goldon-brown bodies with parts stained rod with the enrmino. 130th 
ovary and testes stain strongly in carmine. 

The sominal vesicle lies immodiatoly in  frout of tho acotabulum. 

No posterior seminal rcceptaclo was iuade out. 

Distomum pyriforme sp. nov. 

[l’lsto 38, figs. 62-69, U. S. N. M. No. 6510. J 

l‘hese distoma wer‘o found on four occasions, August 10, 19, 22, 25, in  ouormous numbers i l l  the 
pyloric cmca of tho rudder-fish ( l ’ a h z u r i c l d ~ ~ ~  pwciformicl). 

Body very slightly compressed, of various shapes, but  usually olliptical or pyriform in outline, 
arrncd with low, flat, rounded, scab-liko spines. Neck in  some slightly oxtcuded; in others the oral 
sucker was retracted (fig. 56). Mouth subtorutinid, orbicular. When the worm is oxtended 80 as t o  
give a fiworable view the oral sucker is  slightly olongatcd itnd sop:iratcii from the pharynx by a sllort 
ow~phagus. The latter, of course, is difficult to  mako out in contracted specinlous. Acetabulull1 a little 
broader than long, about oqualing the oral sucker and situated about the mldcllo of tho length of the 
body. Intcstiual brailclies conspic~ous, straight, roachiug to the posterior end of tho body. T’estes 
two, iiearly globular, but  breadth sliglitly grcater than length in elongated and considerably greater 
in  contracted specimens, situatod well toward tho posterior end, closo together, ouo immediately 111 

front of tlio other. Cirrus pouch elongated, on right sido of acetabulum opening in  front of the 
same; cirrus spinose. Ovary small, rouud, gituatcd in front of tho testes near the seininal \rcsiclo, 
dorsal, and a little toward the right and close to the acetabuluui. Vitellaria voluminous, filling tllo 
greater part of tho body, especially at tho posterior ond and along the lateral margins as far forward 
as the acetabulum. Utorus evidently short, Ova vory few nnd relatively large, lying between ovary 
sud acetabulum and equalin’g in longth tho diametor of that organ. 
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Monnuroinont8. 
-. 

Lonpth ....................................... 
Uroiidbli ...................................... 
I,cngt,h of oral fwckot. ........................ 
I<roadt,h of oral Riiolior .............. &-.. ...... 
Longtli of acotrrbiilniii.. ...................... 
Uronclth of‘ ncotnlduin..  ..................... 
Longth of pliinyin ........................... 
Brcnnltli of pliwynx.. ......................... 
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No. I .  

0.31 
.ID 
.OG 
.OO 
.055 
.OB2 
.031 
.031 

__ 

Tho following tnblo givos tho dimensions in millimotors : 

I- No. 2. 
I_ 

0.36 
. I 2  

.041 

.om 

.027 

. n a  

. n u  . n:a 

1 No. 3. 

0.20 
. I 8  . (I62 . I161 
,048 
.052 
.038 
.O31 

No. 1 was a living spocimcii, slightly cornprossoil; Nos. 2 and 3 wcro niountod in balsam. A 
spooimcn frco in  sea wntor moasared 0.36 mm. ‘in longtli contractoil and 0.57 mm. when ostcndocl. 
Tho ova measixrcrl 0.055 and 0.031 mm. in tho two prinoipnl rlinnioters. 

The following mensnremonts of living specimens show the varions shapes asanmod by tlioso 
worms: 

Longth ............................... ......... 0.20 0.36 0.33 0.21 n.26 0.34 0.IG 0.45 
13rondtli ........................................ 0.m 0.17 0.21 0.11 0.14 0.00 0.10 0.17 

Sections \voro ninilo of somo of tlic pyloric cmca nncl rovoalod nnmorous clistoma embodded in the 
oontoiits O C  tho ctcca (fig. 62). Splierical bodies witli a concontric structuro woro soon lying in the 
excretory vessel. Those iiia880~ woro not of uniform sizo; the largest moasurod 0.01 rnm. in dianictor. 
They appear to  bo solid oxoreta. I n  
tboso sections i t  was seon that  tho oral suolrcr and acetabulum nro of substantially the samo sixo. Ono 
of tho largor spooimons, wliich lay in a favorahlo position, yieldod the following moasnromonts (in 
millimctors) of thoso parts : Uiamotor of oral snolror, 0.07; of ooetabnlnm, 0.07; dinmotor of phnrynr, 
0.04 ; lcngth of body, 0.35; brcadtli, 024. 

Thoro-is thus 
tho grontost variety of outliiio exhibited by theso spocimens, long and short oval, snblinonr, elliptical, 
and pyriform, tho latter in some form or othcr perhaps prodominating. The oscretory vossel appearu 
to  bo largo and was soon to expand into a spaoious postorior areit i n  R O ~ O  instances (fig. 55). In tho 
sootions tho cirrns was soon to  be spinoiis, and tho seminal vosicle and prostato mere relatively Iargc. 
Tho genital apcrtiiro is in front of tho ncotabiilnm nncl apparently ncnr ‘it. The ova nro fern, usually 
throo or fonr-in ono C ~ S O  six woro soon-but n~ oomparod with tho sieo of the  worm nro vory large. 

In tho first 
instance tlie pylorio otnca wore soon t o  bo rninutoly pnnctnred with dtrrk spoclrs. When they woro 
placed in a smtill dish of m a  water and osnminecl with a hand loiis, immonso nnmbors of small distoma 
moro soon 011 the  pylorio omca. Tho elrotoh of a par t  of a sootion of tlio pyloric omcti (fig. 52) givos 
an i q o r f e c t  idoa of tho great niinibors of thoso parasites. When i t  is reinombered tha t  this is whnt 
is shown in a vory thin section and that  a long series of scctions rovealocl a siniilar clogrco of iufoFtion 
tliroughont the o;eoa, i t  may bo inforroil tlint tho vitality of tho host is nffootod seriously by thoir 
proRon0e. 

Distomum areolatum Riidolphi. 

They iiro milch smaller than the ova oiid moroox’or aro spherical. 

Altirgo port,ion of tho presorvod specimens havo tho antorior ond of body invorted. 

No attempt was made to ostimato tho numbera of theso clistoma in  a single host. 

[Plntc\ 30, flpa. GO-03, U. S. N. M. NO. 0517.1 

some sinnll distome, found in a dish in which visccra of tho whito porch (Movonc anm*icana) hat1 
boon lying, aro roforroil, not withont somo doubt, t o  this species. Tho following closcription is basod 
on n monnted spocinieu. Body covered with sliort, flat spines, which appear slondor on the margins, 
probably because thoro seen on oclgo. 1’he spincs bocorno somowhat soattorod postoriorly, but with 
car0 way be trncod nearly if  not qnito to postorior end. Tho body is doprcssod, ovate, :~nd broodost 
toward postorior mid. The antorior siioker i s  unarmed, ovnto, with cirarilar Itpertiire, sribtorzninal 
and a little largcr than tho aeetabi!lnni. Tho lnttor is sessile, broador tbnn long, and sitnntod about 
tho aiitorior foiirth of tlie body. CEsophegus vory 
short, shortor tlmn pharynx. Branchos of tho intostine simplo, oxtonding iioarly to t h o  postorior end. 
Excrotory vesscl spacious, at postcrior end of tho body. ToHtos, two rtithor largo bodios plticcd side 
by siclo on opposito sides of the modinn lino, with thcir antorior bortlors about tho middlo of tlio body. 
Tho cirrns ponch Iios bnok of tho aret8nbiiliim and to  the riglit. 

Ph:rryns oblong, shorter then tho oral siiolcor. 
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Tho reproductive aperturc is in  front of tho acetabulum.' Thc ovary is subglobular and lies 011 

the  left of tho median linc and is separatcd from thc acetabulum by tho uterus with a few-three or 
four-large ova, and the shcll gland. The latter lies just  back of the acetobulum. On the right side 
of the median line and at about the game level as thc ovary is the postcrior seminal rccclhaclc. Just 
back of tho seniinal rcceptaclc and ovary, and lying across the median line, is a lozenge-shaped mass 
of vitelline substmoo, apparently a yolk reservoir, with ducts lcading to tho right and left to  the 
voluminous vitelline glands. These glands occupy tho lateral margins of the body from the pouterior 
end to  the pharynx. 

Dimensions in millinieters: (1) In sea waler, lcngth variable, but  from 0.7 to 0.9; breadth 0.4; 
oral sucker, length 0.10, breadth, 0.12; acctabulum, length 0.10, breadth 0.09; ova, longer diamcter 
0.11, sliorter diamoter 0.07. (2) Specimcn mountcd in  balsam, lcngth, 1.3; greatcst brcadtli 0.64; 
diameter of oral slicker 0.17; di:muter of :mctabulum 0.13; longtli of pharynx 0.28; breadth of' same, 
0.25; diutance betwecn suckers (margins) 0.14. In onc case where the acotal~uhim \\'as 0.10 loug arid 
0.11 broad, a11 ovum memured 0.117 and 0.076 in  tlic two principal diamcters. 

Distomum dentatum sp. nov. 

[Plato 39, figs. 04-07. U. S. N. M. No, GBIB.] 

A few small distoma from tho floiundcr ( ~ ' a ? ~ d k d ~ ~ h ~ s  dcalnl/ts), reaombliiig i n  many iinportant 
particulrirs the species mhidi I have called I). tenwe (Proc. U. 8. Nat. Mus., vol. XX, p. 535, pl. LII, figs. 
2-8), are here included. 

The following description is based mainly on ~pecimeus mounted in balsam : Body somewhat 
deprcsscd, increasing in breadth toward postcrior cud, the  proportions varying with differcnt stages 
of contraction, bu t  postcrior ond usually bluntly rounded, greatest diameter usiially at the posterior 
tcstis; ucck short, conical, cylindrical in  front, somewhat dopressed at base ; neck and body covcred 
with short, subtriangular, soalc-like spincs, which are densely placed anteriorly, but  boconic scattcr- 
iiig a t  posterior fourth and very sparse at posterior cnd; vcntral siickcr sessile, larger than oral 
sucker, nearly circular in ootlinc, with trausvorsc apcrture, situated about tho anterior third, though 
in some cases where the nook W ~ R  contracted the suckers were closer together and-the acotabulnm 
was then iu advance of the anterior third;  mouth terminal, snrroundcil by double circle of Rtraightisli 
spines, about 24 in each circlo, tho spincs of one circle alternating with those of tlic other; the  
obloug pliarynx is separated from tho oral suckor by a distance approximating its own length, lies 
cloao t o  the front oilgo of thd acetabulum, and opens directly into the intestine. 

Tho branches of the intestine cxtend to  the posterior end of the body. The cirrus pouch, with 
the incloso~l seminal vcsiclc, lics bchind tho ncetabiilnm and a littlc to  the right. The cirrus passes 
along tlie right dorsal edge of tlie acetabulum, while the distal cud of the uterus passes 0 1 1  the  dorsal 
IeCt edge of tlie same, both coming togcthcr at the reproductive aperture in front of the acetabulum, 
about on the median linc. Behind the cirrus pouch and in  front of the ovary is the utorus, containing 
a comparatively small number (40 estimated in  one) of ora. The ovary lies a littlc t o  the right of 
the median line, immodiatcly in  front of the anterior testis, appearing soniewliat triangular in outline. 
The testes are two, large, quadraugular in outline, broader tlian long, median, approximato, t,lm 
junction between thcm not far from posterior third of the body. The vitellaria, are very abundant, 
masscd postoriorly, along the lateral margins Oven into the nook, and around the periphery of the 
body over tho other organs. 

Dimensions, i n  millimeters : 
(1) Liviug specimen: Lcngth 1.14, anterior diameter 0.14, mcdian breadth 0.37, dianioter of' oral 

sucker 0.08, diameter of acetabulum 0.14, longer diameter of ovum 0.07, shortcr diamoter of ovum 0.03. 
(2) Specimen mountcd in balsam: Length 1.85, anterior diameter 0.17, grcatout bre:dth 0.64, 

diameter of oral slicker 0.14, diameter of acetabiilum 0.20, length of pharynx 0.14, diameter of pharynx 
0.10, length of anterior tcstis 0.21, leugtli of posterior testis 0.28, breadth of each testis 0.31, longer 
diamctcr of oviim 0.06, shorter diameter of ovum 0.03, length of longcst oral spines 0.04. 

When those specimons ore comparmd with I). Ienuc, besidcs baing considerably srnnller thop are 
relatively broador and much more appressed. Tho number of oral spincs is  diffcrcnt, altliougli this 
differencc shoulcl uot be made much of, sincc obscrvations on a great niimber of speciuieus are needed 
to deterniiiie what variations. if any, ocqiir in  this respect in these species. 
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Distomum fragile sp. nov. 

[PI& 30, flg~. 08-70, U. S. N. M. No. 0519.1 

Sevcral s ~ d l  distoma werc fonnd in the intestines of a snn-fisb (Moln mola) 011 July 18. On 
account of their incouspicuons size, and ~ Q C ~ I I S O  of the lnrge amount of othor niaterial which nws 
collcctcd nt the mme timc, tlieso specimens wero not givon as much attention a t  tlic timeof collecting 
ns they (Jcservcd. TJpon -going over tho prcservcd material I find that  it is not in perfect condition, 
f,lm dcliratc iieclrs of tho specimcns having broken in cvery case. 

Tho following dcscriptiori is based cntiroly on preserved material : Body unarmed fusiform from 
acetd~nlum back, deprossed ; neck clongatcd, slcndor, cylindrical, slightly cnlargcd a t  mouth. hcct:h- 
nlnm n littlo largcr than month, subglobular, nt basc of neck sessile; inoutli terminal or nearly so; 
pharynx s ~ ~ b ~ l o b n l n r ,  Hitnoted a distance eqnal to twicc i t s  length or mom bchind tho posterior odgo 
of tlic oral sucker, followed by n slondcr mophagas j intestinal crur:b simplo, boginning in the neck 
ihbont half way botwcen tlio pharynx and acotabnlum, cxtciiding to  ncm thc postcrior end of thc 
1)ody; testcs two, median, approximate, situated iienr tho postorior cnd o f  tho body, n littlo longer 
tlran brond; ovary ~nbtrinngular in  outline, lying immediately in front of tho auterior testis and a 
littlo to  thn right; cirrus and cimm p o ~ ~ c l l  inimcdiately in front of tllc ncotnbulum and to  tho loft; 
vii,ellsria very tibutidant, apppoaring in subauguhr masses t i t  posterior cnd and d o n g  dorsal and 
lateral regions of the body to and oven in front of tllc acetabnluni; uterine folds bctwoen acctnbnlum 
nnil ovary; ova relatively largo and in modcratc nnmber. 

IXmensions of monnted spcoimen, in millimeters : 1,cngth 1.78, dinmetor of antcrior snclror 0.10, 
diarncter of neolc bchind month 0.07, diametor a t  acetabn~um 0.24, grentcsf; diameter 0.33, distnncb of 
acetnbnlnm from aiitcrior end 0.71, diameter o f  ncct;ibnlnm 0.14, longtli of testis 0.17, breadth 0.14, 
cliiirnctor of ova,ry 0.10, longer diameter of own1 0.0G9, sliortcr dinmetor 0.038, length of pharynx 0.06, 
distnncc bctween pharynx and antcrior snckcr 0.15. 

Tlic excretory vosscl was not noted luitil socti;ns wero roached back of the tcstes, mhero i t  
bccoincA a Bornowhat spncioy vessel. Tho posterior seminnl rccoptacle is Hitnntcd immediately dorsal 
t o  the ovary. In tho sectioncd specimen the testcs worc seen to  occnpy tlie wholc lloight of the 
body cavity. In tho vicinity of the testcs tho vitellnria wcrc 80011 to  lie :dong tho lateral margins, on 
the dorsal sidc nearly to  the median line, and on tlie vcntral not qnito so far. 13oliind tho tcstcs they 
oxtonil entirely aromtd the  cavity in whiclr fie tho two intestinal crnra and the centrally placed 
excretory vessel. 

Distomum sp. 

[Plnto 30, lip. 71, U. S. N. M. No. 0520.1 

TIrief mention is liere made of R distomnm, three esamples of whioli woro obtained from the sca 
robin (Pvionotzte carolinits) hugnst 24. Two specimens of fish were esamincd. T'hu alimentary canal 
WBH opcned and washed ont in water, with tho rosiilt given above. My notos, made at the time, 
clisracttnize those worms as having the heitd and prominont acotabnlum transparent and colorless, 
the  body opaqne, white, yellowish bchind tho aoetabulnm; neck very short, arcuate; body oylindrical 
and  slightly irregular. 

Dimonsions, in millimetcrs, of II specimen in sea water: Lcngt l~  1.06, length of oral sucker 0.07, 
breadth of minu 0.11, length of noet~bulum 0.18, breadtli of 8ame 0.21, dinmeter of neclr at narrowest 
point 0.13, diameter of body 0.26, (lorso-vcntral diameter of body, inoluding acctabnlnm, 0.31, same 
1)eliintl n.cctrtbulnm 0.17, saine of neck 0.13, length of neck 0.13. The length of another apcoiincu 
w:ts 1.78. 111 n monntcd spocimcn the pharyns measurod 0.09 in lciigth nnd 0.07 in dianiotor, and the  
ovn 0.048 and 0.031 in the two principal diameters. 

Following are tho specific CharaOter8, 80 far as 1 have been able to  make thoin ont: 
l3ody nnarnied, oranilato, noarly cylinclricnl; ncclr short, oylindricel, varying in position from 

arcnate to scmieroct ; ncotabulum pcdiccllatc abont twice the diameter of the oral suckcr; month 
terminal; msophagus none or vcry short; branchcs of the intestine simplo, extending nearly to  the 
postorior ciid; testes two, modian, juxtaposed, dorsal; ovary imn~edi:~toly iu  front of tho testae, 
globiihr, vcntral; vitelhria conspicuous, cxtcnding from tho postcrior extrcrnity to  tlic acotabnluni ; 
folds of the utcrns betwecm the ovary and ncotab~ilum; ova ratlier largo aucl not very numei~ous ; 
rcprodnotive :operturo jrrimcdintoly in front of the ncetab~~lnm. 

'rhoso specimens possoss many cbar:&crs coninion to  tho forms which I have roferrod doiibtaiilly 
to I). Rimplea Itidolphi. (Troimtoile Pnrirsitcs of F i s l l C E ,  p. 526). 
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Distomum RP. 

[rlnto 39, fig. 72; r ia to  40, figs. 73-75.] 

Among tho iiumoro~s small distoma f0i111d during tho summcr of 1898, I noto brielly a fobmi fonnd 
on two occ.zsions, but  :is only a single spccimcn was obtainod i n  oacli caso formal identification has 
not bean attoniptcil. 130th arc cliaractoriacd by having thc body armcd with minnte, scalc-like spines, 
clonso on the neck, but  bccoming sparse posteriorly on tlio body. Olio wns obtainod from R scup 
(Stenotomus clrr!/eops) Augnst 15, tho othcr from a flounder (ParaZic7~l7rya deiitatus) August 2B. Since 
the stomach of the latter contained scveral smal l  scup, and Ibc distomum was 01)tnined by washing 
out tho alimentary c a i d  of tlip flonndcr, tho trno host of tho worm is qnitc probably tho soup. 

Dimonsions of living spcciniem, in millimeters: 
(1) Specimcn from scup: Lcugtli 0.62, greatest broadth 0.31, diameter of oral Ruckor 0.09, of 

acotabnlum 0.09, longor diamctcr of ova 0.076, shorter diamctcr of same 0.034. 
( 2 )  [U.S.N.M., No. G52l.l Spocimon from floundcr: Length 1, greatest brcn,dtli 0.53, diameter of 

ora1 siickor 0.18, of acctabulum 0.18, longer diameters of ova 0.076, sliortcr cliamcter of sanie 0.032. 
Tho same specimcn niountcd in balsam is 1.22 in  Icngth and au ovnm measured 0.064 and 0.034 in the 
two principal iliamctors. 

Diagnostic characters, so far as thoy can be mado out from tlic lattcr spccimon, arc as follows: 
Body ovate, depressed, whitish in  life, covered with short scaloliko spines becoming sparscly scattored 
posteriorly; nook short with tcuclcuoy to  bo constricted behind oral slicker; month subtcrminal ; 
:wctabulum oqualing or slightly oxccecliug mouth ; pharynx longor than broad ; ocsophngns nono; 
branches of intestiite, simple, spacious, extcnding to  nom posterior oud ; tostcs  two, median, back 
of middle of body, closc together, relatively largo, broader than long; gcnital npcrture i n  front of 
acetabalum, a littlo to  tho loft, cirrus pouch behind ncetabulnm ; ovary subglobular lying iuimecliatcly 
in front of nntcrior testis; utorinc folds, coutaiiiing :b fcw (6) relatively largo ova, lying botween tlic 
ovary and ncetabnlum ; vitcllarie along Iatcral margins from tlie postorior cnd to  acotabnlum. 

Immature Distoma encysted in skin of Cunner. 
p ia te  40, fig. 76-81, u. s. N. M. NO. 0522.1 

' 

A cunner (!l'aulogoZab~*iis adsperalce) was oxamined Septenibcr 5, in which tho gcneral surface of 
the body, including tho fins, wm covorcd with minuto cysts. Tho appcaranco of tho fish agreed in  
iiiinutost clotoil with Rydcr's doscription of a siniilar Q ~ B O  obscrvcd by him (Bulletin U. S. Fish Com- 
mission for 1884, pages 37-42). Ulnclr pigment cells aro vcry abunclant in the yicinity of tho cysts, 
whcrc tlioy mnke black, opaqnc masscs immediately surrounding the cysts. Pigment is almost cntirely 
absent from the exterior surface of the cyst where tho opidermis is tightly stretched. The cysts them- 
solves "we marly transpnrtpt. This is true for tho larger cysts. Tho smaller cysts have pigment 
cells ovor thcir surface, bu t  in no groator abnutlance than normal. As tho,cysts grow, tho pigment 
colls rctroat from tho surface and nccnmnlato about the periphory of tho cysts as it is  seen in  optical 
section mlien a scalo with tlicsu cysts is p u t  unclcr a cover glass aud oxamined with aid of a microsoopo. 
Tlie led pigment of tho skin continuos to  be reproscnted ovor surface of cysts longer than the black. 
In a11 cysts observed pigment cells wore absent from surface just abovo tho roung worm, 

110 docs 
not appear aotually t o  have seen them. Bomo of the young removcd from the  cysts provcd to  bo 
young distoma, thus oouiirming the general conclusion of Ryder. 

Sections mere made of tho fins containing numcrous cysts, but  without throwing any light on 
the probablo identity of the  adult spccios represonted by these immature forms. Tlic \valls of tlieso 
cysts, as soon i u  soction, prove to  bo relatively thick. In one which measured 0.33 by 0.25 nnn. in tho 
two principal ditirnctcrs tho mall of tho cyst was 0.05 inin. thick. 

The following tablc gives the dimensions, in  millimotors, of living specimciis t~cinovecl from cysts : 

Ryilcr thought theso cysts were due t o  the presenco of the cercaria of some trematode. 

I Momuronrontn. I No. 1. 1 No. 2. I No.3. 
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Cysts with Trematode Ova. 

LPlnto 40, figs. 82-84, U. S. N. M. No. 0623.1 

Throo spocimons of white porch (dlorore antaricnnra), oxaminoil on Augnst 27, Iiacl the viscera 
genornlly coverod with pigmont pntclias. A study of t h R 0  not only voriGod obsorvations of a similar 
uaturo piiblishcd by me in vol. XX, Procoodings of U. S. National Museum, pago 537, but  confirmed 
cortnin conchisions reacliod with rogard to somo waxy ~nasses found in a disensod ovary of this fish. 

I n  the spocimens ova wore found (1) with cyst j u ~ t  beginning; (2) with thick cyst of coniioctivo 
tissno; (3) cyst and ovum both surrounilod with a waxy ‘seorotion, but  own1 still plainly visible; 
(4) a waxy mass similar iii appoarnnce to  (3) but with no ovnin visiblo; (5) masses of very dark-brown, 
almost black, pigment. Tho ova wero not of uniform sixo; the largest, howuvor, rno:isured 0.020 mni. 
and 0.013 mm. i n  tlie two principal dinmoters shown in optical soction. 

Sections of the liver were mada, but no pstliological foatoros woro noted fiirthor than prcwnce 
of ova i n  pigment patclies, of which tliore wero n largo nombor in tho serous coat of the livvr. 100 ovn 
wero ostimated in n siiiglo Rootion throngh 0110 of thoeo pigmont pntchos, wliioh would indimto 
approximatoly 4,000 ova in tlio pigmont patch. 

Gasterostomufn ovatum Lt. 

[Monostomem orbimclarr Itudolplii, Linton, Proa. U. S. N. M., vol. XX, pi>. 641542, P I .  LIV, figs. 2-5,U. S. N. M. No. 4872.1 

Tho specin~ena from Lobolca eztriiin?nensie, ruferrod by me to the genus Monostoninm, belong to  the 
genus Gasterostom~~m. As they appear to  be new, I proposo the name Gaatcrostoniitni ovatutu for‘tlie 
spccies, and givo tho following cmonded dofinition : 

Body ovate, clopressod, flattonod vontrally, couvox dorsiilly. Aoetabulnm sabtorminal a little 
broader than long. Month [fig. 3,yk., loo. oit.] st about anterior fourth of body. Tho nioiith is easily 
ovorloolrod. When a spocimen is placod in  a trauspnront nicdiiini a snbglobulnr pharynx is soen, in  
appearance lilrc asmall vontral suckor. Vitollaria arranged in a somewhat sornicircular bsnd betwoon 
tho mout,li and acetabulum along tho right side as far as the first tostis, and along half tlio length of 
the left sidn Testos t w g  snbglobulnr on the right sido back of the  mouth, and 0110 following the 
other closely. Ovary globular i n  front of tostcs and boside tho moiith. Utcrus voliiminons, orowdod 
with small, noarly globular ova, i ts  folds Iyiug along tho loft sido and midventral line from a point a 
little in front of the mouth to nom the postorior end, whore thero is a largo roiinditih mass of ova, 
which in ventra1 view risunlly obscurcs tho ob1011g ovato oirriis ponch. Tho latter lies near the 
inid-ventral line, its bnso on a love1 with tho posterior edgo of postorior testis. Tho o ~ t c r n a l  gonital 
apcrtnre is nt tho postorior end. 

Additional measuromcnts, in millimeters : Longth 1.91, greatost breadth (at  mouth) 0.92 ; length 
of ncetabiilnm 0.17, brenclth of samo 0.2; brondth of mouth 0.07; dinmoter of oral suclior (pharynxof 
original description) 0.14; lougth of autorior tostis 0.25, broadth of samo 0.21; longtli of posterior 
testis 0.21, breadth of samo 0.26; clinmctor of ovmy 0.17; diamotor of ova (average) about 0.017; 
distance betweon aootabnluni rind mouth (centers) 0.56. 

Gasterostomum arcuatum ~ p .  nov. 

[Plnto 41, figs. 85-00, TJ. S. N. M. No. 0624.1 

On two ocoasione small  tromntodes moro found in tlie bonito (Savda sa?+da)-Jiily 20 numerous, 
Angust 8 fcw-in pyloric o:oce and intostino. Tn tho living worm tho color of tho lateral margins is 
transluoont whito, antorior yellowish whito, posterior yellowitjli browu whore tho ova B ~ O W  through 
the body wall; ilocli yory ohango:~blc, contracting and cxte~~cling incessnntly. Thoso provo to belong 
to  tlm gonns Caelet*oatoiiium. 

The following dosoription js based on prcsorved specimens: Body slon$or, cylindrical, tapering 
gracoiiI1iy to  autorior ond, arouato; poeterior end bluntly rounclod, covered with minute, low, ilat 
spines, which are dome in front aiid t l~rougl~ont  the greator part of tho length of the body; anterior 
sucker tcrmiiial with circular aporturo; wntrrL1 suckor (nlouth) Sitll&tCd littlo in ndvnnoo of iiiiddh, 
smallor than rmterior RIIC~COI’, globular; npertmw siil)oirculsr; iutestiuo short, soon aq)nnding into a 
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pouch which has a triangular ontline, when secn in ljteral view, immcdiatelS in  front of and dorsal 
to  tho ovary; testes two, snbglobular, the postcrior one about midway betwecn tho ventral sucker, 
tho  anterior midway betwoen tho postrerim testis and the vcntral sucker. The ovary is slightly 
smaller than the anterior testis and lics in front of i t  and approximate. The cirrus lies ventrallg 
a t  the posterior end. It has very thick walls and extends anteriorly t o  tho posterior testis. The 
vitellaria consist of about 32 conspicnous globnlar, yellowidi-brown masses, which lie for the most 
part anterior to tho ventral sticker. In  a specimen which was compresscd lightly and viewed from 
the dorsalside those bodies lay in  an irrcgular double lateral line, 16 on cnch sido. Abont tlirue of 
tliesc lateral masses wore posterior to  the ventral snclter. Tho remainder oxtended forward to  a 
point nearly midway betwcen tho anterior ani1 the ventral suclcor. The folds of the nterns are vcry 
voluminons, filling tho posterior par t  of thc body and hiding tho otlier organs as far forward as first 
testis. Ova very numcrons, sm;LIl, Rim somoa1i:~t variable, but  average about 0.021 mm. and 0.014 mnr. 
for the two principal diameters. 

The following nieasnrcnients, in millimeters, woro obtaincd from a living specimen : IJongtli, 
1.28; diameter :mterior sucker, 0.09; dianicter at anterior end, 0.01; median diamater, 0.21 ; diameter 
at posterior ciid, 0.14. In a nionntecl speeinien measuring 2.7 mm. in longth, tho diametcr of tho 
anbrior  surlter was 0.1, tho diameter of the ventrol snclcer was 0.07. In this specimcn tho ventral 
suclrer was 1.3 mm. from the anterior end, and qie length of tho cirrns wns 0.7 mni. A spacious, 
thin-wallcd vessel lics in tho anterior par t  of tho body, termiu;bting blindly a Rhort distance back of 
tlio anterior sncker, which I tako to  belong t o  the excretory systom. 

Gasterostomum HP. 

[Platto 41, fig. 91, U. S. N. M. No. 0525.1 

A single specimen from tho gar-fish (Tyl08fcr1~8 marimus), huglist 27, is here montionod. Tho body 
The body is ovate# is so full of ova that  tlet:iils of tho anatomy can not be made out Ratisfactorily. 

tFLpcring uniformly from about the middle t o  oach extremity. 
The following dinicnsions are givcn in pillimeters : 
(1) In  8e;i water: Longtli 0.85; diameter, anterior, 0.14; grcatcst dialgetor, noar middle, 0.43; 

diamctcr, posterior, 0.17. 
(2) Specimen monnted in balsam, lcngth, 0.92; greatest dianietor, 0.5; length of acetabulnm, 

sidc view, 0.25; length of apcrtnre of same, 0.1; diametcr of oral, i. o., ventral sucker, 0.076; depth 
of same, 0.104; longer diametcr of ova, 0.017; shorter diameter of ova, 0.01. 

Tho vitellaria, scen from tho side, form a cluster of snbglobular bddics placed dorsally on a level 
with the space betwecn the acetabnluni and mouth. Tho cirrus and cirrus-pouch aro nicdinn in posi- 
tion, extending from near the  middle of tho body to  the posterior cnd. Tcetes and ovwy could not 
be sceii clistiiictly on acconnt of the volnminons uterus crowded with ova; so fm as could lw. made 
ont, tlicy :ipI)ear to lic on tlio right side, having about tlie samo position :LE in C. ovalnm. 

Calyptrobothrium occidentale sp. nov. 

[ Plato 41, figs.  DZ-97, U. S. N. M. No. 0520.1 

Ono liirge and six small cestodes from tlio intcstine of tho torpcdo ( Teframai’ce’occideelifa2is) J u l y  
25, and two small spccimoiis from the samo host on July 26, aro hcrc included. 

The ‘genus Culyplptrobotbrircnl. was oractcd by  Monticelli (C. piggii, Natnralista Siciliano, An. SII,  

1893, p. 15, pl. I, figs. 1-4) to  accommodate ;I specics found in  Torpedo niarmovata. 
At thc time of collecting I thought that  tho small specimens on the one hand nntl tlio large spcc- 

irnen on the other holongcd to  distinct spccios. Aftor a careful comparison, howover, I am led to  
the belief that  they belong to  the same species. 

Anterior cnd of bothria with 
horscshoe-shnpcd sucker, postcrior end auriculate ; bothria promiiiont and retractile, or partly so, 
in small spccimens, nearly so~silc i n  largo spccimcns on account of thickening of axial p r t  of hcad; 
posterior par t  of liead continuing into a si~bcyliridrical nook, which is about as long as tho head 
proper in tho largo Rpocirnen, but  over three tinios (1s long in  tho smal1 specimens. First segments 
rcinote from tho head very short; strobile linear; postcrior sogiiionts rcctilinoar (ripe sogmcnts not 
secu) ; reproductive cloacu: on 1atcr:il margins nbon 1, midtllc 

Synopsis of species: Head tmncato, bothria four, in latcral pairs. 

length of segments. 
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The following dimcnsions in  millimeters wore talrcn from alcoholic epocimon : IXamcter of hoed, 

lateral 1.95, niargin:rl, 1.76; length of bothrinl portion 1.8; distanco from antorior end to  wliore neck 
begins t o  dimiiiisli 4; thickness of ncck just back of bothria 1.4; distance to first distinct scginonte 
150; brcadth of first distinct segmonts 0.84; length of last sogmonts 0.56, breadth 0.9, thiclrnoss 0.37; 
lcngth of hcad and ncck 6. Small specimons not measuret1 
in life. A few measuroinents were 
inado of tho hoad of one in life, as follows:.Brcadtli, bothria being extended nearly at right angles 
to  axis 1.33; longth of licad propcr, about 0.37; distancc from anterior end to base of nccli 1.33; 
di:irnctor of neck just  behind the bothria 0.4G, dinmoter just bcforo it bcgius t o  abruptly diminish 
0.36; breatdth just  back of iiock 0.24; length of posterior segments 0.33, breadth 0.65. 

In tho small speciineiis the first indication of sogmenhs, which appoar as faiiit transverse aniiu- 
I:itions, is about 8 inm. back of tho head. In goncral proportions 
and shape they resomblo the segqciits of tho largo specimen. 

The principal differencc between tlic largo spccimon and tho small onos is in  tho appoarmcc of 
the lioad rather than in auy ossontial dissimilarity of tho bothria. In  both tho bothria are in pairs, 
aucl tho pairs are on the Ridos of the head whioh correspond with tho margins of the body. 111 tho 
alcoholic specinioris the bothria are seen to  bo arranged in  pairs, bnt  the anricnlate parts are clirectcd 
in opposite directions, EO tliat the two aiiricnlate portions whioh are ~ o e n  on tho s m m  sidc of the lieed 
really belong to diffcrcnt pairs of bothria (jig. 93). 

In  largo nntl small spociincns alike tlie anterior part of a bothrium consists of a strong muscular 
suokor, shapcd lilto a borseshoo, with the break in its border tnrnccl toward tho postcrior tip of the 
botlirinm. Tho lattor in tho small specimons stands out as an anricnlate appcuc1:igc marly at r’ight 
angles to tho axis of tho body, whilc in tho large spocimene thcy are approssed. The ncclr in each 
cuso is thiclicr than the anterior par t  of tho body, being, in faot, nearly cylindrical for a short dis- 
tancc back of tho hcad, whore i t  diminishes in thicltnoss, and, in tho large spccimon, olsoili breadth, 
ratlier abruptly. This cylindrical ncclr in the largc specinion, proportionslly to tho hmd slid body, 
is rniicli largor than in the small specimens. Tho onlargeniont nppoars to  :rtToct the asial part of 
hoatl also, thus filling in tho iilterbothrial spaces and making the bothrich sossilc illstead of prominent, 
as in the smaller oncs. 

The genus Mosorygma is suggosteil by this spocios, and indcecl Monticclli phccs the genus CaZyp- 
troboflwiuirk I I O : ~  that  genus. The head torminateR abruptly without an eminonce of any kind, whioh 
oxo111~lcs the  genus Monotygma. Again, tho inuscular anxiliarj ancker on the front cnd 04 the bothria 
is of altog?thcr difforcnt charactor from tho auxiliary acotabulum of Ph~llobolkritknk. 

Sections wore nlade of sevcral of the  postorior sogmonts of tho largo spccimen, and, whilc tho 
segmonta aro immatnro, tho gencral arrangement of the rcproductive organs could bo made out. 1’110 
cirrus-pooch is pyriform ana lies near onc of the 1:Ltcral margins, where i t  opcns near middle of the 
longth of proglottis. Within tho bulb lie several convolutions of tho vas doforeus. Tlrc retracted 
cirrus was niinntc and not fully developcd. A granular appoarance on its .walls snggosted what might 
lator develop into spines. Tho globular tcstioules occupy central portion of proglottis, mainly from 
a little behind the middle to  antorior bordor. Tho vagina opens in  front of tho cirrus in  a common 
gonital cloaca. Tho vitelline glands are volnmi~ions and lio along the lateral margins. The ovary 
was identified ne a smallish, lobuliited mass of nuclei lying noar the postcrior margin of the proglottis, 
and staining somewhat differently from the vitollinc glands. A l l  tho organs worc for the most part 
niasscs of nuclei, staining deoply iu carmino and prosentiug few clifferoncus. 111 thd centcr of tlie 
segruonts was a mass of nncloi, some of which appoarcd to  be travoling to  tho vitellnria, and otlicrs 
forming tho vas doforene and iitcriis. The latter, or what was so intorprctod, nppoared as a rclativcly 
lwrge open spaco surrouncled by a clustering mass of nuclei. 

Sections of postcrior segnicnts from tho sninll specimens show tostioules already begun and tho 
rudiment of a cirrus-pouch. 

Tho neck, whcn sectioned, is Recn to  onlargo from tho anterior pnrt of tho body by tho oxpausion 
of tho inncr parcnchyma, wliich consists of looscly intorsccting libors with widc inosheq through 
which tho longitiicliu:rl vossels pass in strong spirals. In thc peripheral portions the loiigitudinol 
muscle Abcre tire very stroiigly devcloped. Nuclei are sparso in the ceutral portion of the noclr cscept 
in the vicinity of tho sp i rd  longitudinal vcssols. 

Tho most obvious dift’eronoe betwoen this spocics :ind Monticclli’s spocios is  in  tho chtbractor of 
the iieclc; i n  C. vi@ tlie iieck incrgcs imperceptibly into tho body, while in  C. OOOifknlUlo  tho uook is 
niuch thickor 181iau tlic body o ~ n d  narrows ratlicr abruptly D short distancc buck of tho h e i d  

Length of large specimen in lifc, 250mm. 
Tho Iongost prcsorvcd small spccinicns aro 18 nim. in longth. 

Thp last seg‘menta aro immatnro. 
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Platybothrium sp. 

[Plato 42, fig% 08, 09, U. S. N. N. No. 6527.1 

On August 18, a single spocinicn of tho genus PZutybotBriuni WBH obtained from the spiral valve 
of the hammer-head shark (Sphgrnu zygtenn). As the genus with the previonsly-descril,ed Rpccios 
( P .  crt*aintc.nt) rests on a single specimen from tho dusky shark (Curo1iarinu8 obec~wtfs), 1 shall not 
venture t o  bestow a specific name on this speoimcn until more material is available. 

The hcad agrecs with P. cmvinzim, particnlarly in the charactor of tho hooks. There are, how- 
ever, two cosho on the posterior ond of each bothrium, a character not clearly made out in P. ccrvinun~ 
The greatest difference is in  the size; whereas the length of the specimen npon which tlio species 
P. cervinuni was founded was 67 mm., tha t  of the specimen under consideration is only 3.55 mm. Tho 
neck in  tliis specinicn is densely beset with conical spines, which is not a character of the other. It is 
possible that  this may be a character pcculiar to young strobiles. Tho diffcrenco in hosts can hardly 
be considercd as weighing against probable identity of spocies, as this specimen was associated with 
sevoral rcpresentatives of Phoreiohoflwizm Zaeitrm, also first closaribed from tho dusky shark. 

Head as in P. cervinurn, broad, flat, and thin; bothria fonr, each armed with a pair of two- 
pronged antler-like hooks, connectod with each other at the baso by a short chitinous bar; bothria 
trnncate in front, with two short cost@ bchind. Nock spinose, slender, and of nearly uniform size €or 
about 0.7 nim., then enlarging abruptly, thickened and somewhat fleshy, probably a coiitraction con- 
dition. Segments at first much broader than long, but  increasing in length gradually; last segment 
longcr than broad, with rounded ends, not mature, bu t  appeared to  bo loosely attachcd. 

Uimensious of living specimen i n  millimetors: Length 3.55, length of head 0.31, breadth of 
head 0.35, diameter ofneck 0.06, distance to  first segment 0.48, length of first segment 0.1, breadth of 
first segmont 0.28, longth of last segment 0.5, breadth of last segment 0.33, length of spines on neck 
0.035, numbor of segments 6. 

The spines are abundant on tlie neck, becoming sparse on tho first sogtncnts and occurring only 
scattoringly on the  lateral margins of other segment,s. 

Larval Cestode from the Bonito. 

[Plate 42, fig.  100, U. S. N.N. No. (1526.1 

Among the few entozoa found in the bonito (Surda sarda) is a small blastocyst which was 
liberated from a cyst on tho pyloric caca. The length of the living specimen was 3 t o  6 mni., 
depcnding on the state of contraction. Whon set free from the cyst i t  was very activc, dontmcting 
and expanding and even making somo headway in  progression in a forward clircction. Thrrc was a 
small aperture at each end, and along tho contra1 region were niimerous roundish bodies. There is a 
well-marked conetriotion jnst  back of tho head in  tho alcoholic specimen, 0.13 mm. from tho tip, 
whence i t  tapers t o  a blunt point. 

The following dimensions, in  millimetors, are of the specimen mounted in balsam : Length about 
4, breadth at anterior constriction 0.31, slightly broader thnu this a short way back of constriction, 
thon narrowing to  0.18 at middle, oxpanding again to  0.34 near the posterior end. 

Beginning just  back of the constriction and continuing for about three-fourths of tho longth 
there are suspended in  the middle of' the body an elongated cluster of pyriform structurcs, each abont 
0.035 in  tho rongcr and 0.028 in  the shortcr diameter. Each is attached by a slender stalk at the 
smaller end. I have recorded something similar to  tliis in  a larval Rhynchobothrium from the 
intestine of the sand shark (CUrcharias l i t t O r U l i 8 ) .  [Proceedings of the U. 5. National Musoum, vol. 
XIX, p. 7Y7, pl. LXIII, figs. 14-16.] 

The specimen was embodded and cnt  into longitudinal sections in  the attempt t o  ascertain the 
uature of theso pyriform bodies. Like the parenchSma generally they were scarcely at all stained by 
carmine: KO strtictnro 
could be made out in tbese centr:rl bodies. While many of thorn are pyriform, this designation does 
not fit all of them. I n  eoctions the body wall is seen to  bo Very thin. 

The mouth communicates with a short canal. 

The walls of the body were very thickly set with nuclei. 

By transmittcd light they appeared t o  be O€ a faint yellowish-brown color. 
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On the Occurrence of Cysts  in the Stomach Wall of Pornatomus saltatrix. 

[Plate 43, flg. 101, U. S.N.X. No. 0520.1 

A pieco of tho stomach wall, about 8 mm. squara, comprising tho inuoosa and subiimcos~ taken 
from tho stomach of a blue-Bsh July 23, was staincd in  borax carmirio and soctioued. 

One of thoso sootions, tueasuriug 8 .mu. iu length, had passed through six distinct oysts, each 
containing, so far as it was possiblo to  determine, a larval Tetrud~~pchus .  Sonio of the cysts coutaiiied 
embryos which were too youiig for certain idoutificetion. Tho combined length of those cysts was 
3.5 mm. The superficial area included in tho sections of’theso cysts represented two-fifths of the 
area of tho submucosa of tbe ontire seotion. I f  tliis rfitio of oysts and submiioosa wore inaintaiuod 
thronghout the stomach of the fish i t  would follow that  somothiug like la per cent of the tissue of the 
stomach consists of foreign tissue if not cichivuly inimioal to life at least passively so. Tho amount of 
energy consumed in building up the protective cysC,s about theso ombryoB, and of digostod and absorbed 
food which is diverted t o  the use of these vagraiits, must be considerable. Tho abovo is possibly sorue- 
what above the avorage, although it mag be bolow it, for it is a commoii thing t o  find the subiuuoosa of 
thestomachs of blue-fish, squeteague, flouudors, etc., so full ofoysts that  the space occupiod by tho cysts, 
asJeun on suporfioial view, :Lppears to be quite as much as the space remaining botwoeu tho oysts. 

The outside wall of oach cyst consists of connootive tissuo fibers in  oonceutrio circles, compact 
but  merging in  places iuto the oonnoctivo tissuo olcmeuts, with nutnerous nuclei. Within this is 
the cyst proper, the outer layer of which staius deeply in  carmine and is niado up of a few concentric, 
piate-like, structuroless lagers, which are somewhat brittle. Within this is tlio blastocgst. The opter 
layer of blmtocyat ani1 the closely underlying muscular ulcnionta sLiiin modor:itely, but tho inolosed 
parenchyma, which makes up the interior, stains very little. The embryo, on tho other hand, stains 
quickly and strongly in carmine. The parenchyma in theso sections is a11 opened meshwork of unstained 
tissuo, with sparse nuchi scattered through it. Near the  boundary the nuclei bocouiu abundant. 

Tho above-niontionod mombranos wero muaeured in om cyst with tho following rosult, dimensions 
in milliuiotors: Thiclciicss of outer nucleated oonnoctivo hyor  0.02, of iuuor aon-nucleated layer 
0.007, of outel Iayor of blastocyst 0.007. 

Cysts from Kidneys of Scup. 
[ U. S. N. M. No. 0YJ0.1 

Small globular cysts wero found in  the lcidnoys of a scup (Ste~rutoiiias ulclgcropa) August 4. These 
oysts were about 1.5 inin. in  diameter. Two of them were opened, but  nothiug could bo iutado out of 
tho contents. “Lore wero also sniall blotches of black pigment on tho aurfaco of tho lriduoys. 

A fow of thoso oysts wore sootioued, with the following rosult: The oysts appear to  be small 
tuxnors, 1 mm. or loss in diainoter. They are oomposed ontiroly of connootive tissue clnd aro osoeod- 
iugly compact. Toward tlio periphery of the tumor thoro is a concentrio arrangewont of the fibers 
which is quite distinct, portions showing a tencloncy to  soparato, or rathor to  bocomo slightly loosened 
from the genoralmass. Though this conoentrio nrraugement was traceable from the gresterpart of the 
poriphcry woll toward tho oonter, it waa lost near the  centor, and a t  one sido was iiidist\inct. Nuclei 
wero abuudant throughout the mass. Only the tumors, with what tissues remained adhoront to them on 
removal from lciclnoys, were preserved; but  the sections discloso an abnormal condition of the adjticont 
tissuos i n  that  thoy are iufiltratod.with blood so as t o  reseluble e blood clot with a few uriniferous 
tubules pouotrating it. 

Such couditions 0011 for further investigation to  bring out the aotual struaturo and thb extont to  
which tho tissuos are afrootpd. 

In  this iufiltrotod tissue lio also nu~~iorous sn~al l  blaclk pigment massos. 

No nuoleus could be clistiuguishod i n  any of tho tumors sectionod. 

Ou Cysts  in Stomach-wall of the Black Sea-bass (Ccntropristes etriatus). 
[Plute 42, tlp. 103. 104, U. S. N. M. No. 0631.3 

A u m b e r  of soctious woro made and mounted serially of a part of tho stomaoh-wall of a black 
8ca-bas8, oolloctod July 28. A study of these aeotious rovetils tho fact tha t  some of these cysts are 
formed around blastocysts which contain larvm. In a fow oases they werc dovoloped far enough t o  
show by the charactor of tho hooks tha t  thoy wero near if not idontical with forms already desoribod 
from tliis host. (Notos ou Larval Cestode Parasitos of Fishes, pp. 793-794, pl. 11, fig. 12.) Others are 
too young t o  admit of identification further than that  they represent the  oarly stage of some costodo 
worm, but  prosumably most if uot  all of them belong to  the genus I~l~~i to l~obot l~r iuui ,  and possibly 
t o  a single spocies. 
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B’ig. 103 is the sketch of a sectiou through ono of theso small cysts; tho longer diametor of the 
blastocyst is 0.19 mm., the shorter 0.15. The blastocyst is surrounilod by a fiiie granular coat, 0.007 
mm. thick, with a few refractile bodies. This coa i in  turn is closely irivestcd with a thin covering of 
counoctive tissue 0.003 mm. thick. Concelltrio layers of connoctivo tiasus arranged sonixewhnt loosely 
lie outsideof this m d  &re very abuudimtly supplied with nuclei. The latter layer is about 0.038 mm. 
thick where the layers are most crowded, and 0.055 mm. where more open. Outside the concentric 
nucleated area the connective tissue is normal, with few nuolei. These cysts lie in  tho sabmocosa. 

Ascaris clavata Rudolphi. 
[Pleto 43, figs. 105-108, U. Y. N. M. No. 6632.1 

About 50 specimens wore collected July 14 from tho stomach of D pollock (Pollachicis tiiretie) by 
Prof. H. M. Kelly. I hav6 obtained this species frequently in former ye:m from the cod  rid twice 
from the pollock, although my note8 on the species have never boon publishcd. Diesing’s synopsis of 
the species is : 

“Read with two linear posteriorly decurrent alw ; ~nouth  with large rounded lips. 13ody 
anteriorly very much attenuated, moderately inflected; caudal oxtroniity of the  inale inflected with 
mucronate tip ; copulatory spines arcuate.” 

Tlie following characters adaptod from von Liusto w’t) doscription are addod, boiug in close 
agreemeut with what I obsorve in  these spcoimous: Head and tail onds iiillocted. Upper lip cxtonded, 
tlie pulp cylindrical, sotucwhat narrowed iu the  middle, two roundish projoctions on tho inuer side. 
The anterior border and the base of the upper lip are of ecpal size and oqual to half of the greatest 
breadth. The two papilla, aro siiiall aud sitoatcd far toward the frolit. The wsophagus uicnsurcs 
olio-foarteeiith of the body length. Tlie intestino continues in front, where it springs from the 
waophagus iiito a c:ucum 1.8 mm. in  length and lying besido the cosopliagns, wliile the lattor likewise 
coiitinues posteriorly in  a cacuui which lios besido tho iiitotltiiio and is of equal length with tho first 
cwcuni, but only half as broad. Tho male is 46 mm. long (sco below) and 1 ium. broad, tho tail 
menwiring fQh. of the body length; tho tail end is sharpeuod to  a point, its extronio cud boing besot 
with little brilliant elevations; the oirri nie:isurc 2.2 nm. and are thus relativoly long. Tlioru 
appear to  bo 27 preaiial and 6 postanal papilla. Tho female has a length of 70 i ~ i i d  a breadth of 
1.3 mm.; the tail is bluntly conical, with sonlowhat diminished tip; it  dquals f i r  of the body length. 

The foregoing descriptiou agrees well with the individuals under considerittion, cxcept that  I 
find tho length of my specimens falls trhort of the dimoneions giveu by voii Liustow. The largest 
femalos measured GO and the largest males 40 mm. iu length. 

Iu one Bpocimen, a ntale, examined with some o:ire, the raeophagus was about one-tenth of the  
body length. Tho cephalad prolongation of tho inteatino at its juncture with tho ccsoph:~gris was seeii 
distinctly; the caudad prolongation of the ~soph:qyis was also made out, but loss cloarly. The 
character of tho cirri is exactly that  givcu by von Linstow. Tho uppcr lip presents some difleronccs 
from the  above description, the pulp being somewhat clavate i n  shapo and rulativcly broadcr uear 
tho anterior eud than iudic:btcd i n  von Linthow’s figure and description. ‘l’he lip is also rela$ively 
shorter at id  broader. The papilla, were not studied very closely in this lot, but so far as they could 
be dctormiued in  a specimen seen in lateral view, they agreod in number and positioii with published 
descriptions of the species, 

Ascaris habeiia sp. iiov. 
[Flatu 43, figs. 10U-116, U. S. N. M. No. (333.1 

On September 5, cigltt iietuatodes were obtained from stomach :mcl iritestinos of two spocijnens 
of toad-fish (Opsanue tat&). 1 have seen this specios often in pruvious years a t  Woods Holo, in  this host. 

13ocly tapering gracofully from noar the  postorior t o  tho mtorior end;* jaws promixiont, each with 
ktural  membranes :bud two papilla, rhomboidal but  rounded anteriorly, pulp expanding toward t ip  
and becoiuing broadly club-shaped and two-lobed, each armocl with four horny teeth. Tail somcwhat 
variable in  preserved specimcns, short conical or even truncate, sometimes niucroiiate at tip, th:it of 
males shorter than females. Minute lateral wings are present at anterior end, though thoy wcre not 
noticed until transverse sections wero made. The cuticle gonorally is smooth, but transverse stritct, 
0.01 miit. apart, wcre noticed near the posterior end in ouo cme. The posterior end exhibits a strong 
tendency to  curve ventrally in  tho females as wcll as in the males. In fact, more success w:is hail i n  
straigbtening tho males than the females in tho killing fluid. The greatest diameter, ospocictlly in  the 
case of tho females, is near the  postorior end. 
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In a feiiiale measuriiig 36 inin. in lougth tho msophagua was 6 ~ u m .  in  length. 
Tlio am1 papillto in a inalo woro mado out to  have tho following arrangomont: Th&o aro 28 

Tho posterior 
These are preceded by 4 of modiiim size, and thoso again by 

While the number appears to  bo tho sauie oil tho two sides, thoso ou 

p:ipill:u oii each side, 24 preanal and 4 postanal. 
4 preanal papilla are also very small. 
16 large, protiiinent papillw. 
right side oxteud a little brthor'forward than thoso on loft. The spicules not mado out clearly. 

Tho postaual papilliu aro very small. 

Dimensions iii millimeters of alooholia spooimon iii acotia acid, side view: 
(1) Of a male; length 29, leugtli of head 0.14, diameter of head0.14, diameter 5 m u .  back of liead 

0.26, diamoter a t  middle of body length 0.66, diameter 5 mu.. from posterior ond 0.77, diameter at mal 
aporturo 0.14, length of ta i l  0.07. 

(2) Of a female; length 42, lougth of head 0.22, cliaiuotor of Load 0.22, diamotor 5 ium. baolr of 
head 0.46, diameter at iiiiddle of body longth 0.95, diamotor 5 niiu. from tho posterior oiid 1.5; diairietor 
at anal aperture 0.33, length of tail, 0.35. 

Acaiithocheilus iiidifex ep. nov. 

[Plato 43, figs. 116-119, U. S. N. M. G53t.l 

On August 11 : t i id 19, largo nomatodos, with iuiiiuto, inconspicuous jaws, wore f'o~ind ill the 
storn:wh-wall of the tigor shark (G'akocerdo tiyrillux), W h i C h  appear to  belong to :in iiudosaribod 
species. The body tapers from a short distance in front of tho iniddlo to tho anterior ond, while ii, is 
of noarly uiiiforui sizo froiri tho middle to noar the postorior end, plunip aid  smooth, tho ciitiolo 
crossed by faint transverso stritu. Siuco in soiiio C:LHBI threo small lobos 
could bo seou distinctly, while in otliorv tho threo.lobed character of tho ~iioutli is not so pI&nly 
shown, i t  would appear that  the worm has tho powor of ratractiug thoso oral lobos. ' h , o  iIiiliute 
couical papillm, with their points diroctod forwartl, could bo uiado out 011 0110 of tho lobos of a sliiall 
specimon. A largo specimou, when viowod from the vontribl side iri acetic acid, sllowed two papi11:lj 
plainly on each of tho latcral lobos. Tho aporturo of the mouth is very minuto arid is turned :L little 
t o w i d  tho ventral sido. Tlm tail is rather slender couicul, and :ibout oquals ill longth tho iliametor 
of body at mal :qerturo. Lips of anal :tporturo iii largo fouioles rather prouiiiiontly rounded. 

A speaimou watt 1Jrel)arCd iu  tile 
following way: After staining, tho dorsal portion of the posterior end w:w ciit tiway aud the ventral 
portion sproad out OII a slido, ventrid sido nppurmost, and iriouuted iii balsam. In sonie way tho poet- 
mal part was lost, so thtit only tho preaual papillm aro shown. Those :iro arranged in a doltblo xolv 
ou eiich side of the uiediau line. On tho left sido tho arrangonieilt is rogular, and oight pairs, or sixteoli 
singlo papilla, were oouuted. On the right side, while about t h o  sanie number of papillto wore oouilted, 
they wore not arribngod so roguhrly :is 0 1 1  the loft side. They woro, howovor, in two rows, as on tho loft 
side. 'I'he walls of tho iutostine aro inucli folded, ospooiallg tow:ird Lho posterior onil. A braiich of tho 
intestine oxtends forward from tho base of the msopllagus and lios bosida that  orgau. 'rho thickness 
of tho cuticle is about 0.05 mu.  Tho ova, with which tho uterus of tho spocimeii soctioiicd W:IB 

orowdod, wero 0.01 mni. iii di:mctor, with a brtlilspamnt, noll-!staininy oiivolopo, 6l l~~O~UdiI lg  :I g r t ~ ~ l u l ~ ~ r  
mms which staius strougly iu alum oarmino; tho diainctcr of this mass is iibout 0.028 niui. 

'Dimensions of IL large foiiialo (alcoholic) in  inilliriieters : l ~ m g t l i  125, diauiotor of he:iil 0.21, 
greatest diamotor o f  body 2.5, diameter et anus 0.78, loiigtli of tail, 0.78. 111 auotlior of tho B : L I I I ~  

longtli i,ho diameter iu fiont of the anus was 0.57 and tho lougth of tho tail0.M. In a sinall spooir11on, 
also a fcuialo, 38 mm. in length, tho length of tho utaophagus was 4 ~iin).  

Theso worms occur iii crypts or nosts, for tho most p:wt in tho subniuoosii of the sioruncll. In 
the lot colloctod August 11 thcy were first uotiood as hard cyst-lilw pltices in tho stonlaoh w:~11. 
When tlieso wore out into the worms woro liberated. There :bppoorod to  bo a malo slid i'omol~, ;It 

least I L  large arid a small worm, togothor in uiost, c:isos. Two of the orypts wore h o d  with a contillus- 
tion of tho stomaoh epithelium, which had tbpptiroiitly olosod ovor tho point of ontraiioo Doin tho 
intorior of the stomaoh. In one oaeo tho worms lay between tho two muscular coats of tho stomach 
wall. One small spocinien was free iii the stomach, :iiiil one largo ono foulid along with tho 
viscera, but  shoo tho head of tho shark had boon out o f f  before I esomiriod i t  for entozoa, thove 
nematodes may have beou liberatod by the docapitation, tho plane of which passed through tlio anterior 
end of the stomach. The spooirnerie were not inolosod in cysts of ooiinectivo tissno. 

In the shark examiiiod on AuguRt 19 my atteution W a s  ettraotod to  those worm8 by notieiug in 
tho muooua inombrano of tho stomaoh, which hiid been carofully washed, that  thoro woro a few nema- , 

Hood iiiiuute, throo-lobocl. 

. 
The ma1 p a p i l h  were not mado out with entire satisfaction. 
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todes protruding their Iicarls two or three contimeters from the mucouB mombrano, into which they 
would rapidly withdraw when touched. It was then notiord that  they were in the vicinity of awollen 
masses, apparontly cysts i n  the stomach wall. 
todo coiled up in this living nest, iiot encysted, but  able to  leavo the nost whenever occasion 
demanded. The mucous mombrano was dissoctod away from one of these worms, showing tha t  it was 
coiled up in the submucosa (fig. 116). Around it, for a space 801110 3 cm. square, tho tissues were highly 
inflaiucd and filled with extravasated blood. P u s  was also observed in a t  least ouo of these cavitios, 
occupied by a nematode. 

Although the worms are iiot complotely oncystod thero is ovidontly a considerable aoouiuulation 
of conuective tissues in tho submucosa iu tho vicinity of’ these nests. Communication seems to be 
maintained by the worui between tho  crypt and tho lumen of the stom-ach. 

This habit of uiakiug a nest for itself in  the stomach wall of its host is eurtninly an unusual one, 
and for the comfort of a groaning and travailing creation i t  is to  bo hoped that  there are few paralle! 
cases in  nature. 

Ichthyonema sanguineurn Rudolphi ( 8). 

[Plato 43, figs. 120-121, U. S. N. M. No. 6535.1 

A singlo examplo of a blood-rcd liematodo from tho insiclo of the cheek of a flouniler (Purccliulitliye 
deatutua), whero it wus partly ombodclod, itppears to  bu near to  or identical with Jchthyoneitiu aanguin- 
eum. The speeimou proved 
to be a female and was crowded with young. Tho latter am very minute, one end blunt, the other 
exceedingly attenuato. I have not cxamined the young of this genus with great care, although 1 liovo 
collected them a t  different times. In my iiotos I find that  I have boen calling the attenuate oud the 
anterior, but sirice this is contrary to  authorities on ‘this subject I hava probably beon in error. My 
notes inado a t  tho time of collooting would appear to stato that  t h o  progressivo motion of theso wornis 
is in tho direction of the smaller ond. 

The lioad 
b o a ~ s  four broad lobes or flat aurfacos, each of which carries two papilliu. The esophagus, at first 
slonder, enlarges gradually to a point a little behiud the middle of i ts  length, whence i t  maintains 
about tho same diamctcr to  its rouiidod baso. The intestino at its begiuniug is but  little larger in 
diameter than tho tcsophagus. A slendcr untcrior portiou of the ovary is aeon lying besido and aoroas 
tho esophagus. Tho uterus is very spacious. Tho suctions of tho anterior end which wero made 
show considorable variation iu  tho relative dimoxisions of uterus and intestine. In most of tho sec- 
tions the uterus occupies fur tho greator par t  of tho body cavity, and is filled with the youiig, of 
which thoro is an immense number. Near the posterior ond the diameter ineruasos and the postorior 
end is bluntly rounded. 

The following dimonsious, in millimotors, are of tho preserved specimen : Longth 30; diameter 
of head 0.23; length of wsopbagus 1.14; diaiueter of ~ ~ ~ ( ~ p h a g u s ,  anterior 0.1, posterior 0.17; greatust 
diameter (specimen somewhat flattened) 1; diauiotor near postorior end 0.85. 

Au examination of one of these revealed a large liema 

’ 

Tho flush of the host was much inflamed in the vicinity of‘ tho worm. 

Tho body of tho adult is linear and narrows rathor abruptlyat tho anterior end. 

a. Acetabulum. 
c. Cirrus. 
e. Ova. 

-cp. Cirrus pouch. 
ex. Exarctory vessel. 
g. Genital aperture. 

EXPLANATION O F  PLATES. 

i. Intestine. t .  Testis. 
0. Ovary. u. Uterus. 

1). Proetato gland. 
yh. Pharynx. wg. Vitollino glanil. 
ar. Seminal recoptacle. 
BU.  Seminal vesicle. 

wd. Vas deferens. 

yd. Vitelline duet. 

l’he figurea have been reduced about ono-fifth. 
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Contributions from the Biological Laboratory of the U: S. Fish Commission, 
Woods Hole, Massachusetts. 

BIOLOGICAL NOTES. 

(No. 1. Issued July, 1900.) 
. -  

For the pnrpose of providing a repository for current observations and a means 
for the prompt publication of usefuI notes 011 the marine life of southern New England, 
special papers will be issued from time to time contoiiiing brief artioles presented by 
persons pursuing iiivestigations a t  or mar Woods Hole. Cornriiuuicatioris embodying 
new observations on the habits, spawning, migration, distribution, abundance, struc- 
ture, etc., of t h e  atiilnels of’ tlie surrounding waters are solicited, and notes on the 
aquatic vegetation of the region are also desired. Due credit for the contributions 
will be given. 
Phoca vitulina, Harbor seal. 

Seals are found regularly in the viciuity of Woods Holo, appoaring about the middle of Octcber 
and remaining until about the  first of May. They are usnallg first notioed a t  the head of Buzzards 13ag, 
on Scraggy-no& Ledge, where a herd of 100 or 180 may bo seen off aud on through the winter. A 
smaller herd frequents Lackey Ray. Several seals are caught each yesir by Mr. Edwurds in  fyke nets 
set et the head of Great Harbor; the record for the past two seasons being one in each of two fykes 
on January 21, 1899, and oue on March 20, 1900. 111 the winter of 1898-99, one W ~ E  tirken with the 
iron ring from the end of a lobster pot tightly encircling its neck; the riug liad oiit its way through 
t b o  soft tissues and partly severed the trachea. The seals enter the fykos alniost always at night, 
and are dead when foiind, with their hoads forced through tho first fuiiiiel. In  1887, during two 
weeks in  January, 21 were talcoil by Mr. Edwards in  gill nets set in the harbor, 8 buing obtained 
alive; all were caiight a t  night, mostly during stormy weather. Of late, the seals have not entered 
tlie gill nets. They weigh from 80 to 90 pounds, and dissection has shown that  they subsist chicfly 
on cunners. (H. M. Siwrti.) 

Pseudopleuroiiehtes americanue, Wintet maunder. 
M r  S. R. Williams, of Harvard Univorsity, has furnished the following data: The young of the 

winter flounder were abuiidaiir from the time of his arrival at Woods Hole, June 4, 1899, until Jnne 
16 and 17, after which they wero less frcqueutly taken. There are apparently two sizes at whioli 
metamorpliosis takes place. The smaller ‘(turns” when about 8 mm. iu length; the larger when nearTy 
twice as loug, 14 or 15 tnm. iu length, and there seem to be 110 fishes of interrnedinte length undergoing 
iuetsworphusis. All xoung fish oyer 8 mm. in  leugth iuay be depeuded upou to reaoh ii length of 14 
IUIU. bel’ore turning. This interesting fact is based upoii an examinahtiou of 1,000 suiall fish, of which 
abouit two-thirds were of‘ the smaller variety aud one-third of the larger. Tho young fish were muoh 
more abundant in 1899 than a t  any time during the summer of 1898. 

P s e U d O p ~ e U r O n e G t e B  americanus. 
During the winter of 1897-98 my attention was called to  the large uumber of flat-fish bearing 

blotches of color ou the lower side, which were on sale in the Provicleiice ularlcet. These ‘.black- 
bellied” flat-fieh were quite abundaut in  Greenwich ,Bay, Rhode Isliind, and during March, 1898, an 
assistant succeeded iu collecting from thorn a cliiautity of oggs and milt. The fertilized eggs were 
sent to  the hatohery a t  Woods Hole, where they were hatched, and the fry were planted a t  Waquoit 

(15. C. B u ~ ~ v ~ c i . )  

1“- C. H. 1890-20 305 



306 BULLETIN 0%’ THE UNITED STATES FISH COMMISSION. 

Bay, a small inlet about 8 miles to  the eastward of Woods Hole. The fact that  several black-bellied 
flat-fish were taken a t  Waquoit during the early months of the year 1900 is of special interest, since it 
would seem to indicate that  the blotching of the lower side of the  tish is an hereditary character, and 
it also gives strong evidence that  the efforts of the  Commission to  increase the number of shore fishes 
by artificial propagation are by,uo means futilc. Mr. Vinal N. Edwards states that  he has seined at 
Waquoit for nearly thirty years, and that he  never found a flat-fish from tha t  locality that  was et ther 
spotted or dark on the lower side until Febrnary and March of‘ the  present year. Tho specintens 
which we have taken this year are all betwcen 7 and 8 inches in  length-that is, they are two years of 
age. We have not taken a single specimen, either less than two  years of age or more than two years 
of age, tha t  has any marking upon its lower siirfacc. It would scuin, then, that  these black-bellied 
specimens have grown from the fry planted at Waquoit in  the early spring of 1898. (H. C. BUMPUS.) 

Pseudopleuronectes americanus. 

1900, h m  its eyes and mouth on the left side-the first of the kind I havc taken. 

Bothus maculatus, Sanhdab; Window-pane. 

these fish is somewhat remarkable. 
increased from 10 to 21 mm. in  ten days. 

A male in  spawning condition, 14 inches long, taken in a fyke net  in Waquoit Bay, February 23, 
(V. N. EDWARDS.) 

In 1899 Mr. Wjlliams found the “window-pane” not so abuudant as in  1898. The growth of 
Fish skimmed from the surface and placed in glass vessels 

(H. C. BUMPUB.) 

paralichthys oblongus, 1Hbur-apofted Flounder. 
While seining at the head of Great Harbor on June 27, Mr. Williams caught a young four-spotted 

nounder about 2& inches in length. This capture is of considerable intercst, as the young have never 
before been taken at Woods Hole, although they were taken at Menemsha in 1886. (H. C. BUMPUS.) 

Tautoga onitis. Tautog. 
During the winter of 1898-99 many tautog perished beoause of the formation of anchor ice in  the  

beds of Vineyard Sound, where they are accustomed to  spend the winter. A great many bodies were 
washed up on the shore and were picked up by the fishermen and sent to market. I n  the summer of 
1899 the  tantog were very much less abundant than during the previous years, and there were no 
fishermen who found it profitable to  fish for them. One is naturally inclined to  attribute their 
present scarcity to  the mortality mentioned. The winter of 1899-1900 was exceptionally mild and 
no dead tautog were seen d o n g  the shores. 

Cryptacanthodes maculatus, Ghoed$sh. 

Commission. 
the other in 1896. 

Leptocephalus conger, Conger Eel. 

were taken almost every day. 
caught. (V. N. EDWARDS.) 

Fistularia tabacaria, !t?zt?npst-fdL 

It was 20 inches long, exclusive of the tail. 

Bxocaetus heterurus, PZying-$sh. 
In 1886, end possibly on one previous occasion, this fish lias been detected at  Woods Hole. One 

12 inches long was seiued at Menemsha Bight, Marthas Vineyard, on Auguet 1,1899; at the same place 
another, somewhat smaller, was caught in  a fish trap on August 21. 

Rachycentron canadum, Cobia; Crab-eater. 
This fish has rarely been observed in recent years, and was uiuch commoner twenty-five years 

ago than at any time since; only small (5 or 6 pouud) specimens have heretofore been seen. On July 
18, 1899, a fine example 44 feet long, and weighing GO pounds, was caught in the Fish Commission 
trap in  Buzzards Bay and re t thxd  alive until August 31. 

(13. C. BUMPUS.) 

On January 19, 1900, a ghost-fish, 11 inches long, was taken at Edgartown and sent to the 
Only two other specimens are known to have been taken in this vicinity, one in 1876 

(V. N. EDWARDS.) 

During the first half of November, 1899, conger eels were plentiful and very large, and some 
On the morning of November 9 two, weighing 12 pounds each, were 

A large specimen of this straggler from the tropics was mined by mo as late as November 1,1899. 
(V. N. EDWARDS.) ’ 

(H. M. SMITH.) 

(H. M. SMITH.) 
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Date. 

mm. mnl. 
Apri l8  .._.._._..._........ 28 to 38 32.0 I April 17 _._......._......_. 33 47 38.8 
April 25 ..____..__..__.___. 34 40 40.0 
April28 .._....._......._.. 30 56 41.0 
May5 .._.........-......... 31 44 37.4 
Mnyl3 ..._..........._..__. 36 61 42.8 L 

Tetragonurus cuvieri, Square-tail; Sea-raven. 
This very rare species, described from Nice in 1810, was until 1890 known only from the coast of 

southern Frauce and the Madeira Islands. The original describer considered it a deepwater form tha t  
approached the coasts only for spawning purposes. On November 10, 1890, the species was added to  
the western Atlantic fauna by the capturc of a spccirnen at Woods Hole. The taking of another at 
the same place, on August 1, 1899, is interesting and unexpected; the fish, about l+ inches long, was 
found under a mass of floating rock-weed in  Vineyard Sound. 

Alutera  monoceros, File-$ah. 
Tho detcctioii of this very interesting East Indian species on our coast a t  Woods Hole in August, 

1898, was referred to  in a recently issued paper by tho writer. While possibly this is the  species 
recorded from Cuba by Farm in 1787 and by Poey in 1863, the evidence is far from conclusive. The 
seining of a second specimen, 8& inches long, a t  Menemsha Bight, on August 1, 1899, is now recorded. 

(H. M. SMITE.) 
Gadus callarias, Cod. 

On the coiiolusion of the fishing for brood cod in the  fall of 1899, 14 cod weighing from 4 t o  6 
pounds, taken with hand-lines off Nomaus Land or Nantucket, were inadvertently left in  the well of 
the Granipucr and not discovered until April, 1900. These fish wore placed in  the well not later than 
November 18, possibly some days before. During this time they had not been fed, and had only such 
food as came through the holes in the woll. When releawd in Gloucester harbor on April 16, they were 
found t o  be lively and strong, although somewhat emaciated, and it was noticed that  their backs and 
sides were much darker than normal, while the belly was unusually light-colored. 

Gadus callarias, Cod. 
On January 11, 1899, 2,260,000 rooently hatched cod were planted in  Eel Pond, at Woods Hole, 

The fish were kept  under observation until June 20, 1899, by  which time only a few remained in the 
pond. The following extreme and average lengths wore exhibited by speoimens seined at intervals 
of about one week during April, May, and June: 

(H. M. SMITH.) 

(E. E. HAHN.) 

Extreme Average 
length. length. Date. 

inm. --I 
hfIly19 _................_... 46 to  63 
May25 ..........._......... 68 68 
JunaO.. _...__.__.___..._.. 71 76 
June 12 ._.................. 71 73 72.0 
June20 .............-....-. 73 77 

I 

Naushonia  crangonoidee. 
A beautiful specimen of this rare deoapod was found in the sand on the  shore of Cam Ieland, 

nom Woods Hole, July 22, 1899. It w m  a female bearing bright orange-oolored eggs and nearly l+ 
inches in  length. Its behavior in captivity was much like tha t  of Gebia and Callinnaaaa. It was found 
below a crater-like depression, evidently of its own making, und lived iu the laboratory in  a shallow 
dish of sea water until Ilecember 17,1899. The type specimen of this crustacean was taken by Prof. 
H. C. Bumpus near the “Qiitter” on Nau~hou Island, February 13,1893, and is now in the colleotion of 
the Eseex Institute. Tho flpecimen captured in 1899 irr the  only other one known. (G. M. GRAY.) 
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Homarus americanus, Lobster. 

wharf. 
condition. (GEORGE M. GRAY.) 

Nereis limbata. 
This annelid, wliicli is usually soen only at night, when attracted by :irtificinl light, was observed 

jn great numbers in the daytime a t  Wickforil, R. I., on May 31, 1899. The house-boat laboratory of 
the Rhode Is lmd Fish Commission contains a ‘‘ well ” 12 feet widc and 30 feet long, entirely open 
below. In this space myriads of Nereis were nwiniining in their characteristic excited manner and 
discharging their eggs during the whole forenoou of May 31. I t  is difficuit to  give an adequate idea 
of their great numbers. A solid quart or more taken out with a scoop net made no :qprociable differ- 
encein the appearance of the swarm. Throughout the day tho sun mas shining brightly, and yet the 
worm6 behaved exactly as olio sees them by tho light of II lantern at  night. The males were more 
abundant than the females, and swam with their peculiar swift, gyratiug movement, or in small cirolcs, 
while the females swam more slowly, and after dischargiug their oggs, collapsed auil Bank to  the 
bottom. The watcr was literally full of their eggs, which were fertilized and were developing nor- 
mally. The worms were first observed a t  7 o’clock in the morning, and remained with little decrease 
in unrnbers until about 10 o’clock, when they became graditally fewer. A t  2 p. m., however, hundreds 
were still present in  the ‘( well.” In tho water outside the houw boat only a very few were seen 
even in  the  early foreuoon. Although these annelids may be takcn almost auy night in  greater or 
less abundance, the singubr pheuomunon just  described has not becu repeated. 

Nereis virens. 
On March 24, 1900, “clam wornis” were seen swimmiug in the shallow wetor along the shore of 

Monarnesset Island, mar Sheep Pen Cove. Nearly 300 specimens were captured in about an hour’s time. 
As the tide rose the worms burrowed dowu into the sand, several being taken when the licad and a 
portion of the body wore hiddcn bcneath the surhce. On the tuorniug of March 26, wheu the same 
locality was visited again, only 2 specimens were to  be seen; bu t  a11 hour later, soou after 12 o’clock, 
when the tide had turued :md was risiitg, about 150 were taken. On the following morning, as t,he 
tide was rnnning out, only :I siuglc specirncn could be fouud, but  after the tide had turned they were 
so abundant that  more than 500 were picked up in an hour. These wornis schooled in  the shallow 
water for more than an hour, and were seen im other localities also. Although tho greater number 
mere of tho characteristic olive-green color, some wore (lull yellowish-orange. After the worms were 
placed in a bucket they discharged tlicir sexual products until the water looked like milk. On 
eubsequcnt days only scattering individuals were taken. 

In  the fall of 1899 about 20 lobstors mere loft iu a car i n  the “basin” a t  the Fish Commission 
Near the end of March 1900, when the car was opened, a11 seemed to  be in a perfectly healthy 

(A. D. MEAD.) 

(GEORGE M. GRAY.) 

Chietopterus pergamentaceus. 

killed by the  cold. 

Thyone briareus. 
There has been some lack of definite informatiou in  regard to  the habits of the littoral echino- 

derms during cold weather. I n  December, i n  1899, I visited tho colouy of these holothuriaus at Hadley 
Harbor, and fottnd them shriveled up into contraoted spheres, the tentacles completely withdrawn, 
and theanimals hidden several inches below the surface. On March 30,1900, I found them just  below 
the surface, the posterior end of the body extcudcd, and the respiratory fuuction evidently going on 
with characteristic energy, bot the anterior end of the body was still deeply buried in the mud, aud 
not a single specimvn was found with expanded arms. 

Sertularia argentea. 

Onlx the  dead stalks are found duriiig the  summer iuontha. 

During the extremoly low tides of December, 1899, hundreds of these s i ~ ~ g u l a r  worms were 
(H. C. BUMPUS.) 

(GEOIIQE M. GRAY.) 

On April 6, 1900, several spccimeiis, with ripe gonophores, were dredged off Nobsque Point. 
(GEORGE M. GRAY.) 
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ADDITIONS T O  THE FISH FAUNA I N  1899. 

The suminer and fall of 1899 yielded ;in extraordinary number of species new to the Woods Hole 
region, raising the list of known forms to 240. Nost of tho species were observed ouly in ICatamn 
Bay, a simll body of sliallow water separating the eastcrii end of Marthas Vincyard from Chappa- 
qiiiddick Island. Tlic 1 G  fishes whose names follow are all southern species, aut1 iiiost of them were 
not previously known north of Florida. 

M u r e n a  retifera Gooilc & Bean. Dforug. 
Pescribed from the coast of South Carol ilia in deep water, and heretofore known only from that  

locality. A specimen t;ilreu in a lobster Ibot ncnr Tiiclrernnck Islantl on July 25, 1899, niensured 6 feet 
2 inches in length, 18 inches in  circumference, a i d  weighed 39 pOlIlICh3. This huge eel was subsequently 
exhibited in New Uedford as a ‘<sea serpent.” 

Holocentrus, sp. Sqtiirvel-$sh. 
A yoring squirrel-fish, rliRering from the common I~710ricle a n d  West Indian Rpecies, H. a8censWni8, 

aud apparently representing one of Poey’s iiiiperfectly described Cuban species, wtis takeu in  ICutanm 
Rag on September 1. 

Apogon maculatus ( 1 ’ 0 ~ ~ ) .  King-of - th  a-M?c 1 lets. 
It is not rare on the 

Snappix Banks OE the west Florida coast, ILud h s  fi.eqUClitly beell folllld in  tho stolniLch8 of EllZLppCrS 
and gronprrs. There is no record of its occurrence rinywhcru on our coast north of Key Wcst, nltliough 
a re1:ited species, Apogon iniberbis (Liuniuus), was once rqJorted from Newport, R. I., by Cope. On 
September 1, 1899, 6 specimens wore t:rken nt o m  seine-liaiil in Ibtarnn Bay, aud oii September 16 
5 more were caught a t  one set at tho saiiie place. 

Epinephelus morio (Ciivier & Valenciennes). 
This well-known Florida aiid West Indian food-tisli is lrnowii from Virginin, ant1 was also recorded 

froin Now York by the describers arid by 110 Ktry, although no one ~ i i i r e  the ltrtter’s tiuie lies rcported 
8 so far north, and lie hitiiself relied on tho testiniony of fishermen. The detectioii of tho fish in tlie 
vicinity of Woods Hole in 1899 is now annouiicod, 5 epccimens being taken in ICcLtauw Bey on Sep- 
tember 1, and 2 on September 16; these were all yoiiiig, from 3 to 4 inches in length. 

Epinephelus adscensionis (Osbrck). Rook Hind. 

small example was taken by the Fish Commission in 1Cittaiu:L Uay on Septembrr 19, 1899. 

Oarrupa iiigrita (Hollwook). BZaok Je~u-jieh. 
A number of small specimens follud during September in  company with Epinephelus ntz‘eatns and 

bearing a remarkal)le superticia1 reseinblrince to  that  species, are witli some hesitation icleii tifled DE 

t h o  black jew-fish, the yoitng of which is undescribed. The species ranges from Soiitli Cnrolina to  
Brazil. 

Eupomacentrus  leucost ic tus  (Miiller & Troschel). 
The hitherto known range of this species, which W Y ~ E  described from the Bnrbailoes in 1848 in 

dchonibnrgk’s history of that  island, was the West Indies to Key West iri it l  the west roast of 14Yoritl:i. 
Iiotween Angust 30 end October 4, 1899, 9 oin;ill epocuiiens of iiiiiforin size werc taken on five 
dilt’crent dags in ICatama Bay. 

Teuthis hepatus  Liimms. 

Teuthis coeruleus (Bloc11 & Schneider). 

Teuthis bahianus (Castelnau). Bnrbeiro. 
These three species aro recorded from Florida, tho West Indies, aut1 Brazil; the. first has been 

taken as far north as Charleston, S. C. During Angust, S(:pteniber, and October, 1899, all of them 
were found in nymbers i n  Katoina Bay, aut1 nboiit 50 were obtninetl 011 seveli different occasions. 
The last were secnred on October 4, when tho three species were represented in one seilie-haul. 
About half the specimens are referable to the conimoii species (7’. krpattrs). All are ~uiil l l ,  although 

-those last taken exhibit a slight iiicreaso iii size coiiipirrecl with those ceilght uurly I U  Septembur. 

(H. M. SRIITII.) 

It was idcutified by 1 h .  H. C. Ilun~pns. 

There is no other record of the occiirrciicc of a sqiiirrel-lish north of Florida. 

This species has been recorded from Florida, the Wcsb Indies, auil 13razil. 

Red Gvo6per. 

Previoiisly known range, l?lorida 1hys to Rrazil, hscension Islaiicl, atid St. Helena Islnncl. One 

Cooky-pilot. 

- 
St~rgeoit-$sh; Tang; Lancet-381~. 

Blue Surgeon; Blue Tung. 
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Mycteroperca bonaci (Poey). Marhled Rock-fish,; Black Gvoi ipr .  

through the Weat Indies to  Brazil. 
tember 19, 1899. 

Mycteroperca interstitialis (Poey). 
They 

are apparently referable to  this species, known only from Cuba, but may be the young of some other 
species. 
Lactophrys trfqueter (Linnaeus). Trunk-$sh. 

This fish inhabits the West Indies, Florida, and the Bermudas, but has not been previoiisly 
reported from Massachnsetts, although the commori trunk-fish, Lactoplirgs Irigotcas (Linnious), has 
been known from the region for many years a i d  is taken a t  Woods Hole every season, A number of 
smalI specimens of L. triqueter were obtained in 1899; several collected iu 1897 ant1 earlier years had 
been identified as L. trigonus. 
Lactophrys tricornis (Linnrous). Trunk;Fsli; Cow-fish. 

This widely distributed species has been reported as far north on our coast as Chesapeake Bay, 
whence its range extends to  the Gulf of Mexico, West Indies, Brazil, and west Africa. Ite occurrence 
iu  the Woods Hole region, in company with the following species, was noted for the tirst time in  
September, 1899, when i t  was found on four or five occasions iu Katama Bay. A11 of the specimens 
were small. On November 6, 1899, a fish 15g inches long was washed ashore a t  Cu ttyhunk. 
scorpaena plumieri Blooh. Scorpion-3ah. 

This species, which is common from the Florida Keys to  Brazil, bas not been recorded north of 
Key West. On seven days in  August, September, aud October, 1899, tlte iish was fouud at Woods 
Hole, and 20 small specimens were taken. 
Scorpaena grandicornia Cuvier & Valenciennes. 

small examplc waa secured in Katama Bay on September 29. 

This fish is known from the west coast of Florida and about Key West, whence its range extends 
One s1)ecimen, 5 inches long, was seined in Katama Bay on Sep- 

Ten specimens of a small grouper were obtained in  Katama Bay in September and October. 

Scorpion-jish; Lion-fidl. 
The normal range of this species is southern Florida to  Sonth America, in shallow water. One 
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THE SKELETON OF T I E  BLACK BASS. 

BY DR. R. W. SIIUFELDT. 

Upward of twenty years ago a special interest was taken by me in the osteology 
of the large-mouth black bass (Mkropterus sa lnioides) from having discovered in the 
skeletons of one or two specimens of that species a pair of free ribs articulating with 
the base of the skull or occiput. As this peculiar anatomical character had never 
been noted by me before in any of the true bony fishes (Teleostei), it was at the time 
deemed worthy of scientific record, and so, under the title of “Osteology of the large, 
mouthed black bass (Micropterus salmoides),” there mas printed in Science, of Cam- 
bridge, Mass., May 2, 1884, a brief account of this interesting point in the skeleton 
of Micropterm 

It was there stated that this peculiarity “consists iii a pair of freely articulated 
ribs a t  the base of the occiput. Their heads are received in a shallow facet on either 
side situated just above and rather internal to the foramen for the vagus nerve. 
Immediately below each rib occurs the projection of bone that bears upon its entire 
posterior aspect one of the pair of articular condyles for the first free vertebra of the 
spiiial columu. Still beneath these condyles is seen the conically concave facet for 
articulation, with a similarly formed surface occurring on the centrum of the vertebra 
just mentioned, and the one which I believe would be described as the atlas.” This 
pair of ribs is directly in sequence with the abdominal ribs on either side. Their 
occurrence in this situation might be accounted for by saying that several of the 
anterior vertebm of the column had been absorbed by the occipital elements. Mr. 
Bridge fount1 such a condition in Ainia,  though no free ribs werepresent (Jozcrn. Anat.  
atid Phys., XI, 611, London, 1877). In  further comnienting upon this it was added 
that (‘in the cranium of’ Micropterus, however, I should think that this would be highly 
improbable. Both the first and second vertebra of the spinal column of this bass 
support’each a pair of free ribs, and a mid-series of the other abdominal ribs bears 
epipleural appendages. Dr. Guilther states, in his account of the osteology of the 
Teleostei, in the article LIchtliyology’ of the Encyclopzdia Britannic& (vol. XII, 9th ea.), 
that ‘the centrum of the first vertebra or atlas is very short, with tho apophyses scarcely 
indicated. Neither the first nor the second vertebra has ribs., I have a yellow perch 
(Z’erca$avesceizs) in my possession where both of these vertebra support a pair of free 
ribs.” In conclusiou, I added that ‘(should an examination of the young of the black 
bass show that none of the anterior vertebrzc of the colunin were included with the 
occipital segments, but that these ribs are truly occipital ribs, then they become of 
interest from several $ints of view.” 

This discovery was made in March, 1884, and, as has been noted above, was 
published the following May, and attracted the attention of no less a distinguished 

311 
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authority than Mr. McMurrich, who at once noticed i t  in tlie same periodicd (Science, 
No. GO, 1S84), but his reniarks possessed npoii this point but little value, inasniucli as 
he had not taken the trouble to examine a speciinen before lwinting them, and therefore 
liad no inaterial before him mlien he wrote. Nevertheless they were replied to by nie 
in another cont,ribution to Science (vol. 111, No. 72, June 20, 1584) untler the title of 
“Osteology of jllicropterus salmoides,” and this time a figure of the left Ittteral view 
of the cranium of this species of Elsli was published that showed the pair of free rills 
on t h e  occiput. 

Moreover, in this communication the literature of the sub,ject mas reviewed, greatei. 
detail added in regard to tliese free occipital r i b s ,  pointing out that Mr. McMurricliwas 
entirely wrong in his conceptions of their inorpltology, and that ‘6Dr. Sageniehl, in his 
valuable paper on the cranium of Anzia (iMorpliologisches J~lwbucl~, IX), is very explicit 
in what lie says about tlie coiissification of tlie three sertebrlx: with the basi-occipital’ of 
this ganoid; aiitl if tliis author had been awnreof such a stateof aff’airs a s  1 here figure 
i n  any of the Teleostei, lie certainly would have brought i t  forward i i i  connect,ion with 

17K3. I.-Left liit,ornl vicw of crenii~ii~ of df. nrtlmoidcs. sllowing n pair of ribs at tho occipnt; lifo A i m  frOIil 

n:rturo, by t,lio nutlior, frnin his own dimoctions. 5’. cLA., 8iipriiiit,lirnoicl: Fr.,  front:~I;  A’?., nqiulnioael; 
l’u., pnriotal (not well in sight); Ep.  O., opiotic; S. O., riiiprencaipital; Pt. O . ,  ptorotic; oc. r . ,  oacipilel 
ribs; v+, fomnien for vagw norvo; E.  O. ,  cmwoipitnl; TL O.,  l~e~i-o~~c!iIiiLnl; #p. O., oi)istliotic; P r .  O., 
proiitic; P t f . ,  Iinstfrontnl; As . ,  nlisphcnoid; ns., bsHisplicnoii1; J’r. A., pnrespl~onoid ; I’rf., profront2el; 
70., winor. 

tlie tliscussion of tliat sub,ject. They arc? two very significant facts, tliat these ribs in 
Microptertu articulate beymd the vngns foriinieIi and t h a  t they are :q)l)areiitly coil- 
stwit. I have since found similiw structures in a specinien of Orc?jnno tlr.?pzmcs, mid 
rather suspect i t  in the Sconzbridrc.” 

The figure that illustrated this letter to Science reappeared in my inenioir entitled 
L Outlines Sor a Museum of Rnatorny,~’mliiclt was published by the Bureau of’ 11:ducatioii 
a.t Washington, 11. 0. (Department of tlie Titterior, 18S5, 11. GO, fig. 6). !l’his figure is 
introduced iii the present memoir as fig. I ,  as i t  illustrates a very important part of the 
sireleton of tlie black bass. 

Beyond giving this cut, however, there was nothing especially added to our 
Irnomledge of tho osteology of this bass in my “ Outlines for a Museum of Anatoniy,” 
further observations being reserved until my more extensive nieinoir mas published 
1)y tlte U. S. Conimissioii of Fish arid Fisheries, in 1855, entitled “The Osteology of 
Amicr. calna, iiicluding certain special references to the slreletorrof‘ Tcleosteans.” 

In this work very considerable reference was made to the slreletotr of‘ Micropterus 
sn.Zmoidn.r, and six figures were giveti i n  tlie plates illustrating it. Nevertheless the 
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paper as a whole W ~ S  clevoted to the osteology of Awtiu7 and w1i:tt I hat1 to  say there 
about tliat of the black bass IWS only by way of' compnrisoii. Whila I shall take 
adv:int;ige of' those 1)revious resc;ircIies, the present iiieinoir is pxim:trily intended to 
give a n  aecouiit of the skeleton of this well-kiiomn bass hi its entirety, and, as will be 
observed, a full-page 1)late is likewise liere given wliicli presents :b side view of the 
ell tire skeleton 6f tile suiall-mouthed blttclc bass (Jlicroptcnrs dolomiez~) .  This i s  from 
a l)liotograph niado from a speciineii prepared by Dr. Jacob L. Wortman. Pig. 
27 of my  Ainia paper gives n left lateral view of tlic slrull of Dlicropteruus salinoides, 
rintiirnl size, being reproduced from a drawing nindc by iiic from my omn dissections. 
This jigure is hero reproduced as fig. 2 of tho present irieinoir There is also given in 

BIa. 2.-Lol't lntornt view of ~ l i n l l  of nr. salmoidcn, with 1110 xkrlot i i~i  of oll~er piirtq roinioc't oil with i t  Iiiiqtoriorly. 
Nntimil x i i n  mid ,11,1wii 1rorii 1110 :ii,tii,il ~ ] ) o c ~ i i i i ~ i ~  111 t l i i r  :ilitllnl. I I I I I I I  liis mi II ilixsrctionr, lotturiiiq tl in 
x i ~ i i ~ o  119 i n  tip. :i :uii1 oillor ligiiI<,q o f  tho ~iii~iiiiiir. 

fig. 3 of tlio text the right lateral view of tlie slrull of tho small-inontlietl bladi bass, a 
dr;Lwiiig ~nadc froin m y  O W I ~  dissections : ~ n d  not; before usctl in :niy iclitliyologicnl p:~pc~. 
This cut mill prove esl~ecially ixscfiil, iii;lsinncli :IS the slrnll froin mliicli it w:ts clralri~ is. 
tlic same :IS that i i i  tlio coiri~)lcte slrelcton of the sinall-lnontlietl black bass in plate 44. 

111 no other cliiss of baclrboiied niiiinnls is the sk i i71  so 1:n.g~ iii proportion to the skel- 
eton of the trn111i or body as i t  is in iislies, nut1 to this statelnolit t h o  black bass oil'ers 
no exception. Tho stncly of the skull in  osseous fishes geiiernlly was for a, loug tiinc 
coiisidereil, oven by anatomists, one OS tlie most dificnlt of :ill problems in biology, it1ld 
even at tlio prcwmt tiinc it is b y  110 incans an easytask. 1)nriiig tlie Inst ten or fifteen 
years, Iiowevei~, owiiig to the iiiiiiieroiis tt:ut-books ant1 wi-ioiis i i i :u in : i l s  ilevotc!tl to  the 
elcmcn t s  of xiiatoinioa,l science, t l i  i s sill #1ct lins heen vary 111 ncli si ui pli lied. 
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The late Sir Richard Owen, in his celebrated work on “The Ariatomy and 
Physiology of Vertebrates,” said : 

It may well be conceive(1. thcn, that  more boiics enter into the formation of tho s l d l  in  
fishes than in  any other animals; slid the composition of this skull lies boon rightly deemed the most 
difficult problem in comparativo anatomy. “It is truly remnrlrablo,” writos tho gifted Oken, to  whom 
we owe tho first clne t o  i ts  solution, “what, i t  costs t o  solve any one problcm in philosophical 
anatomy. Withont knowing the  what, the liow, and tho why, one may stand, not for hours or d:iys, 
but weeks, before a fish’s skull, and our contemplation will 1)e little more than n, vacant stare a t  its 
complex stalactitic form.” 

Now, from this it will be easily appreciated that to write the what,” the ‘( 
and the ‘( why’, of the entire skeleton of illicropterus wonld simply inalre a volume of 
several hundred pages, an achievement by no m a n s  conteinplated when this brief 

Flli. 3.-R:ight lateral r i ew  of slaill of A l .  C Z O Z O O I ~ C U ,  ai t l i  other b o n c ~ ;  nnturnl H i m ,  lay tho nuthor. 
Pmr, prcniexillary; PZ., pnlat,ino; nu., nnsnl; Elli., ctlimoirl ; l’rf, profrontal ; As., :iliaplionoid; 
I+., frontal; Ptf., pontlhntnl; Sy., nqiinmosnl; Pa., pnriotnl; I’t. o . ,  pt,i:rotic; A’. O., mpm- 
occipital; 8. 1.. suprnlinenr; J?p. o, epiotic; li, intrrnaurnl npincs; La., lacryninl; I’r. n., prim- 
sphonoid ; R or., nnborbitnl; Pr. o., proiitio; Jh. linsispl~cnoiil; 0. IT!!.. glossoliynl ; D., clrmtnry; 
Art., articulnr ; Xz., mnaillnrg ; a, nclinnsillnrg ; finfit., ontoptorygoitl ; Rcpt., ootopti:rygoid ; 
M. Pt., mctnptorygoid; Pst. T., posttcmporal; Pr. S., proscnpnln.; Iy. ,  pectornl f i n  ; lr?/o. C., 
hypocoracoid; Op., oporculurn; S. Op., snboperciilnm; dng., :iiipolnr; S?yrn., SJ mploct,ic ; VL. x., 
ncnrnl qiino; T g t o .  T., postorotcnipornl; T., tolcotompornl; TI., lomor tolcoteinpornl; Jj8. JL., 
brnncliioRtcgn1 rnys; P. Op., proopcrcnluni: I .  Op., in!oropercnlnrn; II. x., liyoninndibiilnr; 
@L.$ qnndrlo;  r., rib; Ant., actinost,e; I T r p  C., Irypcroorncoiil. ’ 

memoir mas undertaken. I ts  aim, in fact, simply consists in bringing together r n h t  
I have already printed about the skeleton of this well-knowii and widely distributed 
American fish, and arranging that subject-matter in condensed rrioiiograpliic Soriri, 
adding to it anything that may not have been t,oncheci upon in previous publications. 
The paper mill fulfill its. mission if it excites an interest nnywliere in the study of the 
skeleton in fishes, and brings .before the reader facts mliicli vi11 facili’cato siich studies, 
and in a way prove to be of assistance in comprehending Suture memoirs ‘upon the 
osteology of fishes. 

The best method of studying the bones coinposing the slcull and cippendages in any 
adult specimen of an osseous fish, apart from comparing those bones with the eorre- 
sponding or analogous ones in the skull of any other aiiiirml, is to secure several perfect 
heacls of the fish to be thus considered, as near as possible of the same size, and pre- 

‘ 
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pare them in the following manner: One head is to be macerated in warm water until 
a11 the soft parts can be removed and the bones separate from each other, except those 
in the cranium. Each bone slionld be removed by itself, laid out to dry in a relative 
position it occupied in the skull, aiid identified if possible. For this latter operation 
the second skull is intended, and this one should also be partially maoerated, but only 
80 far as to moderately softeii the tissues j then by tlie most careful dissection, all of 
these should be removed, and the entire osseous structure of the head left precisely a8 
it is in life, in so far as tlie bones are concerned, the latter being held together only by 
their ligaments. This prepared skull is then properly dried. The third head, prepared 
exactly like the second, is longitudinally sawed in two by means of a very fine saw, 
passing to one side of the crest of tlie supraoccipital. By means of these two halves 
we are enabled to study tlie osseous parts of the interior of the brain case and the 
bones at  the anterior extremity of the sltull. 

Pig. 3 of the present paper, as well as tlie illustration of the skull of the large- 
mouthed black bass iii fig. 2, will give an idea as to horn tahe bones are normally related 
to each other, and ns shown in  tlie heads of the two species of Microptews prepared 
by the second nictliotl. Fig. 21 of my memoir on Aiizia cabvn shows the head, or rather 
tlie cranium, of a yellow perch ( P e ~ c a  .fEai~esceizs) longitudinally bisected in order to 
bring into view the bones ili the brain case. 

As has been stated, if the liead of this bass is allowed to macerate in  water for a 
sufficient length ot time all the more loosely attached boues, including the occipital 
ribs (fig. 1, oc. r.),  will come away and saparato from e:tcli other. This leaves the cyaniunt 
all in one solid piece as showii in fig. 1. This, as has lilcemise been said, is composed 
of its own bony cranial segments, which require more protxacted maceration to sepa- 
rete tlicm. This cranitmt, and inany fish possess one a good deal like it, is of a 
pyramidal forin, the base being formed by the occiput and the apex by tlie vomer (90)) 
which is here produced domiiwards as a proniineu t beak, being rounded in front, and 
thickly studded witli fine teeth npon its inferior surface. 

These are large and in 
no way separated from each other by an osseous ~nedio-lonf;itudina~I plane standing 
between tliem. Above, they have a wide, arched root', coiicave from before, bacb- 
wards; while below there is but tlie lnediaii rod, composed principally of the vomer 
( n o . )  and the parasphenoid (Pr.  AS'.), Other bones entering into the boundiug walls of 
the orbits are tlie frontals above (Fr,) ,  the l~ref'rontals anteriorly (Z'rf.), the alisphenoids 
(As.), and the postfrontal (PtJ). On top of the craniuni, behind. and occupying its 
hinder half, there are five conspicuous crests, a median one and two lateral oms on 
e;tch side. Those are well showii in fig. 1, a i d  liove been fully described in my Antia 
memoir. They vary greatly in the crania of dif'ferent species of fishes, being entirely 
absent in some species and very prominent in others. 

111 the coinmon coil ((r'ndzu), for esainple, tlie median crest is thick, strong, and 
high, and produced far backwards and to the frout to a point over the center of the 
orbits. Again, ill the black sea-bass (Ccntropristes strintzrs), of which I have prepared 
one or two perfect skeletons, these crests are more as in Alicvopterus, but by no means 

. exactly the same, as those two species belong to very distinct families. A t  tho back 
of the cranium there are to be noticed chiefly tlie circular, conically concave facet 
for the atlas vertebra, witli above it, one upon %either side, the' pair of zygapophysial 
facets for the correspontli~ig ones on the same vertebra. These have above them 

A very noticeable feature of the cranium are tlie orbits. 
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again, in  the middle line, t h e  somewhat small subcircular foramen magnum, inclined 
to be subcordate in  outline i n  some specimens. Often iu the common cod, al\vavs in old 
individuals, I believe, this first or atlas vertebra fuses with the base of tlie orauinni, 
~ n d  its long neural spine runs up nearly to  t h e  top of the supraoccipital crest,, being in 
contact with the posterior margin of tlie same for the entire way. 

Apart from the craniuin the chief features of the slrull consist in t he j am,  the upper 
one being formed by the inaxillsry (Ma.) on e i t h e r  side, and tlie prmnaxillary and its 
fellow in front bearing 
the teeth (Pwa.) (fig. 3) .  
These structures have 
been fully tlcscribed in 
the ilmia memoir, and 
the two figures there 
devoted to t hein are 
here reproduced as figs. 

also iIlvitec1 to fig. 5, for 
tllat, talcell in coIIIIec~ 

froiii iiiH own c~issec,tioiir, t l i c  v:trio1iq I)OIWI ii:i\ iiig I m i h  piil iod nimrt to H ~ I O W  tlioir 
ontirc slispo. 11, tloiitrwy; ?IL. c , hlrckrl’e C&I tilago, Art., articular; Ang , niigiilnr 

tion with fig. 3 of the present paper, mill cle:irly sIio\fr the relations of auothcr 
group of bones oC the slrull, namely, the opercul;w bones, or those of the gill-covers 
( Op., P. Op., S. Op., and I. Op.). Consiclcrable attention l i ~ s  :ilrently I w n  paid to 
these in the Amiir coiitribution. In connection with them will be fonnd the n?/inplectic, 
a very interesting eleiiient in  many bony fishes (fig. 3, S?~?JZ.). Tlieii tlierc :we the 
bones of‘ the sn.speiaaorizc?II~?, connecting the criiiiiiun with the l o ~ ~ w  iiiaiidible ( I I .  dl.,  
&)JL., and CJu. ) .  Of these, through the in- 
ter vention of the interlyu I ,  tli e h y om andi- 
bulnr arch has also suspended from its lower 
extremity the lryoitl arch, wl~ile its upper 
and posterior extremity also articulates with 
the opercirliint. 

Again, in the pterygo-palatine arch of 
this bms we meet with the inetnpteqjgoid, 
the enfo, aiid eotopterygoid aiid the palnbine, 
and the relation of these bones to each other 
are shown in fig. 3 of the present paper and 
dewribed in my Amia memoir, where also 
the ]Lyoic] and [ll.alzclLial aycltes of JficroJlfeytcs 
]lave been touched UPo1] considerable 
(letail. I n  this collliectioll I have poillte(1 
out the branchiostegal 

Y I I L  6 . - - ~ i ~ o  io i t  <,11t(*r nsprrt 0 1  t i l e  iippvr j a w  of M .  
nd?noidcs, tog*,tlior with tlio ~ O I I C R  nwxi: i lrd  with it. 
‘l’hcso lriitor nro sligiitly (lislodgril from their normal 
poqit i i i i i s ,  tho Iiottrr io  d i o w  tlioir rrlntiOna. Aboiit 
two tliiicl* iiritiir:il~irr, from tliuricti~alepcoiiiion, Ijytiio 

(fig. 3, ns. niithor, Iroiii 111s own clissoctions. dfz, iiinuillnry, 
J’?na, proiiinuillnrg; PZ., pnliitiiio; a, ndmnxill:iry. 

IZ.) coiistitute the skeleton of mi organ of 
defense to the respiratory apparatus, and that many believe that the opercu1:ir bones 
are nierely modified branchiostegal rays. 

Passing from the skull and its arches me come to corisider the sl~oislder ! j k l l e ,  a 
sequence of bones that have been differently viewed and diKerently named by tlifferent 
ichthyologists. In iny work upon Aatia, ca7va I have contrasted in tables these v:wious 
opinions ancl q)pell:~tions, aiid figured tlie bones, :~nd :i ,1~0 Ilitlned a bone, the s u p ~ a -  
lineal. (sZ.), that is in a, way connected with the sl~oultlor girdle above (see fig. 3) .  
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In the latter, in Micropterus, we have a postfeq?oral (1%. T.), a posterotemporal 
(Psto. T.), a telcotcwaporal (T.), R lotuer tcleotetnporal ( T".), a 71?/pocoracoid (Hyo. e.), a 
hypercoracoid (I@/]?. e.), and a proseapi[la (2'. Sc.). Now the lateral or the pectoral 
f ins  in this bass are connected with the shoulder girdle through the intervention of 
four little bones, called actinosts (fig. 7 ,  Ast . ) ;  they are very small, graded in  size, and 
are formed somewhat like little hour-glasses or dice-boxes, being eularged a t  their 
articular ends and coiistrioted at the middle. Anteriorly tliese actinosts articulate 
with tlie posterior border of tlie conjoined hyper- and liypo-cor:woids, while postc- 
riorly they aff'ord support and :itt:Lchnient for tlie bony rays of the pectoral fin (Pj:). 
I n  the several specimens of black bass 1 have dissected aud others I have examined, 

Pro. ti.-Innor napoat of oporoolnr bonos, h~o i i l .  syniploctic. mil otlior oloinoiits of 31. snlwioidcs. 
L o f t  d o ,  iintnrnl aizo, by tho ILntlior, froill liis invn (lisnoctions. O p . ,  oporciiliiiii; S. Q I . ,  slib- 
oporculiim; l'r. OI),~ prooporivliiiii; I .  Op., iiit,oroporc~iliiiii ; 11. dl . ,  Iiyoiiiniidibuli~r; df. IV..  
inotnptorygoid; Sym.,  ayiiiplcctii:; ili . ,  intorliynl; @ I . ,  qnndmto; R. hy., qiiliyiil; G. iiy., cornto- 
h y d ;  I r .  lis., Irypoliynl. Thoao roprosont t l iu  nctunl jirrnngoiiiont niid rulnt,ions of t h a w  bonos 
in tolooHtonn fislios gonorally. 

, 

in regard to this point, iiever any inore or less actinosts have been found tiinn four. 
'Flierelore itrnay be just RS well not to slight snch characters iIS tliese in our acconlits 
u t  the osteology of Pisccs, nor depict tllelll iii any other Wily than with cstromu accu- 
racy 111 figures illustratiug the skeleton of' any species we may be describing. 

In fishes the pelvic boncs vary very widely, both i i i  foriii aud position, but are never 
attached t o  the vertebral colutnn as we find tlicm in other mid higher vertebrates. 
As 1 have elsewhere pointed out, in Microptcms sa1sboidc.s they are reprcseuted by 
two separate a i i d  symmetrical bones that articul:tte with endl other niesinlly by their 
iuner edges. Wlicn thus uni ted they forin an elongibted isosceles triangle, with its 
apex held by B ligaiueiit in tlie entering angle bchiud the proscapu1:v. The outer 



31 8 UULLlCTlN 01.' THE UNITED STATES FISH COMMISSION. 

borders develop a raised rim, aiid the planes of the surfaces, contributed by the two 
bones superiorly oil either side, look upward aiid outward, the reverse being the case, 
of course, beneath. The postero-external angles, as well as the hinder border, are 
thickened and uudalatiiig for the articulations of the heads of the ventral fin-rays, 
There is, also, a characteristic process developed mesially on this border, into the 
formation of which each pelvic bone talrcs 811 equal share; above it is bifid, directed 
upward aiid backward: and couipressecl ariteroposteriorly ; below it is peg-shaped and 
directed in t l k  same degree forward a ~ i d  downward. 

I fail to find ally bony nodules representing the actinosts between the ventral 
fin rays and the pelvio boiies in this fish; and the rays themselves seem to be con- 
structed upon tlie saiue plau as tlie pectoral ones, bciug retained in their positions by 
firm ligaments and the skin. The outer om, however, on either side differs materially 
in form, beiiig spoon-shaped, with the concavity agaiiist the next ray on its inner side. 
It also develops an iiituriied process, which curves over the next two or three rays. 
This double -arrangeincut seems 
designed to strengthen the inner 
rays and assist to keep them iu 
their position. 

Thesepelvic bones am seen only 
in part in the accompaiiyiug figure 
of the skeleton of 111. doloniie?~ (plate 
44), but this statement does iiot 
apply to the reinainder of' the oste- 
ology of the- body and tail of this 
bass. 

Omitting a study of the scales 
of Nicropterus, which closely rc- 
semble those of most other forms 
of the higher teleosteau fishes, we 
have still to briefly coiisider tlie 
tikcleton of the body aiid tlie slicle- 
ton of the tail. 

Counting the one from which 

.~ 
Itlo. 7.-Sketch of tho inner aspoct of' loft halfof sl~onliler girdlc and 

lJ3ctOral limb of N. aalmoidcs. I'8'6.1. I:, po~tteiuporal; J'8to. T., 
~~ostorotomporal; Eyp. c,, hyporcorncoid; I fgo .  c., 1,ypocoracoid; 
1'. Sc., proscapular; T., tolootemporal; l"., lowor tolootomporal; 
Ast., aotinosta; Pf., pectoral fin. 

the urostyle springs, Alicroptews seems illvariably to have thirty vertebra in its spinal 
column. Wlieii I make this stateiiient I am aware of the fact that in my paper on 
Anzin cuEvn thirty-two wes the iiuiiiber reckoned, but after carefully recounting these 
0 1 1  two perfect slieletons ~ i o w  before iiie, representing both species of the genus, 1 ani 
satisfied that there are but thirty of tliese bones. Fifteen of these vertebra: belong 
to the abdoiniiial portion of the column, and each one supports a pair of ribs, all of 
$1 hich in their turu, save the last .five puir, have epipleuml appendups. The atlautd 
pair articulate with t h e  vertebra at the very base of' the neural arch, but as we pro- 
ceed backward they gratlually recede from this position SO as to finally spring from 
beneuth the transverse processes oii the uiidcr side of the vertebra. This condition is 
characteristic of it gre:it many of the osseous tislies. The neural and hixmal arches of 
this form a'rc completely aiicliylosed with the vertebral eleinents, and in the best- 
developed segments, both tiuperior and inferior, post- and pre-zygapophyses are 
present. 
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As the accompanying figure, showii in plate 44, of the skeletori of this bass is 
reproduced from a photograph of a caref[illy dissected and dried slteleton, i t  will-be 
observed that a little ligamentous inaterial is remairiing, and some of the bony fin- 
rays and spines are very slightly uuparaIIe1, but this fact \Ti l l  lead no one :istray; as 
it is quite evident which bones 1i:tre become so wliile tlie slreIetou \vas drying. TIie 
~rrangement of' these osscoi~s j in-rays and iiaterspinoiis boiaes practically agrees with 
those elements as we bave long kno\vn theni to exist i i i  all ordinary bony fishes, as in 
the commoti yellow percli for example (Pcrca). ' 

The slreleton of thc tail in ~1~icroptcrn.s is of the typical homocercal type, and devel- 
ops a very roniplctely ossified wrostyllc, directed npward :ind backward at  an angle 
of about 45 degrees, with a markedly straight vertebral column, as  is plainly to be 
seen i t i  plate 44. The osseous expanded portion of the tail is i n  the vertical plane, ancl 
is thus modified in order to give support to tlie bony rays of the caudal fin. Possibly 

a 

Pra. 8.-Outcr :iqioct of part of sliouldor girdle mid pectoral fin of Ai. salmoides. Nntiirnl sizo niid drawn 
by t h o  niithor froiri his own clisaoctioiia. prowtp i ihr ,  w i th  otlior l r t t cdng  tlic snlnr 118 in fig. 0 .  

I may formerly have considered that this expanded portion contained two vertebra:, 
ant1 it may. In this case the count for thirf?j-two vertebra: in tlie columu mould be 
correct; but in the reckoning given above this part is omitted and only tlio vertebrz 
taken into consideration wliicli possess the true forin of those bones. 

Tliese tcrniinal modified vertebr:x: are Irnown as the lrypuralplates, and they are very 
b~oaci and perfect in M. salwoides. The caudal osseous fin-rays are ligarnentously 
attached to the posterior margiiis of the hypnral plates in the simple manner seen 
among all ordinary teleostean fishes generally. Both above and below, tlie 29th and 
30th vertebm have narrow and elongated hypural plates springing from them, and 
the 20th has the h:umal and rieural spiues in addition thereto, but these last are absent 
in the 30th vertebra, Tliese hypural spines support distally the outer and very 
rudimentary fin-rays of the tail. Counting from before backward, i t  is the third 
hypural plate upon either side that developed the urostyle spoken of above, and vhich 
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seems desigiied to afford additional surface and leverage for tlie origin of the muscle 
that controls the movements of the caudal fin or toil. 

This is all that need be said in the preseiit paper i l l  regard to the osteology of 
Micropterus. My object in writing this coiitribution lias been to collect together tho 
sciittered accounts of the various parts of the slteletori previously giveii by me in 
diEerent publications, and to review and correct miy errors that may have crept into 
iiiy previous work upon this form. Tlie paper, i t  is hoped, will prove useful in oon- 
nection with a gerieral study of tlie comparative osteology of the elitire family of tlie 
Centmrckida, which some day ma8y be either undertaken by myself or some other 
anatomist. That such a research should be made and published no o m  has any 

Doctors Jordan and Evermatin, in their Fishes of North and Middle America (Part 
I, pp. 984-1013), have treated quite fully of the species and geuera of this group, dud 
have given us a very useful classification of tliem. Nevertlieless we stand much in need 
of full and coniparative accounts of the slreletoiis of I'onzoxis, Centrarchus, Acaiatharchus, 
Anabloplites and other genera, and especially of tlie sun-fishes, Apoiliotis, Lepomis, 
and Euponzotis. When such comparative osteological studies come to be made, arid 
comparisons macle with tho skeleton i n  the Serrccizidm arid other families, i t  is believed 
that the preseiit coiitribution to the sub,ject, taken in coriiiection with the figures and 
text matter of the memoir on ATIZ~G,  will prore to  be mom or 1Gss useful. 

doubt. 



Contributions from the Riological Laboratory qf the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

THE CHEMICAL COMPOSITION OF 'THE SUB-I>ERRIAI, CONNECTIVE 'TISSUE 
OF THE OCEAN SUN-FISH. 

I ~ Y  ERIK 13. GREEN, A. M. 

The tissue 11nder examiliation was obtained froni a sun-fish * talcen neitr the labora- 
tory of the United States Fish Commission a t  Woods Hole, sild a t  the tinic tlie study 
w;1,8 undertakeu had been preserved in alcohol for nearly a year. The prescrvccl 
fragnicnts were of a creamy white color, homogelloous, very tough and iuelastic, and 
under the microscope wore found to consist almost entirely of elastic-lilic fibers. As 
110 reference to the chemical composition of this substance could be found, the following 
analyses were undertaken to determine (1) wbether the tissue was composed wholly 
of elastiu, aud (2) what was the essential constituent if the tissue was found not to 
be composed of elastin. 

The analyses were conducted as follows : A few grams of tho alcoholic tissue were 
cut into small fragments, rinsed in water, and dried at  1100 0. When dry the frag- 
meiits were of yellow color, semitransparent, hard, sud brittle. They were insoluble 
i:i hot or cold 10 per cent sodium carbonate, but cold BO per cent acetic acid caused 
them to swell enormously, although they did not dissolve. The dry fragments were 
soluble in strong potassic hydrate, in hot 1 per ccnt potassic hydrate after o m  hour, 
in cold 7 per cent potassic hydrate after two hours, and in the hot 7 per cent potassic 
hydrate were clissolved in a few minutes. Deflagrated with soda and niter they sliowcd 
the presence oE sulphur and of a trace of phosphorus. 

Tho alcoholic tissue WRS insoluble in ammonia (sp. gr. 0.056), in lime water, i u  cold 
1 per cent hydrochloric acid, and in hot or cold 10 per cent sodium carbonate. It w:is 
slowly soluble in boiling wator, cold 10 per cent hydrocliloric w i d ,  cold 1 per ceirt 
potassic hydrate, and glacial acetic acid. It was readily soluble in strong hot 1iydi.o- 
cliloric acid, and nitric acid, in cold potassic hydrate (14 per cent), and in hot 5 per 
cerit potassic hydrate. 

A characteristic of collogeu is its property of gelatinization. To test this 1)roperty 
in the tissue under examination, tho following experiments were inade : About 50 

* Tho sun-fish, MoZa moZa (Linumus), is fouud on tho Atlantic cotbat, iii summer as far north :LI 
tho Newfoundland Beulrs. It occurs in  such iiumbers that ten or iuoro may bo seoii i i i  a tiiuglo clay, 
the largo black dorsal fins olovatcd abovc the surfaco of' tho wator betraying tho preseuco of tho 
:buioials as they drift leisuroly along. Thoir total iiiifitiioss for food nud their polagio lifc 1i:iuu 
rendered tlierri safe from the perscoutions of the fishermen, and not only are thoy abundant, but t l icr  
ludividuals attaiu to euoriiious size. Speciruoiis 7 or 8 fuet in  length ivoigh sovorul huudretl pouudH. 
A very lgtrgo percentage of tho weight of' e:tch individual is mado up of a firm tissue so1mlici:tlly 
resonibling blnbbor, but not oleaginoue. By tho following cliemical iii1:LlYsos this tissuo, horotoforo 
col~siilorod worthless, is shown to yield collogou, on rLlbumiiioit1, which is tlio basis of :dl gluos and 
gelatins. Tho fish are thus shown to havo coii8ider:tblo couiiiiercial va1uo.-H. C. I lun i~os .  

I". C. U. 1800-21 321 
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grams of the-finely divided and well-washed tissue were boiled for 6 hours in half a 
liter of distilled water, the water being renewed as it ovaporated. The tissue almost 
completely dissolved, and the yellowish solution on cooling became somewhat viscid, 
but i t  did not gelatinize, even when evaporated to :I volume of only PO0 c. c. The 
concentrated solution was diluted and filtered. It was neutral to litmus, was predipi- 
tatecl by phospliotungstic acid, and by phosphomolybdic acid; the precipitates were 
insoluble on heating, but were soluble in potassic hydrate. When precipitated by 
Millon7s reagent the precipitate was soluble iu excess of reageut. When precipitated 
by t;mnic acid, by metaphosphoric acid, absolute alcohol, and mercuric chloride in 
presence of free hydrochloric acid tho precipitates were insoluble. 

The solution gave no precipitate with acetic acid and potassium ferrocyanide, 
nentral or basic acetate of lead, alum, cupric sulphate or acetate, ferric chloride, 
sodium orthophosphate, or niercuric potassium iodide. It was iiot blackened wlien 
boiled with lead acctato and potassic hydrat,e. It gave a Btrong biuret reaction, and 
on boiliug did not reduce copper. Hot concentrated sulpliuric acid and glacial acetic 
acid produced no violet coloration. Hot strorig nitric acid gave no precipitate or color- 
ation, but subsequcut acldition of ammonia caused a deep orsiige tint. Saturated 
with ainmoniurn sulphate, the solutiou gave a copious precipitate, which floatcd 011 the 
surface of the liquid, formirig a coagulum-like layer. Picric acid in saturated solution 
produced :t light-yellow precipitate, iiisolublc iu cxcess of the reagelit, soluble iu hot, 
iusoluble iu  cold water. On shaking, a stiffcoagulurn formed above the subnatant clcar 
liquid, so that the test tube could bo inverted without loss of its contcnts.' 

To a few centimeters of the original solution, scverd drops of formaldehyde (40 
per cent solution in water) were added, and the whole evaporated to dryness. The 
residue was insoluble in hot or cold water. It lied become apparently formogelatin. 

The reitctions given above show that true proteids, also chondrin, arc absent, or 
present in  quantities too smell  for detection. A11 thc phenomena, especially the 
pecu1i:~r aud characteristic rcactious given by 1)icric acid, animoniuin sulphate, and 
form:ddehyde, point to the preseiice of gei:Ltiii, notwitlistautliug the fact that the 
solutioii did uot gelatinize and that the origiiial tissue 'was soluble in dilute potassic 
hydrate. Elastin can be presciit only iu  trncws, if a t  all, since i t  is iiisoluble in boiling 
water, even after I)li hours7 boiliug,2 aud insoluble also in 3 per cent potassic I~yclrate,~ 
wliicli dissolves the tissue uuder coiisideratio~i. 

The following experimcii ts were made to determius whether other subs1 a~ices 
werc present with the collogen-like albuminoid. 

Several g r a m  of the alcoholic tissue were cut up, washed, itlltl  treated with cold 5 
per ceut potassic hydrate. After 24 hours the tissue was dinost wliolly dissolved; the 
solutiou was filtered, slightly acidified with acetic acid, aut1 submitted to the following 
reactions. Phosphotungstic acid gave a precipitate soluble on heating, and pliosplio- 
molybdic acid, tannic acid, and metaphosphoric acid also gave precipitates. Tho 
solution WAS not precipitated by acotic acid and potassiurn ferrocyanide, nitric acid, 
basic or neutral lead acetate, or copper sulphate, aiid i t  gave ;b strong biuret reaction. 
There was no coloration with hot sulphuric and glacial acetic acid. The fact that the 
precipitate given by phosphotu~igstic acid is soluble by heating shows, accordiiig to 
the researches of M a l l ~ t , ~  that true proteid substances can not be present in the 

-_ _.____ - - - __ ______ 
1 Allen and 'I'ankard's tost for gelatill. Allen's Cain. Organ. An:ilysis, rol. IV, 18'58, p. 469. 

3 Ibid. 
4 U. X. Dept. Agrio., Division of Chom., Bull. 54, 1898, pp. PO-21. 

Cliitteuden and Hart. Zeit. fur I-liologie, 7 Bd., 8. 369--(abs.-Horbao&ow~ki Z e ~ t .  fiir Phys. 
Chemie, Bd. 6, 8. 330.) 
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Quantity of 
tlllbvLsllcu 
(grams). 

.3229 
,3668 
.3381 
.4695 

Menu.. 

These results shed no light on the.proteid composition of the tissue, except that 
the percentage of nitrogen corresponds almost exactly to that given by Ohittenden 
and Hartwell’, for the nitrogeu iu elastin prepared from the neck bauds of cattle, 
This fact has little weight, however, in view of the high percentage of :Ish present in 
the tissues under consideration. 

About 50 grams of the tissue were reduced to fragments, and washed repeatedly, 
by decantstion, with cold water. The fragments were then washed with 90 per cent 
alcohol for 24 hours, and allowed to stand under ether, with frequent shaking, for 36 
hours. The material was theu removed, freed from excess of ether, and dried in the 
air bath a t  1103 C., to constaut weight. The dry fragments were tough and leathery, 
and could not be powdered. A portion gave with Millon’s reagent a light pinkish 
color, Analysis of this dried substance gave the following results: 

Constituents. 

Watur. Cerbon dioxidu. Ni trogon. A811 . -- . . ~ ~ ~ ~ ~ ~  ... ~~~~ . .... 

Par aunt 

gon. 
Grnui~. of hydro. Gr;Liua. ::$::. GramH. Per oont. Graios. I’or cent. 

~ ___ __._ __L_ ._~___ ___ ~- 
.l98R 6.84 .5704 48.18 ..................... .0013 .40 
.2227 6. 75 .I3476 48.28 ....................................... ........................................ .00140 18.17 .................... ........................................ .08668 18.25 .................... 

-I-__-_.------ ---- .......... .......... .......... .......... , I  6.80 48.23 18.21 .40 

By differonce, oxygon + sulpliur=sum of moans from 100 = 20.36 por ccnt. 

The high percentage of-nitrogeu shows at  ouce that the tissue is not composed of 
elastin. Both the carbon and the nitrogen determinations would indicate that the 
tissue is a collogenous substance, and under appropriate treatment it has yielded glue 
of excellent quality. 

BROWN UNIVERSITY, l’rovidenoe, Rlhode Island. 

Ah.-Allen. Corn. Organ. holy&,  vol. IV, 1898. [Appendix.] 



THE HYDROIDS OF THE WOODS I-IOLE REGION. 

By C. C. NUTTING, 
Pi-ojrwoi- of zoology, U?liversii'y of Iomz. 

INTRODUCTORY NOTE. 

The limits of tho " Woods 1301~ region," in tho sense hcrc used, may be roughly 
defiiied as follows: Starting with thc point of Cape Cod as tho northern and eastern 
limits, following the Now England coast to New London, Conn. ; thence southward to 
the end of LongIsland; thcncc southeast to the cdgo of tho Gulf Stream, which is 
folloTved until off Cape Cod. These limits cmbracc, roughly, tho area that can be 
covered by one-day excursions by steamer froni tho Ti. S. Fish Commission station 
at  Woods Hole, Massachusetts. 

It is tho purposo of this painphlct to furnish collcctors and workers in this 
region with a practical and concisc means of identifying thc species of hydroids known 
to occur within the arcn nb0\70 dcscribed. There arc R iiuiuber of other species th:it 
almost certainly occur within tlio Woods Hole region, blit, with one or two exceptions 
involving specics of unusual intcrcst, these will be omitted. 

Most of thc materid studied in  conncction with this work was secured by tho 
author during thi*eo suinniers spciit a t  the U. S. Fish Coinmissioii laboratory at  
Woods I-Iolc and a month at  the liLl>Or:ltOrY of Dr. Alcxnndcr Agassiz, at  Newport. 

The number of spcoiex listcd indicates :I fairly rich hydroid fauna in  tho region, 
thc general rclation being with thc Arctic or rather Holarctic fauna, w1iic.h explains 
tho large percentago of British forms rcprcscntod on our Atlantic co:mh. 

Tho illustrations arc from skctchcs origin:illy iiiadc 1))' tdic author to illustrate a 
monograph of tho North Rnicric:m hydroids, in cpirsc of publication by thc Unitcd 
States National Museum. Pcrmission was givcn by the i~utlioi~itios of that institution 
to 1i:tvc ink tr:icings mndc from these slmtches, which have been i*etinoed in size and 
used in the prcw~nt work. 

In  ordrr to sccurc tho brovity nocessiiry for 1,hc trc:itiiiciit oC ttho subjact in tnhe 
form of a pr:Lcticd guid(? to identification, i t  11:~s been n c  SiLry to oiiiit till discussion 
regarding synonymy. In  n:uning gencwi : ~ n d  spwicv :L conscrv:itivc course has bccn 
followed, although tho n:~iiics in some cases 1i:ivc bccn changcd in wIi:Lt will doubtlcss 
appear to  bo an arbitrary inannor. Tho rcasons for thew changes :ire in most cases 
briefly indicated, but tho cxplnnations arc not so full :is ~ o u l c l  bo  docnicd rcquisitc in 
a work of more strictly tcchnicsl nature. 

Under tho hcad of " distribution " localities m e  given whero t h  ,.ipoc:ics 1i:~ve 
been fouud in the Woods 13010 region. 

326 
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Much remains to be done before we can discuss with profit the economic bearings 
of the subject of this work. It is well known, however, that many fishes feed more 
or less extensively on hydroids. Dr. Edwin Linton has several times called my 
attention to the fact that. he often finds hytiroids in the stomachs of fishes while 
examining them for parasites. I am inclined to think, however, that hydroids do 
not constitute a very irnportant item in the dietary of our food-fishes, and am rather 
of the opinion that the economic importance of hydroids lies in the fact that the 
presence of these forms in quantities in a given region is of value as an indici~tion of 
abundance of food for fishes in the shape of small crustaceans. It is known that 
many kinds of hydroids live very largoly on minute crustacea, and it follows that 
where the hydroids thrive the fishes will also find an  abundant food supply, especially 
in the earlier stages of their development. 

The author is indebted to inmy naturalists for material that he failed to secure 
himself, and has endeavored to briefly acknowledge these favors in their proper 
connection in  the body of the text. 

STATE UNIVRltSITY OF IOWA, n~{/rrst 10, 1900. 

of IF$roida found in tire W O O ~ R  B o l e  region. 

A. Jlydranths and gonophores not proviclcd with specid chitinous rcccptncles. 
a. 
u t .  

HyArnntlis with sciit,tcrcd filiform tentacles ............................................................... .CI,AVIDE. 
11ydrnnthR with a single whorl of filiform trntiwlos, or two or more c!lonely npproximntcd whorls 

1,. I’roboscis conical. 
tiround basc of proboncin which might rvwily bo miatakcn for a single whorl. 

c. Colony regularly branclieii ................................................................. B ~ ~ G A I N ~ I I . L I D E .  
8. Colony not branched. 

(1. 1Iydrorhia:c composed of innrnst.illg, i u l l i a r c ~ ~ i t  Iill~nlcs ovrrlnirl with a lilm o f  (:(i!nosnrc. 
HYDRACTINIDP. 

<E‘. IIydrorhiza not mutually ndhercrit riii~l not overlaid with ir lnycr o f  (:mnonrirc.. ....... I’oDoConYNIDB. 

7,’. 1’robods trnmpct-shaped or hcmisphcrical, the distill portion being thc bell of  the trumpet or 

IIyBranths with inorc than onc whorl of filiform tcntaclcs. 
b. A distinct tnbc of horny perisarc around the 8tcm. 

c. 

equator of thc hemisphere ...................... ................................. .EtJlJS%”~RIDZ. 

(111. 

Distal tentacles in two distinct whorls.. .......................................... 
c‘. Distill tentnclcs not in two distinct whorls .................. ..I.. ................ 

b‘. No distinct pcrisnrcal tube; stem conspicuously cnnaliculatcd; proboscis lnrge.. .............. .COILYMORPIII~)B. 
IIydranths with capitate tcntaclcs only .............................................................. .SY~colrYNrl)A.:.  R!!!. 

at/!). Hydranths with a biinal row of filiform tentiicleli, aiid with capitiito tcntiicles on tho 1mboscis _ _ _  
a. 

cbf. 

( I” .  
(P. IIydrothccz? reduced to sanccr-shaped hydrophores ornamented with a ncoklnoe o f  I~r igh  t clots, 

(L//’/. IIydrotheca scsile, and adnate by their sides to tho briinc!hcs on whic!h thcy arc pfaccd. 

A’. Hydranths nnd gonophores provirlcd with spccinl chitinous receptacles. (Hydrothccic and gonnngirr.) 
lIydrothocz? with distinct pedicel, and with n septum partly dividing tho hydrothccal clivi1 y irom 

the cavity of thc pedicel.. ......................................................... . C n n r r n ~ u ~ n n ~ D n s .  
IIydrothccz? with nn operculum composcd of converging segments .............................. . C A ~ ~ P A N ~ L I N I D A C .  
IIydrothemc dcep, with pcdicols or ncmilc, nnd without the septum.. .................................... .LAP(EIDA.:. 

and much too shallow to acrommodatc the hydnmthn.. ................................ ..~IAI.E(:IIIAI. 

Hydrothecz? arranged on both sidcs of the branches .............................. ..__. ......... ..SZRTULAKTDB. 
0‘. IIydrothccre arranged on onc side only of tho branches ......................................... .I’LUMULARIDB. 
7,. 



HYDROIDS OF THE WOODS HOLE REGION. 327 

Suborder GYMNOBLASTEA. 

No hydrothcc~m nor gonangia. 
CLAVIDIE. 

ZFo~7~osorne.-IIytlrocaiilus braiichcd, simple, or not evident. JTyclrnnt 11s milli clongated tcretc 

~ h r r o s o r w .  -~~oi~opIiorcs  rowing from the hytlrorliizti, braiiclies, -or bot1 y of t l ie  1 1  ytlranths, :mtl 
bodies, npon which the sniootli filiforiii tcnt:Icles are scattered, or arricngctl in :in ill-tlrlinrtl sl)iral. 

not protliwing free ~nrtlusae. 

colony 11nl)rimdlcd. IIydri~nt,lr stelrls not inclonctl in pcrisnrcwl t,iibon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C/n~tn.  
Cnlnny prnhisrly lm)iiclicvl.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l ,'i~~rl!//q)horn. 

crJIivli. 

Clava leptostyls Agassiz. Pig. I .  

((:oiilribntioiiq l o  1 1 1 ( ~  Nntiiriil liiqtory of t l i r  linitrtl Sliitw, I X I X ,  IV ,  1'. 'LIS.) 
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SYNCORYNIDITE. 

~0~7tosomc.--I-Iytlr~nths with capitate tentacles only, mattered over the elongated body or 

Oon,osnme.--C;onopliores usually borne above the bases of the proximal tentacles, and producing 
growing in more or less distinct verticils. 

attached. or free maduste wit,h 4 radial canals :mtl 4 tentacles with I)ulbonr;: bases, and a decp bcll. 

K e y  to gnnwrr of ,Sijncor?jniclx fount1 ,in t l in IVootls JJole region. 

A cliitinoiin perinnre investing t l ~ c  stem. Hynmnth body shorter than stcm whcn cxpandcA.. . . . . . . . . . . . . . .Syncoryne. 
No eltitinoii~ pwiscirc. ITydrimt~lin sessile, with long cylindrical bodies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . coTpiti8. 

~oyoliosome.--IIydrocaiiIi~s vrll cleveloped, often lmtndlctl and more or lcxr annulatctl. TTydmnths 

(:011(1~0/11~.--Rlctlus:r aq tlrsc*rjl)t~(l al)ove, bulbous 17asc.s o f  tc.ntnc.1c.r often.witl t dark c’ye-spot. 
with n i ~ m c r o n ~  stont eapit:Lte tt’iitiit*l(>s mid terete bodies. 

Syncoryne mirabilis ( Ag. ) . Fig. 8. 
, C‘ollt. Xclt. Irlhl. IJ .  S I  IV, 1,. JX5.) 

~ro~7ioaomc..-Colony irregnlarly lmnthiiig, witltout tlistiiict li ytlrorliiza. 1Iytlr:mthri witti terete 
lmly  and about 10 Htont capitat(’ tentacles. 

C:o7iosonic.-Mctlus:c 1)oriir on thc Iiydranth hotly, with 4 r:idi:d  canal^ and 4 inarginal tentacles, 
which are riit1irncwt:wy mid witlroiit cvitlcllt ciy(wpots in 111(~ ~(~ss i le  mediis:c, nnd :I vwy large proboscis 
on which the scxnal elelnentq :we prodncccl :inti cast forth I~rforc the ~ n c ~ l i i r : ~  l~ecome free. The free 
merliisrc are inorc l i ( ~ i ~ i i ~ ~ ) ~ ~ c r i t ~ ~ ~ l  i i i  ~11x1)~  :ind have frilly tlevelopctl 1wt:wlw witlt eye-spots on their 
J I ~ R C Y ,  arid the proboscis is innc~li smaller.. 

Perisarc not annulated. 
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Color.-Hydranths rose-red owing to  color of lining of body cavity. 
Dislribution.-FouniIl attached to rocks, seaweed, and floating timbers (A. Agassiz). Specimens 

were found in both the U. 8. Fish Coinrnissioii and Marine Biological Laboratories, but the labels did 
not indicate the localities. Waquoit. (Vinal Edwards.) 

CORYNITIS 

Froplmsomc.-No evident perisarc. Colony ronsisting of single cylindrical hydranths with 

~~ononome.--Bonophores on hydranth body producing inethisw with two 
spirally :~,rranged capitate tentacles. 

tentacles which bear stalked batteries of nematocysts. 

Corynitis agassizii McCrady. Figs. 4 and 79. 

(I’rorceclinRs Elliott Society, vol. I, No. 1, p. 132.) 

fiophonome.-Colony not branched. IIydrnnth with a long, rylintlrirnl 
body and spirally arranged capitate tentacles. 

Gonosome.-Gonophores growing low down on the body of the hydranth. 
Merluszc almost sphcricnl, the  surf:w dotted with clustrrs of nematorysts. 
Marginal tentacles 2 or 4, with swollen bases and thirkened em%. Ovarics on 
basal portion of the proboscis. Mouth lobed. 

Color.-Medusrc with manubrium, eye-spots and ends of tentncles red. 
Ovaries orange red. 

nis~ribiction.--Found a t  Woods IIolc. 
I Iiave not seen this speries, but Dr. Mnrbach h:t~ kindly alloivecl tracings 

(Dr. Murbach. I 

to be innde froin his drawings, to be used in this work. 

BOUGAINVILLIDB. 

7’rophosome.-Colony branching (in our species) and with a distinct hydro- 
caulus. 
whorl of rigid filiform tentacles. 

(Never from the 1iydrorhiz:i in onr Hpecies. ) 
single or in clusters, with sense bodies at their bases. 

Hydranths with :L dome-shaped or conical probosris, and n single I. ~ ~ , , ~ ~ , ~  n.oannizie’ MrCr. 
(After Mnrbiwli.) 

Gonosome.-Gonopliorrs borne on hydrocaulus below the hydranth body. 
&lcdusa with 4 radial canals. M:~giiial tentacles eitlier 

IIyilrocnulns with n strongly mnrlccd 
rnmificd month tcntnrlcq. . . . . . . . . . . . . . . . . . . . ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . JloirgninziilZin. 

ITytlroriinlnH with ngclntinoiis~~cri~itrc~. M c v l n ~ i v  with I I  ~ i i i g l ~  mnrgiiiiil triitiwlc, i i i i t l  ]io mont h trntnrlru . .J+rigogiimiLn. 

now pctrisnrr. hr&lsrr with clnatcrcd mnr,giiiril trntnrlrs r u i d  

XOlJGA INVITLTJA. 

~ro~i7rosornr.--I’crisnrr strongly inarked, br:mchetl, r ~ i i t l  ending below the 1,asc~s of t h r  tentacles of 
the hytlranths. 

C:onoso~rrr.-Go~io~~liorrs borne on pedicrls springing from the. hytlroraiilns. Mcdiin:~ with 4 
pairs o f  n ~ r g i n d  tentarlca ~ 1 1 ~ 1 1  first scht, frcv, :iftc.r\rartls with 4 rlnstrrs of tcnt:irlrs, wrh tentacle 
with :I 1)l:wk cyc-spot nl)ovr i l H  1) :~s~.  
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Bougainvillia superciliaris Ag. Fig. 90. 
(Cont. Nnt. IIist. U. S., rv,p.2RO.) 

Trophosome.-Colony attaining a height of about 2 inches. Stem not fascicled, irregularly 
Hydranths with very incons1)icuous 

Mature meduste with a very 
Excli cluster of marginal ttmtacl(w 

IIydmnth body with a suggestion of rose 
Sense bodics orange red 

I~~tribution.-Newport, R. I., attached to furus and shells. Woods IIolc. I have not sreii thc 
The 

branched, branclics and branchlets often annulated proximally. 
proboscis and 15 to 20 rigidly disposed tentacles. 

broad and heavy proboscis antl much ramified mouth tentacles. 
with a large ~ense-bulb at its lme.  

color. 
surrounded with yellow. 

trophosome of this species ant1 have culled thc description from that of Dr. Alexanilcr Agassiz. 
medusa was taken by me at Woods Hole on August 11, 1809. 

Gonosome.-Gonophores borne mostly on the ultimate branches. 

&lor.-Colony light brown with a greenisli tinge. 
Medus:c with a pale-yellow proboscis tingctl with red :kt tlie end. 

Bougainvillia carolinensis ( McCr. ) . Fig. A. 

(IILpporrrnr rrirolinrnhih MrCmrl?;. I'ror. Elliott Sor., vol. I, No. I ,  p. 103. ) 

Tropho8ome.-Colony attaining a height of 12 inches, but usually 3 to 0 inclies, antl liranrhing 
much IIydranths growing on hotli main stem and lminc'hes, with a long, 
prominent, very flexible proboscis, which may be a lengthened ronc, or may bc rollctl baclr until it 
assumes a Haucer-like shape; tentacles not more than 12 in specimens examined. 

~onosomr.--C;onopliorcs borne on both main stem and l)ranches, often in clusters. Mature 
medusn: mnrh like the last, but with a Nhort antl narrow prolmcis. 

Color.-colony light brown with greenish tinge, hptlranth body with rcdtlish tinge. MeduHn: 
with'brick-rctl proboscis ancl sense-bnlbs red snrroondetl 1)y green and yellow. 

ni8lribufion.-Growing on the piles of tlie U. 8. Fish Commission" (lock : k t  Wootls IToic~, and 
common in the vicinity. It is often found attached to fucus ancl floating timber. 

in  the preceding species. 

Eye-spots jet black. 
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PERIGONIMUS. 

Tropl~oaome.-Coloiiy attaining a height of about 1 inch, either branclictl or simple; perisarc of a 
IIydranth body terete, tfic proboscis 

Medus:e bell- 
I\larginnl tcntac.les 2 or 4, not, in rlnsters, and with bulbous 

jelly-like consistency and reaching to the bases of the tentacles. 
being large and conical. 

shaped, with n simple or lobed proboscis. 
bases a d  no eye-spots. 

Gonoaom(,.-Goiiolihores borne on the branches or liytlrantli bodies, in our species. 

Perigonimus jonesii Oslmrn & TIargitt2. Fig. G. 
(Amcricmi NII LiirfiliRt, vol. XSVIII, 1’. 27.) 

Trop1tosome.-Colony attaining a Iieight of about one-fourth inch, freely branching, the brniiclies 
ercct and continuing insensibly into the Iiydrantli lmtly; g(~1atiiions pcrisaro w r y  thick and often 
wri~~lrled, reaching to the bascs o f  tlic tcnt:wlw ant1 sometiinca alqxarwing to inclucle the proximal 
part of the latter. I1ydr:mths with :tbont 16 tentacles held rigidly, bnt nlternately dcprensctl and 
clel~xtetl; Iiroboscis dome-sliapcil or siibc~oiiical. 

Bono.uomc.--C;oiiopliorc.s lxirnc on tlic 11gtlr:tnth 1)otly or l)r:iiiclies. Meiius:r: ovoid, with 2 
tentacles, 4 radinl c:mals, a id  4 eye-spois; ni:tn111)ri111n short witll :I 4-lol)cd Innutli. 

Color.-Colony flesh-colorvtl. 
ni.ulribiLlion.-J~~ill~~ on tliv nbt1ti111c.11 :111(1 I\ :rlkiiig I ~ g s  of ~ A l b i 7 7 i f T  m/trvqinctfa. Collertcvl at 

This species does riot coiiic strictly withiii Llic* V‘owls Tlole rwion, Iwt  as it is tlie only i\~iicrican 
Coldspring ITarlmr, Long Isl:m(I. I 

I’erigo?~i~nus yet described it scwiiecl tlesirnblc. i o  iiwlntlr it I i c w .  
, 

A. 

EUDENDRIDB.  

7hphosomc.-Coloiiy branching, oftcn profusely; perisarc eridcnt, often regularly annulated. 
TIydranths with n siiiglc verticil of filiform tentacles, mid a ]~roboq(~iq that is at tinics truiii~~ct-slir~pcd 
and at tiincs l~ei~iisplieric:tl, the distal ciitl bc~irig tlic 1:LrgCr. 

Clonozonie.-Goiiopliorcs (innlc) forming wrticilq just bencaili the tentacles of the hyclrnnth, each 
verticil being coinposctl of n nunibrr of goiiophorcs raclinting like the spokes of n whcul, cacli gono- 
phore having 2 to 4 chambers in linear wries; female gonophores not in  reguhr verticils and usually 
clustered arouiid thc hydranth bodies. No mcdum. 
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EUDENDRIUM. 

Characters of the family as given above. 

K e y  lo Specie8 of Eudmdriuwr fount1 in, tkc Woods IIole region. 

A. Main stem fascicled. (Larger species.) 
a. Stem and branches extensively annulated thronghout. TIydrnntli body vnsifornl ...................... ..E. &spar. 

b. Colony lnrgc, pinnately branched. Miilc gonophores with 2 or 3 cliambern.. ....................... E. rainosum. 
a‘. Brauches and pedicels nnnulutccl a t  proximal ends only. 

bf.  Colony smaller, le% than 3 inchcs. Male gonophores 4 or 5 ohnmbcrecl nnd borne on iitropliicd 
hydranths.. .......................................................................... 

A’. Main stem not fascicled. (Smnller species.) 
a. 
a’. Hydranth body vmiform, colony bushy; pcdiccls strong, shorter. 

a”. Hydranth body vnfliform: colony iniiii~tc, nboiit one-fourth inch, spnrwly brninclic~ 
long, slendcr and pclliicid. Oonopliorcs bornc on nbortcd Iiydninths.. ...... 

Hydranth body globular; pcdiccls long, slender. Malo gonophores 4 or 5 chnmbcrcd.. .................... E. tcnue. 

hydranthH ......................................................................................... E. :ap<Uarc. 
. Bcmnlc gonopllorcs 011 ubortcrl 

.............. .I?. IllblIWL. 

Eudendrium ramosum (Linn.). Fig. 7. 

(Titbuliwiu ramma Linn., Synt. Nnt., 1). 1302.) 

T r o p h o s o m  c .  -Colony 
bushy, attaining a height of 
G inches; stem fascicled, the 
main branches giving off 
pinnately disposed branch- 
lets; annulations confined to 
the bases of the internodes 
and ends of the pedicels. 
Hydranth body ovoid. 
’ Gonosorne.-fikle gono- 

phores borne on bodies of hy- 
dranths that are not often 
completely aborted, 2 or 3 
chambered; f e m a l e  gono- 
phores borne usually on hy- 
dranths below the tenktcle.s, 
or on the upper part of the 
mdicels. 

Color.-General color greenish. Tlic Iiydranlli 
Male gono- 

~ ~ ~ ~ b u l i o n . - C r ~ ~ v i n g  abundantly on piles of 

bodies lined with vermilion pigment. 
phorcs vermilion ; female gonophores orange red. A. 

U. 8. F. C. wharf at Woods Hole. 
monest forms flourishing in sliallow wnt er. 

One of thc r o t i i -  h. 1Siirlr i i d r  iwii f l i s p w  Ag. 

I< I lydntn lh ,  onlrrrjicd. 

Eudendrium dispar Ag. Fig. S. 
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Eudendrium carneum Clarke. Fig. 9. 

(Mcm. Hcistoii Sor. Nnt. ITIJ.,  111, No. 4, 11. 135 ) 

!&ophosome.-Colony attaining a height of about 2 inches; mail1 stein fascicled, pinnately 
branched, the branches not so widely spreading as in l?. T U ~ I I O S I I ~ .  Annulations usually confined to 
the proxinial ends of branches arid pcdicels, cxcept t1i:tt tlic pedicels bearing aborted hydranths and 
gonophores are deeply ringed tlironghout . 

Gonosom?.-Male gonophores 4 or 6 c~hambercd, lmrne in a verticil around the body of aborted 
hydranths, which are themselves joined to pedicels bearing ordinary hydranths, the two being thus 
borne in pairs symmetrically disposed on the branches. 

IIytlranth body subvasiform. 

Color.-Hydranth bodies and gonophores bright red. 
DiYtribution.-The specimen described was found in the U. S. Fish Coinmission collection at 

Woods Hole. Labeled December 17, 1888. 

Eudendrium tenue A. Ag. Pig. 10. 

(Norlli Amuricuni Aut i lup l i~ ,  1). 160.) 

~o~~l~oso~~zc . - -Co lo~ iy  brunching irregularly, attaining a lieight of about one-half inch. Stem not 

(:or~osonzc.-Male gonophores 2 to 4 chambered, borne on unbranched aniiulated pedicels, the 
Fomale gonophores globular, scattorod over hydranth 

iasciclctl, loosely brancliing, tlic pedicels being long gild derider. 

hydranths of which have become aborted. 
body and pedicels. (A. Agwsiz.) 

IIydranth body globular. 

Color.-General color bright pinkish. 
Dislribzction.-Shallow water in Buzzard's Bay. 

(A. Agassiz. ) ' 
Xaushon. 



334 BULLETIN O F  THE UNITED STATES FISH OOMMISSION. 

Eudendrium capillare Alder. 
(Catalogue of the Zoophytes of Northumbcrliind iind J)rirham, p. 105.) 

!Prophosome.-Colony attaining a height of about one-half inch, sparsely bran(-hing, the branches 
IIydranth body vasiform. 

Gonosome.-Male gonophores 2 or 3 chambered, borne 011 aborted hydranths springing either from 

Color.-Hydranths pale greeniph. Male gonophores orange. 
Distribution.-Newport, R. I., i n  shallow water. (C. C. N.) 

and pedicels being sparingly annulated. 

the branches or hydrorhiaa. Female gonophores also borne 011 aborted hydranths. 

11. X ~ ~ d m ~ d r i u m  album Nutting. A. Hydranth with mule gonophores. 

Eudendrium album Nutting. Fig. 11. 
(AIIIIILIH iind Mrigrizine of  Natiirril History, illiiy, lX!& p. WL.) 

A. 

~o~~liosomc~.-Coloiiy minute, attaining a hcight of aliout one-t hirtl indi, branching in a strag- 
gling manner, the ultimate 1)ranches or pedicels being exceedingly long and slender, pellucid, and not 
decideclly or regularly annulated. II ydranths with vasiform 1)odics. 

Gonosome.-Male gonophores 2 or 3 chambered, borne on Iiy(1ranths tlmt arc generally not 
aborted, but may be considerably reduced in &e. Feinale gonophore8 apparently not so numerous as 
in allied species, borne on partially aborted hydranths. 

Color.-General color white, hydrdntlici a1 most entirely so. Male gonophoreu pale orange yellow. 
&?tribution.-Found on floating seaweed secured in taking the tow at Woods Hole; also 011 U. 8. 

Fish Commission wharf. 
HYDRACTINIDIE. 

Trop1iosome.-Colony formed. of ‘ ‘persoils ” of three sorts springing from an incrusting layer 
Perisarc not evident. IIydranths with a single whorl of iiliforiii tentacles 
“Spiral  zooid^" or tl+nsive perFions slender, cylindrical, spirally coiled, 

Gonosome.-Gonophores fixed sporosacs borne on blastostyles, forming a third or sexual person of 

beset with jagged spines. 
and a conical proboscis. 
with large nematocyst batteries near their distal ends. 

the colony. 
IIPDBAUTINIA. 

Characters of the family as given above. 
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Hydractinia polyclina Ag. Fig. 12. 
(Cont. Nat. IIist. U. S., IV, p. 227.) 

fiopjmome.-Colony composed of thickly crowded persons arising from an incrusting plate beset 
IIydrantlis slender, gradually iiicreasing in size with jagged spines arid overlaid with cmtosarc. - -  

from proxinial to distal end, tentacles 
numerous, filiforni, arranged in sev- 
eral closely approximated whorls, 
which are so closely set as to appear as 
one whorl a t  the base of the rather low 
conical proboscis. Spiral zooids gen- 
erally situated on the borders of the 
colony and with a number of nerna- 
tocyst batteries around the distal end. 

Conosomc.-Gonophores borne 
on sexual persons which arc much 
stouter and shorter tlian the  hy- 
drant lis, itnd have nium~routi lmtteriew 
of neniatocysts around tlie conicxl 
proboscis, but no tentacles. Ro frw 
medum. 

~t~Z~r.- l Iy~~rai i t l is  wliite, tingecl 
with red. Gonophores, ivlii(*Ii g iw 
tlie cliaractcristic color to tlie colony, 
brigli t red. 

Distrihution.--Founitl growing on 
gasteropod shells inliabitecl by lierniit 
cralm on the lure rock. or oii the nile8 

C. A. B. 
12. IIydr r i c l i ~ i L i ~ ) ~ l y ~ Z i i ~ i ~ A g .  A. Nutritive " porwti." I(. Repro- 

ditctivc persoii8. C. Spiral zooids or fighting pcrriour. 

of wharves. The writer has found thcni aniong the, cdonivs o f  l'ubularicc croccu on tlic U. S. Fisli Coin- 
niission wliarf at Woods Hole. 

I havo carefully compared tliis spccics with 11. c d i i n d t r  from ISnglanil, ant1 found tliat tlm two 
are quite distinct, as c1;ainictl by Agassiz. Aside fvoni  t11v c.Iiaracterti :IS giwn 1)y hiin, J find that tho 
Europcan forni lias very much larger hydranllis tlian t l i v  Atncric*an and niucli 1ws nunierous tentarleti. 

PODOCORYNIDJE (uiodilictl). 

71ro~~l~oson~c.-lIytlriLritlis with :I tiiiiglo \vhorl of filiforiu teiit:ich around tlic I ~ i s c  of a coriiid 
prolmscis. Ilydrorliiza it retic-ulatc net work of tit01011s invcstcd with pcrirarc: and usu:iIIy beset with 
jaggcvl spiucs. 

~o~rosorr~t~.-~~onopliorcs growing in a c*irc*lct :ironnd tlio Imsiil p r t  of t l iu  liydrantli Iiody, :~ud 
producing fixcti xporosacs or free medusa? will1 4 radiating c:inals :tnd 4 or 8 marginal tentuclcs wit11 
eye-spots at tlreir bases. 

STYJACTIS. 

fiopliosonar. -Hytlrant,li~ sessilc, witliont, evident, perisarc, slontlcr, growing from a ii ydrorhiza 
composed of a network of anastoinosing tubes wliicli are not covered witli iiaked cwnosarc and which 
usually bear chitinous Hpines. 

Go~onoso~~z~.-Sporosacs borne on tlie Iiydrantli body just below the tentaclc?s and producing 
rnedusm with 8 rudiinentsry tentacles and no mouth. 

Stylactis hooperi  Sigcrfoos. Pigs. 13 and 85. 
(American NtitiinLlist, x x X I 1 1 ,  No. 391.) 

~o~lioson~e.-I1ydrai i t~is  exceedingly slender and attaining :L lieiglit when alive of about three- 
fourths inch. T e n t a c h  j:i a tiingle whorI, very variable in nuinbcr, tlie average, according to Sigcrfoos, 
being 18 to 25. Ilydrorhiaa covered with a felting of diatoms, etc., but with no covering of naked 
cmnosarc. 
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Gonosome.-Gonopliores borne on sliortcr hydranths just below the tentacles and producing free 
Ova borric niedusz with 4 radial ariials, 8 rudimentary tentacles, and neither mouth nor eye-spots. 

011 the very large manubrium. 

13 A. 

13. Slylaelis horiperi Sigcrfoos. 
A. Niitritivc Iiydrunth or “pcrtion.” 
B. Rcprodiictivc hydranth or ‘‘ pcrriou.” 

14 B. 
14. Pciinnria tiawllo McCr. 
A. Ilriiricli of  colony. 
I!. IIydri~~itli with mcdusw (c~ilnrged). 
C. Single fiewile mcdum (cnliirgod). 

CuZor.-A speciinen kept for some time in fornialin is of t~ reddish flesh color. 

Distrihirlion.-l~ound on shells of a living gastwopod, I/yctriassci dJWkt(l.  

I have not seen 

A colony was found at 
Dr. Sigcrfooa found numerous specimens at Coldspring Harbor, Long Island. 

the free medusz, anti thit color is not given ljy the original describer. 

Woods 1Iolc in 1886 

PENNARIDIE. 

~(jz~hoaomr.-Coloiiy regularly branched (in our species). Hydranths with a proxiinal circlet of 

Gunoslome.--C7Onopliores producing medusz w11ic:ll are either attached permanently or become 
filifonri tentacles and a diutal set of spirally arranged or whorletl capitato tentacles. 

free when mature, and which have 4 radiating canals and 4 rudimentary tentacles. 
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PEiSNhRIA. 

Trophosome.-Colony pinnately branched, with a pronounced chitinous perisarcb. 

Crinosorne.-Croiiophores I)orne above the proximal row of ter~taclcr. 

IIydranths wit11 

Jietluarn oblong ovate, 
a pyriform body :~nd long inobilo proboscis beset with cnpittttc tentarles. 

with a very large proboscis bearing the sexual products. 

Pennaria tiarella RIcCr. ,Figs. 14 antl 83. 
(I'iocccrlitips IElliiitt  SI)^., vol. I, Xu. 1, I!. 153.) 

Il.ol'hoaonie.-Coloiiy attaining a height of about G inches, with iiiaiti stmi ant1 branc.lics gcniculatc 
I Iydi~~nt l ia  large), tlic, and beautifully aniiulated above origiii of cadi I)rancli, bianclilet, antl pedicel. 

ones terminating branches hciiig dcc*idcdly larger than the 
others; a bdual whorl of &out 12 filiioriii teiitwlcs, ~ n t l  a 
number of capitat3 tentacles disposcd in indistinrt whorls 
on proboscis. 

Gonosornc.--C;onopliorc~ attached to liydraiitli botly 
jnst above whorl of filiforin tentacles, and 1)rotlucing olilo~~g-' 
ovate sessile nicdusa wliicli somctinics gi\ro for111 siasnal 
products while still attached, and sonictinies beconic free 
before giving forth the sexual products. 

C'o/or.-Stein horn I)rown with darker :WWY at  the 
annulations. Hydranth I)ody lined witli wrniilion, which 
slio\vs through, producing :L boantiful voutrast with the 
whi tc tentacles. Sessile nietluw greenish with verniilioii 
markings. 

I)is/riblllioi,.-iIbuntlant on tlie piles of Fish Coni- 
inivsion doc*k at \Voo(\s IIolc~, ant1 also growing profusely 
on eelgrass near the IIole. One of the most abunciunt aiid 
beautiful species on our coasts. 

CORY M 0 R P H  I 13 IE. 

l"ropltosom 11. -13 y dranths si ditar y , w i tliout c~nipletc 
tube of perisarc, nnd liaving proxiniul and distnl wliorls of 
filiform tentacles antl a ~inniber of IIwIiy or t u l d a r  proc- 
esses on the proximal cncl of tho pediccl or stein. 

Cr~noso~~ze.--Goiiophorcci producing inedus:e wliicli 
have 4 radiatirig canals and 1 io 4 iiiarginal tentaclcs, of 
which one is much the largest. 

OOIiYM OltPIIh. 

Z'ro/~)~~iosume.-IIydraiitli sliarply distinguished from 
its pedicel ant1 with nnineroii~ short filiforin tentacles 
arranged in several closely vet wliorls around tlic distal end of the proboscis :Lnd a singlc whorl of 
larger tentacles around tlie Imrc of the body. 

O~~~~osonta . -Go~io~~liore~ borne on I)ranclied peilicctls :LIiovc t h t t  pr~isiniiil \rlioil of tentrtc4es : ~ n d  
protlnring fixed or free inedusrc: with either ii single lwge tciitacle or 4 tentacblus, one of wliich iv 
mnch tile largest. 

Corymorpha pendula Ag. Fig. 16. 
(CQIlt. NlLt. I h t .  u. R., IV,  J l .  276.) 

~ro~~hosomc~.-IIytlrantlis attaining ii height of 3 to 4 inclies when ali\re sild fully extended. 
Pedicel with c~bnaliculatecl cwIiosarc, the c-anals apl)enri~rg sopcrfic~iolly :is longitudinal Imids which 
aria8tonio8U, especially on the proximal part of the pedicel the distal part of which is abruptly 

F. c. u. 1xow22 
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attenuate and pendant. 
were, into numerous hollow tubular processes. 

tentacles. 

pink tentacle bulbs. 

Commission collection at Woods Hole are not labeled, but are said to be from Smith Hole. 

In  place of, the hydrorhiza the basal part of the pedicel is frayed out, as it 

Gonosome.-Gonophores borne on branched peduncles inserted above the proximal row of 

Color.-H ydranth body and gonophores bright pink. Medusa with light-yellow proboscis and 

Distribution.-sandy and muddy bottoms in rather deep water. The specimens in the U. S. Fish 

Medusz with 1 large tentacle and usually 3 much smaller ones. 

TUBULARIDB. 

!Z!rophosomc.-Hydrocaulus with a distinct tubular perisarc, branched irregularly or not at all. 
Hydranths with a proximal and distal set of filiform tentacles. An adherent, creeping hydrorhiza 
often produced. 

Gonosome.-Gonophores borne above the proximal whorl of tentacles on branched peduncles, and 
not producing free medusie. The females produce hydra-like actinules which develop directly into 
new colonies. 

Key to the genera of ILbularidx found in the Woods Hole region. 

Hydranths permanently attached by a regular hydrorhiza .................................................... fibularia. 
Hydranths not permanently flxed, the stem or pedicel giving off buds from its free end, which arc 

separated by spontaneous nssion and develop into new hydranths.. ..................................... .ImpoZytus. 

TUBULARIA. 

Trop1iosome.-Colony branched or unbranched, attached by permanent chitinous hydrorhiza. 
Gonosome.-Gonophores borne in pendent clusters attached by peduncles to the hydranth body 

Female gonophores producing actinules. above the proximal tentacles. 

. Key to the sy,ecies of Tubuluria found in the Woods I€ole region. 

A. Sessile medusa: with distinct radiul canals ...... 
A’. Semile mc(111srr: without clihtinct riidial caiials and willi coiiical upiciil procebucs. 

........................................................ Y! couthouyi. 

a. Ccenosarc forming IL distinct expunsion in the stem just bclow the hydrunth. Perisarc extcn- 

u’. I’criuarc: not extensively uunulated. 
sively uiinulirted.. ................................................................................... T. Zar!inz. 

b. Ilydruntlis lirrgc. 
b’. Ilydrunths small. 

IIabitut, 6hallow water. .  ..................................................... T. spcctabilrx. 
IIubitut, dccp wutcr ............................................................ .3: t c ~ i d l ~  

Hubitut, shallow walcr .................................................................... II: oocca. 
A”. Scqsilc inedusm without distinct radial cunals irnd with iipicitl 1iroccsuev of fcnialev fluttenod. 

Hydranths largc. 

Tubularia couthouyi Ag. Fig. 16. 
(Cont. Nat. IIist. U. S., IV, 1). 266.) 

Ilkophosorne.-hns unbranched, often annulated, attaining a height o f  5 to 7 inches. IIydranth 
large, probably the largest on our coautH, often expanding an inch or inore; proximal whorl of tentacles 
30 to 40 in number; distal set very inucli smaller and shorter. 

. Goriosorne.-Gonopliores growing in dense racemes from the hydranth body just above proximal 
whorl of tcntaclcs. Sessile medusw with 4 radial canals and without tentacular processes at the oral 
end. Females producing actinules. 

BZor.-Stem and gonophores bright scarlet. 
I&ribution.-Found in brackish water usually. A nuniber of beautiful Hpecimens were sent me 

b y  Dr. Mead, of Brown University, who had them growing in a submerged fiatboat at Providence, 
It. I. A few specimens were taken from a depth of 30 fathoms by the Fish I f i i ~ L  in latitude 40’ 40’ 
45’1, longitude 70° 42’. Mr. George Gray reports them from Quick Hole and off Nobska Point. 

Tubularia larynx Ellis & Solander. Fig. 17. 
(Nflt. Hist. Corallines, p. 30.) 

Trop1iosome.-Colony h s h y  ; stems branched and extensively annulated, attaining a height of 1 
Ctenosarc of the stem forming a curious collar-like expansion below the hydranth. to 14 inches. 

Hydranth with 16 to 20 proximal tentacles and about the same number in the distal set. 
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Gonosome.-Gonophores borne in dense clusters, tlie female without evident, radial canals, and 

Color.-Perisarc, in  adult specimens, yellow. Body of liytlrantlis and gonophores pinkisli scarlet. 
Dislribul.ion.-Fouiid on rocky and shelly bottoms. h nuniber of speciirieiis sccurrd growing 

on Eudendrium diq13,trr and on seaweed at U. S. Fish Coinmission station 7060, Muskegat Life-Saving 
strttion bearing N. by 1% 4 E. 44 miles. 

with conical tentacular processes at their oral ends. 

Depth, 5 fathoms. 

Tubularia spectabilis (Ag.). Fig. 78. 
(Tlrnmwcuklin q)cctnbilia. Agiiciuie, Cont. Nict. IIiqt. IT. S., IV,  11.271.) 

Trophosonze.-Colony irregularly braiiched and sparsely alinulatcd, :itti~ininp a height of about 4 
I-IydrantIis with about 20 tentacles in the p r o x i n d  row slid nearly tlie sanic nmnl)er in the inches. 

distal row. 
Chwaorm-As in  the last species, except that tlie clusters of gonopliores nru larger initl longer. 
Color.-The steins are very pale; alinost wliitc. 
nislribz~tion.-FouIid on rocks tit elid of Newport Island. 

IIydraiitli body aiitl gonophores rose red. 
h t  \Voods IIolc, locality llot giveil. 

1 0  Tlfillllfll I ( 1  f ~ f l l l l l l f l l f ~ / l  17 ‘ I ‘ r t b r ~ k l / ~ ( ~  Z < ~ I U I L X  JC11. & bel. IS. ~‘rrb!lkll  I f 1  h))f < /fllJl(l5 ( J\ ) 
,\. Scs\ilo iiicdusit. A .  ~k1ii~111lioic coiiti~iiciiig I I I I  I L V ~ I I L I I ~ P .  

Tubularia tenella (Ag.) . 
( Tl~rcnwto&flicz tc?M!!k I\g.,Collt. Nttt. 1Iist. U. S., IV, p.276.) 

~.oi’liosonLe-Coloiiy very ani:~ll for tliis genus, I~ardly exceeding 1 iiic-li in Iiciglit. Steins loosely 
IIydraiitIis with a 1)roxiinnl row of nbout 18 tcutacles and about hranicliirig, riot distinctly aniiulated. 

the saiiie iiuniber in  the distal row. 
Go)iosoine.-As in  the last species. 
CoZor.-Steni palc, nliriost wliite. 
Diafribulion.-Tlie opcw ocem in rocky pools (A. Agassix) . Vineyard Sound, G to 10 fathoms. 

The best distinguisliing iiiarlr of this species seems to be its small sim, only about half that of 

Ilyiirantll 1)odic.s and goiiopliores piiili. 

(A. IC. Verrill. ) 

T. apectabilis. 
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Tubularia crocea (Ag.). Fig. 19. 
(Punjpku croceu Ag., Cont. Nat. IIiut. U. S., vol. IV, p. 249.) 

Dopliosome.-Colony growing in dense tufts of stems entangled below and separated int3 long 
Stems unbranched or sparsely branched, annulated 

Hydranth with a body whorl of about 

Sessile medusm with a group of about 
There are no 

pedicels above, attaining a height of 3 to 4 inches. 
slightly a t  intervals and swollen just below the hydranth. 
20 to 24 tentacles and about the same number in the distal set. 

four tentacular processes at its oral end, those of the female being laterally compressed. 
evident radiating canals. 

Gonosome.- Gonophores growing in racemes or clusters. 

Color.-Body of hydranths and gonophores rose red. 
Dislribuiion.-Found growing very profusely on the piles of the FiBh Commission dock at Woods 

Stems pale, almost white. 

Hole; also on the piles of the docks at New IIaven ant1 other similar ~)laces. 

. 
19. TIL~UZUTLL eroeau (Ag.). A. Cliiater of gonophorcs. ‘LO. 

This species is exceedingly tlifiicult to tlistinguisli from 2: yw/uhili.s. 
car1 bc ~jlaced in identification of specimens without inature female gonophores. 

Indeed, little confidence 

IIYPOLYTUS. 
I F O ~ ) / L O Y O ) I ~ ( , . - C O ~ O I ~ ~  consisting of single hydranths with a long proboscis and a distal and proxi- 

f:onosome.-Gonophores borne 011 the proboscifl immediately above tlic prosinid whorl of tentacles. 
The scs4v iiictlusic arc long and tereto 

mal whorl of filiform tentacles. 

They orcur singly and not in cluster8 in the type specimen. 
in form and show no tentacular processes. 

The proximal end of the stem is free. 

Hypolytus peregrinus Murhach. Fig. 20. 
(Quart. Jourii. Blic. Sci., wl.42 ,  part 5,p. 341.) 

Tlie generic description al)ovc is snilicierit to identify the one known species of the genus. 
Description contlcnscd from original. Tlie figure has l ~ ~ n  copied from that of Dr. Murbach. with 

hiu permissioil. 
Dislrib~lior~.-\Y~~(Iti Ilol~. ,  Mass. 
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HYBOCONIDB. 

Stein with a distinct chitinous perisarc, and rooted to n true !&ophosome.-Colony unbranched. 

Con osome.--C;oiiopliores producing free medus:c. 
hydrorhixa. Hydranths large, with a proximal and distal set of filiform tentacles. 

IIYBOCODON. 

l'rophosomr.--Steni with distinct, deeply annulated expansion just below hydranth. Hydranth 
with a proximal whorl and two distinct but closely approximated distal whorls of filiform tentacles. 

Oo~~osonc~.-~~oiiopliores attached directly to tlie hydranth body without tlir intervention of 
pediinc.les and tlcreloping into free nicduszc, each of which has a single large tentacle bearing succeed- 
ing generations of niedusa. The medusa arc deeply cainpaiiulate, with 4 radial canals and a short 
proboscis. 

Hybocodon prolifer Ag. Fig. 76. 
(Cont. Nnt. Hkt. U. S., IV, p. 243.) 

13.o27hosomc.-I-Iydroca~ilus unbranched, longitudinally striped owing to the camosarcal c a d s  
showing throngh; perisarc suddrnly enlarging ncar the Iiydrisnth, whcre a numbcr of collar-like 
swollen rings npprnr, the uppermost hcing the 1:srgcst. IIydranth niuc~h like thxt of TuhTa~iu, but 
with two distinctly scparatcd whorls of tentacles around the proboscis, each whorl being composed of 
about 1 G  tentacles, the loner being twice as long as the upper. 

Oonosomc.--Cronopliorc~s adnate to tlie hydranth body just above tlie basal whorl of tentacles, 
producing free mcdns:c with four radial canals and five superficial nieridional orange-colored bands 
when fully mature. The single tentacle is greatly enlarged and near ita base a number of medusE in 
various stages of tlcvelopinent are attxhcd, and these again may in tlie same n~piiner bear still other 
groups of meduszc. 

Color.-Thc pigincntatioii of both hydranth and ~netlusa is orange red. 
nislribrlliolc.--nc.cp pools of sea mater (Agassiz). 

IIole, being collccatcd in the tow net by Mr. Vinal IMwards on March 2. 
bands were not conspicuous. 

The medusa only has been tnlrcn at Woods 
At that time the orange 

Suborder CALYPTERBBLASTEA. 
Hydrothecrx? and gon'mgin present. 

CAMPANULARIDB. 

~op7~osome.-IIydrotliec~c well developed, nonoperculittc, either with distinct pedicels or nearly 
sissile, but not :Idnato t o  or partly iininerse(1 iii Rteni or I)rancIics. ~ ~ y d r o t ~ i r r : ~ ~  vnrity (Iistinetly 
differentiated from ctnvity of stein by a septum perforated to allow a ctcnosarcal c.oiinrc*tion between 
hyr1r:uitli and pedird. 13 ytlriinth with a trumpet-shaped or subglobulnr proboscis. 

Coicosoi,ie.-Goiioi,horcs either developing the generative products directly or proilncing Inetlnsm 
which iisuislly linvc otocysts and in which the ovaries arc situated along tlrc course of the r:tdial 
can:ils and somctinies 011 tho proboscis also, but never o!i tlic proboscis nlolicl. 

Ai,!/ l o  p i c r (c  .f C(Lnaiutinuluritl:c~(~tLii(~ i71 the 1i'ootl.u Ifolc rcqion. 

A. Stem not regnlnrly lmnirlicd. 
n. Ily~lrothcrro on long I)edircls. 

b. Yrcc nic(1ns:r- \villi foitr mt~rginal tcntaclcq tit birth. ...................................................... CZytin. 
11'. No meiln~:c. Rcprodiirlion by plnnnlrc.. ......................................................... Chmpniitrlarin. 

n'. IIyBrollrcrm ttibnlsr. Pcdlccl-z short. bhrgin of hydrothcrm cntirc, not toothed.. ........................ ZIrbcZZa. 
A'. Stem rcgulrirly br:inrhcd. 

n. Prcc mcdii~ro with lli or more mnrginiil tentacles. Litliocyshq on the lmws ol tentrides ..................... Obdin. 
a'. No frcc mctlnw, thc niRtnre gontingiii I~r ir i i i g  inciliiqri-liko bodies on tlicir qninmits .................. W~~r(itlt~irzca. 
(ill. No frro mcdnsm, tl ic plnniilro bring developed within tlir gonnnginm ......................... Cnnrpnadarin. 

Tho f,tinp"nultcrid:L'wul(cridz offer great difficulties in identification, owiiig to  the neressi1 y of basing generic 
charactors on tho gonosome ant1 tlic practical itlciitity of 1110 tropliosomrs of diffcrciit gtwmt. The 
following entirely :wtifici:il key, nlt~hough iii:itlr~pate in some (:ases, is 1)rcscnted to aid the collector 
and student in the identification of speciinens without the gonosome. 
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Key f o r  idenl@cation of C%lmpanulnritlx found in  IVoods IIole region (based on tropliosome done) .  

A. Stcm neither regularly branched nor fascicled. This includes cascs whcrc 1% pcdiccl supports othcr pcdirels springing 

a Pedicels strongly annulatcd throughout. 
from it in mi irregular manner. 

b. 
b‘. Hydrothccal margin evidently toothcd. 

Hydrotliecal margin not toothcd, but entire.. ........................................... Cnnapan?tlaria poterium. 

c. Hydrothcca, small, tubular. Tecth very shallow ............................................ Clytkt  voltibilis. 

b, IIydrothccal tccth squared off at cnds. Hydrothccn? ornamentcd with vertical lines.. . Canipamdaria liincks:8ii 
b‘. Hydrothccal tccth cvenly roundcd. Rydrothccz very Iargc, with parnllcl sidcn and cxrccd- 

ingly thin walls .............................................................. Clylia grayi. 
b”. IIydrothccal tccth sharply pointed, thc extreme tips somctimcs roundcd. 

c. Pediccls usually morc than thrcc timcs thc lcngth of hydrothccn?. Hydrothccz dccply 

c’. I’cdiccls scldom morc than thrcc timcs thc lcngth of hydrothccz. 

c’. Teeth sharp, deeply cut. Hydrothccz small, with a tcndenry toirrcgular branching.. Campanularia mi?attta. 
a’. Pedicels not strongly annulatcd except a t  cndn. 

campanulate ............................................................. Clytia bippliora. 

d. Hydrotheca! broad, often subtriangular in outlinc ..................................... CLylia ?toliforinis. 
d’. Hydrothccre deep, cylindrical .......................................................... Clylia cylindrico. 

A’. Stem regularly braiichcd. 
a. Stcm fascicled. 

b. IIydrothcrm with pointed or regularly roundcd tccth. I’cdiccls arranged in vcrticils around 
stem ............................................................ Campa?auluria uertieillata. 

b‘. IIydrothcca with very shallow, evenly roundcd tccth. Colony with siibvcrticillatc branclics.. Obelia longissima. 
b”. IIydrothccz with squarc, or bimiicronatc tccth. 

c. Hydrothccm ornamciitcd with vertiral lines or longitudinal ridges. 
(1. Hydrothccz very dccp, tubihr .  Pcdicels with morc than G annulations.. .......... Obelia bicuspidala. 
d‘. Hydrothccn? not so deep. Pedicels with nsually 3 to G annulations.. ................... Obelia bidmlata. 

e’. IIydrothccn? without cvideiit longitudinal lines ............................................ Obelia gelnlinosa. 
. 

a‘. Stcm not rcgularly fasciclcd.1 
b. Hydrothccal margin toothed. 

c. I’cdiccls usually in pairs or subopposite.. ............................................ Campa?wluria edwardsi. 
e’. Pcdicels regularly altcrnate. 

(1. Pcdiccls longer than hydrothccz, not complctcly annulatcd .................... Campaiaularia neglects. 
tl’. Pedicels shorter than hydrothcca!. 

e. Apcrturc of hydrothecz broader than middlc part ................................ ffoiiothyrsa tenuis. 
e‘, Apcrturc scarccly broadcr than middlc part.. ..................................... f&7lOth~rZa loanii. 

b’. 1Iydrotliccnl margin cvcn, not toothed. 
c. Colony with a very slcndcr ccntral stem from which much-bra~ichcd, short, Istcral braiiclieq 

arisc in a verticillate manner. 
cl. IIydrothccm triangular in outlinc. Pcdicels usually with 4 to G annulations ........... Obeliapabellata. 
(1’. IIydrothcca, decpcr, subtriangular in outlinc. Pcdiccls usually with niorc than Giinnii- 

lations ............................................................... Obt lia comm&sziralis. 
d”. IIydrotliccz deeply campanulate. Pediccls often considerably longer than hydrothccn? 

arid with their middle portions not annulatcd ................... Chmpamilaria ~CnkfJhoVU.  
c’1. Coloiiy not branchcd in a regularly verticillatc manner. 

d .  Stem iicarly straight, braiichcs strong, subcrcrt, aiid giving off bushy branchlets. 
Hydrothccm very deep, campaniilatc. I’cdirclH very short ...... , . . . . .Obel ia  dichotoma. 

rl’. SLcm strongly flcxuosc, or gcniiuiato, usually not profusely branched, and giving off 
altcrnatc pedicels. 

e. Stcni flexuoqc. Hydrothecy decp, with Blightly evertcd margins. Pcdicels somc- 
timcs quit0 long, with middle portions not annulatcd.. ....... Campaiiularia calcwliJera. 

e’. S t e m  dccidcdly flcxuosc, each pedicel forming a graccfiil curvc continuous with 
tho intcrnodc from which it springs. Rydrothcca ctimpaniiiatc. I’cdi- 
eels with G to 12 annulations ...................................... Campawlaria pcx?~osa. 

f. Pcdiccls long, with maiiy annulations ................................... Campanularia aiigalcita. 
f’. l’cdircls short, borne on broad proccwcs from stcm. Hydrotheca! subtriu~igular. Obtlin gmicukita. 

e”. Stem gcniciilatc or abruptly bcnt a t  tho nodes. 

An. Colony p~~ri~’lqitic*, iiqnally growi~ig in a straggling or irregular maiincrovcr othcr hydroids. Hydrothccm 
tubular, with cven margins. Pedicels very short, sometimes hardly 
apparent ................................................................ (aciiun Ifrbclla.) 

a. IIydrothcrrc Iargc, curved. Colony almost always found growing flymmctricrilly ovcr Srrtularia 
rnivaicina.. ............................................................... IIcbclltc calcarata. 

d .  1Iydrothcrz Iiili~li smaller. Colony growing in a straggling manner over various hydroids and 
othcr organisms .......................................................... IIebella pygmza. 

~- ~~ 

1 An appcuraiicc of fasciclilatioli is often produccd when a simplc Htcm is ovorgrown with parasitic hydroids, or even 
when young colonies arc growing over older ones of the same species. 
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CLYTIA. 

Bophosome.-Colony not regularly branched. Hydrotliece with toothecl margins and l011g 

Gonosome.-Gonangia containing gonophores which produce ineclur:~ with 4 radial c.aiials, 4 
pedicels. 

marginal tentacles at birth, and 8 lithocysts between the tcntarle bases. 
Keg to the species of Clytiafound in the Woods IIole region. 

Hydrothecm small, bell-shaped, with dccply cot teeth ............................ C. bicopkorn. 
Hydrotlrccm smii11, cylindrical, with shnrp teeth and short pedireln.. ............ C. cylistkicu. 
Hydrotheen: larger, stout, brondly campaniilatc, or siibtrinrrgnlar in outline, 

with lnrge, evenly rounded teeth.. ............................................ C. ~roZ~j‘or~r~l~.  
IIydrothecm very large, with pnrnllel yides and evenly roiindcd teeth. ................ C. { p ~ ~ y l .  

Clytia bicophora Ag. Fig. 21. 
(Corit. Nnt. Hist. U. S., IV, p. 304.) 

Bopkosome.--Stem seldom branching, never regularly so. ITydrotl1ec:r 
deeply campanulate, with about 14 pointed teeth. Pedicels large, long, aunulated 
at the ends, usually smooth through the middle portion. 

Gonosome.-Gonangia deeply and evenly ringed, reseinbling a Chinese lnn- 
tern, usually borne on the rootstock, sometimes on the stem. Medusn when 
liberated hemispherical, with 4 tmtacles and 8 lithocysts situated between the 
bases of the tentacles, a d  a short manubrium. 

Dislri6ution.-Shallow water, attached to shells, other hydroids, seaweed, 
etc. Found on the steins of Tubulnriu cro~ea growing on the piles of tlie U. 8. 
Fish CoininisGoii dock at Woods Hole. 

Both Hincks and Verrill regard this species as identical with CZytin jolm- 
stoni Alder, of British waters. I have carefully compared Ainericwi s1~cciuiens of 
C. bicophora with specimens of C. j o h n s ~ n i  from England, and find that thc foriner 
is a much more delicate and sinidler species, the h ydrotlieczc of C. jolrns~oni bcing 

011 tlie average twice n~ long and wide as those of C l~ieopitorrc. 

Clytia cylindrica Ag. 
(Cont. Nnt. IIist. U. S., 11’. p. 306.) 

!Prophosome.-Stems unbranched, with pedicels shorter than 
in C. bicophora, annulnted at the proxiinal and distal ends. IIytlro- 
thecm cylindriral, small, deep, with about 10 deeply cut, sharply 
pointed teeth. 

oping medusm which escape singly. 

(A. Agassiz.) 

writings of Louis and Alexander Agassiz. 

21. CZ?/fia bicoplrora A g  

Gonosome.-Gonangia slender, oblong, flattened, not anniilatcd, (YXI taiiiing c l e~d-  

Di8tribution .-Much as in the last species. Found in Buzznrtls Bay :md nt Nnnshon. 

I have not seen this species, and hme (.ompiled tho a b o i ~ ~  tlescriptions froin the 

Medusm not described. 

Clytia noliformis (McCr. ). Fig. 22. 22. Cljitici noli- 
forrnlv (McCr.) 

(Cnvqmnrlnrin solworntin MrCr., l’ror. IClliott Sop., vol. I, No. 1, p. 191.) 

13.opimmme.-Pedicels short, usually not inore thau twice ns long as tlic lydrothew, strongly 
annulated, rising from a creeping rootstock. Hydrothecm broadly canipsnnlate, with 10 to 12 very 
prominent, deeply cut teeth with rounded points. Texture of hydrothecm stouter than in  other 
species of the genus. 

Qonosome.-My specimens are without gonangia, and I have been imnble to find any description 
of them. 

It is not certain that this species occurs in the Woods IIole region. Dr. Agassiz reports it from 
Buzzards Bay, but as heconsiders it identical with the C/yliu c$ndricn of his fnthor’s work, a spcries 
that appears to me to be distinct, I ain not sure whether he had McCrady’s species or not. My own 
specimens came from Beaufort, N. C. 
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Clytia grayi, new species. Fig. 23. 

~).opiiosornr.--Stems. unbranclied or irregularly branched, nt,rongly niinulat~etl, except un t.lic 
middle portion. 13ydrothec:e very large (twice as large as in  
C. b'icopitora), cylindrical, the sides being parallel and bottoiii 
hemispherical; marginal teeth about 18 in number, evcnly 
rounded and not very 9eeply cut. There is often a tendency to 
a longitudinal plaiting, which shows as short, straight lines 
running downward from between the teeth. Hydranth with 
about 20 tentacles. 

Gorioson2e.-Gonangia oblong, conspicuously and regularly 
annulated, a t t d i e d  to creeping rootxtock. Medus:e not known. 

Diqtr.ibution.-Found growing on living worm tubes com- 
posed of sand. Dredged by the U. 8. Fish Coiriniission steaiiier 
Fi."iah IIa7uk at station 7051, latitude, 40' 4G' 30'' N. ; longitude, 70' 
40' W. Ilepth 31 fathoms. 

The largest Clyfitr which lias up to this time been fount1 in 
American waters. 

Narned in honor of Mr. George Gray, of the Marinc Biolop- 
ical Laboratory a t  Woods Hole, n nian wlio has done ninch for 
American marine biology. 

CAMPANULARIA. 
~ 0 ~ ~ ~ t o ~ ~ r n e . ' - C O ~ O ~ i y  unbranched, regularly branched, or 

1-Iydrot.hec;e wit,hant operculurn and with or wit ,hont  

Oonoxoiiie.-Cronaiigi~~ producing sexual products whicli de- 

fascicled. 
marginal teeth. 23. Cl?/tia grwyi Nutting. 

.\. ~ ~ " ~ r o t ~ i c o n  witIi1rydrwitli (cn~nrgcrl). 
velop into p1anul:e within t.he gonangiuni. No niedus:r.. 

Kry to x p c i e x  1 f l  CImpiIuukiri(t~ f o u t d  ~ I L  /h i ,  1 I%ods Ilolc ryioti .  

A. Colony not rcglilnrly brnnchcd. 
a. Hydrotlicca with margin entire ... ........................................................... c. p o ~ ~ ~ l 7 l l .  

n'. IIydrothecnl mnrgin toothed. 
b. Teeth squnrc or truncated nt  to ............................................................ C. hineksii. 
If. Teeth vcry shnllow, formingsini ii~liiliitioiisnroii~icf npcrLnre. 1Iyrlrothcr~;o dccli, Lnbultir.. C. zwliibilix. 
b". Tcctli'very sharp and decply cut, pedicels long, stem irrcbrnlnrly branched 

A'. Colony regularly branched. 
a. Hydrothccnl margin toothed. 

b. Teeth cnstcllatcd or bimucronntc ..................................................................... C. ~iegleelci. 
b'. Tcotli ncutc, stem not fusaiclcd ...................................................................... C. eilwm-dai. 
Ut. Tccth rrhnrp or rounded, 8tcm Inwiclcd.. ........................................................... C. cmtieill~cta. 

I). Branches nrrnngcd in suhvcrticillute ninnnkr nround n slci stem. I'cdiccls oftcn 

b'. Rrnnchcs not nrrnngcd in  a subvcrticillntc mnnncr. Main st off altcrnntc pedicels. 

a. IIydrothcml margin entire. 

longer than hydrothccm ................................ ............................ C. amphorn. 

c. stem nngulntcc1, or strongly genicii~ntc.' 1'cdiocl.q long .......................................... C. mgula/tr. 
c'. Stcm flcxuosc. Gonnngin with n lnrge tcrnii~inl npcrturc ..... C. / l c m o m .  
c". Stcni  lightly ficxnosc. I'cdicclx long, not alwny8 nnnulntcd througlmut. Gonnngia with 

.............................................. C! culccollpi-ta. 

I'cdicela nnniilntcrl throughout. 

IL subtcrmirinl npcrtnrc .... 

Campanular ia  poter ium (Ag. ). Pig. 24, 
(Cl~tinpotcrii ini Ag., Cont. Nnt. Hist. U. S., 1). 297.) 

!Zkopho~ome.-Stein unbranched, the pedicels arising directly from annula td  rootstock; pedicels 
annulate throughont, the annulations often oblique, giving a twisted appcaraiice. 1-Iydrothec:e 
deeply campanulate; aperture not toothed; basal portion thickened greatly, SO as to incliide whnf, 
appears to be the uppermost annulation. Hydranths with 24 tentiacles. 

-_I_____ 

1 I t  nppcnrs to be impovsiblc to construct generic chnrnctcrs for ttic C~im~~riaitlni.iiZ:r: on the bnnir of 'the trophosomcfi. 
The clnmiflcntion of the group is llnnntrirnl and iin.sntisfnctor!: in tlic cxtrcmc, bnt this is not the plncc to nttcmpt ib 
rectificntion. 
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Gonosome.-Gonangia rather slender, not ch5dedly annulated, growing froni the rootstock. The 

Dislribulion.-Foiinid growing on stones, shells, seaweed, etc. A specinion in the IJ. S. Fish 
sexual products pass through part of their derelopinent in an arrocyst resting on top of gonangiunl. 

Commission collection is labeled: “Off Nantucket Island. Depth, 23 fathoins.” 

Campanularia hincksii Alder. Fig. 25. 
(North. mid Diirh. Cnt. i n  ‘l’riiii5. Tyncsidc Birld Clilb. III ,  1’. 127.) 

Troiohosome.-Pedicels springing directly from a creeping rootstock, not extensively annul@xl. 
I-lydrotheca, large, deep, cylindrical, with about 12 prominent sqnare-topped teeth, froin between 
whirh vertical lines pass down over the surface of the hycirotlirca. 

Gonosome.-Gonangia long, annulatd,  reseinl)ling those of Myfitr ,joliu.ufotc i ,  I)ut often not SO deeply 
minnlated. 

nis/ril~utioii.-Growing on stones, shells, cto., in  rather cleep water. A specimen was secured 
from a depth of 15 fathoms near Newport, R. I. Contrary to the rule ninong csmpaiiularians, the 
hydranth of this specimen ww brilliantly colored, the general rolor being yellow and the basal part 
srarlet. 

24. Qiriipaiiuluvm polcriii~n (Ag.)  2,i. Cflmpa?iulnriu Irincliaii Alder. 26. Qtni~~nnrt2nrici volubzlir (Liiin.). 
A .  Ilydrntlicrri (ciilargcd). A. Uppcr part of hydrotlierii (ciilnrged). 

Campanularia volubilis (Linn.) . Fig. 20. 

(SyRt. Nnt., p. 1311, nndcr iiiiiiic of Scrlulnl’in vo l f rb i lk )  

~gltosonze.-Pedicels long, extensively aniiulatetl, springing from a rrceping rootstock. Ilydrn- 

Gonoson~a.--Gonngia borne on the rootstock, flask-shaped, with a long tiibu1:w neck cmtl sl~lall 

Dk~ribu~ion.-I?ound growing on &rtdnrrlln. tric*icspitZtr/n on ~pc~riinens in the U. S. Fish Commis- 

The combination of tubular hytlrot1icc:c with very shallow teeth mid esknsivc~ly Rlmnlated 

tliecn: small, tubular, with about 10 shallow rounded niarginal teeth. 

terminal aperture. 

sion c*ollection; suppnse(1 to be froin rather deep water. 

petlirels will tlifferentiatc this form froin others on the North Atlantic roast. 

Campanularia minuta, new xpecics. Fig. 27. 

!Z’ropl/osome.-Stein branching in  an irregular straggling inannw, attaining a height of about 
one-fourth inch. Pedicels long, extensively annulated, rising ahnost pzirallel with the main stem, 
which is itself extensively nnnnlatet~, although there are Hinonth portions of coiisiderable extent. 
ITydrotheox very sinall, deeply cainpanulate, with 8 to 10 very :wute and prornincwt teeth. 

Gonosome-Not known. 
~~siskil,ulion.-Parasitic on Obcliu commi.wuralis froni ilie pilw of thc wharf a t  New Ikdford. 

Collected by Mr. Vim1 Etlwctrtb. 
This npecies appears to be quite distinct. I t  HCCIIIS to h ncnrent to C. rccrit/c~dtr/rc Altler, froin 

which it diffrrs in being brnllch~d, ill the  extent of : ~ n n l l ~ ~ t i ~ ~ l l ~  of the pedicels, and in the hydrotheca, 
being considerably broader in proporticm io i heir length. 
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Campanularia edwardsi, new species. Fig. 28. 

!&ophosume.-Colony attaining a height of over an inch, branching somewhat irregularly, but with 
a distinct tendency to send off pedicels from the main stem in subopposite pairs. Stems, branches, 
and pedicels exceedingly long and slender, with the annulations confined to the proximal portions, 
except a few just below the hydrothecie. I-Iydrothecz very large, deeply campanulate, with 12 to 14 
exceedingly sharp, slender teeth, more acuminate than in any other species in the region. Hydranth 
with about 28 tentacles. 

Gonosome.- -Unknown. 
Dislribzction.-The type specimen was found on the piles of the U. S. F. C. dock at Woods Hole. 
This is one of the most distinct and beautiful of the American campanularians. 
Named for Mr. Vinal Edwards, the veteran collector at the U. S. F. C. station a t  Woods Hole. 

A 

27. Campanularia miiiuta Nutting. 
A. and B. Hydrothecoo (onlnrgcd). 

28. Campanularia cdwardxi Nutting. A. Colony, nnturnl Rim. 

Campanularia neglecta (Alder. ). Fig. 29. 

(LaomedeancgZecla Alder, North. nnd Dnrhnm Cat. in Trnna. Tyncsidc Ficld Cliib, p. 123.) 

!&op7~osome.-Colony branching, main stem flexuose, giving off alternate pedicels which are long, 
slender, and annulated a t  the ends. Hydrothecie deeply campanulate, almost tubular, with their 
margins armed with 8 to 10 teeth which are bimucronate; that is, the summit of each tooth is crowned 
with two minute denticles. 

Gonosome.-Gonangia borne in the axils of the pedicels, oblong ovate, smooth, somewhat truncated 
above. The mature gonangium often has a globular acrocyst on its summit. 

Distribution.-In shallow water, on stones, shells, and other hydroidg. Iteported by Professor 
Verrill from Casco Bay, Maine. I find it in my notes as occurring a t  Woods Hole, but fail to find 
specimens. The figure is from a British specimen. 
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Campanularia verticillata (Linn.) . Fig. 30. 
(Sertularia wrtrlicillntn Linn., Syst. Nat., p. 1310.) 

Trop7~osome.-Colony branched, attaining a height of a b u t  5 inches. 
composed of many parallel tubes from which the pedicels tirise in a vcrticillate manner. 
large, rather broadly campanulate, with about 12 deeply cut acuminate teeth. 

Stcm and branches fascicled, 
Hydrothecn: 

29. f3tmpnn&hria ncglccla (Alrlcr). 30. Cumpanalnrin Iwticillntn (Linn.) . 31. Campanillnrin amphorn (Ag.) . 
Gonosome.-Gonangia bornc on tho main stem and branclics, oblong flask-shaped, with necks 

I)btribution.-Foiintl in rnthcr dccp water attached to stonw, sliells, etc. Block Island Sound, 17 
often produced into tubular cxtcnsions with tcrniinzl openings. 

to 45 fathoms. 
(Vcrrill. ) 

Fisher Island Sound, 4 to 11 fathoms. 

Campanularia amphora (Ag. ) .  Fig. 31. 
(Lnorneflen amphora Ag.,  Cont. Nat. Hist. U. S., IV, p. 311 .) 

Tropl~oaome.--Colony attaining a hcight of G to 
7 inches, branching in a subverticillitte manner, thc 
branches inclined upward inore than in Obrlin commis- 
suralia, which it greatly resembles. “But the most 
inarkcd difference is in thc middle of cach intcrnode, 
whcrc it bulgcs latcrally and dircctly in linc with tho 
point of insertion of tho branch or pcdicel below it.” 
(L. Agassix) . Pedicels znnulated. IIydrothem dcepl y 
campanulate, very graccfully formed, aperture entire, 
margin slightly cvcrted. Hydranth with about 30 
tentacles. 

Gonoaome.-Fcmale gonangia elongatc oval, about 
four times as long as the hydrotheca, somewhat truncate 
at top, and with a very small aperture. Malo gonangis 
more slendcr, with a slightly produced nerk. 

D~ulriBution.-Cominon in shallow mater in the 
Woods 1-1010 rcgion. 
is absent. 

32. Chnipaniil~ciia angulata Hincks. 
A. IIydrotlicru mid pediccl (onliirgcd). 

This species is apt to be mistakcn for 01~li~1 ronimisauraZis when t h e  gonosome 

Campanularia angulata IIincks. Fig. 32. 

!l!ropliosome.-Colony slightly branched, nttuining n height of about threc-fourths inch. Stem 
Pcdiccls long, usually 

( Amialn and Magazinc of Nat. IIist., 3d scricn, VIII, p. 2131.) 

geniculate, with long internodcs, annulatcd nbovc the origin of cach pedicel. 
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annulated throughout. 1Iydrother:e rather deeply rampmulak, aperture entire. Rydranth with 
about 24 very slender tenhcles. 

Gonosome.-Gonangia borne on the  rootstock, irregularly ovate, obscurely wrinlcl~~tl, ncv~lc short 
and broad. 

Disl&lion.--I haw sevrrnl fragmentary specimcns from Woods IIole region that agrce very 
closely with Ilincks's fgures. Comparing these, however, with some of the tcrmin;tl l;rnnc.hes o f  
C amphora, I find them to agrce closely with these 81~0. J'errill reports the species from Cnsco Bay. 
I do not know whethrr Ilia innterinl rinbraced the gonosottic or not. 

Campanular ia  calceolifera Ilincka. Fig. 33. 
(Annnln nix1 &fngfizinc o f  Xiit.  Ifiqt., 4th ncrics, vol. WII, p. '7%) 

Trophosomc.-Colony usually consisting of a single slightly flexuosc stem, but soinetiincs i t  gives 
off long branches similar in every way to the main stem, which sends of€ alternate pedirc~lu of varying 
length, but usually fully annulatetl and ronsiderably shorter than the  11vtlrothcr:e. 1Iytlr~itliec:c 
without teeth, deeplyrampannlatc, ant1 v it h gracefully 
everted margins. 

Gonosome.-Gonangia of peculiar sliapc, taper- 
ing basally, with latero-terminal aperture from which _ .  
a short, curved tube projects into the goiiaiigial 
cavity. 

Distribution.-In shallow water on stones; sea- 
Noank, Conn., on 

Woods Hole, on piles of 
weed, submerged timbers, etc. 
bottom of boat (Clarke). 
U. 8. Fish Commission's dock. 

33. Qkmpunulurin calrcolifma Rincks. 

Tliis beantifill species can be immediately iilcntiflcil when scxuallv mature. Otherwise the best 
character is the elegant shape of the hytlrothem. 

Campanular ia  flexuosa (Hincka). Fig. 34. 
(Annnln nnd Mngnzinc of Nnt. Hi&, 3d scrics, vol. VIII, p. 260. Under niiinc I)I L(~07i~fdenprzl~osn.) 

Il.ophouhe.-Colony usually in the form of a single flexuosc stem giving orf a serirs of rcgularly 
alternating pedicels. Stem wit 11 three or four well-t narkcd annulations above the origin of each Imlicel ; 
pedicels apparently continuous with the internotlcs from whic-li they spring, arid with which thcy curve 
continuously, rather large, cdmpletely annulatetl and diminisliing gratluaIIy in size towart1 the distal 
end. 1Iydr:ulths with a web between tlie 
bases of the tentacles. 

1Iydrothec:c campanulate, not very deep, with even rims. 
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Gonosome.-Female gonangia very large and abruptly truncated above; male gonangia much 

Distribution.--Very abundant on floating seaweed and on rocks and limbers in shallow water. One 

0Bli;LItl. 

smaller and more oval, but with no neck; sexual products forming planula: bcforc leaving gonangia. 

of 1111: most abundant species at Woods Hole. 

~~o3,l~osonic’.-Colony branched, stein simple or fasc-it:lctl. JIydrothecie campanulate, margin 
even, or toothctl. 

Conosonze.-Croiian~ia borne in axils of lmiicels, usually ol)lolly ovate, with terminal aperture 
usually surrounded with a collar or short neck. Mcdasie with disk-shapcd umbrella, 4 radial canals, 
more than 8 marginal tentacles, 8 lithocysts borne on bases of tentacles, and a short manubrium 
without mouth tentacles. 

I t  is apparently iinpossi1)le to tlefine this genus so thtlt it can be distinguished from Ctcn~pctr~ulc~ria 
by tho trophosome alone. 

35. Obcliu jlubellata IIiiicIcLi. 36. Obelia cominisauralw NcCr. 

of Obc~itrfoiknd i 3~  the Woods Iiole region. 

( A  very careful inaiiipulation of tho microscope is oftcn necessary before the characters (Jf the 
hydrothecal margin can l ~ c  definitely tlctcrmincd. ) 
A. Ilydrothccal margin entire. Stem not fiisciclcd. 

,a. Colony n long cciitriL1 stein, giviiig off xubvcrticilliito Imiiiclics which tire tlicmsclvcs palnmtely branched. 
b. IIydrotliccm trianguliir. Pcdiccls usually with xiioro tliiiii G niniulntioiis.. ...................... : ... 0. jlal~i~llnta. 
b’. Ilydrothccm docper, subtriniigular. Fcdiccle oftcii with more tliiill G anliulrrtiolix.. .......... .O. comlIli6anrftlis. 

deeply cumpanulato .................................................................. :. .... 0. didoloma. 
ut. Colony irrcgulnrly braxiclicd; branclics erect, oftcii tlicmsclvcs branclicd. Hydrothccm lurgc, very 

a”. Colony usually coiitiisting of a siiiglo gciiiculiito BtCN, giving off nltcriiutc pedicels which nro sup- 
ported on broad Hhouldcrs of tlic internodes from wliicli they spring.. .................... 0. gmiculnla. 

A’. IIydrotliccd iniirgiii tootlied. Stem kuciclcd. 
a. Tcctli bimricroiiatc, or crmtclhted. 

b. IIydrotlicrm tritiiigiilnr, without vcrticiil lines. ................................................ 
b’. IIydrotliccm deep, oriin~iiciitcd with vcrtieiil lines. 

e. ITyilrothccm deeply tubuliir. l’cdicelu with G to 15 ii.iiliuliitions.. ....... .................. 0. bicuwidaln. 
c’. lfydrotliec~.! shorter. l’cdiccls with 9 to G nlllilhtioliLi.. ............................... __._. . .O. bitler~tnla. 

a’. Tcctli forming a scrics of cxcccdirigly sliallow uiiduliitions mound tlic liydrotliccul margin.. ........ .O. longiseinza. 
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Obelia flabellata (Hincks). Fig. 35. 
(CampanularlaJZabellata Hincks., Ann. and Mag. Nut. Hibt., 3d series, vol. XVIII.  p. 257.) 

Il.ophosome.-Colony 8 to 10 inches high, consisting of a central geniculate stem, giving forth 
branches which themselves branch in a flabellate manner; stem not fascicled, anuulated above the 
origins of the branches. Pedicels borne on rather short processes or slioulders of the branches, 
distinctly annulated, short. Hydrothem triangular in outline, niargin entire. 

Gonosome.-Gonangia borne in axils of pedicels, oblong ovate, with n terminal collar and large 
round aperture. 

Distribution.-Found in rocky tide pools (Hincks). Woods 
Hole, in the passage (Verrill). 

Medusze not described, so far as I can ascertain. 
Off Thimble Island, 4 to 5 fathoms. 

Obelia commissuralis McCr. Fig. 36. 
(Proc. Elliott Soc., vol. I, No. 1, 1). 197.) 

!&ophosome.-Colony attaining a height of 6 to 8 inches, consisting of a central geniculate stem 
Pedicels not borne on distinct shaulders of the branches, 

Hydrothem campanulate, often subtriangular, but considerably deeper than 
giving off branches as in 0. $uEabelluta. 
distinctly annulated. 
in 0. jlabelluta. 

37. Obelia diclioloma (Linu.) . 38. Obdiu gmiculata (Linxi.). 39. Obelia gelatinma (I’ullm) . 
A. Portion of faauiolcd ~tciii (enlarged), A. Mudusa. 

Gonosome.-Gonangia niucli as in the last species, but larger and lcss distinctly ovoid. Medusa? 

Distribution.-Growing profusely on docka and floating tirnbera. A1)undant all along the New 

Tlio branching i s  exceediugly ulegarit and delicate, forniiii g featliery verlicillak trat:ery around 

at  liberation with 16 marginal tentacles. 

England coast. I 

the slender central stem. 

Obelia dichotoma (Linii. ). 

(Scrtalaria clie1iotorria Liiiti., Sybt. Nut., 1). 1312.) 

Pig. 37. 

~ophosome.-Colony branching irregularly, tlie branches tending to assume an erect posture, 
Pedicels short, usually wit11 4 to 6 annulations, but sometimes with many. 

Gonosome.-Gonangia long, slender, widening toward distal end, and tcririinating in a beveled 

Dktributwrt.-R.ather ~challow water. Off Gay Head, 8 to 10 fatlioms. 
I suspect that this is the same species as BucopepyTvmiY A. Ag., but, not having se:n his types, 

not mbverticillate. 
Hydrothewe large, deeply campanulate, with straight sides and no teeth. 

collar. Medusa? at liberation with 16 marginal tentacles. 
(Verrill.) 

I can not be certain. 
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Obelia genicu1a;ta (Linn.) =Eucope diaphana L. Ag. (in part)=Eucope alternata A. Ag. Fig. 38. 
(Salularia gcniculala Linn., Syst. Nat., p. 1512.) 

!Frophosome.-Colony usually consisting of a single geniculate steni bearing alternate pedicels on 
Hydrothecse short, 

Gonosome.-Gonangia long, tapering gradually to basal end and terminating in a collar which is 

Dislribution.-Growing profusely on docke, floating aeaweed, etc. One of the commonest species 

broad Hhoulder-like processes. 
campanulate or subtriangular. 

beveled and convex on its surface. 

in the Woods Hole region. 

Pedicels short, usually with 4 to 6 annulations. 

Medusa at liberation disk-shaped, with 24 marginal tentacles. 

Obelia gelatinosa (Pallas) = Laomedea giganlea A. Ag. (teste Verrill). Fig. 39. 
(Scrtffllaria gclalinosa Pallas, Elenchus Zoophytorum, p. 1113.) 

!Frophosome.-Colony sometimes attaining a height of 15 to 20 inches, profusely branched in a 
Pedicels usually quite short, with 3 to dendritic manner. Stem fascicled, with geniculate branches. 

I 

6 annulations. Hydrothecse small, campanulate or 
subtriangular; margins armed with castellated or 
bimucronate teeth. 

Gonosome.-Gonangia rather small, ovate, with 
collared aperture. Medusse with 16 tentacles at time 
of liberation (Hincks) . 

Distribution.-Shallow water, often between tides, 
attached to timbers, etc. New Haven. Rhode Island 
coast. Vineyard Sound. 

Obelia bicuspidata Clark. Fig. 40. 
(Trans. Conn. h a d .  of Sci., 111, p. 58.) 

I"rop1cosome.-Colony attaining a lieiglit of 
about 33 inches. Stem fascicled, straight, irregu- 
larly branched. Pedicels longer than in the next 
species, and with 10 to 15 annulations. Hydrotheczc 
very deep, tubular, their margins armed with bimu- 
cronate teeth, between which lines originate which 
pass down tlie surface of the hydrothecm. 

Gonosorne.-Unknou.n. 

40. Obelia bicusiiidata 
Clurk. 

41. Obelia loiigis8inia Pallas. 
A. Outline of npcrturc of 

hydrotlicca. 

Distribution.--Found at a depth of 3 to 5 fathoms, froin reefs near Tliinible Island. Near Woods 
Hole, 19 fathoms. 

Obelia longissima (Pullas). Fig. 41. 
(,%rtularia loiigixsimu Pullus, Elcticlius Zoophytorum, 1'. 119.) 

I"r~~l~osome.-Colony attaining a height of 12 to 14 inches. Main stein fascicled, flexuoae, giving 
off branches, which theniselves branch in a palmate lnanner, the whole thus being subverticillate in 
effect. Pedicels of varying length, usually extensively aunulnted. IIydrothecm rather deep, cam- 
panulate, the margins appearing at first sight to be without teeth, but upon careful examinatioii 
proving to be armed with very shallow, regularly undulating teeth. 

Medusm at the time of liberation with 20 
to 24 tentacles (Hincks). 

Dredged by the Fish Hawk at station 7051, about 40 
miles southeast of No Mans Land; depth, 3 fathoms. 

Authentic specirnens froin England, 
however, have distinctly fascicled stems and agree well with American specimens. 

Gor~osome.-Gonangia ovate, with collared apertures. 

Distribution.-Woods Hole. 

As described by I-Iincks, this species lilts not a fascicled stein. 

Off Gay Head. 

Obelia bidentata Clark. 
(Trails. Conn. hcnd. of Sci., 111, p. 58.) 

Bopliosorne.-Likc that of 0. bicwrpidala, except that it attains a larger size, has shorter pedicels, 
with 4 to G annulations, and proportionately wider hydrotheca. 
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Gonosonae.--Unknown. 
I1btrihution.-On piles, Greenport, Rhode Island. 
I have a specimen that to a certain extent intergrades between this species and the preceding, 

and therefore suspect that the two species may bo identical. 
. 

GONOTIIY R E A .  

!!kophosome.-Stem not faacicled, branched. 
Gonosome.-The gonangia producing fixed, inedusiforin sporosacs with apiral filiform tc.iitac.lcr. 

The gonophoree, when nearly mature, pays out of thc  
gonangiurn and remain attached to its top until the 
spermatozoa or p1anul:c are discharged. 

Hydrothem campanulate, with toothed margins. 

Gonothyraea loveni Allnian. Fig. 42. 
(Ann. and Mag. of h‘at. Hist., 38 series, vol. 13, p 374 ) 

!!‘kopliosome.-Stem irregularly branched, attain- 
ing a height of one-half to three-fourths inch, slightly 
fexuose, annulated above origins of pedicels. Pcdi- 
vc1.q short, with 2 to 5 annulations. Hydrothew 
deeply campanulate, gracefully tapering toward bat:(., 
very thin and transparent around margin, which i3 
quite variable in its dentition, the typical teeth being 
turreted and squared at the ends. 

Gonosome.-Gonangia large, long, obconic, bornc 
in the axils of the pedicels, each bearing, when tna-  
ture, 3 to 5 modified medusz on its sunimit. The 
sporosacs are attached to the top of the gonangiuin 
by short pedicels, and have a t  their upper end a circlet 
of short tentacles. They discharge their contents 
before becoming free. 

Distribution.-Found on shells, stones, etc., in 
shallow water. Dr. 11. C. Burnpus kindly sent to the 
writer 8onle beautiful specimens frolll tile of 42. UorLotkl/r~ulovcrLLnlllil. 4J. 0o1Lot/L2/idu1~1LlLld Ulurk. 1 

Rhode Island. 
There is no point either it1 the 

original descriptiou or in thc figure published by nr. Clark that enables iiie to separate this species 
froin typical specimens of G. lowni froin England. Professor Verrill says of this species: I ‘  Closely 
allied to G. lowni, hut has narrow, elongated, obconic gonothecz.” As these tcrins are precisely 
applicable to the gonangia of G. lovmi, I can not perceive any basis for considering U. ter~uk LI good 
species. 

Goviot1ryr:c.a hyalinn Ilincks is also ,reported by Professor Verrill as occurring off Watcll IIill, 
Rhode Island. The writer, while at Plymouth, England, found completely intergrading specilnens 
between this species and G. loveni. 

Gonot1iyr.w tenirk Clark, fig. 43, is reported from New Haven. 

IIISBELLA (modified). 

Trophosomc,. --Pedicels arising from a creeping rootstock. I1ytlrothec:c tiii)uiar, with entire 
I-Iydrothecal cavity scparated from that of the pedicel by a partial margins and without opercula. 

septum. Hydranth with a conical proboscis. 
Gonosome.-Gonangia producing free medusa. 
The genus as here defined would include several species which nisut authors plitce in the genus 

Ltrj-fcn. 
E=C!t to xpecieea of IIebella f o i m d  i / ~  t k ( 2  U’oody Ilole r(yion. 

Hydrotliecm usually irr  piiirv, doubly curved. Spccics almost tilwtiyx purirsi tic on Sertu2urLu curtkiema . . .XI. cd,.u~(da. 
IIydrothccm irregularly diutributcd, small, not doubly curved. Spccics paravitic on variour hydroidr.. . . .II. p2/gmiEa. 
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Hebel la  calcarata  (A. Ag.). Fig. 56. 
(Lqfuu.(i culcurnlu A. Ag., North Anicricuti Aculcpl i~ ,  11. 122.) 

Trol'ltosoni~.-Coloiiy parasitic,, almost always on SerttiZnrirL coriaici~r ,  where it  assumes a sym- 
metrical inode of growth, the niain stem growing ptrtiight up the front of the host and giving forth a 
pair of hydrothecce imniediately above each pair of the sertularian hytlrothecm. I'edicels very sh Jrt 
:ind slendcv. Hytlrotliecte large, curved outw:.ard, backward and upward; margin cir(buIar, entire. 
IIydrantli with a conic~l  hypostome and about 16 tentacles. 

M e d u ~ : ~  
nt birth cleeply campanulate, with two long marginal tentacles, and others in coursc of develofimeiit ; 
4 radial canals and yellow-spotted proboscis. 

IliYtribution.-Found attached to ZosterrL at Woods Hole by Mr. Walmsley. Vineyard Sounil, 
1 to 8 fathoms (Verrill). 

Thiv species was originally described by McCratly as a part of the hertulariaii on which it grmvs. 

Goizosonie.--C;onangia very large, borne on pedicelp between the pairs of hydrotlieuc. 

Hebella pygmsea (Alder) MB. Fig. 44. 
(See Britibli IIydroid %(iophytc~, Iiiriclru, p. Za5.) 

7'rol,lLosonie.-Pedicels springing direct froin ti simple creeping rootstock, very 
IIy(1rotIiecx minute, c-ylinclrical, deep; aperture smooth, sonietinies short, aniiulrtted. 

somewhat oblique, :is in figure. 
Goiiosoi,ie.-Unlriiown. 
I)islribIilion.--Fountl 011 :I p(JlyZO01i off Nantucket; khilrety 1,iglit wst by Horitli; 

Tlik ininute specks is identified with considrral)lo doubt. 
depth, 24 fathon~s. (Vinal Edwards.) 44. Hebellu p!/p 

??LEU (Alder). 

C A M  PAN U LI N I D IE (inodified) . 
~ro~lLosome.-Colonies branched or unbranched. 

in an operculuin composed of converging segments. 
Oo,itJsoriie.-C;oiiangia producing planul:c, or free niediisrc. 
This family is here modified to include the 

gcncra Loueiiella and Cul!icelltr, the former having 
Iicretofore been placed in the Ctrmpariu1nrid:e and 
the latter in the LnjaitE:~. Both agree with the 
genus Ctrmp~iuli~icc in Iiaving hyt1rotliec.tc with a 
segtiicnted opercvluni and hydranths witli a vonicd 
1)rol)osc~is. 

li,y lo yiiercL 1s f ~ i i i i i ~ ~ ~ t i u l ; ~ i ; ~ i ; t ,  of 1Vootl.u llola rqioii. 

Hydrotliectc borne on petlicela, tubular, ending 
llydrantliv with a conical proboscis. 

A .  (>OlOIly IlriUIl~lJr 1J~IlIlC!llCd. 
( 6 .  IIydrothcc,l: Inrgc, bubcylliidricul, with 

II well-dcliiicd binuoiis iiirirgiii 
llt bllHCOf ScgmcIlkd ~ p ~ ~ C U ~ l i t 1 1  .... h l J C l l C U U .  

(6'. IIydrotIicca miicli biuullcr, ovule in 
outline, t l iu  Iniirgiii Imqiiig iii- 
sensibly into thc mgrucntv of 
operculuiii .......................... Cnlycellu. 

A'. Colony not regulnrly brflnclicd. Hydro- 
1hec:c not seryilc, tiibulsr, ottcii 
with reduplicated margins ..... Oprrccilu~elk~. 

A". Colony not brunched. IIydrotheca?scs~ilc, 
tubulur ............................ Cuxpklelki 

LOVENELLA. 

~o~)liosoiiie.--Colony branchwl. I3 ydrotliem 
deep, with a distinct sinuous in:irgin crowned with 
operidurn composed of several triangular segments 
which form a pointed covering to hydrotheca. 45. I,of~e?lcllu (lrnlttlw Nuttiilg. 

Gonos.ome.-Goxiaiigia borne on the steins iuid producing free, bell-shaped medusu: wit11 ti tenta- 
cles in  two sets, and 4 lithocysts. 

F. C. B. 1899-23 
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Lovenel la  grandis, new species. Fig. 45. 

!f!rophosome.-Stem simple, giving off regularly alternating, short, annulated pedicels, one from 
Hydrotheca: very large, cylindrical; margin with 10 regular sinuations from which 

Hydranths large with a conical proboscis 
each internode. 
arise the 10 sharply pointed segments of t h e  operculum. 
which becomes dome-shaped on retraction, and about 16 rather rigid tentacles. 

Gonosome.-Not known. 
Distribulion.-Dredged from Newport Harbor, off Castle Hill. 
This beautiful species was given me for description by Mrs. Virginia Barrett Gibbs, of Newport. 

OPERCULARELLA . 
Trophosorne.-Stem annulated throughout. Hydrotheca ovate in outline, the margin not distinct, 

the  segments of the operculum appearing to be very thin and greatly elongated marginal teeth which 
converge to form the operculum. 

Gonosome.-The mature gonangia bear acrocysts. 

K e y  to ape& of Opwcularella found in  the Woods IIole region. 

Elydrothecre larger, with more deeply cleft segment8 of the opercula. ...................................... .O .  lacernla. 
Elydrothecs smaller, with less deeply cleft segmenb of the opercula.. ..................................... .O. puniila. 

46. Opercidarella lacrratcl 1Iinck.q. 47. CaZ!/rellci xyringa (Linn.). A. Hydrothccii (c~ilurgcd). 

Opercularella lacera ta  Ilincks. Fig. 46. 
(Britkh Ilydroid Zoophytes, p. 101.) 

!I’ropliosorne.-Stem annulated throughout, sparsely branclied, or nnbranc:hcd. Hydrothem with 
rihort pedicels, oblong ovate in  outline; bpercular scginentx 8 to 10, very long and slender, soniewhat 
curved. 

Gonosome.-Gonangia large, ovate, borne on ringed pedicels, and, when mature, bearing globular 
acrocysts on their summits. 

Diutribution.-New IIaven, Conn., on piles of Long Wharf. 

Hydranth with conical proboscis and about 16 tentacles. 

(Clark.) 

Opercularella pumila Clark. 
(Ti-1~11~. Conn. Acad., vol. in, p. 61.) 

Like 0. Zucerat(i, but with smaller hydrotliecae and less deeply cleft segmonta of the operculum. 
I n  comparing Dr. Clark’s description and figure with sketches of 0. ktcercctcc made by  myself in 

FJngland I have serious doubts as to the validity of the  former ripecies, but consider i t  best to let it 
stand here, as I have not seen the type specimens. 
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CALPCELLA. 

TropAosome.-Stem a creeping rootstock parasitic on other Fpecies of hydroids, polyzoons, etc., 
sending forth diort annulated pedicels bearing tubular hydrotheca! ivitli distinct, segniented opercnla. 

Gonosome.-Gonangia oval, borne on the rootstock and, when mature, bearing globular acrocysts. 

Calycella syringa (Linn. ). 
(SertzJaria apin@a Liiin., Syst. Nat., p. 1311.) 

HydrotliecR tubular, 
with thick horn-colored walls and slightly sinuated margins; opercular segnients rather short, triangular, 
and capable of being drawn into the hydrotheca when the hydranth is rctracted. There i3 often n sort 
of an addition or tubular extension beyond the end of the hydrotheca, with a distinct margin bearing 
the ogercular segments. 

Goitosvme.-Gonangia oval, borne on short annulated pedicels and, wlien mature, with globular 
acrocysts. . 

nislribution.-Fouid abundantly in the Woods Hole region, growing over all mrts of plant-like 
marine organisms, especially other hydroids. 

Fig. 47. 

Tropliosome. --Pedicels shorter than hydrothew, very deeply annulatctd. 

CUSPlDELLA. 
‘Il.o~,hosonie.--IIydrotliecm sessile with a conical operculum. Hydranths with a conical hypoatonre. 
Gonosome.--Not known. 

Cuspidella costata Hincks. 
(British Hydroid Zoophytcs, p. 210.) 

Il.o~liosome.-€Iydrothec~ perfectly cylindrical and Fessile, encircled with usually three sharply 
defined annulations dividing the hydrotheca externally into four zones; operculum composed of 
iiumerous segments, the distal ends of which can be retracted within the hydrotheca. 

Gonosomf.-Unknown. 
Distribiition.-Reported by Professor Verrill from Fisher Island Sound, 0 to 11 fathoms. 
This species is identified with doubt by Verrill. 

L A F B I D I E  (modified). 

The modification consists of the removal of the s indl  monosiphonic species, such aa L q f ~ n  
pocillunz, which I have placed in Allinali’s genus Hebelln, and tlie genus Ctrlycelln, which I have placed 
in the family Qoiri’niiuZiiiitl:i,. 

Ilylrosor, e.-Stem fascicled. llydrothrca tubular, witliout a partial septum dividing the 
hydrotheta1 cavity from that of the pedicel; niargin without tceth or opercnla. 1 Iydranths with n 
conical probowcis. 

Ca,ioaoiirc,.--Gouangitl found in rompaot tnasfies incruwting the fascicled stein, oblong, eaoh female 
gonangiuni containing ti single ovum. Tlie gonosonie of 1,crfCecc was long regarded as a distinct 
hydroid organism under the name Coppinkt nrrln.’ 

LAFOU. 

This being the only genus of I ~ f f c  found on the Ntw E~lglund coast, it can be identified by the 
family characters as given above. 

1i;y to t l ~ c  spcica of Lclfanfouiid iir the lliiods Uole regioii. 

IIydrothuca! sliort, almost se.wile .................. 
IIydrothccro slender, with dibtinct pcdice1R which uru waved or twisted.. ............................... . . I , .  gracilliwa. 

....................................................... L. (1ll)Itox~r. 

Lafcea dumosa Fleming. Fig. 48. 
(Phil. Journ., 11, p. 83.) 

~’rol,lioaome.-Stem simple, in tlie form of a creeping rootstock, or compound ant1 erect. Ilydro- 
therte strong, large, tubular, with short, sometimes liardly cvideiit, petliwls. 

‘See New Nydroidri from Alaska and Pugct Sound, C. C. Nutting. Proc. U. S. N. ai., vol. XXI, p. 747. 
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Gonosome.-Gonangia in masses, incrusting the fascicled stein, so closely crowded as to be pressed 
Both eexes found in the same colony. 

Distribution.-Found growing on other hydroids on Nantucket Shoals. 
together, tubular or oblong oval with short bottle-shaped necks. 

(Verrill3 

Lafcea gracillima (Alder). Fig. 49. 

(Camnpunularia gracillima, Cat. Zooph. Northumb. and Durham, 1). rJ.) 

Bophosome.-Stem erect, fascicled, often irregularly brancliecl. 

Gonosome.-Much like that of L. dumosa, and heretofore known as Cbppiniu nrcta. 
Dktribution.-Reported from the New England coast by Professor Verrill. Although not 

specifically reported from the Woods Hole region, it doubtless occurs there, as its distribution is much 
like that of L. dumosa. 

Pedicels slender, sinuous or 
apparently twisted. Ilydrothecrx? wry  slender, delicate in texture, often sliglitly curved. 

48. Lufaa dumosu (Fleming). 

HALECIDIE. 

~o~~~~""t /~e . -Hydrot l ieca:  alternate, 1.ctluce11 to the form of naut*er-shiipetl Iiydropliorcs, usually 
borne on tubular pedicels; rnargintr even, oltcw reduplicatctl several times, and surrounded by a circlet 
of bright, bead-like dots. IlydrarithH large, with conical proboscis, not capable of retracting within 
the hydrophoree. 

Gonosorne.-~onangia procluc4ng planub, and usually different i l l  the two hexw, that of the 
female often being surmounted by u pair of hydranthr. 

JlALECJ [JM. 

The single genus can be itlcntifietl by the charactem given al)ove. 

KC!J to specieu of IIuleciunc fourid in tlic IVooth lfo/g, reyiorl. 

A. Hydropliores borne on distinct pedicclr. 
a. Stem fnuciclcd. 

b. Colony flnbellnto in form; npcrturc of femnlc gonangium tcrminnl, bot not ccntrcil. PedicclH 
........................................................... ....................... -11 ll&czl&l&,fi. 
tic in iorni. l'ediccls HhOrt.. ...... . . . . I [ .  ( I ~ u ~ L L .  Feinulc gonangiu with round lnterul npcrtu 

(I". Colouy with slendcr branches. Fcmalc gonangiu n y  in II. Iralccinum, but with end cmnrginutc . 
a'. Stem not fascicled, irregulurly branched, nnnulatcd .................. ........................ 

A'. Hydrophores sessile, borne directly on broadened shoulder of internddes of stem.. ..................... .I€. urticulosum. 
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Halecium halecinum (Linn.). Fig. 50. 
( S c r t i t l n h  hnlccinci Linn., Syst. Ntit., p. 1308.) 

~ophosome.-Colony attaining a height of 6 to 10 inches, erect, rigid; stem faacicled, pinnately 
branched, internodes short. I1 ydrophores on long trumpet-sliaped pedicels, margins frequently 
reduplicated. 

CoiLosonie.-Feiiialc gonangia in  rows 011 upper side of braiichcs, obconic in outline, with t1.e 
aperture on oiie side of the triincated top, surrounded by a collar-like riui surmounted by a pair of 
hydranths. BI:ile gonophores slcider, ohloug-ovate. 

Disl,.ibzclio),.-Abundaiit throughout the Woods IIolc region, growing o i l  shells, stones, etr., in 
shallow water. 

Halecium articulosum Clarlc. Fig. 61. 
(Trriiis. Cniiii. Artid. n l  Sri., vnl. I I I ,  1’. 63.) 

I’rf.ol-’lroeome.-Coloiiy sometiines attailling n Iiciglit of aliiiost 2 feet; stein fascicled, briuiches very 
long and slentler, thc ultiiiiatc brancIi1ctH 1)eiug piiiiiately arr:mged like those of  tlie family I’lzmu- 
laridz. IIydropliores Hessile, altcrnatc, borne on the broadened distal ends of the almost triangular 
internodes. IIydranths very large, with about 20 tentarles. 

Gonoxome.-l~ciii:~l~~ goimngia obovate, with :I 1atc.ro-tc.riiliiis~l aperture. 

Disfrib~~tion.--Loiig Islmid Sound (Vorrill ). 

Male gonangia long, 
slender, snbcylintlriccil. 

The gigantic sperimcns rcferrcd to mere swurcd by 
the Fish Ituiuk, station 7051, lat. N. 40’ 4W, loiig. \Y. 70’ 43’. 1)cptli 3 1  fathoins. Tho largestspeciiiien, 
and it is probably tlie largest lrnown spwiiricii of the .7hrkcit?:ts, is now in the U. S. Fish Coniiniasion 
collection a t  Woods IIole. 

Halecium tenellum Hincks. Fig. 52. 
(Aiiii. and 1Wiig.d Ntlt. Irht., :kl m-icr, vnl. riii,p.252.) 

I’rol?l~osomc.-Colony very siiiall, not over half an iiirh ill height; stein not fmcicletl, delicate, 
irregularly geniculate; I)ranclies straggling, irregular; internodes very long and irregularly annulated. 
Hydropliores borne on vcry long, tubular pedicels, irregularly arranged. 
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Gonoso)t2e.-Gonaiigia borne at origin of pedicels, very large, oblong-ovate in outline. 
Disfribulion.-I find this species irientioned in  my notes as occurring a t  Woods Hole, but the 

specimen seems to have been lost. The figure is from an English specimen. 

Halecium beani (Johnston). Fig. 53. 
(Tlloa brniri Johnstoil, Britidi Zoophytes, 1'. 

Trop7~osome.-Colony 2 to 5 inclies high, branching in a dendritic manner, inore delicate than II. 
1mZecinunz; stern fascicled, the branches slender, the internodes divided l ~ y  dightly oblique nodes. 
Hydrophores much as in  H. Iinlccinum. 

Gonosomc.-B'emale gonangia mitten-shaped, with the aperture lateral, representing the cot-off 
thumb of the mitten. Malc gonangia oblong-ovate. 

Bistribzdion.-Foiind growing on bivalve dieIls at Woods 1Iole. 

53 l k Z w i w ? a  hmn+ (.Johnqton). 64. Hu2rriu.m gracile Vcrrill. 
A .  IIyclrophorru (cmliirgcvl). 

Halecium graci le  Verrill. Fig. 54. 

(Invcrtcbmtcrl Animal8 of Vincyiird Solind, I). 729.) 

Frop7iosme.-Colony profusely branched; skin fascicled; branches ascending, slender, pinnately 
IIydrophoreg inudi as i n  11. hdec+rum. 

G'onosorne.-Female gonangia much as in I% Iictlecinuni, brit with the end emarginate. Malc 

Uivlribulion.--Iluzzard's Bay; Vineyard Sound; near New IIaven, on floating timber (Verrill). 
Professor Verrill has kindly sent me a type specimen from which the figures were drawn. 

Although hard to differentiate succinctly from 31. Iu~lecinum, it has a very distinct facies and mode of 
growth. 

arranged, with slender internodes Heparated b y  oblique nodes. 

gonangia oblong-ovate. 
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SERTULARIDIE. 

~ro~~l/osorne.-I-Iydrothecllc sessile, more or less adnate to tlie stem, and arranged on both s i c h  of 

~or,o::oir,e.--(icinniigi:~ producing p la i iu l~ .  PJo medum. 

Kcy io the gcrierte cg &rtular 

the stein niid hraiiches. Hydranths with conical proboscis ant1 a single whorl of filiform tentacles. 

f c i ~ ~ i  , b ~  ULC vrclo(l;u m i ( :  rqio//,. I 

h. IIyArothecm in strictly opposite puim, i i  piiir to ciicli interiii~dk of tho stein or briinch. 
(1. Operculmn, when prcacril, in two yicrca.. ................................................................ .serbirZn~itr. 
(1‘. Oper(:nluni, wlicii prcscnt, in one piece mly  ............................................................... I X l i h ~ i ~ i ( i .  

A‘. IIydrotheca subopposite, iiuiliilly (llcv!ply inimcrwtl, nioro thrrii t.wo to ciich joint of  Hterri or bnincli .......... Tlitriwici. 
A”. IIydrothecro atrictly nltcrnate. 

u. IIydrothcca placed on opposite Rides oC ~lei i i  niid brunches.. ............................................ Serl&weZlu. 
a’. Iiydrothecro pliiccd on the f r o l i t  o f  Imnchca iiiirl oirscil nltc~rii:i!vly to 1.1ic right iind Irft.. ......... . I I g d ~ c ~ i l i i i t i ~ i u .  

SICRT [JLAItlA. 

l’r0~l1oso~~1c~.--C0loiiy iisually branched; E teniv ant1 branc1;es divided into regular intenlodes, each 
Hydrothecie either withont an operculuin or of which bear8 n pair of atrictly opposite hydrothetm 

with a very delicate one coinposed of two pieces. 
Gonosome.--Cronaiiyia without an internal inarsupiuin. 

I<WJ to  spe& of Sertuluriu jound in tlie ll‘ootlu Hole region. 
I 

A. 
A’. The two hydrothccrc i n  conttict for a t  least half their length. 

The two hydrotliccm composing n pair scarcely touching each other in front.. ............................... .S. pimila. 

a. The width of n pair of hyd~ot11eca3 nt their bases connidcru leva thiin distarice Croiii bottom of 
hydrotlieca! to the node below.. .................. ........................................ S. coruicisn. 

a‘. The width of a pair of hydrothcca at their bnses not much less tliiiii distiiiice from bottom of hydro- 
theca to tho iiodo below ..................................................................... .S. cornpiem. 

Sertularia pumila Linn. Fig. 55. 
(SyHt. Nnt., p. 1306.) 

Ill.o~l~oaonzc.-Coloi~y small, braiiclied 
or nnbranclied; steiii divided into regii- 
lar internodes, eacli bearing :i pair of 
liydrothecw. IIydrothecm stout, rrgu- 
larly curved, the approxiinateil sides of a 
pair not in contact; :tperture l)ilsbiate, 
often sliowing a very clelicato oper‘rulu~n 
coinposed of two valvcr. 

noi/osonr~.-C;i)~iaii~ia ovate, with :L 
sliort pedict4 arid a tcrininal cvdrtr ( ~ m -  
tainiiig the qwrture. 

nis/ribrrlior,.--ltatlir,r twni1ioii in the 
Woods Hole region i i i  ~liallo\r witer. 
Often fount1 growillg over ~ w w w ( 1 .  
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Sertularia complexa Clarke. Fig. 57 
(Bull. Miis. Comp. Zool., vol. v, KO. 10, p. 246.) 

Dophosome.-Colony an unbranched erect stein attaining n height of about three-fourths inch. 
Hydrotheas tubular, abruptly curved outward distally, aperture bilabiate; the two Iiydrothecn, of a 
pair adnate for more than their proximal half. Stem internodes below hydrothccx slender, ~howing 
immediately below the hydrothecs short internal, c*hitinons procc’sses pointing downward from the 
11 ydrothecal floors. 

Gonoxome.-Gonangia produced usually in  pairs a t  foot of stein, ovoid in forin, beautifully a d  reg- 
i h r l y  annulated, resembling Chinese lanterns, collar tertninsl, with circnlar aperture a id  operci~lnm. 

Dislribution.-Found by Mr. Walinsley near Woods TTolc, ant1 afterwards by  myself, growing in 
great quantities over seaweed dredged from the bottom nmr Nobska Point. 

Hydranths with conicdl proboscis and about 20 tentacle,u. 

B. 
A. 

66, Sertzilavla corniciiiri McCr., upmi wliirll IIcbell(i edcti~nln (Ag.) 57. Scrf rrlitrin ro?)iplr.i.rt Cliirkc. 
is growing n~ n pnrnnilc. A.  I,ntei-nl view. 13. Front vicw. 

This interesting species was originally kountl by t,lw IilaAx off the coast o f  Yiicat,an, 1,lini reported 
from Australia by Professor Bale, :nit1 finally provca to 1)c coininon IICLRP JVoixlH ITolr, w110rc it  11,w 
doubtless often been mistaken for A’. pumMila. 

I )II’HASI A ,  

Trophosome.-~o~ony regularly branching; steins and bra11c:lic.r regularly tlivitkxl int,o internodes, 
Hydrotheatl inargins wen or sinuous, with t in  

Gonosome.-Gonangia cleft above into leaf-like mgnient,s, and cuntaiiiing a Hplieriual, irit,ernal 

each of which bears a pair of opposite 1iydrot.hecce. 
internal operculuin consisting of a single piece: 

inarsupial chamber. 

Key to species of Dipl~cisicc foziiitl in the IV~MLY fAde reyion. 
Width of n pirir of hydrothccze nt buse ncarly eqiinl to their 11cigIit.. . . . . . . . . . . . . . . . . . . . . . . . . . . . __. . . ____. .__... I). i‘allaz. 
Width of a pair of hydrotheca at base not much inwe thrin hnll their height.. . . . . . . . ... . . . ..... . ..... . .. ... 11. ~osacea. 
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Diphasia fallax (Johnston). Fig. 58. 
(Serfiilnvinfiillnr .JolliistOn, British Zoophytes, 8th cditioti, p. 127.) 

13.oi)liosonie.-Coloiiy braiiched, the termiiial branches often abruptly curved so as to form a hook 
or short coil. Kydrot,lieca: stout,, wit,la n wide, Riiiuous margin closed hy an operculum hinged to its 
inner Ride. 

CIonosomc.-FeinaIe gonaiigin wit.Ii ronr Iotif-like expiisions al)ovc?; iii:t~u gonangia wit11 four 
teriniiial spiiies. 

~)is/ri/Jictioii.--~~ial~o\\.  water, often g;ow 
ing on other Iiytlroids. A speciineii found in 
the U. 8. Fish Coinmissioii collection at IVood~ 
Hole is labeled “IC. b y  S., Saiilrety, Nant,uclret, 
23 fathoins, V. N. E.” Off Watch IIill, 17  to 
21 fat,lioms. (Vcrrill. ) 

Diphasia rosacea (Linn.). Fig. 69. 

il5.oi~lroso,t2c.-Colou 
more slender t.liaii iii.1). j 
separated. IIydrotlicac 
slender, tubulitr, abruptly Imit outward near 
the niiddle; aperture facing nearly upward, 
~iiiiioiis, closed with an iiit,eriial operculuili coil- 
Ristiiig of a single piece. 

~ ~ i J i l i ~ S O / ~ l ~ . - ~ ~ l l l ~ ~ ~ ~  goiiangiuin pyriform, 
longitndiii~~lly ridged, wit,h two ~)roiiiiiieiit 
pointed processes on top, and a round internal 
marsupiuni; male gonangium “pyriform, cinrved 
toward the base, trnversed by longitudinal 
lainellatetl ridges, which rim nborc iiit,o Bpi- 

es arouiitl a slender tubular orifice.” 
(Ilinolrs. ) 69. Diplraxiu rosacea 

fat.hoiiis. (Verrill.) 

(,%tiilrivia ~ o x n c m  Linii.,  SysL. Niit., 1X06.) 

nis/ribulioir.-Fi~l~er Islantl Soiintl, 9 to  1 1 (Lillil.). 

SRRTTJIA 1ZICLLA. 

IFo~l~osoine.-Coloiiy iisuany I)r:tiiching; stein niid branches divitled into regular internodes, 
each benriiig one or two 1iydrntliec:P. 1Tydrot~licc:ie strict,ly altcriiatc, h r n e  OII opposite .Rides of the 
br:~iich, uun:rily witli t,ootlietl iiinrgiiis provitletl with iui opercnluin consistiilg o f  inore than one piece. 

Goilosoi).le.--(;onnngin 11s iii A~r/dtrritr, but usn~tlly 1110ro or ICSR aiiiiulat,cd. 

K e y  lo .ywci(’s of S~rllrlarelltcfoun(1 iir. the Ilvoootls Uole  region. 

A .  IIydrothecal Innrgin ~vi t l io~i t  tccth or f)pcr(xi~liln ........................................................... .S. ohirfina. 
A‘. IIydrotlicaiil niiirgin with three tcctll.. .................................................................. .S. tri(.Uq)idftt(l. 
A”. IIydrothccal miirgiii with 4 tcctli. 

11. Teeth ohsciirc. 1Iydrotlicc:c Iofiiloriii, rlccply iiiiiiiilstcd or wriiiklcd trmsvcrs 

(#/, ITyrlrothecm medium-aimerl, mntrotli. 13riiiichcs irrcgulnr arid  di~tcnit.. 
(1’ .  1Iydrotlicc;c vcry llirpc, noinctiincs corrnpiited i i t i o \ ~ .  Briiiirhcn iipproximiitc . ............. 

......... ....... S. pi~l fpnias ,  

Sertularella abietina (Linn. ). Fig. GO. 
(Swbilririu rrbicfiiin Liiiii., Syst. Nat., p. 1307.) 

Tro~k.oso,ne.-Colony pinnately branelled; branches thick and cwtrse, approximate, divided into 
internotlea, caczli of whic~li bears one or two Iiydrothecm; nodes oblique. Ilytlrothcczc large, alternate, 
bulging l)elo\\. aiid iiarrowiug above to :L tu1)ular neck with H. rouiid, even aperture without an 
oprrcul um. 
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Gonosome.-Gonangia “subsessile, ovate, smooth, with an even, shortly tubulous mouth.” 
(Hincks.) 

Distribution.-A specimen in the U. S. Fish Commission collectiori at Woods Hole bears the label: 
“E. by S., Sankety light, 20 fath.” 

This species has always hitherto been placed in the gems Scrtuluria. Its 5 strictly alternate 
hydrothecae, however, make i t  necessary to consider it a Swtulurelln in rrcc-ortlance with the definition 
given above. 

~l.o3illosome.--Cc)loiiy slender, branches alternate, divicletl into regular internodes, each of which 
Hydrothe(w cylindrical, sliglitly curved. distant, with a 3-toothed margin and 

(:onouor/lr.--C;oiiangiit deeply ringed, ovatv, with a ronstrictcd tubular neck and circular orifice. 
Dish4u/;oti.-A specimen in the U. S. F. C. collection at Woods IIole bears the label “E. by%,  

bears an hydrotheca. 
3-parted operculum. 3 

Saiikety light, 25 h t l i . ”  

Sertularella rugosa  (Liiiii. ). Vig. G2. 
(Serlrdiwirr v!~(/occc Lifin., S p t .  Niit., 11. 1308.) 

ili.ci~hosonrc~.--C~olo~~y iiiinutc, urit)rarichetl, or sparingly branc~hcd; interuotle~ short, c,acli bearing 
1Iytlrotliec:v fusiform, very deeply and cwispicuoady inarked witli annular corruga- an I~ytlrotheca. 

tic ti it‘ ; apert ure qnatlraiigalar, ratlivr 01 orely toothecl; teeth 4: oper~~nluni coinposed of 4 pieces. 
G‘orroaomc.-C;oii~tigia like the hytlrothec*:e, but inwh larger. 
~~T)iutriLulioii.--Noa~~l(, on piles of wliarf. Off JVittcIi Ilill, 17 io 21 f:ttIi~iiis. (\’errill.) 

Sertularella polyzonias  (Linti. ). Fig. (3. , 

li.o~lioaornc.-Col~ity branched in an irregular t~~aiiiier, the I)raiiclies alternate, 1)ut not equally 
distant, divided into regular internotles, each of which bears a i l  hydrotheca; nodes oblique. Ilytlro- 
tliecre swollen b r l u ~ ,  riarrowing above to :I margin with 4 shallow teeth ant1 :ti1 operc*ului~i .of 4 pieceH. 

(:onouonre.-C;o~iangia ovate, corrugated, with a short pedicel and quarlrate ryjerturca. 
I~itrtribu/ioii.-“ Off New Loiidoii, G fath. ; Gardener Bay, G to 8 fathoms; I3loc.k Island Sound, 17 

( S c r t i i / u i  iu  p o l p m k i a  L i m . ,  Syst. Ntit., 11. 815.) 

to 24 fathoms.” (Verrill.) 
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Sertularella gayi (Lanix. ). Fig. 64. 
(Scrtularia gaui Lamx., I<xpositioii Mbtliodiqiie, p. 12.) 

Y’rophosome.-Like the last, but much more robust. 
I Tyc1rothec:e inuc-h larger, often corrugated on the upper side. 

Ctiiiostii,ir.-Cfonangia with a 2-toothed aperture. 
Distribulitin.--h specimen in the U. S. Fish Commission collection at  Wooci~ lIolu bears the label 

This spwinien has inucli larger iintl coarser hydro- 

Branches regularly pinnate and approximate. 

“IC. by S., Sanlrety Light, Nantucket, 25 fath.” 
thrc:r: than specinienr froni 1Siigland, and inay represent a distinct species. 

TI1 UIhltPh. 

112o~~lrontinic.-Colony branchetl; steni and I)r:~nclies divided into 
internodes cncli of which bears niore than two opposite or subopposite 
hydrothrcw which nrc nsually clceply iiiinierscd in the stem. IIydro- 
thecat tubular, or fiaulr-shaped, with bilabiato apertures. 

G‘oi~tisomc.-Gonangia much like those of ,%rtid(tria. 

Key lo .uy,ecies of Tl~uiirriu found in tlte ll’titiit~ IIijli, rcyion. 
A. Stein loiig aiid slciidcr, bcririiig slciitler brirrii~lrcs which wlidiviAc> ilirholoiiiouslp. 

Ootiaiigiii biiniicronirtc? 
a. IIydnitlicclr! free for about their rlistrtl one-tliird ........ 
a’. IIyrlrothcc~ iinmerned iilmoqt to the orifii-c ~. . . . _ _  . . . . . . 

A”. Slcui ruirl briiiiclic.i rigid, tlic lnttcr btiff iind siibvcrtii4litteI 
Oi~nuiigiu witlioiit murrotintc prorcsw on end . . . . . . . . . . . . . . . . . . . . 7’. Ihujn. 

Thuiaria argentea (Ellis C Goltintlcr). Fig. G5. 
(SrrIulwiu cirge~it ir~ 1211. & Sol., Zooph., 1’. 3%) 

Ill.g~l~osorrie.--Coloiiy breaking up I)as:illy into long, blencler intiin 
1)ranc.hes which giw of€ spir:illy tiet, closely approxiinated, necondnry 
I)ranc.hes whidi branch ilichotomouul y, ciich foriiiing it grawfol flabe1l:ikc 
structure; intcrnodes rather sleiider, e:icIi bcaring ti group of srvcrxl 
1iydrothec:c. Jlydrothecw subnlternatc, tubular, their distal ends cur\‘- 
ing gently outward, so tlint about the terminal OIW-third i n  free; a p w t n w  
armed with two opposite trcth, oue much longer than the other. 

Gti~~ti~tii~~~.--C~oiiangia with two lateral projections and 21 cwitml 

niylribulioii.--\’iiieyart’l Sound, Long Island Sound, and 01 her partfi 

tcniijnnl orifice. H 
(is. ‘I%iikclria nigeiilcn (Ell. & Sol. 

A. Cioiiuiigiiiiii. 
of the coast. Very coiniiioii iii depths froin 1 to 20 fathoms. 
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Thuiaria cupressina (Linn.). Fig. 66. 
(Sertulariu cup  cscii ia Linn., &Ht.  Nat., p. ISOH.) 

Trop1iosome.-Colony consisting usually of a single very long and graceful central stein which 
gives off alternate branches which again divide dichotomously into 1ong:tlternatc branchlets; giving the 
appearance of a verticillate arrangement. hiternodes much shorter than in  the last spccics, cadi bear- 
ing several pairs of Rubopposite hytlrothecw. TI ydrothecx ininiersed nearly to their ends, tnbular, 
rather straight, with a not very pronounced bilabiate aperture. 

(:onosoontc.-Gonangia Ijorrie ill rows 011 nliper sides of ~’iiinules, slialml like tlioxe of Y! cirpntra. 
Uistribulioir.-Viiicysrd Som1d (Verrill). A specimen in the U. 1’5. Fish Coiuniissiori collection 

at Woods Hole is labeled, “E. by H. Sankety Light, 25 fath.” 

A. 

66. Thtaium‘u euprraama (Linn.1. A. Gonnngin. 67. Thitiniia tk tr ju  (Liiin.). 

Thuiaria thuja (Linn. ). Fig. 67. 
(Sritrthiiu lBr/ja Lini i . ,  Sy,vt. NILt., 1 )  laur.) 

!&ophosome.--Stem rigid, sharply and finely geniculate, witliont branches on lower portion; 
branches forming spirals, eac.11 dichotomously branc~heil antl forming a flabellate structure. A11 of the 
branches and branchleb are stiff antl liarsli, w r y  different froiii thc gracucful strwturcs of the prcceding 
species; internodes very thick, each bearing several pairs of closely approsiniated subopposite 
hydrothem, the top of one often reaching to bottom of one irnincdiately above. IIydrotlicczc tubular, 
somewhat swollen below, apertures with two rather inconspicuous op1)ositc teeth o f  about the same size. 

C:onosorne.-Goiiaiigia ovate, without lateral spines, and witli a short collar and rountl aperture. 
Distribution.-Off NiLntucaket. (Vinal IMwardF). 

. 1 IYDIiALLMANl A. 

Trop7iosome.-Stem branched, the I d n c h e s  plume-like. Ilydro- 
t h e m  in groups on one side of terminal branches, arrangcd in an slter- 
nate manner, curving to right rind left. 

~o~~osoine.-Cfonaiigia ovate, with a tcriiiinal aperture surronntletl 
by a slight collar. 

Hydrallmania falcata  (Linn. ). Fig. 68. 
(SerlulurircfuZcutu Linn., Syqt. Nut., p. 7309.) 

!Prophosome.-Stem slender, without hpdrotliec=; branches pluine- 
like, the branchlets divided into internodes, eac*h of wliicli bear8 a groiip 
of several hydrotliecze on its front or upper side. IJytlrotheuc flrnk- 
shaped, swollen below, narrow above, curved d i s t d y  and ending in a 

B. 
(,x. lr,,fi,nllnLn7,i(t f t L ~ e a t u  ( i d i ~ l I l . ) .  

bidentate aperture with an operculum. 11. I’oFtloll of Ilf.lllIfLh, H i d O  VjCW. 

Gonosonie.--C;oriaiigia as described above. 13. Go~inngium. 

Distribution.-Common in rather deep water throughout the Woods Ilole region. 
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PLUMULARIDS.  

Ill.o~liosonie.-Hydrotliec~e aessile, usually adnate by  one side, arranged on the upper sides of 

Gonosome.-Gonangia often inclosed in protective contrivances, such as modified branches or pod- 
the hydrocladia or liydrotheca-bearing branchlets. 

shaped receptacles called " corbule. '' No meduste. 

Nematophores' always present. 

Key to p m r n  of Plicitiiilnridia.foound jn the TVoods I i o k  regioti. 
A. Ncmatopliores trumpet-shaped, not immovably fixed to tlie liydrotlieem. 

a. Branching diehotomow, the hydrocladin springing from the upper side of the branches ............. .Monoskchas. 
a'. Branching strictly pinnate, tlio hydrocladin, or some of them, forked ................................. .Schbot~icha. 
a''. Branching verticillate or scattered. Cmnosarc canuliculntcd in main stem .......................... .Antcnnulah. 

A'. Nematophores not trumpet-shaped. immovably nxcd to hydrothecm or otlirr parts of colony. Qonangia 
protected by special, usually forked, branches bearing nematophores without hydrotliecm.. ....... Cladocavpus. 

MONOSTECH AS. 

~o~leoso~ire.-Colo~iy dichotomously branched. Hydrocladia borne on upper sides of branches. 
Gonosome.-Gonangia ovoid, borne at bases of hydrothecze. 

ItTonostsechas quadridens ( McCr. ). Fig. 69. 
( P Z t ~ i ~ i ~ l n l  ia qiiadndena hfcCrady, Roc.  Elliott Soc.. vol. I, No 1, p. 109 ) 

Tro~hosoi,ie.-Colony erect, composed of a main stem with branches which 
themselves branch dichotoiiionsly, bearing liydrocladia a t  their points of junction 
and also on their uppcr sides; h ydrocladia composed of internodes, every alternate 
one of which bears an h ydrotheca. I-Iydrothccw cup-shaped, with even niargins, 
adnate for about half their length. Neinatophores trunipet-shaped, three asso- 
ciiated with each hyilrotheca, and usually two on each internode of hydrocladium 
that does not bear hydro thec~;  a row of nematophores is also found on the upper 
side of each branch from which liydrocladia spring. 

noizosonrf,.-(;oiiangia ovoid or pyriform, borne on short pedicels just below CQ. Mo?ios 
the hydrotliccrc. ?-itle?ia (hfcCr. ). 

I)i.slriC~clion.--I)rrdgetl by tlie Allbcttroart near Marthas T'iiieyard. Depth, 22 fathoms. The 
species iti coninion soutliward to the \+"est Indica in  moderato deptlis. 

SC:III%OTRICI IB .  

'li.o~~lcosomc~.-Colony consisting usually of a cluater of simple, upright stems, giving forth 

(^r'oilosonle.--Goiiiingia ovoid, tubular or coriiucopia-shaped, borne 011 tlie main stem, branches, 
hydroc.ladia in a pinnate inannrr. 

or liydroclatliu. 

IIydr6cladia in ~naturc  spcciinens forked. 

K e y  lo q m i e s  of Schizotriclitc j"uo(ciu1 iie tlr i Ifrootla 11011~ region. 

1111 Iiydrotliciw in tlia axil of  eiicli Iiydrocltidiiun . . .............................. .s. fe?lella. 
No Iiyclrothccm in the axilr of the Iiydrocladin.. ......................................................... .S. g ~ * ~ c t l l i ~ ~ t a .  

Schizotricha tenella (Verrill), Fig. 70. 
( P ~ W M L Z R ~ ~ ~  ~ P ~ L c Z Z ~  Vcrrlll. Invertcbruted Animals of Vinrgiird Sorind, 11. 731.) 

~ ~ ~ l , ~ L O S O ? ~ / f : . - c O ~ O l l ~  in the forin of very delicate white plaliles, 1 to 3 inches high, eacli plume 
cymsititiiig of a cerilral stern giving off alternate hydrocladia with liydrotheca at base of each; 
hydrocladii~ often forked in  inature specimens, with internodes and hydrotlicclc inuch as in the last 
species, but with a11 additional diort internode often intercalated. Neinatophores as in the last species, 
except that there is but oiie to each intermediate internode. 

1 Tlie i1ematophorc.i arc! minute trumpet-siiapad or tubular orgims coinposcd of chitin mid nnuully nmociilted with 
tlic l1gdrothccm, two, one on each &le, being found n c ~ u  wlicrc tlic nitrrgin of tlic hydrothcaa joins the stem to which it 
is adnate, iiud onc just in front of the bottom of the Irydrothccn. Otller8 lire found on tho bmnrhcs, stem, and protective 
contrivances wliic2h indoso tho gontingia. Tlrc ncmatophorcs contiiin highly remnrknblc structures known us sarcostyles 
that tbre capable of enormous extension. They are morphologically "persons" of thc colony. 
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Gonosome.-Gonangia curved, cornucopia-shaped, borne on slender pedicels at the bases of the 

Distribution.-Found abundantly on the piles of the wharves at Woods Hole and Vineyard Haven. 
hydrothem and having one or two nematophores on the basal portion. 

Off Gay Head, 8 to 10 fathoms; Vineyard Sound, 8 fathoms. (Verrili.) 

70. Schizolricha tenella (Verrill). A. Part of hydrorladium (enlarged). 

71. Scli@oln'cha gracillima (Sam) . 
A. Part of liydrocladium (enlarged). 

72. Antennular& anlennina (Linn.). 
A.  Part of hydrocladium (enlurgcd). 

Schizotricha gracillima (Sam) = Plumulnrin nerm'llii Clark. Fig. 71. 
(Plumularia gracillima Sam. Bidrng til Kuudsknb om Dyrelivct pall vore Huvhankcr.) 

Trophosonae.-Colony consisting of a main stem, which gives off plumose branches near its base. 
Branches consisting of a slender shaft, giving off alternate rather distant hydrocladia, which are forked 
and divided into rather distinct internodes which are long and alender and separated by straight nodes. 
Hydrothem small, cup-shapeq almost entirely adnate behind. A pair of trumpet-shaped nematophoref! 
are inserted just above the aperture of the hydrotheca, another single one below its base, and others 
scattered.rather irregularly along the hydrocladia and stem. 
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Gonosome.-Gonangia subcylindrical, somewhat swollen below, not curved, borne usually a t  tQe 

Distribution.-Eastport, Me. (Verrill). It is altogether probable that it occurs in the deeper 
I have included it here to enable collectors to identify it if found. 

origin and forkings of the hydrocladia. 

water in the Woods Hole region. 

ANTENNULARIA. 
~ophosome.-Hyrocladia arranged in  verticels or whorls around stem. Stem with canaliculated 

Gonosome.-Gonangia borne usually in the axils of the hydrocladia, not protected by gonangia or 
ccenosarc, the canals being just under the periderm and not well seen exccpt with transmitted light. 

other special contrivances. 

...... ...... 
73. Aiitenniilflrla amen’cflna Nutting, : 

I,. 

73 A. Part of hydrocladium 

74 A. 

(cnlarged) , 

73 A. 

74. AntennuZa?ic~ wigosa Nutting. 74 A. Part of hydroclndinm (cnlnrgcd). 

KC?J lo spra‘ea of Antcniazilaria.found in lite Tl%ods Holr region. 
A. A iioilc hctwccn the flrst liydrothcca on eiicli hydrocladium find tho stem froin whivh it springs.. ..... . . .A .  a7ltm7tina. 

a. A t  lrast two nodca between udjiiccnt liydrothcca: ....................................... .!... .......... A. amwica?in. 
a’. IIydrocladinl nodcs distant and uaually ubscnt ............................................................ A. rupsa. 

A’. No nodc bet\VecIl the f h h t  liydrothcca IMld LltelTl. 

Antennularia antennina (Linn.) Fig. 72. 
(Sertularianiztmninn Linn., Syst. Nnt., 1310.) 

Dophosome.-Colony composed of a cluster of upright stems with whorls of 11 ydrocladia at 
regular intervals; hydrocladia borne on stout processes from the stem, the first internode being without 
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, hydrotheca, the next with one on its proximal half, and the rest of the hydrocladium being made up 
of alternating hydrothecate and intermediate internodes. Hydrotheca, cup-shaped, margin entire. 
Nematophores trumpet-shaped, a pair near the top of each hyclrotheca, one below its base in front, 
two on each intermediate internode, and others on the stern. 

Gonosome.-Gonangia borne on bases of hydrocladia, ovoid, deep, with subterminal aperture. 
Disctl.ibution.-Off Gay Head, 18) fathoms. Newport Harbor; Woods Hole; off Block Island. 

(George Gray. ) 
Antennularia americana Nutting. Fig. 73. 

(Monograph of American Hydroids, part 1, The I'lumuli:ridm, p. 6%) 

IProplwsonii.4olony composed of slender, erect s t em hearing h ydroclrulia usually in whorls of 4. 
Proximal hydrotheca on each hydrocladium borne on a long process from the stem, there heing no node 
between it and the stem. Otherwise the arrangement of the internodes, hydrothecE, and nemato- 
phores are as in the preceding species. 

Gonosome.-Gonangia oblong-ovate, with a subterminal lunate aperture. 
Dktribution.-Off Marthas Vineyard, Albatross. Waters of Ithode Island (specimen from Dr. 

H. C. Bumpus). 
This species, although greatly resembling 1 1 .  ctntennina, differs constantly in the charactem given. 

In  some cases, where a hydrocladium has been broken off and regenerated, there will be a node below 
the proximal hydrotheca. Otherwise the character is constant. 

Antennularia rugosa Nutting. Fig. 74. 
(Monograph of American Hydroids, "&wt 1, The Plumuluridte, p. 70.) 

IProphosome.-Colony consisting of upright stems which give off hydrocladia in whorls of 6 
or 8, no node between the proximal hydrotheca on each hydrocladiuin and the stem. FIydrocladia 
supported by a remarkable thickening of the perisarc on the lower side of the proximal portion of 
each. Nodes very distant and irregular, but the interiors of the hydrocladia have numerous annular 
thickenings of the periderm that somewhat resemble nodes. Ilydrothec:~ deeper than in the other 
epecies. A pair of nematophores inserted on a level with top of the hydrotheca, and others scattered 
along the fronts of the internodes and around the stem. 

Gonosome.-Not known. 
Distribution.-Off I\larthau Vineyard, 46 fathoms. ( dlbatmss. ) 

CLADOCAlWUS. 

IProplwsome.-Colony branched. Ilydroclrulia not forked. 
Nematophores neither movalile nor trumpet-shaped. 

Conouome.--Cronaiigia borne on the skin and protected by 
special branchlets which spring from near the bnves of the hydro- 
cladia and bear nematophores but no liy(rot1iecLc. 

Cladocarpus flexilia Verrill. Fig. 75. 
(Report Com. Fish and Fisherip8, 1883, p. 617.) 

IProplwsome.-Stem not fascicled, long and slender; hydro- 
cladia pinnately arranged, alternate, notfl forked, divided into 
internodes, each of which bears an hydrothecia and has its cavity 
divided by internal ridges. Nydrothecle deep, subcylindrical, 
aperture horizontal, with a single strong anterior tooth and a 
number of shallow lateral teeth or sinuations. Nematophores 
tubular, a pair slightly overtopping the h ydrothecal margin, and 
a single one below each hydrotheca, its end not rising much 
above the level of the bottom of the lattcr. 

75. Cladocctrpux flexilia Verrill. 
A .  Gonungiu with protective branchleta. 

Gonosome.-Gonangia growing on front of stem, protected by special branches borne on the bases 

Distribution.-Found in moderately deep water at various points along the Atlantic coast. 
of hydrocladia and branched like doers' horns, each branch bearing a row of nematophores. 
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HYDROID MEDUSiE FOUND I N  T H E  WOODS H O L E  REGION. 
A monographic account of the medusa?. is in course of preparation by an eminent 

authority, and the present writer therefore does not desire to discuss the medusz in 
a systematic way, but hopes that the key herewith presented will be of service in 
identifying the medusa: known to occur in the region. No attempt has been made 
to describe new species or to define families, genera, or other groups. The classifi- 
cation conforms, so far as possible, to the plari of the preceding part of this work 
when the hydroid form is known. Otherwise tho names are the same as thosc found 
in Alexander Agassiz’s work, North American Acalephte. Almost all of the illustra- 
tions are from specimens taken at W’oods I’iole and Newport, and slretched by the 
author. 

K e y  for  the identi8cation of tlie TTydroid n~edns:e.founcE in. the Woods Ilole wgion. 
A. Ovaries uttaohed to the proboscis wiills and never found along the radicil can& Otocy8b never prcscnt. 

a. Radial ciinals 4 unbraticlicd. 
b. A single conspicuous marginiil tentacle. 

i-’. l’robo3ciH more thnn one-hrilf length o f  bell cavity. 
( 2 .  A Hiiiglc greatly enlarged tciibicle from whic4i secondary mcduss arisc.. ........... .Il!/bocotlo,l lJrtJ!ifW. 
d’. Onc lnrge mid 3 much minller tcntnclcs. No scaonclary nicdusm. .................. Coryitzorpha p J C f l d l l ~ l & .  

e. Bell with IL distinct apioiil projection. 
d. Apical projection t i  Icngthencd (wnc ... :_ ............................................. .S/imotoca apicata. 
d‘. Apical projcctiou dome-shaped. Tentacles bearing stalked nematocyst batteries.. Gemnictria cladoptma. 

ti. Tentacles bearing stnllced batteries of nemritocysts ......................... 
d‘. Tentiicles normal.. ............................. ... ........................... 

Others, if prcscnt, much smdlcr. 
e. I’roboscis not more thun one-half length of  bell cavity ................................ 

b‘. Two conrpicuons miirginal tentaclcs. Others, if present, much smullcr. 

e’. Bell evenly rounded, without spictil projection. 
. . Cor!/?iilix agassirii. 
Perip?ii?iius jonesii. 

bt/.  Four tentacles of approximately cqrinl length. 
e. Proboscis and tentacles very long and #lender. 

d. Bcll oiitlinc subsphcriciil ................................................... 
d‘. Bell outline subconiciil ..................................................... 

d. Tcntiiclcs tightly coiled. Bell with 8 meridional lines of lasso cclls.. ............... Ec/oplecirn oeh,riec(i. 
d’. Tciibiclcs rudimcntary. No lines of liisso cc l l~  ......................................... l’(Yim(wiii tiruclla. 
tV.  Tcntnolcs fimctional. Rndiril cuiiii18 very broad.. .................................... II@.icWlys w i i r ~ t s .  

e’. l’roboscis short, not reaching bell opening. 

l,’!“. ICight tmtriclcs of apgroximatcly cqiiril leiigth. 
c. Tciitnclcs strong, fuiictioiuil. I’roboxcin boaring scooticlary me(liisz.. ....... ~ ~ ~ / ~ l ~ ~ i J J ~ l h ~ ~ ~ ~ I t ~ ~ l L V ~ ~ l l ~ .  

d. Tontaclcs rndimcntiiry. N o  secondury ~ncdusal .............................. ....... Slyluc/ix horjpe~i. 
b””’. Tc11tdc~ morc tliun 8 ,  ol ripproximutely cqiiiil size whcn ful l  grown, iind disposed t i t  rcgoliir iiitc 

c. A liirgc globulrir or Hubconiaiil HN 011 apcs of bell.. TI11 U V i t l .  
c’. Bell cvcnly rourdcd iibovc.. .. .............................. Ttirrilopsix ~ ~ ~ ~ t r i c f d ( c .  

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

b’/t/”. Tcuttdcu in groups or buiiclrcs. 
1’. BOW ClIlstcrH Of tclltacl W. 

d. Proboscis ~iiiall iind HlOlldCP. I 

e. A puir of erect cluvute tellbiclcs in each group ...................................... Nnnops 
e’. Tcntuclcs much alike ...................... ......... 
Proboscis liirgc m d  broud ....................... tl’. ........ 

e’. Eight clusters of margiiiul 
a’. Redial caiiiils 4, briinclicd at their 
a’/. Hiidiiil ciiniils many, bell cup-shripcd 

A’.  Ovaries attached to tho radial caiiulu, oft 
u. Riidial canals 4. 

b. Marginal tciitaclcs 4, sonictimes with lutenil cirri. 
e. Proboscis very long, reaching Cur beyond thc vclum. 

1Z. A swelling tit bese of cucii tentacle.. ....................................................... .E?iti~na 91iiriz. 
d’. No swelling at bases of tcntaclcu.. ...................................................... .Euti?rict Ziiiipida. 

(1. Tcntuclcs with lateral cirri. 
e’. Proboscis short. Bell decp. 

e. Club-shaped appendages betwccn bases of tentacles .............. 
f. Two otocysts between buses of adjacent tentuclcs ............. 

. Ifebcl2a ealcarata (juv,). 

. I.,‘ucheilola t~entriciilaris, 
f‘. Three otocysts between buses of udjncent tentacles.. .................... E‘ucheilota drrodecimalih.. 

d’. Tcntacles without liitcrul cirri.. ................................................. Clytia bicopliora (juv.). 

e’. No club-shaped appcndagcs. 

Cl@Z 7 l O ~ i f O r f f b b  (jUV.). 
F. C. B. 1890-24 
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b’. Marginal tentacles, 16 or more. 
................................................ e. Proboscis very long, roaching far below velum IPimaJ’omosa 

e‘. Proboscis short. 
..................... Hebella caleamta. d. Tentacles with lateral cirri at buses.. ......................... 

d’. Tentacles without lateral cirri. 
e. Bell disk-shaped. Proboscis without fimbriated tentacles. 

f. Otocysts on bases of tentacles. 
8‘. Tentacles 24 a t  liberation of medum.. ...................................... Obelia geniculata. 

g. Tentacles I6 at  liberation of medusa .................................... Obeliagelatinosa. 

Obelia longiesima. 
Obelia JZabellataP 

Obelia dichotoma. 
Obelia eommtasuralis. 

e’. Bell deeper, its surface evenly rounded. 
f. Otocysts between bases of tentacles. 

g. Otocysts 8 (or more?). Mouth tentaclcs not Ambrhted ..................... Clgtia bicophora. 
g‘. Otocysts 8. Mouth tentacles fimbriated.. ............................... Tiaropsis dindmata. 
8‘1. Otocysts numerous, with sense-bulbs a t  their bases.. ..................... .Epentheses.follealo. 

c”. Bell with 11. distinct dome-like apical projcction .......................................... Oceania singularis. 

b. Bell very deep, shaped liken bishop% mitor ................................................ Traclcy?mna dtgigilalis. 
6’. Bell subsphcrical, somewhat narrowed iibnvc. Mouth with fringed tentacles ........... Neliceitum campanula. 

Manubrium very short, hardly distinguishable .............................................. .12/icgmalodes lenuis. 

c. Mouth without flmbriatcd tentacles. Bell shallow.. ................... .................. Bquorea albida. 
e‘. Mouth with fimbriated tcntaclcs ................................................... .Z?/godactyln gmnlandica. 

. 
@If. Otocysts numerous. Tentacles with Hense-bulbs and thickcn,ed “knee- 

pads”. ............... :. ............................................... Gonlouemua vertmca. 

a’. Radial canals 8. 

a)‘. Radial canals more than 8. 
b. 
b‘. Manubrium well developed. 

Euphysa virgulata A. Ag. 
(North American Acalephe, p. 189.) 

Bell quadrangular, thick, longer than broad. Proboscis short, tubular, without mouth tentacles. 
Radial canals 4. Tentacles 4, of which one is much longer than the others and has a triangular base. 

Velum with a sinuous inner edge. 
Coloration. -Tentacles with white bases and a pink stripe or band. 
I have not seen this speciw, and the above description is condensed from that of Dr. Agassix. 

Proboscis light yellow. 

Hybocodon prolifer L. Ag. Fig. 7G. 
(Colit.Niit. IIlst. IJ. R., vol. rv,p.24:i.) 

Bell ovate, evenly rounded, unsymmetrical owing to great development of the single tentacle; 
it,s surface marked with 6 ineridional orange-colored bands, 2 of which start from the sides of the 
base of the tentacle. Pruboscis long, contrackile, soinetirnes reaching nearly to the velum; no mouth 
tentacles. A single very large marginal tentacle armed with conspicuous nc?mat,ocyst batteries aud 
bearing medime of a second generation a t  its base. 

Color.-Superficial bands and base of tentacle orauge rcd. 
Diutrihulion.-Taken in the tow at yoode IIole (Vim1 IMwards. ) The c:olorcd 1)ands arc? not 

This species can at once be recognized by ita single greatly developed tentacle Rith secondary 
easily seen in these specimens, which were collected in April. 

medusae at its base. 
Corymorpha pendula L. Ag. 

(Cont. Nat. Hist. U. S., p. 276. Tho medusa is described by A. AgtLHYiZ in North Atncrican Acrtlcpl~ilt, p. 192.)’ 

Bell deep, with the apex somewhat pointed, sliglitly unsyininetrica! owing to t l~o  excessive 
Proboscis long, often reaching below the velum. Tentacles 4, one being development of one tentacle. 

much the largest, but not bearing sccondary medusw at its bme. 
Color.-Proboscis light yellow; bases of tentacles light pink. 
Distribution.-I find no record of this medusa having been found in the Woods Hole region, 

although the hydroid form from which it grows has been found there. Alexander Agassis reports it 
from off Gape Cod. 

(A. Agassiz.) 
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Stomotoca apicata (McCrady). Fig. 77. 
(Suplm~in upicata hIcCr. Proc. Elliott Soc., rol. I, No. I ,  p. 180.) 

Male.-Bell broad and shallow, with a long conical projection at its summit. Marginal tentacles 2, 
very long, but capable of retracting into short, finger-like bodies as in the figure; rudiments of other 
tentacles around the margin. Proboscis very large and bulky, composed of lobes that extend to the 4 
mouth tentacles, which are pointed and reach below the velum. 

Spermaries and basal part of proboscis 
clear light emerald green. They are taken 
by myself from a living specimen. 

Female (=Dinamatello C C ~ Z ~ O ~ C L  Few keg) .-Bell subglobular with a cone-shaped apical projection, 
the cone being shorter than in the male, and divided into two portions, a basal dome-shaped portion 
beinpsunnounted by the short subconical apical part. Tentacles 2, hollow, very long ; Imides these 
there are G rudimentary tentacles on the bell margin which bear pigment spot8 at their bases. 

Proboscis very broad and heavy, roaching about to the velum, and bearing 
four heavy lips which are not fimbriated. Ovaries forming masses around 
the proximal part of the proboscis. Radial canals 4, band-like, with irregular 

Colors. -General color light green. Ovaries yellowish white. Tentacles 

Distributio72.-Newport Harbor, August, 1896. 

Radial canals 4. 
Colors.-Tentacles rich purple, tipped with olive green. 

These colors differ greatly from those given by McCrady. 

greenish. Pigment sllots orange, with a briglit red dot in the center. 

70. I ~ ! / ~ l f X l l l h J ? ~  7 i .  Slomotoca upicntn (hM:r ). 77 A. Mnlc. 77 B. Female. 
1WOl&T &. 

Gemmaria cladophora A. ilg. Fig. 78 
(North Amcriri~ri Acslephio, p 181.) 

Bell rather deep, the apical portion being elevated into a shallow rounded dome not sharply, but 
Tontack 4, two of which are mucli the longest 

Proboscis scarcely reach- 
still evidently differentiated from the rest of the bell. 
and bear curious clusters of nematocysts borne on short stalks or pedicels. 
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ing the bell opening, constricted just above the 4 small lips or mouth-arms, and bearing the ovaries on 
the proximal portion. Radial canals broad. 

There are bright 
yellow pigment spots at the bases of the two rudimentary tentacles. 

Colors.-The large tentacles light brown with a slight orange tinge at bases. 

Dislribution.-Collected at Woods Hole, August, 1899. 

78. Geminaria cladophoru A. Ag. 79. Corynilis ugassieii (McCr.). (After Murbtlch.) 

Fig. 79. Corynitis agassizii ( McCrady ). 
(l’roc. Elliott Soc., vol. I, No. 1 ,  p. 1 8 . )  

Bell deep, orbicular, without apical prominence. Tentacles 2, very long, bearing stalked 
batteries of nematocysts. Proboscis short and simple, 
without expanded lips. Radial canals 4, not broad and bandlike, and with curious bulging groups 
of nematocysts on the outside of the bell over the distal portions of the canals. 

Colors.-Not given either in the original description or that of Dr. L. Murbach, who first estab- 
lished the connection between Corynitis ngrcxsizii and Grrr~mcwin grnzmosu of McCrady, the latter being 
the medusa of the former. 

There are also two rudimentary tentacles. 

IIis figures are here copied by permission. 
Distribution.-Woods Hole. (L. Murbach. ) 

Perigonimus jonesii Osborn RC 1 Iargitt. lq’ig. 80. 
(Alnericnn Niiturdixt, 1894. 1,. 27.) 

Bell orbicular, marginal tentaclw 2, long and I~ollow, altrrnating 
with two eye-spots, which niay intlic.att* two rucliiiicntary tentacler. 
Proboscis short, not reaching inuc.li more than half way to tlic broad and 
strong velnm. Radial canals 4, those leading io the I ;qe  tentach 
broader than tlic others. 

Colors.-Not given I)y the ilescribcrs. . The niedusa liutl~, whilc still 
attached, are a light salmon color in specimens kindly furnished nie I iy  
Dr. I-Iargitt. 

Di&+ibutio?L.-Cold Spring IIarbor, Thng Iplantl. 

Syncoryne mirabilis Ag. Fig. 81. 
(C’ont. Nilt. Hixt. U. S., vol. IV, 1). 185.) 

Bell orbicular. Marginal teritacleu 4, very long, each writ11 :L swollen 
pigmented body at its base. Proboscis very long, reaching far below the 
bell opening when fully extended, but capable of bcing retracted well 
within the bell, suspended from the bell by  a narrow, contractcd por- 
tion. Mouth a simplu opening without mouth tentacles. The attacheil & IIurgitt.) 
medusa is longer, the tentacles closely coiled, and the proboscis retracted 
within the bell and often having its walls distended with sexual products. 

black. 

80. 1’~ i I ~ / O ~ L ~ I I L L L H  joaraii Owb. 
Oxborn I a Ix,Lrg. 

Colors.-Specimens in formalin have the proboscie and tentacle bulbs light yellowieh. 

Distributiolz.-Collected at Woods Hole by Mr. George Gray. 

Eye-spots 
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Dipurena conica A. Ag. 
(North American Acalepha?, p. 181.) 

Bell a rounded cone. lSlargina1 tentacles 4, rather short, each with a rounded knob on the distal 
end and a pigiiieiited spot a id  eye-speck at the base. Proboscis long, when fully extended reaching 
far below the rather broad velum, but capable of great retraction; attenuated prosii~ially mid swolleii 
distally; mouth plain, withont mouth tentacles. Young specimens are 
aliiiost globular in form. 

Radial canals 4, alerider. 

Colors.-Distal aiitl proximal ends of tentacles reddish. 
Di.utr-ibutio/~. -Naushon (A.  Agassie). 
I have not seen this species; the above description is eonderisecl from that of Dr. A. Agassiz. 

Eye-specks black. 

A. 

B. 

82. JCcLo1)lciira ochracen A,  Ag. 
A. Lateral view. B. Aboral view. 

Ectopleura ochracea A. Ag. 
(I,. Agasuie, Cont. Nat. IIist. U. S., vol. iv, 1'. 3.13.) 

Fig. 82. 

Bell longer than broad, subpyriforni in Hhape, the upper end being the smaller; surface oriia- 
mented by eight meridional bitlids of nematocysts, a baiid origiriating on each side of each tentacle 
bmc and passing directly over tho Hurlace of the  bell to its apex. Tentncles 4, short, usually carried 
so clo~cly coiled :ts to appear like iiiere knobs. Proboscis terete, not reaching to the bell opening, and 
eliding in  a silnple nionth. 

~~lo~s.-MaliubriLiiti bright yellow proxiinally and distally, the iiiidtllc part beiiig roso pink. 
Teiitucular bulbs ochraceous, with a red eye-spot 011 each. 

L)islributiori.-Abiindant at Newport in  August. Woods Hole. l'robably coiiiirion throughout 
the region discussed in this work. 

Radial canals 4. 
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Pennaria tiarella McCr. Fig. 83. 
(Proe. Elliott Soc., vol. I, No. 1, p. 153.) 

Bell very deep, regularly elliptical in outline. Marginal tentacles 4, rudimentary. Proboscis 
Radial 

CoZor.u.-Mmubriun~ and lines over radial c*anals deep pink, the latter being darker and inore 

Distribulion.-Comrnon in shallow water throughout the Woods IIolr region, especially ni the 
Growing profuHcly on the piles of the wharf at Woods 1301~ and on the 

oblong ovoid, with both ends constricted, not reaching velum; mouth opening not apparent. 
canals 4, awonipanietl with lines of dark pigment. 

brilliant. 

latter part of the ~ ~ i i n ~ n c r .  
eelgrass near by. 

Hydr ich thys  mirus Fewkes. 
(Bull. Mus. Comp.  ZOO^., vol. XIII,  No. 7, p. 224.) 

Bell oval, nearly spherical, its surface (lotted with nematocysts. Marginal tentacles 2, when first 
7’robosc.i~ cylindrical, not reaching liberated, afterwartls 4. 

the broad velum. 
Radial canals 4, very broad, bandlike. 

Tlie tentacular bulbs are without eye-spots. 
C‘oZors.--Proboscis orange and yellow. 
nistribi~/ion.-Tlie type specimens were liberated from a colony growing on a Ash, Seriokc zonaftr, 

1 have not seen this species, and tlic above description ip condensed from that of the original 

Tentacular bulbs reddiuh. 

which was brought into Dr. Alexantler Agassie’s laboratory at Newport. 

describer. 

84 D~smorl,hosuful~ro.c~nh A. Ag. A. 1,ateml view. H. Vci1tr.d view. 85. Slyladis koopwi Sigerfoos 
(after Sigerfoos). 

Dysmorphosa fu lgurans  A. Ag. Fig. 84. 
(North Amcricnri Acnlrphw, 1’. 163.) 

Bell ovoid, its surfare having a granulatctl appearance. Marginal tentacles 8, rather stout, and 
held boniewhat stiffly, each with n bulbows cxpansion with a distinct eye-spot at its base. Proboscis 
sliort, not reaching mu(-h more than half way to the bell opening and ending with four mouth 
tentacles furnished with terminal rountletl batteries of nematoc-ystr. Specitncns secured in August 
had young medusx growing on the upper part of the proboscis, and these themselves often show 
budding medusz of still anotlier generation. Radial canals 4. 

Colors.-The pigment spots at the bases of the tentacles are bright orange red. 
~~DiatriLutioiL.--nuring the sumher, throughout the Woods Hole rc.gion. Agassie says in referencw 

to this species that it is “sometimes so abundant that the whole sea, whei! disturbed, is brilliantly 
lighted by the peculiar bluish phosphorescent color which they give out.” 

Stylact is  hooperi Sigerfoos. Fig. 85. 
(Amerirrm Nuturnli~t, vol. XXXIII ,  No. 394, p. 801.) 

Bell ovoid. Marginal tentacles 8, rudimentary. Proboscis very large and broad, not reaching 
beyond the bell opening, greatly distended with sexual products a t  time of liberation, without mouth 
tentacles or mouth. Eye-spots absent. Radial canals 4. 
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Colors.-not given by the original describer. 

Found growing on a live gasteropod, Ilyunnssa. 

The color of tile inedusx while still attached in 
specimens preserved in formalin is light salmon. 

Woods Hole by Mr. Waldron. 
Collected near 

Type froin Cold Spring Harbor, 1,. I. 

Turris vesicaria A. Ag. Pig. 88. 
(North Atncrictiii Acnlcpli:c, 1;. 164.) 

Bell dome-shaped, surii~oiin ted by a subglobular 'or subconical 
body, which appears to be hollow. Tentacles numerous when full 
grown, but one good-sized specimen, apparently almost mature, has 
only 8. Earl1 tentacle is dilated a t  the base into a tentacular bulb 
that bears an eye-spot. Proboscis short, ending in four frilled mouth 
arms. Ovaries, forming large complicated frills, extending down on 
either side of the radial canals and connecting at their proximal ends. 
Radial canal:v 4, broad and with transverse stri:e ant1 edges which 
appear jagged or frayed out. 

Colors.-Ovaries and tentacular bulbs yellow. 
Distribution.-Woods IIole, Mass. ( Vinal Edwards). 86. Ttwi'in veuicaria A. Ag. 

Turritopsis nutricula McCrady. Fig. 87. I 

(Proc. IElliott. Aoc. vol. I, No. 1, p. 127.) 

Marginal tentacles varying in number according to age, 
from 4 to 24 in specimens examined, and held somewhat stiffly, each with a tentacular bulb bearing an 
eye-spot a t  its base. Proboscis not reaching to the bell opening, and ending in four small mouth 
tentacles bearing distal clusters of nernatocysh. The genital products are contained in four large oval 
masses around the proximal part of the proboscis and reach to the bases of the mouth-arms. 
Radial canals 4. Velum broad. 

Distal part of ovaries bright lemon yellow. 

Bell hemisplierical ovoid, or sub-conical. 

CoZors.-Eye-spots red. 
nistri6ution.-Naushon. (A. Agwsiz. ) Woods Hole, Massachusetts. 

B. 
87. I['urritopsis wutrirtila 1kCr. 

I). Luteral vicw of oldcr qmaimcii. A. Lntenil virw of young. C. Vcnlnil view of  yoiiiig. 

Nemopsis bachei Ag. Fig. 88. 
(hlein. Ani. A r ~ d .  ScL, IV,  1'. 289.) 

Bell deep, ovoid, sometimes almost globular; thickness of bell substance greater than in niost of 
Tentacles in 4 bunches, the middle pair in preceding species, making bell cavity proportionally small. 
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each burlcll being distinctly club-shaped at  ends. 
branched mouth-tentacles, each ramifi- 
cation of which ends in an oval group 
of neinatocysts. Mouth-tentacles highly 
retractile and not evident when animal 
is disturbed. The bunches of marginal 
tentacles are borne on conspicuous swell- 
ings or pads a t  terniinations of the four 
radial canals, and each tentacle has a black 
eyespot above its base. 

C‘o2or.s-Tentacular bulbs and ovaries 
yellsw. Ends of middle tentacles of each 
bunch dark brown. 

Proboscis short and small, ending in 4 much- 

Distribution --Nantucket and Nau- “ U  
shon (A. Agassiz). Newport, Vineyard 88. ~L7tLOZ,6’l’Y b<ICl~i’i L. A g  (JUT’ ) 
Sound, Buzzards Bay. A. A flen8c-biilb mid gronp of tcntiwlcs (cnlurgcd). 

Bougainvillia carolinensis (McCr.) . Fig. 89. 
(Ilipporrinc ra ,o l i i in ,x ix  McCr. Proc. JClliott Sor., vol. I, No. 1, p 164.) 

Bell subglobular, thick. Marginal tentacles in four bunches, arising from niarginal swellings 
which are narrower and more pointed than in the preceding species. Tentacles all alike, with slightly 
enlarged ends, and eye-spots over their bases. Proboscis slender, with four branched mouth-tentacles 
ending in nematocyst batteries. Radial canals, 4. *1 

BZor,u.-Tentacular bulbs red, edged with yellow. 
nislribution.-Commo~i in tlie Woods TIole region. 

I’roboscis red. 

89. Ilougciinvilliu carolincnatx ( McCr.). (,Jiiv.). 90. Ilougninvillin. suprrnlmrix Ag. 91. Lkzia pu la  A. Ag. 

Bougainviliia superciliaris Ag. Fig. 90. 
(Cont. Nnt. 13x4,. U. S., vol. IV, 1). 289.) 

Bell snbglohular, very thick. Marginal tentacles in four pairs a t  birth, later in  four bunches. 
Tentacular bulbs and eye-spots as in the preceding species. Proboscis thick and heavy but not 
reaching milch more than half way to the bell opening, euding in four branched mouth-tentacles 
terminating in nematocyst battcarics. 

Proboscis pale yellow, tinged 
with red distally. 

Radial canals, 4. 
Color.s.-Marginal sense-bodieq orange red surrounded b y  yellow. 

Di~11-ibution. -Newport, IChotle Island (Leidy ) . Woods Hole. 

Lizzia grata A. Ag. Fig. 91. 
(I’roc. Boston Soc. Xiit. IIiqt., p. 100.) 

Marginal tentacles 
in 8 clusterfi borne oil marginal swellings, but without distinct eye-spots at base of each tentacle. 

Bell decp, subconical in outline, lower portion noticeably wider than upper. 
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Proboscis rather large, capable of being protruded nearly to the bell opening, and ending in 4 
Radial canals, 4. mouth-tentacles which are branched, but not so extensively as in preceding species. 

CoZora.-Marginal swellings deep orange brown. 
Distri6ution.-Newport, Rhode Ialand. 

Willia ornata McCr. 

(Pro?. 1Elliott Sor., vol.r,No. 1,p.149.) 

Bell subconical. Tentacles of adult 16, one to eacli branch of the radial canals. Proboscis short, 
ending in 4 lobular unbranched mouth-tentacles armed with nematocysts wliicli arc not aggregated 
into round batteries. Ovaries forming 4 masses around proximal part of proboscis. ltadial canals 4, 
each divided distally into 4 branches. Between each pair of tentacles a snperfidal structure like a 
'' knotted chord '' pa3ses upward on outside of bell. 

Colors.-Not described b y McCrad y or Agassix. 
Distri6ution.-Bii~zards Bay, Naushon. (A. Ag.) 
I have not seen this species, and the above description is cwidensed frcm that of McCrady. 

Scnse-bulbs found at bases of tentacles. 

n 

92. or chis to^^^^^ h t w s l a f n  Mnycr. A. Aboral vicw. 13. Laterti1 vicw. 

Orchistoma tentaculata Maycr. Big. 92. 
(Boll. Mnn. Comp. Zool., vol. XXXVII, No. 1, 11. 3.) 

Bell deep, cup-shaped, its sabstal~ce very thick in upper portion much redilcing depth of bell 
cavity. Marginal tentacles 32, with sense-bulbs at tlicir buscs. NO otocysts. Proboscis short, with 4 
lobulated mouth-arms, the lobes inargined with neiiintocyst-bearing tentacles. Radial canals IG, 
alternating with 1G short tubes given off from near top of bell cavity. Ovaries borne on proboscis. 

Colors.-Probo,& aiicl sense-bulbs red. 
nistrilution.-Ncwport, 'Itliodc Islanil. 

Eutima limpida A. Ag. 
(North Amcririiii Aciilcph~c, 1). 11s.) 

Like E. mirn with the following exceptions: Bases of the four tentacles not swollen, and wli 

Di.ulributior~.-Buz&ar~s Bay; Naushon. (A. Ag.) 
provided with two lateral cirri. The ovaries, tentttcles, and proboscis almost colorless. 
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Eutima mira McCr. Fig. 93. 
(Proc.Elliott Soc.,vol. r,No.I,p.lPO.) 

Bell broad, subconical, the lateral profile sinuons, upper part dome-shaped. Tentacles 4, with 
swollen sense-bodies at bases, but withont lateral cirri. Otocysts 8, two between each two radial canals, 
conspicuous, containing highly refractile granules. A number of 
rudimentary tentacles around the bell margin. Proboscis very 
long, extending below the bell two or tlirce times the deptli of 
the latter, and ending in a month surrountfetl 1)y a disk-like lobed 
frill. Ovaries disposed along the radial canals. 

Colora.-Swollcn tentacular bascs a bright light green. O w -  
ries whitish. Proboscis not noticeably colored. 

Dislribution.-Woods I-Iole, Massachiwetby. August 10, 18!)!). 

Hebella calcarata ( A .  Ag. ) =L)yncimenc~ roi.wic.iicrr IVIcCr. (in 
part). Fig. 94. 

(Laodicea colcnrala A g  , Con1 Niit. IIkL l J .  S , 1). 350 ) 

Bell of adult rather shallow, bowl-shaped, young aliiiobt 
spherical, with the outline of the sides rat1ic.r siiiuons. 3Iargiiial 
tentacles rather numerous, liollow, with sense-bulbs at their 
bases and a spur-like projection extending inward fronl tlie base 
of each. Other tentacles have 110 sense-bulbs ant1 are niurh inore 
slender, appearing like lateral cirri in  young speciinens; still 
other tentacles are short and clwate. 
Ovaries in form CJf convoluted bands along the foiir radial canals. 

91. I S I k l i l I l l L  7 1 1 1 l i L  hIVC'1 

Proboscis very short, erldi~~g ill four frilled mouth-arms. 

CoZors.--ovaries and larger tentacles dark yellowish. 
DiYtribution.-Vineyard Sound (Vcrrill) ; Newport and Woods IIole. 

Eye-spots dark violet. (A. Ag. ) 
Naushon. (A. Ag.) 

B. 

Eucheilota duodecimalis A. Ag. Fig. 95. 
(Coiit. Nat. IIiht. IT. S., IV,  p. W.) 

Three otocysts between each two tentacks, making twelve in all. 
Bell hemisplierical or subglobular. 

cirri at its base. 
short, tubular, with inronspicuous l i p .  
Radial canals 4. Velum broad. 

iliarginal tentacles 4, each with a sense-bull) and two lateral 
Proboscis very 

Ovaries along radial cwials, very conspicuous when mature. 

CbZors.-Spots on sense-bulbs straw-yellow. 
Distribution.-Buzzards Bay (A. Ag. ) ; Newport; Woods 1Iole. 
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Eucheilota ventricularis McCr. 
(Proc. Elliott Soc.. rol. I, No. 1, p. 157.) 

Bell Iiemispherical. Tentacles 16 to 20, with sense-bulbs at bases, highly contractile. Otocysts 8, 
Proboscis short, tribular, not reaching to bell opening. 

Ovaries yellow, sense-bulbs with a red 

with refractile granules arranged in  an arc. 
Radial c-anals 4, wide. 

center. 

Ovaries ocwpying wliole length of radial tubes. Velum wide. 
Color8.-proboscis yellow, with :I red (uelitral portion. 

~islriGution.-Nauslion; Buxzardr Bay ( A .  Ag. ). 
This description is condensed froin that of M&rady. Dr. Agassiz appears to doubt whether 

1 his species is the sanie as that of McCrady, and describes it 11s having lateral cirri to the tentacles. 
have not seen this spec-ies. 

Clytia noliformis ( RfcCr. ). 
(C'airipfiiciila? 11c i i o l i f m i k i d  MrCr., I'r0(*. E l l i o t t  Sw., wl. I, No. I ,  1'. 104.) 

Bell liemispherical. Marginal tcntacles 4 in young and more nunierous in adults. OLocysta 8, 
No eye-spots. two between each two radial canals; always between tentacle bases, and not on them. 

Proboscis very short, ending in a four-lobed inoutli. 
Colors.-There are no conspicuous colors. 
nistri6ution.-Bueznrdu Bay and Naushon (A. Agaasiz, under name of P/dyp!y.cis cyliirtlricu) . 

Clytia bicophora Ag. 
(Cont .  Niit. Ni\L IJ. S., vol. I V ,  p. 3.04.) 

ltatlial canals 4. 
Ovnrics yellowisli-\\.hite. 

\ 

Bell hemispherical, considerably flattened in older speciniens. 
Otocysts 8 or 16, according to age, placcd between tentacu1:ir bases. 

Colors.-Ovaries brown. Black spots on swollen bases of tentacles. 
Distribz~lioii.-Naushoi~; Vineyard Sound (A. Ag.) . 
I have not seen this species, and the  above description ie c~mdensed from that given by Dr. A. 

Tentacles 4 to 16, according to 
Proboscis short, ending in R 

Radial canals 4. 
age. 
4-lobed mouth. Ovaries, in  adult, reaching along radial canals iiearly to  proboscis. 

Agassiz, North American Acalephq p. 78. 

Tima formosa Ag. Fig. 96. 
(Cont. NiLt. Hiat.  11. S., vol. IV, p. 3G2.) 

' 

Bell broadly 'campanulate, the edges perceptibly 
flaring, the lateral outline sinuous. Marginal tentacles 
32, some of which are often rudimentary, with swollen 
sense-bulbs at their bases. Otocysts numerous, placed 
between the bases of the tentacles, each with n few gran- 
ules near its margin. Proboscis very long, in the shape 
of a very attenuate cone with its base iipwwil, and 
extending far beyond the bell opeiiing when expanded. 
Mouth surrounded by four conspicuous frilled lappets. 
Ovaries strongly convoluted and extending the full 
lenkhh of radial canals and proboscis. Radial canals 4. 
Sim very large. Among the largest of our hydroid 
medusm. 

Co2ors.-Ovariee ant1 ~ei ise- lmlb~ whi tin11 ; ~oinetiines 
ligh t-yellowish. 

D&&&'on.TWoodn Hole (IT. M. Walnialey ) ; Vineyard Houutl (Verrill) . 
Obelia longissima (Pdlas). 

(Si.rluZuvia Ionphima I1iilIm, Elcnclius Zoophytoniiii, 1). 119.) 

It is exceedingly difficult, if not, iiiiposaible, to differentiate the medueto of the various species of 
In some cases the only way to identify them is to sce them given off from the hydroid this genus. 
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colonies. 
tacles may be 20 instead of 24. 

I know of no means of distinguishing this species from the preceding except that the ten- 

Dislribution.-The hydroid colonies have been found at Woods Hole and off Gay Head. 

Obelia flabellata (Hincks) l=lhr*opr polygena A. Ag.?2 

icwi Acalepli:o, p. hG.) 
(IAnn. and hfrrg. Nat. Hist., Sd aeries, 1.01. XYIII,  1,. 297. ?iTo~LhAmCr- 

Iliffers from the preccding in no consta1it fc.aturr tllat 

Distributioir.--\~oods Hole; off Ttiitril)lc Islmtl (l 'er- 
1 am aware of. 

rill). 
Obelia commissuralis McCr. Fig. 97. 

(Pror. Elliott Soc., vol. I, No. 1 ,  p. 197.) 

Bell disk-shaped. Marginal tentacles 16 at time of 
liberation, long and slender. Ovaries not developed at 
time of liberstion. 

Dbtributio)i.-Colonies abundant iu Itroods Hole 
region, growing on piling of wharves and on submerged 
timbers generally. 

Obelia geniculata (Linn.) . Figs. 39A, 98. 
(Sertularia gniculnla Linn., Syst. Nat., p. 1312.) 

Bell disk-shaped, or shallow bowl-shaped. Marginal tenta- 
cles 24 at birth, each with a11 inward projecting spur. Otocysts 8, 
two between each two radial canals, placed over the bases of the 
tentacles and not between them. Proboscis short, with four 
inconspicuous lobular lips. Radial canals 4. Ovaries oval, hang- 
ing beneath the middle portion of the radial canals. No sense- 
bulbs. 
appears somewhat like an umbrella turned wrong side out. 

This, like other species of Obclirc, has the habit of swimming with the bell reversed, so that it 

Colors.-The only color is in the light-yellowish ovaries and proboscis. 
Distribution.-Abundant throughout Woods Hole region. 

Obelia gelatinosa ( Pallas)l=Laometlets~omcdc(~ gigmtca A. (Verrill) . 
(1 Sertrrluria gclnliaosa Palla.;, Elenchw Zoophytornm, p. 116. 2 North American Acalephac, p. 91.) 

Bell disk-shaped. Tentacles 16 a t  time of liberation, each with an inward-projecting spur. 
Proboscis short, with mouth surrounded by four lobular Otocysts 8, placed over bases of tentacles. 

lips or mouth-arms. Radial canals 4. Ovaries round, hanging beneath middle part of radial canals. 
Colors.-Ovaries and proboscis light-y.ellowish. 
DistribiLtion.-Colonies have been found growing a t  New Haven, Conn. ; along the Rhode Island 

coast, and in Vineyard Sound. 

Obelia dichotoma '(Linn.). 
(Scrtulnria ( l i r l r o t o ? ~ ~ ~  I h i i . ,  Syyt. Niit., p. 1312.) 

Bell very shallow, disk-shaped. Marginal tentwles 16 at Iiuic. of 

nis(ribu/iorL.-Colonies drctlgctl off (;ay Head, 7 fatholii (Verrill). 
libt~ration. Not tlistiiiguisliable from the preceding. 

Oceania singularis Mayer. Fig. 99. 

'99. Oceanin singrtlaris Mayer. 
(B1i11. hlos. Comp. Zool., vol. xxxrt~r,No. l ,  p.7.) 

Bell rather shallow, flaring decidedly at margin, and with a well - 
marked dome-sliapcd apical projection. . Marginal tentacles 18, each bearing a sense-bulb at its base. 
There are rudimentary teiitacles between bases of larger ones. Proboscis not extending beyond 
velum, and ending in four broad lobes or mouth-arms that are not fimbriated. Radial canals 4, bearing 
the ovaries on their upper portion. There is an otocyst between each pair of tentacles, including the 
rudimentary ones. 
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Colors.--“The entoderm of the proximal part of each tentacle bulb is turquoise-green, and the 
The entoderm of the proboscis and of the radial tubes in the neighbor- distal part is brownish-red. 

hood of the gonads is of a delicate turquoise tinge.” (Mnycr.) 
Distribution.-Newport, Rhode Island. Dr. Mayer kindly allowed me to sketch the type. 

Tiaropsis diademata Ag. Fig. 100. 
(Ncmoirs Amcr. Acad., vol. IV, p. 289. ) 

Bell bemispherical in adult, ovoid in young. Marginal tentacles numerous, with swollen senae- 
bulbs at the bases of the larger ones. Otocysts 8, situated between the bases of the tentacles and each 
containing a central dark dot with an arched row of refractile granules. Proboscis short, not reaching 
much more than half way to the velum and ending in four conspicuous, extensively frilled or fimbriated 
oral arms. 

C‘oZors.-Speci~nens in formalin have the ovaries, oral arnis, and tentacle bases light green. 
Distribution.-Woods Hole, Mass. 

Radial canals 4. Ovaries long, extending nearly to the circular canal. 

(Collected by Mr. Vinal Edwards.) 

A. 

100. Tinropsiu dindemcctn Ag. A. Otoryst (riilnrged). 101. I~~)catlicsisfollcnla McCr. 
A. Deliiilx of margin. 0. OtocyHt. 8.  Scnsc bulb. 

Epenthesis folleata BIcCr. Fig. 10 I 
(I’roc. JCllintt So?., vol. I, No. I, p. l!ll.) 

Bell heuiispherical, with thin walls. Marginal tentacles ~iunieroi~s, ith sense-bulbs a t  bases. 
Ovaries Otocysts dternating with tentacle Imscs. 

4, round, hanging froin under radial canals nearer to margin than to  proboscis. 
Colors.-Proboscis light green. 
I)islribulion.-Newport, Rliotle Island. 

Proboscis short, cntling in 4 1ol)ular nioutli-arms. 
Radial canals 4. 

Tentncdar bulbs red. 

Trachynema digitale A. Ag. Fig. 102. 
(North Aiiicriciin Acalcpli:c, p. 57.) 

Bell very dccp, with an outline sornething like that of a bishop’s miter, ~oniewhat pointed above. 
hlarginal tentacles nunierous, but most of thein are usually lacking in prescrved specimens. Otocysts 
4, according to Agayuix, but they seeni to be lacking in the specimens (niales) that I have examined. 
Proboscis long, reaching nearly to the veluni, eliding in a constricted portion beariug the inoutli 
Hurroundcd by four lobular or finger-like nioutli-arms. Ovaries 8, long “sausage- 
like” organs, reaching sonic+iines half way from the upper part of the bell cavity to the velum. Velum 
wide, strong, extensively wrinlrled. 

Colors.-Bell slightly pinkish. Ovaries milky. 
Otocysts garnet-colored. (A. Agassix.) 

Dislribution.-Newport, Rhode Island. Woods Hole. (Vinal Edwards.) 

Etidial canals 8. 

Contr.ac+ted tentacles crimson at their extremity. 
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Godonemus vertens A. Ag. Fig. 103. 
(Cont.Niit.Hi8t.U. S., IY, p.350.) 

Eel1 hemispherical. Marginal tentacles numerous, each ’with a sense-bulb at its base and a 
Otocysts 

Proboscis short, not reaching more than half way to the 
Radial canals, 4. Ovaries 4, forming convoluted bands 

Proboscis and ovaries 

“knee-pad” of adhesive cells near its end, which appears as a thickening of the tentacle. 
numerous between the bases of the tentacles. 
velum, and ending in four frilled mouth-armfi. 
following the radial canals to the bell margin. 

yellowish brown. 
Colors.-Tentacle bases emerald green and brown, with a black eye-spot. 

Distribution.-The Eel Pond, at Woods Hole. 

Melicertum campanula Each. Fig. 104. 
( S y k  der Acal., 1’. 105.) 

Marginal tentacles Iiumerous, hollow, witli- 
out eye-spoh at their bases. No otocysh. Pro1)oscis short, ending in eight frilled mouth-arms. Radial 
canals 8. 

Bell deep, the upper portion somewhat narrowed. 

Ovaries 8, convolutetl, extending beneath the radial canals to the margin. 
CoZors.-Ovaric.q, proboscis, and tentacle bases light yellow. 
DistriDution.-lVoods Hole. ( V i a l  Edwards.) 

102. Z’racliyizema digitale 
(Pnbr.). 

Equorea albida A. Ag. 
(North Amcric*mi Acalcphm, 1). 110.) 

Bell rather shallow, in the shape of,& low dome with lateral outlines slightly sinuous. 
tentacles very numerous, with otocysts between their bases a i d  without evident sense-bulbs. 
boscis small, but evident, without mouth-arms. 

Marginal 
Pro- 

Radial canals very numerous. 
CoZors.-Radial canals appearing as whitish lines. 
Distribution.-Buzzards Bay; Naushon. 
I have not seen this species, and the above description icl taken froin that c,f tho original declcriber.’ 

(A. ilgassiz. ) 

Zygodactyla grcenlandica Ag. 
(Cont. Nat. 1Jiwt.U. S., vol. IY, p. 360.) 

Bell shallow, a. low donie, llsrdly einarginitte along the lateral outlines. Marginal tenta&s 
Otocysts numerous; situated between the tentacle 

Proboscis large, thin-walled, reaching beyond the bell opening when riot retracted, and sur- 
exceedingly numerous, swollen at their bases. 
bases. 

1 Since the nbovc was written numerourc specimens of this species have been sccurcd at Woods Holc by Mr. Ilnl. Childu. 
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Radial canals and ovaries exceedingly rounded by extensively frilled or fimbriated mouth-arms. 
numerous, tho latter extending almost to the margin. Size very large. 

Cok r8.-Not given by the original describer. 
I have not seen this species, and condenee the descriptio11 froni that of I>r. A. Agassiz. 

I 

R h e p a t o d e s  tenuis A .  Ag. Fig. 105 
(North Aincric%n Ac*nloph:r, 1'. 95.) 

Bell very shallow, disk-shaped, with a cenlritl caler&od portion. 
Tentacles very numcrous, slender. Otocysts numerous, situated bct\voen 
tho tentacle bases. Therc is practically no proboscis, but an irregular 
aperture under the center of the hell surrounded by an irregularly 
striated membrane wliioli forins the floor of tho digestivc cavity. 
ltadial canals Iiiiirierous, there being about 32 in specimen esainined. 
Ovaries liiicar, numerous, reaching along tho. mdial canalv froni the 
digestive cavity nearly to the margin of the bell. 

Colora.--There is very litlle coloration about fliiH Hpcx-ies. Tlic 
ovaries are pale yellowish or brownish. 

Dislri~ution.-Nauslion (A. Agassiz). I\'oods 1Iole. 

1 0 5 L  Orul view of center of disk 
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GLOSSARY OF TECHNICAL TERMS USED IN THE HANDBOOK. 

A ~ o c y s t ,  an external, sac-shaped receptacle which rests on the top of the gonangium of certain species, 

ActinuZe, a peculiar hydranth-like body which is found in the female gonophores of many tubularian 
After being expelled from the gonophore it leads a free life for a while, and then settles 

Beg, the gelatinous maas which forms the greater part of a medusaand is often called the “umbrella.” 
Blastostyle, a stem-like structure from which gonophores grow. 
Cmosarc, the living cellular tissue within the perisarc. It is composed of an outer layer called the 

ectoderm, an inner layer called the endoderm, separated by a structureless membrane called $he 
mesoglam 

and within which the generative products pass through the later stages of development. 

hydroids. 
down, becomes attached by its aboral end, and grows into a new colony. 

Corbula, the pod-shaped receptacle for the gonangia in certain genera of the Phmularidz. * 

Eye-speck or E!jc-spot. See sense-bulb. 
Fascicled slem, a stem which appears to be compound, or composed of a number of simple stems or 

tubes closely aggregated and often twisted together. 
Gonangium, the chitinous receptacle for accommodation of the gonophores of the calypteroblastic 

hydroids. 
Gonophore, the reproductive “person” of the colony which produces the generative products. It is 

usually destitute of a mouth and tentacles. 
Gonosome, the assemblage of structures directly associated with sexual reproduction. It includes the 

gonophores, blaatostyles, ovaries, gonangia, nieduse, etc. 
Hydranth, a nutritive “person” of a colony consisting ordinarily of a body conbining a digestive cavity 

surmounted by a proboscis which terminates in the mouth and is surrounded by radially disposed 
tentacles. A hydroid “polyp.” * 

Hydrocaulus, the supporting framework of the colony, including the stem, branches, pedicels, etc. 
Hgdrocladium, the branches which bear the hydranths in the 1’lumulnrid:e. 
Hydropliore, the collar-like expansion of the pedicel at the base of the hydranth of the Halccidz. The 

expanded margin is often several times reduplicated. It is supposed to be a reduced hydrotheca. 
Hydrorhiza, the root-like structure by which the hydroid colony is attached to etoneg, shells, or other 

bodies. 
ITydro~l~ca, the chitinous receptacle into which the hydranths of the calypteroblastic hydroids retract. 

It is usually transparent, and consists of an expansion and extension of the perisarc of the pedicel. 
I/iWLocyst, a usually glassy appearing body placed on the margin of the medusa bell and containing 

refractive granules. It is supposed to be sensory in function and to be used as either an organ of 
orientation or of hearing. 

Manubrium, the proboscis of tlie medusa. 
Marsupium, or Narsupial chamber, an internal ohambcr found within the gonangium of the genus 

Diphada, in which the generative products pass through tlie later changes in their development. 
Medusa, the free-swimming “ jelly-fish ” often given off from the hydroid colony. It usually bears, 

and serves to distribute, the gen’erative products. A “sessile ” medusa is one that remains attached 
to the parent stem after the generative products are expelled. 

Nernatoqst, a “nettling cell,” or “ urticating cell,” consisting of an outer sac containing a barbed 
thread, which can be rapidly projected with such force as to penetrate the tissues of the prey or 
enemy and inject an irritant poison. 

Nemaiophore, a chitinous receptacle for the defensive “person” or sarcocltyle of the I’lunlulu~dz, It 
is much smaller than the hydrotheca, but bears the same relation to the sarcostyle that the hydro- 
theca does to the hydranth. 

Operculum, a movable lid or cover which cloees the aperture of the hydrotheca in many calypteroblastic 
hydroids. It consists of one or several pieces which are raised when the hydranth is expanded 
and lowered when it is retracted. In  many cases the gonangia are also provided with opercula. 

Otocyat. See Litlmcyat. 
Otolith, a highly refractile granule, one or several of which are found in the otocyst. 
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Ornries, tlie generative organs of tlic iiicdusw. 

Pdicc~l ,  the stein or stalk that supports the hydranth and liydrotheca. 
Perisarc*, an external rhitinous skeleton wliic-h invests and gives support to the stems, brandies, etv., of 

most Iiydruids. 
Ptanula, a free-swininiing, usually pear-shaped ciliated I)ody into w1iic.h the ovum ininiediately 

develops in  the roorse of the hydroid life cycle. 
Proboscis, the  portion of the hydranth body that usually surmounts the basal tentacles and contains 

the month, or the pendant mass which liangs like the clapper of a bell from the center of the bell 
cavity of a ~ n e d u ~ a .  

IiadiuZ canals, tubes which are found on the under side of tlie umbrella of a medusa and lead froin the 
digestive cavity to tlie circular canal around the bcll inargin. 

Arrcoslyle, tlie highly extensible defensive “perso11” found in the 1’Zumulrrid:u. It contains neniato- 
cysts or adhesive cells or both, and is iiiade tip of ectoderm, 1ncsog1u1~, and endoderm. 111 some 
cases a body cavity has been demonstrated, but neither inoutli nor tentacles. 

,$mse-bulb, a swelling, usually a t  tlie bdS0 of a niarginal tentacle of a medusa, w1iic.h is supposetl to lie 
sensory in luiiction and olten c*ontains conspicuous pigiiient spots known ns “ c>ye-specks” or “eye- 
spots,” supposed to hare  to do witli tlie funrtiou of sight. 

,%ptutn, a liorixoutal partition which partly divides the cavity of tlie hydrotliec-a from that of the 
pedicel.. 

S’J;rd zooid, a peculiar defensive “person,” found in Il!/tlrctclinicr, wlrivh is l o ~ q  i~nd without 4 niouth, 
lmt papable of.licnding itself i n n  twist or spiral. 

,’+orosac, a sac-like gonophore without evident ineilusoid structurc. 
Yhttrcles,  the slender, iiiotile organs which are arranged usually in a radiate maimer around the pro- 

They are (‘ filiform ’’ when without rounded distal knobs, and “capitate” 
111 tlie nicdusa tlie “ niarginal tentacles ” surround the bell 

Il’,o~~l~osomc, the entire asseniblage of Rtructures in  tho colony, except tliose directly associated with the 

1 7 e h t i ,  a delicate iiietnbrane wliicli is stretchctl wross the bell opening of n hydroid medusa. It is 

The term is often applied to both sexes. They are 
situated either on the proboscis, along (under) the radial canals, or in both places. 

It is often called the manubriuin. 

boscis of the hydrantli. 
~vlicn they are knolibed at the cnils. 
iiiargiii and the “111out1i tentacles” surround the mouth. 

reproductive parts. 

attached to the bell margin and lias a large c-ircwlar opening in its center. 

It includes the hydrocaulus, liydrorliiza, I i  ytlinnths, ctc. 

cvlyptcroblastca.. ..................................... 841 
Cumpanulinith ....................................... 353 
Campanularia ................ ................... 344 

................... 347 
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culceoliEcnr ............................ 348 
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hinckuii ............................... 346 

.............................. 
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bicophortt .................................... 343,379 

Cordyl 
lucustriu ................................. 527 

Corymorpha ........................................... 537 
I’endiila-. 337,370 ............................... 
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DESCRIPTIONS OF FIFTEEN NEW SPECIES OF FISHES FROM THE 
HAWAIIAN ISLANDS. 

BY OLIVER P. JENKINS, 
ProJessor of Physiology, Lelaiid Sla~ifordJu~zior Uni?~ersit?/. 

The fishes herein described m e  from the collections designated i n  i~ ioniicr paper 
by the writer in the U. S. Fish Colziinission Bulletiii for 1899, pp. 45-65: “Descrip- 
tions of new spccics of fishes froin the Hawaiian Islands, helonging to the funlilies of 
Lcc674ic2u? and Scuridm.” The species in tho following list belong to tho f(anii1ies 
Sp1qmmidw, Scrrar~idm, I;utiun,idw, l’wr~acmtridm, Chhjdontidw, Ostvaciidu?, Tetru- 
odontidm, Frypidichtltyidm, Scorpmnidm, Pcrcoph Lidw, and Ilrot ul‘idm. 

I n  the tables of ineasarementS the nuiiibcrs in deciiiials represent pwts in length 
to base of caudal. 

Family SPHYRXENIDiE. 

Sphyrmna helleri Jenkins, new species. Fig. 1. 
Head t~ little greater thau 3 in length of body; deptli 8 ~ 5  iri l(A~igtli. L). v, 10; A. 10. Head long 

and taperiiig, the snout Ixilig long, ant1 
the lower jaw, which projects l~eyolid 
the upper, tcniiinatiiig in a tapering fleshy 
appendage. Eye 4.5 in hend, rjlightly 
ovate, wicler elid anterior. Interorbital 
flat, 3.33 in snout, soriicwliat iiarrower 
than vertical tliaiiic~ter of eye. The inax- 
illary does not reach front of orbit, being 
separated from it by a distance eqi$ to 
about one-fiftli of its o\vn length. Scales 
on suborbital not cxtcntling forward 
beyond posterior lmrtler (Jf eve. Scitlcs 
on cheeks in aliout 12 vertical series, about ‘3 vertical rows 011 opercle, a few srales on snbopercle, rest of 
liead naked. Operclu without vpines. Two teeth in front of lower jaw, about fifteen back of these in 
each raiiiiis. I)istanceu from orc ip t  to iirst dorsal fin, from first dorsal to second dorml, from second 
dorsal to last vertebra equal, aid  each equal to distance froin tip of snont to posterior margin of eye. 
Iiivertioii of veiitrals below front of first dorsal fin, back of tips of pectorals. Front of alia1 opposite front 
of second dorsal. (Fin rays all broken in specimen described, pectoral apparently very short, perhaps 
11 in length of body. ) 

Color in life: Upper parts plumbeous, lower parts silvery; top of Iiet~d and fleshy tip of lower 
jaw blackish; iiiis plain. 

This qecies is striicturally very similar to & h / w w u  j c l h  Ouvier & Vttleiicieoiies, o f  t l ~ e  Irldiaii 
I____ -. . - -  - - -__ __--- --- I ~ -_ __ 

1 Sphurzrm j r l lo  Cuvicr L% \ ’dCIIc iCl l I lCY,  H i b t .  Nat. I’oiSS., 111, 11. 349; Gdnthor, Cs t .  Pislleq Brit. hlnb., 11, 1,. Sy7. 
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Ocean, differing from that species in being of a uniform pluinbeous color above and silvery below, 
with no’undulating line on the side, such as is characteristic of S. jel lo.  Cuvier & Valenciennes 
describe the color of’ S. j eIo  thus: “The black of the back and the silvery color of the  ventral surface 
are separated by a festooned or serpentine line on the side of the body close to the lateral line.” 
S. helleri is related also, perhaps, to S. idirrsles Snoclgrass & Il$ler,l of the Galapagos Islands, differing 
from this species in the srnaller number of scales on the opercles and body. 

This species is named for Mr. Edinund Heller, who, with Mr. Robert E. Snodgrass, lim made 
valuab!e contributions to the knowledge of the fishes of the Galapagos Jslands. 

One specimen collected by me at Honolulu. 
The following gives the rneasureinents and the numbers of fin rays and scales of the specimen: 

Type No. 49692, U. 8. NationaL Museum. 

Length in millimctcrs.. ............... 
Head in length.. ...................... 
Dcpth ................................. 
Pectoral ................................. 
Ventral.. .............................. 
Eye.. .................................. 
snout .................................. 

330 
.31 
.12 

W(1)  
.07(?) 
.07 
. I 3  

Interorbital ........................... 
Distance between dorsiils ............. 
Dorsi11 8 incs .......................... 
And niys .............................. Second ~!orslil r t q s  .................... 

Sonlcs [tnmsvcrsc) .................... 
Sralcs longitudinal).. ................ 

I-- - 1 __ I 

Sphyreena snodgrassi Jenkins, new specie*. 

regularly fusiform. Lower jaw 
projecting beyond upper a distanw 
n little less than diameter of pupil; 
tip simply bluiitly co~iical, not ter- 
minated by fleshy appendage. Eye 
somewhat ovate, larger end ante- 
rior, longitudinal diaineter 4.75 in 
head. Interorbital space slightly 
concave, about equal to vertical 
diameter of eye. Maxillary reaches 
to front of eye. Sul)orhital sc-alcd, 
15 vertical rows of scalcs froin ciyc 
to edge of prenperclr, 10 rows on 
opercle, those of operclc! enlarged; 2.  Sph~/r:riln miorlgrussi JenkinH. Type. 
rest of head naked. Opervle with- 
out spines. (Some speciniens have one or even two very weakly developetl flat points on the 
opercle.’) TJpper jaw with two slender elongate tccth anteriorly on eac.11 side, along sides of jaw 
a single series CJf very miall tc&i. Lower jaw with two large :iiit(srior median teeth, and back of 
them a series of fifteen small ones in ewh ranius. l’nlxtines antl pterygoids with a long series of 
teeth, those o f  the palatines long and slender like those in the. front of the jaws. Distance from 
occiput to front of first tlorral equal to clishncc f r o m  first dorsal to second dorsal, and to distance froin 
second dorsal to basc of cizutlal rays, 6 h i r h  dixtance is I .AG in head. First and 
second dorsal Hpines longest, 3 in  head; fifth spine a little niorc than half of first. Second, third, and 
fourth rays of sec.ontl tlorsal longest, one-lialf louger than first spine. Anal fin very 
slightly behind soft dorsal, of  same shape and size. Caudal derply forked, lobes equal, longest rays 
1.5 in head. Lateral line slightly decurved on body 
before second dorsal, posterior p r t  straight. 

Color in  life: Above lateral linc plu~nbcous, bclow silvery, top of head blackish; a large dusky 
blotch on middle rays of second dorsal and of anal; tips of second dorsal and of caudal white; other 
parts of caudal dusky. 

This species iH most closely related to &li?/rmio commmuonii Cuvier & Valenciennes,‘ of the 
eastern part of the Indian Ocean. It di€fers froin AS’. cunmersonii in  being less slender, in having a 
somewhat longer pectoral fin, antl in having the black blotches on the soft domal and anal fins. 

Fig. 3. 
Head 3.25 in length of body; drpth 6 in length. D. v, 10; A. 9. Sliape of head and body 

Dorsal r a y  Y, 10. 

Anal rays 9. 

l’ectoral 8.5 in length. Ventral 9.5 in length. 

_ _ _ _  - ~ - _ _ _  __ __ _-_ . ._ 

1 Sj~/iyriyriti idiastrx Snodgrarr k Hdler, m., lbhcs of Tropical Islands of XnRtcrn Pacific. 
2 Sphvrznci commer8otd Cuv.  gE Val., His. Kat. I’oiKY., III, p. 362; Gnntlier, Ciit. Fishes Brit. Illus., 11, p. 338. 

I 
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Five speciiriens taken by me at Honolulu iinrl several secure(1 by Ilr. T. I). Wootl. 
Type No. 49693, U. S. N. M. 
This species is named for Mr. R. E. Sliodgrass, who has niade various contributions to ichthyology. 
The following are the measurements and the nnmbcrs o f  fin rays and scales of four specimens: 

Length in inillimetcn.. . .............. .05 ................... Spti!:u bctwccn dorsal fins. .20 
m u d  .................... First dorwil milles.. ...... V 
Depth 

I'cctoral ................. ....... 10 
Ventral.. 9 
Eye.. .................... ..... 80 
Snout .................... ....... 9-10 

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

No. 2. 

.05 
. I O  
VI 

I O  
9 
x3 

9-10 

No.% 1 No.4. 

3. rhttliins~~frcSc.;~);1I?Lis Jrnkiii\, 11O\Y HpCCieS. Type. 

Family SERRANIDZ. 

Anthias fuscipinnis Jenkins, iit'w spcck?a. 
Pectoral 1.31 ill head. 

Ventral about equal to lieail. 13ye 4 in lieail. iVaxillary readi- 
ing to belo~v Inidclle of eye. Branchiostegnls, 
7 ,  gillrakers on lower ann of first handii:iI arcli, 34. lloutli very ol)liqne. Lower jaw so~iiewlittt 
projecting, juHt eiiteriiig profile, Upper profile of I1e:iil reGntrant before the nostrils; froin liere to 
nape steep and almost straight, in one sperinicn rather proniiiieiitly convex before the eyes; strongly 
bulging at ~ i a p e  in front of dorsal spiws. Profile of back straight, from front of first dorsal to anterior 
rays of soft tloraal; from here descentliiig to caudal ~)cduiiclc~, thc upper edge of which is on a lcrel 
with the tip of the snout. Opercle with 
two flat sj)iiirs, the upper the larger; lower part of cclge of operclc serr&d. Angle of preopercle with 
one or two sinal1 spines; both vctrtieal and horizontail Inargins of 1ir'c'ol)erc.Ie serrittcd. Prrorbital 
entire, edge of 8uborbitd hit1dc.n by nmlos. TecUl ill Hi(lcss of jaw ~iiiniitc, in villiforln bands; two 
smt~ll canines in front of upper jmv, two to Hix in front of lower jaw. 

]pig. 3. 

Intcwrbital rtliglitly wider t11:in rye. 
N:irro14wt part of i)r<,orbihl a little less than 2 iu eye. 

Depth of body 2.6 in leiigth; litwl 2.8 i n  Icngtli. I), x, 17; A. III ,  7. 

Ventral profile lws convex ant1 ICSS angnlar t l i a i i  the upper. 

. 
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First dorsal spine short, less than eye; second more than twice as long as the first; third nearly 
twice the second, prominently longer than the succeeding spines; fourth spine 1.66 in the third; spines 
from fourth to tenth decrease regularly in length, tenth 1.25 in fourth. Soft dorsal somewhat rounded, 
longest rays equal to fifth spine. First anal spine a little shorter than the first dorsal; third anal 
spine equal to second dorsal, slender and a little longer than the second aria1 spine. Soft anal short, 
median rays longest, a little longer than longest rays of soft dorsal. Caudal rather large, deeply 
forked, longest rays equal to length of head, loiiger than loiigest dorsal spine; hver  lobe a little sinaller 
than upper. Pectorals 
pointed, median rays longest. All parts of the head and body except the preorbital and jaws scaled. 
Scales ctenoid aiid ciliated. Lateral line strongly arched anteriorly, beginning above upper end of 
gill cleft on eighth scale below the dorsal spines; a t  the highest part it is on tlie fourth row froin the 
back and on the twentieth from the ventral median line. 

Color in alcohol: Plain pale reddish-yellow (probably red in life), dusky on scaly part of base 
of Hoft dorsal and of posterior part of spinous dorsal atid about base of caudal. 

This fish is related to h t h i a s  marylriluccus IIilgcntlorf of Japtin, differing froin descriptions of 
that species in having a greater niiinber of svalcs in a vertival row on the body antl a greater iiuiiiber 
of gillrakers on the lower arm of the first bran(-hial arcli, in liaviiig the ventral iius longer than tlie 
pectorals, in having 110 filanientous prolo!igations 011 any of the dorsal or citiidal rays, ant1 in being of 
a miifonn coloration 011 the head antl body, A .  mirguritaceit.~ being spotted with large white blotches. 
Thc alcoholic speciinens may not, however, be reliable on this last point. 

Ventrals longer than pectorals, about equal to head, acute, second ray longest. 

(I~’uscws, dusky; p i n i t i s ,  fin.) 
Three adult specimens obtained by Dr. Wood at Ilonolulu. 
The following are iiieasureinents of the three specimens aiid numbers of fin rays aud scalep: 

[ Anthins fusripinnis. 1 No. 1 I No. 2. I No. 3. / /  Anthias fuscipinnis. I No. 1. 1 No. 2. [ N A  

Type No. 49695, U. S. N. M. 

- __ - ___I-_- - 

1 Length in millimotors ._ 
Depth ................... 

Ventnil ................. 
Head.. 
I’cctoral.. 

Eye ..................... 

.................. 
............... I 

179 j 167 
.41 41 .42 First dorsal ............. X 
.S? 1 ::6 .38 Second dorsal.. 17 
.20 .A4 26 Second anal.. 7 

’ 146 Third dorsal spine .___._ .26 ’ .21 .25 I 
......... 

........... 
.80 I .:y2 1 : 32 Scales in lateral line .... 4.1 47 
.08 : .08 i .09 

I -.__ -- 

Family LUTIANIDB 

Aphareus flavivultus Jenkins, new species. 
Scales 10-73-18. 

Pectoral 1.33 in head; ventral 1.66 in head. Eye a little shorter than the snout, equal to width of 
interorbital. Preorbital and opercles entire, no 
spine on opercle. Nostrils very small, the posterior circular, exposed; 
aiiterior a vertical slit with a dermal flap attached to its posterior edge covering it. Teeth all minute, 
villiform, in bands in tlie jaws, in the upper jaw an outer row of very slightly enhged  teeth. Head 
naked except cheeks, opercle, subopercle, and sides of top of head. Profile of head arid body almost 
regularly fusiform. Caudal fin large, deeply forked, lobes equal, longest rays a little shorter than 
head. Dorsal fin rather low, third spine longest; first short, 2.5 in eye; second a little shorter than 
third, which is 2.5 in head, following spines successively shorter, tenth 1.33 in third spine. Anterior 
soft rays of dorsal same length as last spine, the posterior rays slightly decreasing in length, but the 
la& ray elongated, about 2 in head and three times the length of the peliulti111ate ray. Aiial spines 
weak, the third longest, equaling the sixth dorsal epine. Soft anal similar to soft dorsal but shorter, 
last ray prolonged, as is last dorsal. Pectorals and ventrals pointed, upper rays of pectorals and outer 
rays of ventrals longest. (Not 
correctly sliown iii the figure, as the tips were broken in the spociniens drawn.) Pectoral 1.5 in head; 
ventral a little shorter than head. Lateral line almost iinperceptibly 
convex dorsally, anteriorly; straight posteriorly. 

In  life a 
broad brilliant yellow area on face, or little liarrower than interorbital, reaching from occiput to tip 
of snout. 

Fig. 4. 
Head equal to depth of body; depth of body 3 in length. D. x, 11; A. 111, 8. 

Maxillary reaching the posterior inargin of pupil. 
Preorbital transversely fluted. 

Pectoral a little lunate at base, the lower ray& very slightly produced. 

Scales rather large, cycloid. 

Color in alcohol: Dusky-silvery, vertical fins brownish, bare parts of head brown. 
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This spccies is closely allied to Apliureus furcatus (LacBp&de),l of the ltecl Sea and westward to 
Japan, differing from descriptions and figures of the latter species iii the presence of the bright yellow 
facial area. 

(FkLOU8, yellow; ?17tllus, facr. ) 
One adult spec-iincw c-ollcctetl by iue at the IhLwaiiaii Islrtnds anti two yomig om’s secriretl by Dr. 

T l i ~  following are tlir ronipztrative ~iieasiir(~iiients :nit1 the iimiiberw of fin rays and scdes: 
Wood at 1101ioli1lii. Type No. 49691, U. S. N. 11. 

710 . YO . Y3 
.!AI 
.32 

Lengtli in iiiilliiiietcr~ . . 
m a d . .  .................. 
Depth ................... 
Pectoral.. ............... 
Ventral ................. 
Eye ..................... 

113 . 31 
.:13 
.%I 
.22 

:)IO 
.3a 
.:I1 
. Z Y  
.18 

I I  --.___ I-- 

Interorbital.. ........... .OY 
Dorsal s p e s . .  .. .:. ..... S 
Second omal ruyh ...... 11 
Second iinal rays.. ...... 8 
Scales on luterul line.. .. 76 

N o .  2 .  No. 3. j 
- i ---I 

.IO .US s s  

:4 I :4 I 

4. Al)/iaTruB f l m i i a i h l t ~ ~ s  Jciikiiis, llcW bpOCiOS. Type. 

Family POMACENTRIDB. 

Eupomacentrus marginatus Jenkiiis, iiew species. 
Scales 3-29-11. Tubes on lateral 

line 20. Iiiterorbital aboiit equal to snout, 3 in liead. Profile of liead evenly and 
gently rounded from tip of mout to front of dorsal, profile from snout to base of vciitrals less coilvex 
than that to the dorsal ; from lroiit of dorsal fin to iiiiddle of second dorsal gently convex, abruptly 
descending from liere to caudal peduncle; ventral outline froin base of veritrals to c:tiidal peduncle 
evenly convex. Cnutlnl pcdmiclc diort, 3 in head. Preorbital narrow, width below front of eyo about 
cqual to eye. Posterior liiiib of 
preoperclr serratetl, iiiclilicd soiiiewliat back of perpendicular. First three dorsal spines a little shorter 
tliaui tlic others, which are of about equal length and 2 in liead. Median softraysloiigcst, 1.5 in liead, 
posterior rays two-thirds of anterior. FirRt anal spiiic short, sccolld abont cqual to clomal spines. 
Soft aiit~1 siinilar in shape to soft dorsal, inedian rays equnl to inecliaii Aoft dors:il rays. Lobes of caudal 
roi~~ided, the upper the larger. S(-dcs 3-29-11, those 011 anterior part of body larger than tliosc 011 

posterior part. Lateral line 011 first 20 transverse rows of scales on I)ody follows fourth longitudinal 
row, but on account of tlic c1iffcmic.e in yixe of the s(*:~Ies it is iriucli nearer the back posteriorly uiid 

1 L,~brzcsfirrcatu~ lIiirilpOde, IIist. Nut. I’niw., III, pp. 424, 477, 1’1. 21, fig. 1. 
A p l ~ ~ ~ ~ u f l f u r r i ~ t ~ f l  Chivier & Vil~encienricn, IIi8t. N111. I’oixv., VI, p. 487, 111. 167 6; Otlntller, Cat. Fishes Brit. Mus., I, 

Fig. 5. 
IIead 2.GG in larigth of body; tlepth 2. D. XIII,  IG; A. 11, 12. 

Eye 3.5 in licad. 

A few sinal1 Serrations on suborbital beneath posterior lislf of eye. 

- __I_ -- _-II_ - - ---_________ 

p. 386; Fischc der giidueo, p. 17; Blceker, Atlas Iehtliy., VIII, p. 80, pl. 299, flg. 2. 
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anteriorly. Ventral fin equal to pectoral, outer rays 
somewhat prolonged into tapering filament. 

Color in life: Ground-color dark-drab; central portioi: of scales olivaceous, each one with black 
on lower part of posterior edge forming rerticd bands on body; axil black; outer border of dorsal fin 
above waled part black; pectoral dusky olivaccous, black at base; ventral and anal black; caudal 
dusky with posterior border lighter; iris bright yellow. 

It iti probable that the specimens herc described belong to the species called 17orna~~nL~c~.r nigri-  
cuwl by Quoy & Gairnartl, from the Hawaiian Islands. They differ froin Quoy S: Qaimarcl’s descrip- 
tion, however, in having the dorsal fin edged with black, and in being of a general slate color with 
indistinct dusky vertical bands as described above and not ‘‘uniform brownisli black.” The numerous 
specimens examined by me all #how theFe mentioned color characteristics. The original nigricnns of 
Lacbp&de, with the eyes blue instead of bright yellow, is froin an unknown locdity and can not be 
the eanie. 

Pectoral fin equal to head, upper rays longest. 
Teeth one-rowed, truncate a t  top. 

5. Kii,)oniurratriix ninr{jiiint?tx Jcnkin~,  new bpe(*i(.q. ‘I‘ypc. 

(Hmgginatus, in reference to black margin of dorrial iin. ) 
Numerous specimens taken by me $t Honolulu ant1 others by Dr. Wood ~ n t l  by lh.  .Jortlan. 

The following w e  the niemnreinents ~ t i t l  I I U I I I I ) O ~ H  of lit1 rays itnd sc:alcs of four sl~cci~rien~: 
Type No. 49700, U. 8. N. M: 

Lcngth in millimeters.. m 
Heiid .............. .....I :: 1 .2Y 
DcDth .................. .h2 
1%y3orul.. .............. 
Ventral.. ............... .30 
Eye ..................... 
Interorbital ............ 

.29 PO ... 

.50 . :w . 50 . 09 

. I0  

73 

.49 

.31 

.31 

. I0  
‘ 10 

..... g n o s  .. .._ ..... ..I 
orsul rtkys.. .... 

I . . - 1 - . . 

Sotilc~ (trariwersc) ..__. 
Tubca on lrttcnil line ... 

. I0  
XI11 
.I6 
12 
29 

3-10 
20 

10 .09 

IG 16 
12 12 
29 29 

3-11 3-11 
20 20 

xi11 XIII 

No. 4. 

09 

11; 
12 
27 

3-11 
20 

xi11 
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Chromis velox Jenkins, new species. 
Profile of head and 

body regularly and symmetrically rounded above and below, except the liead before eyes where it is 
slightly concave; in some the nape appears somewhat bulging, due to the depression below. Length of 
caudal peduncle a little less than 2 in head, depth a t  middle equal to its length. Eye elliptical, 3 in 
head, equal to interorbital Rpace. Interorbital convex. Snout 4 in heatl. I’reorbitid at iiarrowest 
part 3 in eye, its edge entire. Edge of suborbihrl roncealetl by scales. Preopercle entire, its aiiglo 
roundetl. Teeth conical, in a single series in each jaw. 
First dorsal ray equal to eye, two-thirds of third; third and fourth longest, 2 in liead; following spines 
successively shorter, last sliglitly shorter tIlan second. Soft doml  rounded; first raysabruptly longer 
than last spine, equal to third and fourth spines, last ray equal to fourth spine. First ana1 ray very 
short, the second equal to tenth spine. Soft anal longer than soft dorsal, rounded, median rays equal 
soft clrrrsal ray&. Caudal deeply forked, nppcr lobo the longer, longest rays 3 in longth of body. 
Pectoral Iwge, pointed, upper rays longest, 3 in length of body. Ventrals a littlo shorter tlian licad, 
slightly greater thaii 4 in length of body. All parts of liead and body, except lips and a minute ridge 
from nostril to eye, scaled, and scales on opercle cnlarged. J,sterrtl line arched, 
beginning above upper end of gill cleft, extending over first 20 rows of scales. 

Fig. 6 
Head 3.5 in length of body; depth 3.33 in length. I>. XIV, 11; A. 11,11 or 12. 

Opercular inargiu entire, without Hpincs. 

Scales on body 4-39-9. 

Color in alcohol: 13rowiiish or dusky olive a b o ~ e ,  below eilvcry yellowish; base of pectoral black, 
color not extending to axil on body; about eight indistinct longitudinal dusky streaks along sides of 
body, below dorsal dark region, following rows o f  ~cale~s; iiicnibrane of spinoiis dorsal black; soft anal 
arid tlorsal dnsky; c+niirl~l (Insky brown. 

(l’do.r, swift.) 
Three speciinenH taken by 1110 ut lIonoluln, two secwred by Dr. Wood. 
Tho followiiig are the ~ n ~ ~ ~ . ~ i i r c n i c ~ i t ~  e r i d  mnnbcrs of fin ntyH and m ~ l c ~  of ftriir ~pecinie~~s: 

Type No. 49698, U. 8. N. M. 

. .  .. - ........... 
No. 1. NIL 2. I 1  I _.~I____ (!hromirr volox. 

Length in niillimctcr8.. 118 1 l?:) 
Ilead ................... . 2 i  .2s 
Depth .................. . 4 3  I .43 
I’cctoml ................ ,3:1 . .35 
Vcntrnl.. ............... 
Intcrorbltal ............ . O!) ..................... 

119 
.2X 
.,I4 . 36 
.24 
.o9 
.10 

Snoiit.. ................. 
~ocottd 6orcinl riiys ..... 
Sccoiid fliilil rays.. ..... 
Hrwlcu lotyitiidinctl). .. 
Svrilos [trrinuvcrsc) ..... 
Tobcu 011 ltitcrul liiio ... 

1 ) O I d  H h C S  ........... . oa 
XI\‘ 

11 
11 
28 

4-9 
20 

_- - .- ’ _  

No. 2. No. :I. 
.. i - ....... 
,07 .07 

XI!’ S I V  
11 11 
12 11 
28 “8 
4-9 4-9 
19 19 

_- 
No.4. 
-- __ 
. O i  

XIV 
11 
12 
28 

4-9 
20 

I_ 
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Family CHIETODONTIDB. 

Chmtodon mantelliger Jenkins, new species. 
Body ovate, greatest 

depth through middle of pectoral fin; anterior upper profile of liead concave. Snout prominently 
projecting, a little less than eye, 3.75 in head. Imver margin of suborbital 
not visible. Margin of preopercle entire, angle rounded, posterior limb verticd, lower horizontal. 
Interorbital slightly less than eye. First dorsal spine 2 in second, second three-fourths of third, 
following spines about same length, last slightly shorter than others. Soft dorsal rounded, median 
rays longest, a little longer than longest spine, first same length as last spine, last equal to first spine. 
First anal spine about two-fifths of second; second and third about equal, 1.5 in  head. Soft anal a 
little shorter than soft dorsal, otherwise similar to it, median rays equal to median dorsal rays. 
Pertorals and ventrals about equal, a little shorter than head. Caudal peduncle hhort, length equal 
to interorbital, about three-fourths of its depth. Edge of caudal fin straight, oblique, upper rays 
longest, 1.33 in head. Scalee, 9-57-22. Scales on aiikrior part of body, exrept those of nape and on 
the ventral region between the head, pectorals, and ventrals, inuc~h larger than those of posterior part 
of body. Lateral line strongly arched, beginning above upper end of gill cleft and cnding just below 
fifth ray from end of soft dorsal. 

Fig. 7 
Hcad 3.5 in length of body; depth 1.5 in length. D. XII, 22; A. III, 19. 

Eye circular, 3 in licad. 

7. Clmtodon n~astellign~ Jenkins, new Hpeeies. Type. 

Color in life: General color light yellow; chin arid front part of snout red; ocular band only a little 
narrower than eye above orbit, a little wider than pupil below, inclined somewhat obliquely backward 
from eye above and below; interorbital yellow; a yc4low stripe on levcl of pupil running acrom the 
snout from one eye to the other; about eight vertical r o w  of black spots, each smaller than pupil, on 
sides of body, extending from front of dorsal fin to middle of body and reaching from back to level of 
pectoral, occurring on every third vertical row of scales; caudal pedmicle blac-k, the black extending 
in sinal1 amount €or a short distance along bases of tlorsitl and anal fins; caudal fin bright yellow, the 
general yellow color of body becoming a bright sulphur yellow 0x1 posterior parts of dorsal and anal 
finu; extreme margiii of Roft dorsal and anal fins, especially posteriorly, black; ventrals yellow; iris 
nearly white with upper and lower parts dark where ocular band passes through eye. 
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Length in millimeters . . 
Head.. .................. 
Depth .................... 
Pectoral. ................. 
Ventral ................. 
Eye ..................... 

This species is closely related to Cliztodon miliaris Quoy & Gaimard,' of the East Indies, differing 

(Mwntellunt, mantle, in reference to arrangement of spots on thlc body. ) 
Numerous specimens collected by ine at Honolulu, two secured by Dr. Wood. Type No. 49699, 

The following are the comparative nieasureinents and the numbers of the fin rays and wales of 

from it in having the spots in rows on every third vertical series of scales instead of on each scale. 

U. S. N. 31. 

t h e e  spcciniens: 

82 
.30 
G6 

.2G 

.24 

.IO 

1 Climetodon mnntelligcr. 
I - _  - - 

80 
.30 
.w 
.27 
.27 
.IO 

. 
65 

.30 . 12 

.27 

.26 

.IO 

.09 

I 
Bnout ................... 
I)orsal Y )incs.. .......... 
Second nnnl raw. ....... Sccond !lorsal rtiy!,. ..... 
gcnlcs longituiliniil) ... 
scales [triuisversc). ..... 
Tubcs on Iritcrnl lnic.. .. 

.on 
XI11 

22 
19 
67 

9-22 
36 

. I O  
XI11 

22 
18 
63 

8-18 
42 

10 

22 
20 
61 

9424 

xi1 I 

Chfetodon sphenospilus Jenkins, new species. 
Profile of head from snout 

to first dorsal very steep, first dorsal spine being situated over posterior edge of operrle. Snout very 
slightly obtuse. Profile of head slightlyreGntrant before eye. Profileof body from the nape alniostregu- 
larly ovate to caudal peduncle. Idterorbital 
very slightly wider than length of eye, equal to snout. Preorbital four-fifths of vertical disineter of 
eye. Posterior 
border of opercle slightly notched, without spines. Deep pit below lower end of premaxilla and 
another just back of lower end of inaxilla. Dorsal spines back of second of approximately uniform 
length, third 1.5 in liead, second a little shorter than third, first less than half of second; posterior 
spines successively slenderer. First soft rays equal to last spine, inedian rays longest, last very short, 
about one-third of inedian rays, so that border of fin is rounded and posterior inargin receding. Soft 
anal of same size and shape as soft dorsal. Second and third anal spines of equal lengtli, equal to 
third dorsal spine; first one-half of second. Posterior edge of caudal fin about straight, a little oblique, 
upper rays being longest. Pectoral equal to head, upper rays longest. Ventral equal to pectoral, 
oqter rays longest. All parts of head mid body scaled except inaxillaries and symphysis of lower jaw. 
Scales on head and fins very small, those on body inostly larger, those of anterior half of body back of 
bases of pectorals and ventrals much larger. Scales on body 7-56-21. Lateral line not concurrent 
with dorsal profile, begins back of upper part of eye, curves upward to black spot on upper part of 
side of body, then downward to base of last dorsal ray, where it terminates. 

Color in life: Fins and upper part of body yellow, especially bright on ventral and anal fins; 
ocular band black, passing vertically through eye, width on side of head equal to eye, on top of head 
covers space from above front of eye to first dorsal spine; face in front of ocular band white; tip of mout 
dusky; lowcr part of body, below enti of pectoral An, white; large black spot on upper part of side 
of body below the eighth to the tenth Rpines, extending vertically from the third scale below the 
dorsal fin to about the tenth scale froin the anal spines; upper part of spot forming large round black 
blotch, lower part, below eleventh scale from dorsal, abruptly tapering and niuch paler than the 
upper part, so as to form a long slender downward wedge-shaped prolongation, coinparatidy faintly 
colored from an upper very black round spot; in front of lower part of lateral spot, above pectoral fin, 
seven light-yellow oblique bands (inclined from below upward and backward) ; a black band around 
middle of caudal peduncle bordered before and behind by a white band; soft dorsal and anal fins with 
a submarginal black band, widest posteriorly on horizontal rays of each, tapering to a narrow line on 
median and anterior rays, within this a wliite band, and beyond it a very narrow inaginal line of white. 

This species is very closely related to Chztodon urtimuculatus Bloch,2 differing froin it mainly in the 

Fig. 8. 
Head 3.33 in length; depth 1.33 in  length. D. XIII, 23; A. 111, 19. 

Eye elliptical, louger diameter longitudinal, 3 in head. 

Posterior edge of preopercle vertical, angle regularly roundeil and ininutely serrated. 

- 

I CIi&odo?i ntiliaris Quoy Sr Oaimnrd, Zoiilogic du V O Y J I ~ C  do Frcyc'incl, 1'. 380, pl. G2, fig. 6; Cuvier & Valcncicnncs, 

2 Chs'todoih wiilnaclrlatits Blorh, pl. 201, fig. 1; Bloch & Schncidcr, p. 221; Cuvicr & Vulcnoienncs, Hist. Nat. Poiss., VII, 

~trugonoptrma unimculatus Blcekcr, Atlas Ichthy., IX, p. 46, pl. 376 (Chat., pl. U), flg. 6. 

Hist. Nnt. I'ois.%, v11, p. 26; Giinthcr, Cut. IWies Brit. Mus., 11, 11. 31; GiixitIIcr, Fisrhe der Siidscc, p. 4G,  1'1. 36, fig. A. 

p. 72; Gillnther, Cat. Pishes Brit. Mus., 11, p. 11. 
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shape of the black spot 011 the upper part of the side of the body. In all descriptioiis and figures of 
C. uniw~acultrtus this inark is represented a~ an occllated spot having a definite circular outline without 
any ventral tapering prolongation. On all of the lIa\vaiian speciinens (preserved in formalin and 
alcohol) examined by me the ventral prolongatioii of the spot is distinctly inarketl and cmild not 
possibly be overlooked. 

(Z1@)7jv, a wed@; C i ~ i L o ~ ,  spot.) 
Nnmerous speciinens secured by me at IIonolulu. Type No. 49705, U. S. N .  M. 
The following are the ~neasureiiienk~ :tilt1 the ~nnirbers of fin rays aiitl scales of four spcc*iniens: 

Family OSTRACIIDAE. 

-_ 
No. 4. 

XJJI 
23 
19 
KO 

7-20 

Ostracion camurum Jenkins, new species. 
Head 

3.75 in length of body; depth 3 in length. Interorbital spwc at iront of eycs eqnd to hcad, wider 
posteriorly. Dorsa1I)rofilo of snout very steep; forming 
a reentrant angle just above tip of snout (this angle not very conspicuous in the smaIIcr speciinens). 
Sides of hotly concave. Greatest domal width 3 in Irngtli, equal to tkpth; greatest ventral width 2.6 
in length. Carapace forming wide bridge back of dorsal fin; lrngtli of part lmck of tlorsal fin 2 in 

Fig. 9. 
Body four-sided, back rounded, interorbital Aat, profile before eye prominently (‘onvex. 

Eye 2.66 in middle of interorbital, 2 in snout. 
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04 
. Y ' l  
.32 
.39 
.20 
.17 
.15 
.21i 

snout. Posterior lateral edges of carapace deeply reelitrant. Caudal 1)edunclc, inciasurcd on side, equal 
to snout. Pectoral 5.5 in length. Longest dorsal rays 1.00 iii head. Longest anal rays a little shorter 
than head. Carapace formed of hexagonal 
plates; plates varying a little i i i  size, tlic larger ones about 3.5 in width of front part of interorbital, 73 
plates in longitudinal series from interorbital band to front of dorsal, 10 on side of body from above pos- 
terior edge of pectoral to end of carapace, 13 along iiierlian yentral line from chin to anus. Plates above 
pectoral not distinctly defined. Surface of carapace covered with small, even-sized tubercles evenly 
distributed or somewhat grouped at the center of the plates. Five specimens in the rollection present 
but little structural variation. The hump on the foreiiead 1)clow the l e d  of the upper rim of the eye 
is very conspicuous on all. 

Color in life: General color ditrk, nearly black, lighter patch below earh eye, belly dark blue; 
irregular golden baud botween eyes on top of head; bark covered with many small \t hite dots; sides 
with golden dots; caudal peduncle black with row of golden spots on side, white doB 011 dorsal 
surface; axil blue; fins dusky, posterior half of caudal lighter; iris white with orangc spot$. The color 
of different specimens wries consideritbly. Tlie spots on the back do not correspoiid with the plates 
of the carapace and are inore nunierous tlmi tlie plates. Two specimens apparently had the sides blue 

Caudal rounded, median rays equal to length of head. 

88 
.Y4 
.3R 
.40 
.20 
. 1 7  
.S5  
.?B 

9. Os~rcrc'rols ~ ' ~ l l I l l 1 1  111ll Jc.iiklns. n e \ V  hpec-ieh. Tylrv. 

in life, one with dark centers to tlic l'lates, t l i c a  otlier with :t (lark spot hi tlie center of tlie upper plates 
of the side, arid a wliite spot surroundetl by B 1)laclc ring on each of the lower lateral plates. In 
alcohol all the spcc*iinens liave a i~rownisli cdor, clnsky in p1ac.w; a yellowis11 interorbital stripe niitl a 
large area I~elow tlie eye of tlic siiiiic color; tho 1,asal 11:tlf of the caudal fin tlwk brown, contrmting 
conspicuously with the colorless c1ist:tl half, tlic two regions beiilg separated by (I c~resceiitic line, 
concave posteriorly. 

Four spcciniens obtainctl 1)y i i i e  at IIoiiolnlu aiitl two by Ilr. Wood are identicd Ntruclurally 
wiUi one in the Stanford Uiiiversity c~ollcction takcn b y  Messrs. Siiodgrass and IIeller, at Clipperton 
Island, off Mexico. Tlrc latter, I ~ o w c . i w ,  lias black spots on tlie back instead of white fipob, and a 
row of wliite spots j us t  Iwlow tho 1111pe1 1;tteral edge of tlic carapace. 

Type No. 49097, U. 8. N. 11. 
The following tire the n i e ~ ~ u r ~ n i ~ ~ ~ i t s  :~nd tlie iiriiribers of fin rays o f  five I lawaiisri spec.iiiiens: 

.13 
9 

10 

____-I -- 

Ontrircion runmruin. No. I. No. 2 
-- - I . - I -  

.I5 . I3  
9 , 9  

9 9 9  
10 10 

Length in millimcterv ... 
De th .................... 
Wisth of body dorrml) . . 
Width of body [vetitritl) . 
Pectoral ................. 
Longetlt dorm1 m y . .  ..... 
Longest anal ray.. ....... 
Longetlt caudril riiy ...... 

10.1 
.34 
.54 
.8 
.I8 
. I 6  . 1:s . ?I 

102 .a 
.36 
.37 
.?l 
.I6 
. I 4  
,2H 

86 . 34 
.35 
.40 
.20 
. 1 G  
. I 4  
.27 

Eye ...................... 
Interorbitiil .............. 
Snout .................... 
Ctiudal pedunolc (dorm1 

edge) .................. 
Dorail ritys .............. 
Anal r a p  ................ 
I'ectora rays ............ 

.10 . 2s 

.20 

. 13 
9 
9 

10 

_ _  
io .  , 
- 
. I2  
.24 
.23 

. IS  
9 
9 

10 
_-- 
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Length in millimetcrh 
Length of head ...... 
Width of head. ....... I-- 

Family TETRAODONTIDB. 

Ovoides latifrons Jenkins, new species. 
Snout (to tip of dental plates) 2 in head. 

Interorbital space Aat, wide, 6.25 in length of body, equal to snout from nostril. Eye 4.33 in head. 
Nostrils a simple, bifid, nonperforate tentacle on each side. Dorsal profile evenly rounded, belly 
distensible. Dorsal rays 2 in head; anal rays a little shorter than dorsal. 
Pectoral 1.33 in snout. Caudal fin rounded, equal to distance from tip of dental plates to center of 
pupil. All parts of body and posterior parts of head covered with small, simple, setwlike spines, 
mostly embedded in the skin, having only the tips projecting, most of them incliped backward. None 
on the caudal peduncle. (The specimen described has the base of the dorsal fin covered by a fold of 
the integument from the right side. This, however, occurs as a ‘ I  freak” in Ouoides seto.sus.) 

Color j n  life: Light brown, covered with rather closely set white spots. Spots distributed over 
entire surface of head and body, those on the chin smaller than the others, a few on dorsal, anal, and 
caudal fins; pectorals spotted at base; nasal tentacles black; iris yellow. 

Fig. 10. 
Length of head 2.7 in length of body, width of head 3.7. 

D. 10; A. 12; P. 19. 

18P 20s 142 141 Loiige8t UIIILI ray.. ... .16 .14 .18 
.37 .33 .31 .32 Longest pectoral m y .  .14 , I 5  .16 
.27 .28 .31 .:12 Longest c*audal ray.. . .25 .22 .21 

’10. f?UO{dCS k t l ~ V 0 7 t S  Jenkins, l l U W  blJCCieS. ‘l’ypc. 

This species is very similar to 0troide.s srtosua’ of the we& coast of tropical America, diffcring from 
it in the greater wiiltli of tlieiiiterorbital spacc, the interorbital being 8.33 in the length of tlic lrody 
in 0. scto.rus and 6.25 in 0. htifrons. 

One specimen, 188 nnn. long, collected by 111e at TIonoluln. 
The following ta1)le givy comparative ~r~easurements and numbers of fin rays of the one specimen 

of Oooides ZU/ [ ’~YJT~S and o f  tlircc spccirncns of 0. sctoxus i n  the Stanford University collectio~l fro111 tile 
Revillagigedo, CO(-OH, and (hlapagos Ialantl~: 

Type No. 40696, U. S. N. M. 

_-- -~ 

Snout .20 
Eye.. ................. .OY5 
Interorbital width ... .16 
Longest dorsal ray ... .18 

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

. - - - 

.1? .17 .10 Dorqul rays. 10 ........ 11 ......... 

.10 .10 . l o  Anal rags. ............ 12 12 12 
19 18 17 .12 .I3 . I2 Pectora rays ......... ........ .17 .1‘J 

__ __ 

. 19 
. I7  
.27 
10 
11 
17 

1 Tetruodon aetuarca Xosa Smith, BaII. Cal. Acad. Soi . ,  11, p. 6, 18% (Mexico). 
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Family TROPIDICHTWIDAC. 

Tropidichthye jactator Jenkins, new species. Fig. 11. 
Head 2.66 in length of body; depth of body from back to lower edge of base of pectoral 3.33 in 

length. Profile rising from 
tip of snont to middle of back where the median dorsal crest forms a prominent point. Dorsal profile 
of head concave from tip of snout to eyes, straight from eyes to dorsal prominence. Interorbital 
space very slightly concave. Profile descending to a straight line from apex of back to dorsal fin, from 
dorsal fin to caudal fin descending with gentle conchvity. Caudal peduncle deep anteriorly, depth 
just back of dorsa1 and anal fins equal to snout; niucli less deep posteriorly, depth just before bases of 
caudal rays 2.33 in head. Ventral parts of body much dilated, depth below pectoral 1.25 in depth above 
pectoral. Dorsal and anal fins very short, dorsal above anal; rays equal, about 3 in head. Caudal 
slightly rounded, median rays equal to snout. Pectoral wide, distal edge slightly concave; upper rays 
longest, 2.66 in head. Body and head everywhere except on caudal peduncle covered with small asperi- 
ties consisting of small, erectile, two-rooted spines directed backward; spines litrgest on belly. 

Color in alcohol: Dark brown above and on sides, belly pale yellowish; dark parts with nunierous, 
regularly distributed, pale (apparently bluish in life), round or polygoiial spots; spots largest on sides 
where the brown ground;color appears as n network between thein, obsolete on fore part of head in one 
specimen, extending distinct to tip of snout in a anialler one, none smaller than pupil, those on sides 
three-fourths of eye in diameter; dusky ring about eye, most conspicuous above; fins colorless. 

Eye equal to interorbital space, 2 in snout. D. 9; A. 10; P. 16; C. 7. 

11. Tropkliclithy~ juctator Jenkins, new npecica. Type. 

Very .&iilar to Il.o~idicl~~l~~~Kl,rclcc.lts( /n t ( ,~  ( ~ i i i n t l i ~ ) ~  o f  the west  cwmt of tropical Anierica, but 
differs froni this spccies in the ni~ich greater &cl of tho sl)ots (none of thrni i n  C pii i ic /ot is .~in~us being 
greater than the pupil) and in hitviiig the belly nnivh more rlistontled. 

(Jrrct&r, boaster.) 
Two crniall speriniens, YO ant1 42 i i i i ~ i .  iri length, taken Ijy me at llonolulu. I hnve compared these 

with 7 ~ p ~ c i n i e n ~ ,  35 to 60 i i i i i i .  i l l  Icngtli, of C'. 1 , I i i / cd t r t ins in tc ta  in the Stanford CJniversity c~ollection, 
taken at Panama l)y Dr. <A 11. (iilbrrt. Type No. 48703, U. S. N. M. 

Genua EUMYCTERIAS Jenkins, new genus. 

General c.linrac%ers of 75opidic/1thys Bleeker (= Canthigaslcr Swainson, diagnosis only; 110 type), 
the back being compressed and produced into a blunt prominence midway hetvveen the eyes and the 
dorsal fin. In Il.opidichtliys 
the nostrils are obsolete. 

The nostrils, however, consist of a single simpie opening on each side. 

(E;, true; ,L~VKT+~I), nostril.) 

1 Tetmdon pzinctatissimLs (4dnther, Cat. 1Wies Brit. Mus., VIII, p. 302, 1870 (Panama). 
Tetrodon ozyrhy7~chtbs Lockington, Proc. Acad Nut. Soi. Phila. 1881, p. 116 (Gulf of Culilomiu). 
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Eumycterias bitmniatus Jenkins, new species. 
13ack coinpresscd, culniinating 

in a very obtuse point abovc middle of pectoral fin. Profile from tip of snout to before eyes Poinewhat 
concave; straight from interorbital to top of dorsal prominence, descending in a straight line fioni 
here to base of caudal fin, being interrupted, however, at iiiiddle by elevation bearing dorsal fin. 
Ventral outline evenly curved, no more convex than the dorsal. Eye 3.33 in head. Snout 1.75 in 
head. One nostril in each side, each a 
simple opening with slightly raised margin, but scarcely tubular. Distance from eye to nostril 2 in 

Fig. 12. 
Head 2.66 in length of body; depth :I little greater than head. 

Interorbital concave, slightly greater than eye, 3 in head. 

13. ,~i~orplowpxix CflCOp?l,a;S JeIlkiIIH, I lOW HIlCOicS. Type‘. 

distance from nostril to tip of snout. Front of ilorsal fin midway between dorsal prominence and base of 
caudal fin, outline rounded; rays 10, longest 1.5 in snout. Caudal slightly rounded, median rays equal 
distance from tip of snout to center of pupil. Anal similar to dorsal, front of its base below posterior 
end of base of dorsal. Pectoral broad (in epeciinen median and lower rays on both sides broken), 
upper rays 2.5 in head. A few minute spines on lower surface of body; surface otherwise smooth. 

Color in alcohol: General color brown or dusky abovc, paler brownish 1)elow; a wide dusky band 
froin base of upper rays of the caudal running forward along ride of body, above bme of pectoral, to 
upper end of gill slit, here becomes narrow and curves downward around anterior edge of gill slit and 
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then goes backward again below it as a narrow band below base of pectoral and along side of body, 
parallel with the upper band, to a little below middle of caudal fin; a black spot on outer side of 
base of pectoral; bases of upper and lower caudal rays black. 

One specimen, 52 mm. long, secured by Dr. Wood at Honolulu. Type No. 49702, U. S. N. M. 

Family SCORPBNIDZE. 

Figs. 13 and 14. Scorpsenopsis cacopsis Jenkins, new species. 
Scales in 50 trans- 

verse series. Greatest depth at front of 
dorsal fin; depth here equal to distance from tip of upper jaw to vertical through base of first dorsal 
spine, so that upper profile of head is inclined at angle of about 45O. Lower outline of head descending 
at lesser angle from tip of lower jaw to below- pectorals. Mouth on level with median pectoral rays; 
lower jaw projecting beyond upper a distance equal to one-half diameter of eye, most of the teeth in 
front of lower jaw being exposed. Dorsal and ventral outlines of body back of front of dorsal and bwe 
of pectorals symmetrically converging to base of caudal peduncle, where depth is 3.5 in head. Eye 
small, 2.5 in snout, on level with middle of caudal peduncle. Snout 2.33 in head, equal to third dorsal 
spine, its upper profile in front of posterior nostril very convex, forining an abrupt hump. A promi- 
nent spine on each side of upper end of this hump between inlier rims of nostrils of same side. Inter- 

Head 2.6 in length of body. Depth 3 in length. , D. XII, 10; A. 111, 5; P. 18. 
Specimen described, large and robust, 347 mm. in length. 

orbitai very concave, least width equal to distance 
from eye to first nostril. Maxilla reaches posterior 
margin of pupil. Below eye a deep cavity on side 
of head, deepest anteriorly. A rectangular depressed 
area on top of head back of eyes. Teeth all villi- 
form, in wide bands in front and on aides of jaws 
and in a V-shaped patch on vomer. 

The spines of the head are distributed as fol- 
lows: Above, three on upper rim of the orbit, a 
fourth back of and within the most posterior of 
these on top of head a t  anterior angle of tho occip- 
ital depression, two approximated spines on ocviput 
at posterior angle of occipital depression; laterally, 
a row of three spines back of eye, tho last at pos- 
terior end of opercle, one betweeu the second of 
these and the two occipital spines of Bailie side, a 
row of about acven spines from side of snout below 
suborbital cavity to middle of opercle, angle of 
opercle with two dorsally curved spines, tho upper 
the larger. Numerous derninl flaps are distributed 
over the head in the following manner: One on pos- 
terior margin of posterior nostril, folding over nos- 
tril like a lid. a large one attached to suborbital and v 

overlapping maxilla, several small ones on posterior end of maxilla, three largc ones along lower limb 
of preopercular margin, one on each side of preoperclc below lower row of spines on side of head; on 
lower jaw two flaps just back of symphysis, three on each side back of these just within ramus of jaw. 
Third dorsal spine longest, about 3 in head; the following three of about same length as third; 
seventh to eleventh gradually shorter; twelfth about one-third longer than the cleventli. Anterior 
soft rays a little longer than the posterior soft rays, equal to fourth spine. Anal short, t.wo-thirds of 
length of soft dorsal; first spine two-thirds of second; second and third spines equal to the fourth 
dorsal spine. Pectoral very large, upper and median rays longest and of equal length, about 2 in head, 
lower rays successively shorter; the lower ten much thickened, allgulated near bases, especially the 
short lowermost ones, BO as to be bent somewhat inward. 

Scales in 50 transverse series, each row almost wrtical below the lateral line, oblique above. 
Lateral line straight, extending from above gill cleft to middle of base of caudal fin. Ten scales in 
oblique series from first dorsal spine to lateral line, twenty from lateral line to anus. A few dermal 
flaps irregularly distributed over sides of body, about twelve along lateral line on each side. 

Ventrals narrow, 1.66 in head. 

E'. C. B. 1899-26 
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Color in alcohol: Dusky-brown and gray, everywhere mottled, except on ventral surface, which 
is uniformly pale; colors rather clouded on sides of body, each covering a large but indistinctly defined 
area, finely mottled on head and bases of pectorals; dusky-brown and gray forming irregular cross- 
bands on all the fins except spinous dorsal, which is mottled. 

This species is probably allied to Scorpxopsiu gibbosa Bloch & Schneider,' of the Red Sea, Indian 
Ocean, and Society and Samoan islands. It agrees with 8. gibbosa in lacking palatine teeth, in having 
the strongly convex hump on the snout, and in having the lower pectoral rays thickened and bent 
inward, but differs in having a wider interorbital and in not having the dorsal spines shortened, the 
longest, the third, being in X. gibbosa 4 in head, and in S. cacopsis 3 in head. 

( K ~ K o s ,  ugly; l i + z ~ ,  the face.) 
One large specimen taken by me at Honolulu. 
The following gives the comparative measurements and the numbers of fin rays and seal(%: 

Type No. 49690, U. S. N. M. 

Scorprenopsis cacopsis. 
__-- ~ No. le ll I ricorprenopsiu mcopsis. 

I Len th in millimeters .................. 
Hea% .................................... 
Depth ................................... 
Pectoral ................................. 
Ventral.. ................................ 
Eye ............................'.......... 
Interorbital ............................. 
Snout. - - - - - - - - - - - - - ~ - ~ ~ ~ - - - - - - - _ _  - _ _  _-- -- I 

347 
.40 
.35 
.21 
.24 . OG 
.07 
.L5 

...................... 
Dorsal s ines ............................ Third dorsal spine. 

Second anal rays ........................ 
Pectoral rays 
Scale rows 
Tuba on lateral line ............ 3. ...... 

second t;orsal rays ...................... IO 

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

-~ 

16. Purupereis plcroetag7riu Jcnkms, now Hpecies. Type. 

Family PERCOPHIDE. 

Parapercis pterostigma Jenkins, new species. Fig. 15. 
Parupereis Bleeker=Pwcis, Rlocli S: Schncider, S) G t .  Irhthy , p. 179,1807, Ciivicr & Vnlenc*iciines, III, p. 260; Gunther, 

Cat. FihllCY Brit. Mus., 11, p. 237; not.of Scopoli. 

Head about 4 in length of body; depth G in length. D. v, 21; A.  17. Body elongate; dorsal 
profile of head convex, gently rising from snout to nape, vcntral profile of head tiyiunictricR1 with 
dorsal. Eye 1.25 in snout. Sob- 
orbital equal to interorbital. Opercular margin above with two small spines, below with minute 
serrations. Branchiostegals 6. Gillrakers very diort, 10 on lower arm of arch. Fourth doreal tipine 
longest, equal to snout; first two spines very short, third but little shorter than fourth, fifth about 
equal to third. Soft rays of dorsal of uniform length, 2.5 in head, except first, which isshorter, and last, 
which is longer than the others. Anal similar to but shorter than soft dorsal, begins beneath fourth 
soft ray of dorsal. Caudal rather slender, deeply forked, lobes equal (rays in specimen examined 
broken, but longest probably equal to head.) Pectoral pointed, lower rays longest, 1.5 in head Ven- 
trals elongate, tapering, inner rays longest, equal to head; tips reach fourth anal my. Teeth villiform, 
in bands in cach jaw and in a crescentic patch on vomer; four canines in front of each jaw, those of lower 
jaw considerably Amaller than those of upper; an outer series of slightly enlarged teeth in each jaw. 
Top of head, cheeks, sides of snout, jaws and fins naked, other parts scaled. 

Interorbitil about flat or almost imperceptibly (*oncav(', 1.5 in eye. 

Scales 7-61-15. 

1 Scorpznu gibbosa Bloch & Schneider, p. 192, pl. 44; Qunthcr, Cat. Fishes Brit. Mus., 11, p. 119,1860; Fisohe der Sudsee, 
p. 79,pl. 63, 1873. 
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PrrrnpcrciR pterontigmn. No. 1. 1 No. 2. 

Len th in millimeters.. ......... 100 89  ea%. ........................... .27 .2ti 
Depth ........................... . I 7  . I 7  
Pectoral .......................... 18 . I D  
Ventral .......................... .2G .20 

_____ 

Eye.. ............................ .07 .07 

Color in alcohol: Ground-color pale-brownish, a series of 9 quadrate dark blotches across back, 
separated by interspaces shorter than their own lengths, the first intempace just before front of first 
dorsal spine; apparently a yellow stripe from tip of snout through anterior nostril to middle of front of 
eye; a series of 13 black spots along the soft dorsal fin nearer the outer inargin than base of the fin; 
other fins plain. 

The follow- 
ing are their comparative measurements and the numbers of fin rays and scales: 

Two specimens secured by Dr. Wood at Honolulu. Type No. 49701, U. 8. N. M. 

Pampercis pterostigma. No. 1. 

Interorbital ..................... .06 
Snont.. .......................... .09 
Dorsal R incs ................... V 
second 8orsairnys .............. 21 
Ann1 rays.. ...................... 17 
Scrilcs on Intern1 line.. .......... 61 

No. 2. 
- 
.a 
.09 
V 
20 
17 
67 

16. Brotzslu inarginalia Jenltins, new species. Type. 

Family BROTULIDiE. 

Brotula marginalis Jenkins, new species. 
Head equal to depth. Caudal region rounded, not 

tapering to a point. Profile of Iiead ascending in a straight line from tip of snout to front of dolxal. 
Greatest width of body near anterior end, about 1.5 in head; w d a l  region niucli compressed. 
Distance froin tip of snout to anus 2.33 in lengtli. Dorsal ritys 96; fin beginning a littlo back of base of 
pectoral, of about uniform height throughout. Anal with 70 rays, beginning just back of anus, of same 
height as dorsal and continuous with it around caudal end of body. (In tliis example, wliirh doubt- 
less isabnormal in this particular, the caudal part of the fin is conspicuously notched on axis of body.) 
Vertical height of dorsa\ and of anal a little less than eye, 4.75 in liead. Snout froin all aspects 
bluntly rounded, equal to liorieontal diameter of eye. Eye on right side of specinien ovate, larger elid 
posterior, longitudinal diameter 4 in head; eye on left side elongate ovate, constricted a t  middle. 
Maxillary reaching to bclow posterior margin of eye. Preorbital 2 in longitudinal diameter of eye. 
Mouth oblique. Teeth minute, villiform, in bands in each jaw and on palatines, in a V-shaped patch 011 
vomer. Snout above with six tentacles, longest about equal to eye in length, two at lower end of each 
nasal bone, one on posterior rini of each anterior nostril. Lower jaw also with six tentacles, each longer 
than eye, three on each side, just back of symphysis. Anterior nostril with a very short tube, larger 
than the posterior, situated sornewhat nearer eye than tip of snout. Posterior nostril allnost sessile, 
having only very slightly raised rim. Movable spine on side of head arising from upper anterior angle 
of opercle. Branchiostegals 8. Pectoral rounded, 
longest rays 2 in head. Ventrals at Hylnphysis of humeral arch, the two arising close together, each 
filamentous, 1.66 in head, bifid near middle, outer part the shorter, about half the length of inner 
from bifurcation. All parts of liead and body sfaled; scales elongate ovate, ctenoid, in 165 transverse 
aeries, 44 in transverse row at middle of body. 

Fig. 16. 
Body not much elongate, deptli Fi in length. 

Gillrakers 3 on upper end of lower arm of arch. 
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Color in alcohol: Body and head dark brown, paler below, jaws dusky; dorsal and anal fins 
brown with narrow white marginal band and black submarginal band, the black widest on the poste- 
rior divergent tips of the caudal ends of the two fins.. 

This species is similar to Rrolula mullibnrbala of Japan, differing from it in having the ventrals 
distinctly bifid, in having the front of the dorsal fin back of the bases of the pectorals, and in having 
the very distinctly outlined submarginal black band on the dorsal and anal fins instead of simply a 
qiffusion of black along the same areas. 

One specimen, 220 mm. long, collected by Dr. Wood at Honolulu. 
(Marginalia, in reference to the black border of the dorsal and anal fins.) 
The following are measurements and numbers of fin rays and scales of the specimen: 

Type No. 49694, U. S. N. M. 

Interorbital ............................. 
snout. ................................... 
Domal rays .............................. 
Anal rays ............................... 
Scales longitudinal) .................... 
Scales {transverse) ...................... 

BrotuIa marginalis. I No. 1. I /  BrotUla marginalis. I No. 1. 1 I 
.03 
.05 
9G 
70 

165 
44 

Depth ................................... 
Pectoral.. ............................... 
Ventral. ................................. 
Eye (longitudinal). ..................... 

.20 

.10 

.12 
.OB 

LELAND STANFORD JR. UNIVERSITY, October 1, 1900. 
llllalula mullibarbatu Schlegel, Fauna Japonica, PoisJ., p. 251, p1. 111, fig. 2, 1847; Quciither, Cat, IUshes Brit. Mus., 

IV, p. 371,1862. 
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PARASITES OF FISHES OF THE WOODS HOLE REGION. 

BY EDWIN LINTON, Pa. I ) . ,  

Professor of Biology, U/nshi?ig toil a?~d~eflel-son College. 

INTRODUCTION. 

It is a matter of much importance that our Irnowledge of parasites which infest 
fishes be greatly extended, and it is of ztlmost cqu:il iniportanc~ that the partisites of 
invcrte1)rates be studied, since iiiany, if not, most, of tho par:isitcs of fishes pass 
a portion of their lives i n  invertebrate hosts which serve :LS food for fishcs. It is 
thus evident that thc parasites of invertebr:ites, thc food of fishes, mid the ptirwitw 
of fishes arequite closely interrelated subjects. 

The more our knowledge of the life-histories of fish parasites is iiwrcased tho 
speedier will he the diagnoses and the more effective will bo the remedies which may 
be made and applied in all cases of cpideniic dise:m?i :imong fishes which are due to 
parasites. Naturrdly such cases  in be h i d l e d  best in  ponds and lakes and tho 
smaller streams. Rut with n thorough knowledge of tha intcryeltitions of marine 
life, it  is not unreasonable to think that oven i n  tho sea something may be done to 
turn the scale in favor of those fishes which w o  usofid as food. 

Certain economical questions relating to PariLsitism h: iw  been discussed by the 
tiuthor in an article in the Fish Comniission Bulletin for 1893 entitled “ Some 
observations concerning fish p:iiwitcs,” tmd in  the Fish Comniission 13ulletin for 
1897 in an article entitled “An economical consideration of fish p:ir:isites.” 

This paper contains: (1) An annotatcd list of thc 1i:ir:isites of Woods Hole fishes 
which have been described by the author i n  various p:ipers published in the Reports 
and 13ulletins oi the U nitcd States Fish Cloniniission :ind the Proceedings of the 
United States National Museum. 

(2) A preliniiiinry notice of collections inr1do i n  tlic suni~iiei’s of 1SH9 :~nd 1900 tit 

(3) Notes on Nem:itodes which litLvc been colloctcd i n  su( ssiw years, for the most 

(4) Notes on the food of the fishes which were examined for entozoa. 
The authority for the naiiies of tishes i n  Jord:tn c!! Evei’ni:Lnn’s Fishes of North and 

Middle America (Bulletin 47, U. S. National Museuni). 
The author’s papers arc referred to l)y number. See lmge 4-24 for the list and 

numbers. 
Notes on the food of the fishes which have h e n  examined h v e  been introduced 

with greater fullness than has been done in pi-evious papers. The arrangement of 
407 

. Woods I-Iolc, Mrwachusetts. 

part in thc waters of southern New Englt~nd. 
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the subject-mutter under the several hosts has greatly facilitated this plan. In all 
cases, where not explicitly stated to he otherwise, the food notev state the food as i t  
was actually found in the Woods Hole fishes. 

Analytical keys for the determination of genera of cestodes and species oi 
distomes mentioned in this paper have been introduced. For the deterinination of 
monogenetic trematodes recourse may be had to Pratt’s Synopsis of the Heterocotylea 
(American Naturalist, vol. XXXIV, pp. 645-662). 

But few changes have been made in the nomenclature adopted in former papers, 
although this is not becausc the author is entirely satisfied with the old. The cestode 
originally called Oryymatobothriusn ung.ustum has been referred in this paper to 
the genus Ci.osso6otlwiun7. Following the noinenclature of Pratt’s excellent synopsis, 
Octobotlwiunz denticzikctzm becomes Dactylocotyle d~s~ticulatuna, Octoplectanum, 
becomes Diclidopl~ora ~$72 is ,  Nit.zschl.ia; eleyans becomes A? elongata, and Tristommn 
~ u d o l p h ~ u ~ ~ u m  beconies 27 ?rial@. 

The generic name Distomum is retained, as i t  is sufficiently definite for tihe 
purposes of this paper. During the past summer the author has been much 
impressed by the variety of shapes which the same species of distome may assume, 
even when it is under the same conditions. When variations in conditions are made, 
as, for example, when some are placed in fresh water, others in sea water, others in 
normal salt solution, or when they are killed under pressure with application of 
heat, or when different killing fluids are used; further, when differences in age of 
specimens are considered, as affecting the occurrence of spines on the body or around 
the mouth, or the relative proportions and even disposition of the reproductive 
organs, the variety of fornis to be found in the same species is very great. The 
variation in propoitions of the niuscular suckers, even, is often considerable among 
the individuals of the same species, and the ova, while furnishing a valuable criterion 
of species, frequently vary in the same species and even in thc same individual. 

The explanation of the wide distribution of such a form as the species identified as 
Diatomurn uypm~diculatusn is doubtless to be found in the nature of the intermediate 
host or hosts. Pratt’ describes an immature appendiculate distome which he finds 
in copepods, which, without much doubt, is the young of this species. Since copepods 
furnish the principal food of the majority of the young of the food-fishes, it is easy 
to understand how the latter became infected. It is to he noted further that most of 
the fish in which this distome was found were young. 

While this report concerns itself principally with helminth entozoa, a few 
ectoparasites, both helminths and copepods, and a few Sporozoa are noted. Some 
deepwater fishes are included which do not belong to the Woods Hole fauna. 

Notes on the nematodes, which have been collected by or for the author at 
Woods Hole, are given, together with notes on nematodes which were found in a 
collection of entozoa belonging to the United States National Museum, the cestodes 
and trematodes of which were reported on in vols. XIX and xx of the Proceedings 
of the National Museum (Nos. 4, 5, and 6, p. 424). The great majority of these 
nematodes are immature and no attempt has been made to  give them specific names. 
A few adult forms, with sufficiently conspicuous characteristics, have been described 
as new species. These will be found in the alphabetic list of nematodes (p. 410411). 

IA Contribution to the Life-history und Anatomy 01 tho Appendiculnte Distomes, Zoolog. Jahrb. XI ,  1898. 
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~:cliinoriiy~mliiIs awls Iiudolplii ......... 

Alphabetical lists have been prepared. both of the parasites which have been 
found and the fishes which havc been examined; in the former tlic naine of the host 
is also given . By limans of these lists and the numerous cross references. which 
will be found in the text. the arrangement of the niaterial undcr t h o  hosts should not 
be inconvenient to the zoologist; while the collection of the severd species which have 
been found under each host. together with such food notes :is lmve been inadc. will be 
a beginning of the pr:ictic:il economic study of pal*asitisni in  ttlie food.fishes . It is 
very desirable that a aummary of the invertebi*ate intermediate hosts of fish parasites 
be made. but thua f w  very little work has been done on the parasites of invertebrates . 

Efficient assistanc*e in the collection of m:iterial was rendwed in tho )suimner of 
1899 by Messrs . J . A . Stewartson and W . TV . Francis. and in 1900 by Mr . C . 14'. 
Stone . Grateful mention is also inade of Mr . Vinal N . I':dw.irds. whose ainazing 
energy. vast knowledge of lo c. .il c.onditions, :uid unfailing I L C C U ~ R C ~  liavc been of 
invaluable service . 

List ofpcirasitcs sf Il'ood~ IInle fislws . 
ACANTIIOCEPHALA . 

'Carcharins littornlis .................... 
Enchelyo us cimbrius ................. 
~ i t d n a  cul'i'urias ......................... 
Leptocepluilus conger .................. 
Limnndn fcrrngincn .................... 
Lophius piscntorius .................... 
Macroorus buirdii ..................... 
hlcli~nogrummus a?gleflnus ............. 
Rlerlurciuu bilincnris ................... 
Mol u. molu ............................. 
RI yxoccpllulus D?ncus .................. 

~- . 

l'uraciit e . I Host . I 1'llgC . 

Eclrinorh ynchus serrnni Linton ......... 
Echinorhynrhuu tliccntiu Lin ton ....... 
ICchinorh ynchus sp . a nnd b ............. 

(Stenotomns chrysops ................... 
Ccntropristca strlatus ................... 
Morono r~niericniiu ..................... 
Lopholutiluu chameleonticcps ......... 

........................ 
Snheroides mncu.iitus .................. 
Stciiotomus chrysopw ................... 
Urophvciu chuss ........................ 
~ n g u i l ~ a  chrysypn ..................... 
Curcharinus obscurus .................. 

Kc:h i r io r l~~nc~ l~~~s  iigilix l<uAolplii ........ hlorom ameriru~in ..................... 
Olxmnus tau ............................ 
l'ylosurus mnrinus ..................... 

Ilchinorhynchus nttcnuntus Lintoa ..... hcipcnscr brevirostris .................. 
Echinorhynchus cnrchnrim Linton ...... Cnroharinu littorulis .................... 
Echinorl~ynci~r~s Iosiforniis Zedcr ....... ............................ 
Ecliinorhynchus globulosns Hiidolphi . . : ::::::::: ::: 1: 1: .................... 
1Eohinorh ynohun iiiarnsantux Molin ...... ................. 

................... 
Cynonrion rcgnlis ...................... I LoboteY surinnmensis ................. .I .... l'iiiiiiiiri(. IItIi.. percifurniis ............. ' 
'I'yluwrns u ( w  ......................... . \ r c l i o w r ~ n s  ~ ~ r u b i i I o ~ ~ c ] ~ l i i i l ~ i s  .......... 
~'critrol)ristc.r hlrlntus ................... ii 
Cynoncion rcgulis ...................... 
Roorus linentiis ........................ 
I'arnlichthys dcntntus .................. 
i'omatomus suitatrix ................... 

lCcntronristca s t r in tu~  ................... 
cynosc'ioii rognlis ...................... 

Ii~c,tiiriortiyiic.liIia sngittifcr I.iirtou ....... I"Lr"ic"t"~" dc"'t'' ................... ................. I'omntomuu mltutrix 
Itiiombns trlacunthns .................. 

____ . 
428 
478 
4% 
436 
484 
487 
480 
470 
173 
‘105 . I(iti 
408 
'181 
4x3 
485 
455 
4G4 
457 
178 
435 
427 
456 
468 
442 
435 
428 
4G8 
4% 
435 
481 
481 
450 
459 
457 
4.53 
445 
469 
4m1 
450 
4% 
481 
450 
450 
459 
481 
450 
458 
457 
456 
15G 
471 
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Parasite. Host. 
- 
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Page. 
_- 

Asraris xp ................................ 

. 

Asclrris np., immature; N ~ ~ ~ ~ ~ -  

Cottunculus thomsonii ................. 
Hemitripterus amerirnnus ............. 
Mustelus canis 
Myxocephnlr~s iEnens 
I'aralichthyR dcntntun.. ................ 
Phycig tenuin.. ......................... 
Pomolobos mediocris .................. 
~scudopleuror~cetcn I L ~ C ~ ~ C I I I I I I ~ !  ... 
Sarda sarda ............................ 
Scimnops ocellatuu ..................... 
,Stenotomus ChryHops ................... 
'Aloua mpidimimn ...................... 
Brosmius brosmc ....................... 
Carcharins littoralis.. .................. 
Clnpeu harcngus ....................... 
Dnsyntis centrum ...................... 
Glyptocephalus cvnogiossun.. .......... 
La~ocePhal11~ Imhat11s.. . I - .  .......... 
Mncrourus buirdii ...................... 

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

426 
428 
435 
437 
444 
444 
476 
476 
444 
425 
475 
474 
446 
438 
444 
468 
452 
487 
481 
448 
446 
447 
448 
452 
479 
479 

465 
488 
484 
431 
430 
431 
465 
467 
425 
467 
481 
477 
4% 
485 
445 
461 
468 
440 
479 
4'9 
457 
432 
487 
464 
480 
461 
475 
441 
455 
461 
444 
443 
441 
476 
48tl 
441 
453 
436 
455 
466 
456 
477 
457 
4.50 
446 
437 
482 
465 

446 
428 
455 
435 
477 
484 
426 

481 

todes, immature. Menticirrus ~iixtrtili~.. 
Microgadus tomcod ... 
Osmerus mordnx ...... 
Itoccns lineatus ....... 
Scimnops ocellatus ..................... 
Scoinber scombrus .................... 
Tylosuruu acus ......................... 

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



Parasite . Host . Page . 

456 
469 
479 
441 
47F 
429 
436 
454 
467 
488 
472 
476 
443 
473 
466 
467 
481 
484 
. A77 
474 
450 
438 
470 
485 
431 
131 
453 
441 
446 
446 
428 
458 
440 
402 
449 
478 
480 
427 

'cynoscPon regalis ...................... 
Enchelyopus cimbrius ................. 
Fundulus heteroclituv ................. 
Gadus cdlarias ......................... 
Isurus deka i .......................... 
LeptocephaKis conger .. ........ 
Limanda ferruginul .................... 
Lobotes surinamenRis .................. 
Lophius iscatorius .................... 
Lo holat%u8 chamreleontirepn ........ 
IllePaiiogrammus n?g~etinus ............. 
Mcnidia notata ......................... 
Merluccius biliiiearis ................... 

............... 
Spiroptcra'pcctiiiifcr sp . nov ............ Neinatodc undetermined 

451 
4x3 . 1.34 
426 
427 . 1.B 
428 
432 
433 
425 
425 
482 
449 
4g0 
416 
472 
420 
427 
429 
427 
431 
456 
459 
464 
474 
454 
473 
461 
437 
441 
448 
447 
406 
484 
485 
484 
146 
Q48 

S n h o  salar ............................ . I  
Sarda sardii ............................ i 

1 Scomberomorus mrrcul:rl us ' 
Sphyrna eygocna ....................... 
stenotomdu chrysops .................. .I 
Stolcphorus brownii .................... I 
Tiiu togolabnis adsperRiln ............... ' 
'l'rnchurops criimcnopl~thnlmns ........ 1 
Uropliycis chuss ....... 
Sphyrna zygmia 
Macronrus bairdii 

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

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

41 1 

Acanthobotl~riiim coroniit. um l<u(lnlphi . Ituja Iocvia .............................. 
Ac.nnth&oth~llnl prllll~lln I,jnton ....... DnsYatia Cciilrllrfi ...................... 

Myliobatis frcininvillci ................ 
Carcliarinusmilbcrti ................... 

..... .................. Imrus dckiiyi ................. 
Sphyrun eygceiia .................. 

Anthobotliriiim laciniiitnni Cinlon CarChfirillUu o"sCUrlla 

Anthobotlirlum pulvinotrim Linton ..... Daayatirt ccntrura ........ 
Anthocephalum gracile Lintoii ......... Uiisvatis centrurn ........ 
Calliobothrium esclirichtii Renedcn .... Mustclus canis ........... 
Calliobothrium vcrticillatum Ri!dolphi . Mustelus canis ........... 
Calyptrobothrium occideiitale Lniton ... Tctronarce occidentalis .. 
Cestode lsrva ............................ Decnptcrus macarellus ................. 
Cestode lnrvn from squid ................ See onder Cynosciou regnlik ........... 
Ccstode larva ............................ Sardii siirda ............................ , 
Cestode, genus inquirendn .............. 
Cro.uqobotliriuni nngustnm Liiiton 
Crowohothrium lacinlntnm Linton ...... 
Cysk, degcuerntc ........................ 
Cyst ..................................... 
Cysts ill liver ............................ 
Cysts in kiduey .......................... 
Dlbothrium aluterce Linton ............. 

....... 
Lopholntilus chiinill.lcontici,lis ......... 

lniriiius milbcrti ................... 
Carchiirins litt. oralis .................... 
Carcharinus obrrrnrm .................. 

I Raja occllata ........................... 
RocCUs 1illC~tIlA ........................ ! 
Stcnotomuschr sops ................... 8 

...... 

Aluterii ncliccpd ....................... ~ 
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CASTODA--Continiie.l . 

... . .... . . . . . . .  . . . . . .  .- ~~ ~~ 

Dibothrium rugosnm Riidolphi ......... 1 acidus callarias ......................... 
Dibothrium plicatum Rudolphi ......... Xiphiav glndius ........................ 
Dibothrium sp ........................... Mustelus canis ......................... 
nihothriumsn .. larva .................... Mvxocenhahis Leneus .................. ......... ~~ . . .  
1)iboIliriiini hi )  voiiiig .................. I Sc‘ombcir;rombru.r. ..................... 
Discoceplialiiii.’~, i l ~ . i i ~ i i i i i  1. i i i iu11 ........ Cnr~hurirn~ .; ob .; ciirirr ................. 
l<clieiiuibothriiim utlinr 0 I m ) i i  .......... Scc iiiider l~lri11(11)1vrri Iio~~irsiis ......... 
Echencibothrium larvz . See Sc:olex I I 

pol ymorphus . 
Myliobntis freniiiivillei ................ Echencibothrium (ip i{Rh inoptcra bonflsna .................... 

Lccanicephalum peltatum Linton ...... Dasyatis ccntrura ...................... ............... Chilom rterus schEp fi ................. 
chi Jljnribcrg Sec un&r lsurus dekayi ............... 

Carcharinus milbcrti ................... 
Monorygmri HP .......................... Galeocerdo tigrinus .................... 

Isnrus dekayi .......................... 
Onchobothrium uncinatum Diesing .... Dasyatis centrlira ...................... 
Orygmatobothrinm angustum Linton . 

See Crossobothrium angustum . 
Orygmatobothrium crenulatllm Linton . Dasyatis centrura ...................... 
Orygmatobothrium paulum Linton ..... Qaleocerdo tigrinus .................... 
Otobothrium crenacolle Linton ......... Sphyrna zygznu ....................... 
Otobothrium dipsaoum Linton .......... Pomatomus sfllt&trix ................... 
Wratsnia medusia Linton ............. Danyatis centrura ...................... 

Carcharinus milbcrti ................... 
l’horciobotlirioi~i lasinnl Idnton ........ Curcharinus obscurur .................. 

Sphyrna eygsona ........................ 
Phorciobothrium triloculatum sp . iiov .. Carchnrinus obscurus .................. 
Phvllobothrium foliatum Linton ....... Dasyutis centrura ...................... 

Echcneibothrium vrrriabiln I i o n c d ~ ~ n  ... .I Raj? crinacca . .._ ........................ 
..................... 

I’hyllobothrium thysanocephalnm . Sec 
Th sunoccphalum crispum . 

Phyllo$othrium sp immature .......... Mcrluccius bilinearis ................... 
I’latybothrium ccr;)inum Linton ........ Carcharinns obscurus .................. 

Carcharinus milberti ................... 
I’lrrtybothrium pnrvum HI) . nov ......... Isurus dekayi ........................... 
Rliinobothriuiri rancellatum Linton .... 
Rliinebothrium flexile Linton .......... Dusyatis ccntrura ....................... 
Rhinebothrium longicollc Linton ....... Myliobatis freminvijlei ................. 
Rhincbothrium minimum Benedcii ..... Raja levis .............................. 
Rliodobothrium pulvinatum . See An- 

thobotlirium pulvinatum . , lhyllchobothrium llgile Lintorl ......... Myliobatis freminvillui ................. 
{Rhinoptcra bonasus .................... 

Rbynchobothriiimattenoatum Rodolphi Xiphias glndius ........................ 
Rhynchobothrium bisulcatum . Sue 

Rhynchobothrium bulbifcr Linton ...... MllstePus Canis 

Tetrarhynchus birrulcatus . 
Rhynchobothrium brevispinc Lintoii ... Rhino tera bonnsus .................... 

Angiiilla chrysyfu ...................... 
Cynoscion rega R ....................... 
Pomatomus Nultutrix ................... 
Scomber Hcombrus ..................... 
Scomberomorus maculiltus ............. 

3iphostoma fumim .............. 
Myliobativ freminvillei ................ 
Ibjaerinacca 

I’aralichthys dcntatus 

RnJLLocellata ........................... 
Tetronnrcc occideirtalis ................ 
AI1 uillachryHypn ...................... 
~ o & u s  maculatus ...................... 
Ceiitropristcs etriatus ................... 
C l o  ea Iiarengus ........... .-. 
~adPus callarias 

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

Ithync.lioholliriiini hiiIbiI(.r, ....... I’aralicllthys dentatus .................. 

Khynchol~othriiim Iietcrospiny Lintoir ._ ......................... ..................... ... ........... 
.... ............... 

I ~ h  ynchobotl~rir~rn het.crospinb, (.yHt% 

I~li~nchol~othriiirn hispirlm~i Lintrin Duvyatis centrilra 

.......................... 
llliyncliobothriinri im~i~i r i~pine  Linton .. R a p  lrovis .............................. 

......... ................... 
Khynchobothrium imparispine, 

Scombcrscombrus ..................... 
Stenotomus chrysops ................... 

Rhynchobothriumlomcntaccum Diesing ‘Mustelus canis ......................... 
Rhynchobothrium longicorne Linton ... Carcharins IittOrfilis .................... 

. 

476 
448 
425 
167 
445 
427 
434 

431 
451 
434 . 
433 
465 
430 
41G 
426 
429 
‘153 

453 
426 
428 
451 
433 
42G 
427 
428 
427 
433 

474 
427 
420 
430 
428 
433 
434 
133 
433 
431 

434 
434 
448 

434 
425 
404 
436 
4g0 
482 
461 
445 
447 
425 
436 
4x2 
443 
433 
434 
431 
431 
431 
432 
430 
484 
456 
437 
476 
430 
4 8.. 
488 
476 
475 
4x2 
445 
458 
4!!5 
429 
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Piirasitc . 

List of pnraaites of IVoods .Hole fisltes.Continued . 
CESTODA.-Continlicd . 

Host . 

Ithynchobothrium longispine Liiiton ... 

Rhynchobothrium spcciosum Linton. 
cysts . 

Rllyii[:llobothrillm tenliispinc ].illtoll ... 
Rllyncllobothrinm tumidulun~ Lillloll~ . 
Rhynchobothrium tnmidolum. moliceH . 
Ithynchobothrinm wagencri Linton .... 

DasyntiR ccntrura ...... 
‘Chahdipterus faber 
Cynoscion rcgalis ...... 
Lophius iscatorius .... 
~>aralicd&w dcntatus .. 
Pomntomlis snltatrix 

.Remora remora ........ 
Roccus liiientus ............... 
Scombcr scombrus ............ 
Scombcromoru8 maculntns ............. , 

.... 

... 

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

Merliicciue bilincnrix .................... 

433 
463 
460 
I<% 
482 
4h1 
473 
455 
445 
447 
458 
443 
426 
433 . 125 
431 
“is 
413 
46 1 
438 
450 
1%9 
456 
137 
460 
419 
480 
474 

.......... Scolcx polymorph ns Dtr jard in 

Menidin Iiotsta .......... 
hficrogadus tomcod ..... 

Rhynchobothrium cyRts-too inlms- Moln mola .............................. 
ture cerlnjll jde,ltificatfoI,. op not hlli8tclns canis ......................... ! . Myliobatis frcmfuvillci ................. yet idcntiflcd . 

...... .................. I’rioiiotun c~nrolinns 
Rhombus trincanthus 

Fuiidulus heteroclitns ................. 
Lngoccphnlus l&vigntus ................ 
Leptocephalur, conger ........... 
Idmanda fcrruginca .................... 
Lopliius~iaeiitoriii~ ..................... 
Lopliolntilus chnni.leoiitiocps ......... 
MenticirrnsNnxiitilir ..... 
Mcrluccius bilinenrir ................... 
; Microgndus tomcod .................... 
Palinurichthys pcrcihrini 
Pnrallchthyadentntus .................. 
I’nralichthya oblongnx ................. 
Pomatomns mltntrix ................... 
I’OiUOlObusmediocriH ................... 
Pornolobas pseudoharcngus ............ 
It h oinbus trmcnri thus .................. 
Sarda sard& ...................... 
Scoinbcr scombros ............... 
Sphcroides maculatua ........... 
Stcnotomns chrvsons ............ 

Hrcworliii 1 yrii i iniis .................... ... ii.r.~iri.t~.s.tri.~.i~. ................... 
Cynowinn rcgalis ...................... 
Ucriii)terus mut.rin.lliis ................. 
Clupca Iuirvngw ...................... 

. . .  

Stolcphorus broivnii .................... 
Tylosnrus miwinus ..................... 

Spongiobothriom varinbilc Linton ...... Dnwatis ccntrrira ...................... 
Synbothrium fllirollc Linton. scolcx .... /j Dnuivitisccntrurci ...................... ................... I Criioscion rcwlis ....................... Nrci~oortia tyrmiins I\ 

Lobotcs uuriziamensis .................. 
Mnstclus canis 
Paralichthys dentatus 
Pornntomns saltntrix ................... 

.............. ......................... I .................. 
3yiibothriuin fllicollc. cysts 

443 
475 
466 
425 
.134 
467 

4ii 
474 
471 
455 
~146 
447 
468 
440 
4G2 
478 
136 
440 . Mti 
157 
459 
449 
442 
464 
‘1% 
.186 
4% 
172 
4F1 
474 
476 
469 
482 
484 
451 
438 
459 
454 
416 
41%; 
417 
4% 
440 
4.12 
433 
433 
440 
4110 
461 
425 
482 
451 

3115 

413 

I 
I <  
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Pnranite . Host . Pnge . 

Synbothrium filicolle. (!ysts ............ 
Syndesmobothrium . Scc Synhothrilim . 
Tenia dilatata Linton ............. .. 
Tsnia  gibbosa Leidy .................... 
Teniasp 
Teniasp 
Tenia? .................................. 
Tetrabothrium barbatum Leidy ......... 

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

Scornberomoruv nincw~iitus ........ .....I 
Scombcromorus cnvi~lla ................ I 
Scomberiimoru~ regnlis ................. . 
Anguilln chrysypa: ..................... 
See under Sphyrna aygsna ............. 

See under Careharim littoriilis ......... 

..................... Anguilla chrysypa 
Sph ma 7 gena ....................... 
Lop%olati%us charnreleonticeps ......... 

Pseudopleuronectes anierictini~s ...... .I 
Scriola zonata .......................... 
Stenotomus chr sops .... 
Tetronarcoocci~cntulis . 
Cynoscion regalis ....................... 
Rhombua triacauthus 

Moln mola 

Tetrarhynchus erinaoeus HeiicAcll, c:ysk Pornatomus saltatrix .. : ................ 
Dayyatiscentrura ...................... 
Isurusdekaf ........................... 
Raja levis .......................... 
Rhinoptera bonnsun ................ 
Carchiirinuu obscurus .................. 
Chcetodipterus inber .................... 
Diisvittis centrum ...................... 
Lophius piscatorius ............. 
Mustclnscanis 

Xyliobatls rcminvillei 

Tctrnrhynchus Cystq too immatnrc for P8cudoplenronectcs americanns ....... 
Rhombns triacanthus .................. 
Sardasiirdri ..................... 
Scornheromorus regalis ................. 
Spheroiderr macnlrrtus .................. 
Spliyrns zygana ........................ 
Tetruptcrus impcriitor .................. 

Thysanoocphalum crispum Linton ...... 'Galeoccrdo tigrinns .................... 
'I'hysanocc hidutu ridioulntq tip . nov .... Inurua dekayi ........................... 
TylocepheKirn pinpue Liuton ........... Rhinoptera honnxns . 

...... .............................. l'etrarh ynchus elongatus Wiigcncr 

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

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

............ ...................... I Tetrarh ynchus robustria Linton 

Tetrarhynchus teiiuix Linton Dasyatia centrura 

.................. 
identification, or ;iot yet idclltificd . .  Raju crinacen .......................... 

Tetrarhynchtis bisiilcatux Lintnii ... 

Dartylocotyle denticulatum dlsbori ..... Pollarhitis vircns ....................... 
r i b d c h  bumpusii Linton ............. Das atis ccntriirii ...................... 
$xacotyle thynni De In Roche ......... Sar& sarda ............................. 
IXrlido horn afnnis Linton ............. Pnrnlichthys dentatus .................. 

Microcotylc sp ........................... Pornatomus saltatrix ................... 
Nitzschia clcgans Bar . See N . elon- 

Tetrarliynclins bisulcictils. cysts 
scalircs . 

__- 
474 
482 
435 
446 
451 

..... 

lllld 

cliilophorii nffinia . 
'l'ristornuni coccineum Cnvicr ........... Xiphias gladiun ........................ 
Tristomum levc Verrill ................. Gymnosardn pelamys .................. 
Tristomum mole Blancherd ............ Mols mola .............................. 
Tristomum rudolphianum Dieving . See 

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

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

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

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

448 
445 
466 

447 
447 
447 

435 
428 
435 
428 
472 
429 
427 
452 
426 
482 
446 
448 
427 
4g0 
449 
472 
482 
4% 
451 
471 
486 
448 
458 
432 
466 
460. 
451 
4<54 
433 
430 
434 
431 
434 
433 
427 
463 
433 
488 
426 
486 
431 
454 
44G 
447 
447 
428 
447 
42fj 
430 
434 
._ 

T . mole . I 



PARASTTES O F  FISHES OB‘ THE WOODS HOLE REGION . 

Diplostomum sp ......................... 
Diplostomum sp ......................... 

Distomum appendicnlatum Rlldolphi . . 

Distomum areolatrim Riidolphi ......... 
1 Distomnm atiricnliitiun Wedl (7)  ........ 

Distomum cestoides Beneden ........... 

Distomum commune Olsson ............ 
Distomum ctontortum Rudolphi ......... 
Distomum dentatnm Linton ............. 
Distomum futcundum Linton ........... 
Distomum foliatnm Linton . ....... 
Distomnm frngile Linton ... ....... 
Distomum globiporum Ilndolphi ........ 
Distomwn griindipornm Rndolphi ...... 
Distomutn uloniim sp . nov .............. 
Distomum increscenr Olnson ............ 
Distoinum Ingeniforme Li nton .......... 
Distomum leve Linton ................. 

DistomiIm 1)othryophoron Olssoll ....... 

Distomum clavutum Rudolphi .......... 

Distomnm h p i d u m  Abilgnnrd ......... 

Distolntlnl maoroc:otylc I)iesing. ........ 

415 

Fundulus heteroclitus .................. 
Prionotus carolinus .................... 

’ Pomolobus mediocris .................. 
Pomolobus pseydoharcngun ............ 
Prionotus carolinus .................... 
Pscudopleuronectcs amcricnnus ....... 
Scomber scontbrus ..................... 
Stenotomus chrysops ......... 
Stolephorus bromnii .......... 
Trachurops crumonophthiilnt 
5Urophycis chuss ........................ 
illorono niuerlcnnn ..................... 
Pseudo~ileoroncctes umericnnuii ........ 
rtiutogolnbrns adspcnna ............... 
Acipcn8cr rubicnndns .................. 

hloln mola .............................. 
Puralicht. hys dcntntus ................. 

Moln moln .............................. 
Sco also under Raja lmvis 

Mola mola .............................. 
PHendo Ic~ironcctcs umcrioiinus ....... 

Rhombus trinc!mth 
I’hycis tenuis ...... ............ 
See under Enchely 
Remora rc1nnni ........................ 
Mncrolirlis bairdii ...................... 

Lopholatilus chammlconticcps ....... 
.............. 

{ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : :  1: 1: 
............. 

List of )~urtrsitrs of Woods Hole $sli~s.Continued . 
TREMATODA. ENDOPARASITIC . 

Host . 1 Pnge . 
pp-__- - 

..rimsitv . . 

.......... ......... Distomum rnchion Cobbold (’)) 
Distomum rufoviride Itudolphi 

Distomum Himplcx Rndolphi ........... 

................. tcrluc Lintoll 
var . tenuissiiric ............... 

.......... 

......................... ............. 
Mcmitripterus nmericanns ............. 
Lcptooephnlus conger ..... .... 

Gridus mlliirias 
Scc nndcr Itoccus lineiitns 

~ ‘ ~ ~ $ ~ ~ ~ ~ $ $ $ :  ::I: : .............. 
See rfso h d e r  Fnciidopleriroiicotcs 

rrmericanus ........................... ........................ I<occu~ linciltus 
~Opsnnns tau ................ 
nlorone aniericana ......... 

.... I 
............. 

442 
471 
4x7 
440 
434 
437 
4G0 
449 
476 
467 
482 
438 
439 
471 
486 
445 
,159 
440 
449 
478 
458 
486 
462 
435 
497 
430 
432 
445 

485 
486 
466 
483 
472 
432 
4% 
46G 
486 
436 
486 
.I 54 
478 
479 
473 
481 
466 
434 
4x2 
4k1 
473 
46(1 
413 
472 
474 
475 
478 
464 
460 
482 
460 
4V! 
453 
463 
460 
476 
455 
468 
436 
485 
476 

486 
465 
4GR 
4,M 
452 
442 
455 
444 

448 

1 Priitt proposes the name Bunodera lintoni for this species . 
2Thc name Hemiurus lintoni is proposed for this species by I’rirtt . 
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I rcgnlis ....................... 
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................. .................. Distomum vibex Linton ..................... 

Myxobolus lintoni Giirley ............... 
Sporocyst ................... L ............ 

................................ Sporozoa 
Sporozoa ................................ 
Sporozoa ('!) ............................. 

~ 

nihtornrlm vi tclloal im .. illton ........... nlcrluccius bilinearis ................... 
I'aruhchthys dcntatus .................. 
Pointitomus snltntrix ................... 
Poniolobus pscudoharcngus ........... 
Psciidoplcuronectes amcricanux ....... 

Cyprinodon.varicljlutucl ................. 442 
Rhombus triacant us ................. 455 ....................... 438 

ornolobus pseudohareligus ............ 439 
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442 
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482 
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A ruilytkxil  k ( y  to t l i s  y w r t r .  of ( k s ~ o ( l ; , . s  , iwiitio,ictd . i i ~  i1ti.s rryort.  

I. Scolex fiphcriciil or fiu1)HphcriciiI with cup-likc botliriii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 
2.  Scolcx of viwioi18 shanen.bnt unlikc I _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __. . . . . . . . . 4. ~~ 

3.gcolcx simple.. . . . . . .-. . .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , Ipa:~i!a. . colcx with retractile appendages in front.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .'. . . . . . . . . . . . . . . . . . . :. . . . . . . . ~ i i r a t m i i a .  
Scolex mushroom ulin )e without bothriii . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ~ i S ~ ~ ~ C ~ ~ i h ~ l ~ i ~ i l i .  

4.{Scolex provided with Lotliria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 
Hothritit wo... . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._. . . . . . . IlibotlriJ?iiii. 
I3otliria four . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 .  5.{ 

Bothriu nniied with hooks.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20. 
othria provided with retriictilc Hpiiiy probonciclcs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .'. . . . . . . 25. 

Hooks inconspicuous of dciiscly fibrous structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3'/~l/sniiocq,haLrnr. 
'.{Hooks chitinous, strdctorclcss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21. 

Hooks Hiniplo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __. . . . . . . . 22. 
Hooks corn outid .............................................................................................. 23. 

Botlirin with iiuxiliwry buckers, iinterior to hooks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (IrUiobothrium. 
Scolex flattened, bothria in piiirs, hooks in pairs iinitcd by II rhitinons hiir. .  . . . . . . . . . . . . . . . . . . . . . . Plntybotl~rizina. 

".{Bothria rru( !iform. __. . . . . . . . . . __. . . __. . . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . . __. . . . . . . . . . . . . . . . . . . . . __. . . . . . . . . . . . . . . . 24. 

Bothria witfiout auxiliary suckers.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oirchoholhn'iina. 

Hooks with two prongs euch bothria costate . . . __. . . . __. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ACniithobotIlii7iiit. 
Hooks with three prongs eiidh, bothria lociiliitc a t  posterior rnd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I%o~c'iobo/hii~riii.  
Bothria two.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. . . . . . . . . . . . . . . . . I~h~~iichobot l i~iuna.  
Bothria four. __. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26. 
Bothria each with an auxiliary i t  ._ _.__ .__. . . _ _ _  _ _ _  __.  _. .. . . . __. . . ._. _. . . .._ Otobothritrm. 

Bothria lateral.. . . . . . . . . . . . . . . . . . ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tetrarhi/n~clitis. 
Bothria terminal.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Syiibohriuni. 

Bothria without nn iiuxiliary pi!. .:I::::: :: :: : ::::: : :::: :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .' 27. 
27.{ 

......................................................... 3. 

.................................................................. 4. 

(Rsophiigiis none or w r y  short.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 'I'nblc 11. 
~sopl ingi is~is t inct . .  . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . . . . . . TiiblclI1. 

(Mouth nrnied with snincs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . Titblc V. 
5.{ 



Species. 

Variable, 25x14 . . . __. . 
1.26 t o  1 
3.66. 

D. ocreatiim Xolin. Forks extending 
into appendix. 

D. appendicula-  
turn Rudolphi. 

D. liere Liutoii . . . . 

D.monticellii Lin- 
ton 

D. grandiporuni  
Rudolph1 

n. ylosum sp. noT 

Suckers. 

Abont equal.. . . . , 

Ventral aboi i t  
twice diameter 
of oral. 

Ventral greatlr 
exceeding ordl 

Y c n t r a l  3 to 5 
times diameter 
of oral. 

Y e n t r a l  2 i  to 3 
times ord ,  or 
more. 

Searly equal . . . . 

D. tornatum Rii- 1 Ventral mii c h I l a r g e r  t h a n  
ora 1. 

dolphi. 

1). rufoviride RII- ' Ventral twice di- 
dolphi. ameter of oral 

D. sp from menti- ! .Ventral a b o u t 
cirrus saxatilis. 1 twice diameter 

' of oral. 

TABLE I.-Appendiculate distomes [Hemiurus (Apobkma)]. 

Vitcllaria. 

TITO; one subglob- 
ular the other 
trildbed; t rans :  
verse, middle of 
body. 

Two; small. v e n -  
tral, r i g h t  s u b -  
g l o b u l a r ,  l e f t  
s o m e w h a t  tri- 
lobed, t o w a r d  
posterior. 

Two: subglobulnr 
a little way back 
of middle, traus- 
reme. 

lubed. ton-ard pos- 
terior end. 

Two: large. imme- 
diately b e h i n d  
ovary. 

Tubular. ucnr mid- 
dleof body, about 
G showing in sec- 
tion. 

Tubular. surround- 
ing o v a r y ,  es- 
tending to testes. 

Two: multifid, on 
ieft side. 

Two: slender con- 
voluted, ttibular 
to right and left 
of oviry. 

Testes. 

Two. small medi- 
an' oblique be- 
hiAd v e n t r a l  
sucker. 

Two; small ob- 
lique near' reu- 
tral sucker. 

Two; small. trans- 
verse at posterior 
edge of ventral 
sacker. 

Two: globular ob- 
lique h a l f k a v  
between ventrdl 
sucker and ovary. 

Two; globose, be- 
hind v e n t r a l  
sucker. 

Two, smallish, sub- 
globular, end to 
end behind semi- 
na vesicle. 

Two. smaller than 
and a short dis- 
tance b e h i n d  
ventral sucker. 

Two; large, round 
at  each side be- 
hind v e n t r a l  

sucker. 

Ovary. 

Globose; r e m o t e  
from testes at an- 
terior margin of 
vitellaria 

Subglobular. at an- 
terior edge of ri- 
tellarin. 

Remote from testes 
a t  anterior edge 
of vitellaria. 

Globular, at ante- 
nor edge df vitel- 
laria. 

Large, globose, pos- 
teriorly placed. 

Globular, a short 
distance behind 
testes. 

Subglobular,a short 
distance back 01 
testes. 

Globular, smaller 
than testes, me- 
dian close behind 
testes. 

I 
I 

. _  
2.3.. . . . . . . .' 28x14 (life);' Forks long .'. . . . . . . . ! 16xll(alc.).j 

I _ -  
3.3 . ________  ~ 17x9 .__.____ Forks irregular in  I outline entering 

appendix. - 
10 (life); 7 . 5  17x10 ....;..I Forks extending 

(ale.). , into the long, 
slender appendix. 

13.75, usu- 1 22x17 (Co- 
ally about ryphsena); 
10. I !7512(~eu 

5 t o 9  ..._..' .........____ 
Idla) 

3..  . . . . . . . . .' 33x2 1 . . . . . . . 

Forks extending 
into hppeudis. 

Forks appendix. not reaching 

Forks long, reach- 
ing but not en- 
tering appendix. 

Other characters and 
remarks. 

Seminal vesicle a t  
anterior edge of ven- 
tral sucker. 

Body somewhat fusi- 
form, smooth, cirrus 
pouch anterior to 
ventral sucker. 

Body slender, often 
with transverse N- 
g=. 

Seminal vesicle in 
front of ventral 
sucker. 

Body sl>nder, crossed 
anteriorly by fine 
strise; pharyns tu- 
bular, about as long 
as oral sucker. 

Inteeument s e m i -  
transparent; genita- 
lia c o n s p i c u o u s ,  
white, y e 1 1 om I 

brown etc. 
Specimebs described 

(4, p. 575) appear to 
belong to D. torna- 
tum, or near it. 

Body ovate-elliptical, 
depressed; appendix 
short. 



TABLE 11.-Ecnudate distomes with "sophagus very  short or none. 

Species. 

D. ribex Linton . . 
~- __ 

D. fcecundum Liu- 
ton. 

D. sp. from Raja 
laeris (figs. 224, 
225). 

D. sp. from Gaste- 
rostens bispino- 
sus. Probahlv 
b e l o n g s  herk  
(fig.B6:. 

D. bothwophoron 
Olsson. 

D. sp. B (a)  from 
O p s a n u s  tau .  
(fig.203). 

D. sp. B ( b )  from 
Opsanus  tau.  
(fig.m). 

____  
suckers. ! Titellaria. 

I 
- ~ 

Ventral m u c h  ~ Lateral and poste- 
largerthanoral. rior e x t e n d i n g  \ forward to 7-en- 

I tral sucker. 

Ventral m u c h  1 Dormlateral from 
larger than oral, posterior end to 
aperture trans- ventral sucker, 
reme. not abundant. 

Ventral m u c h  
largerthanoral 
aperture longi- 
tudinal. 

Tentraltn<ce the 
diameter of oral 

Ventral a b o u t  
tn-ice the diam- 
eter of oral. 

Ventral l a r g e r  
than oral. 

. . . . .do . . . ~. . . . . . . 

Twolateral clusters 
of small dark bo+ 
ies beside the tes- 
tes. 

Behind r e n t r a l  
sucker, l a t e r a l  
and at posterior 
end. 

A single 6 or 7 lobed 
m a s ,  lateral t e  
ward p o s t e r i o r  
end. 

Scattered masses  
posterior and mar 
ginal not quite to 
ventral sucker. 

CroTTded granular 
masses. posterior 
and marginal to 
pharynx. 

Testes. 

TIW: lareral heliind 
ventrlil P U  c k c r  
and in irout of 
folds of utwiis. 

Two; t r a n s v e r s e  
near pos t  e r i o r  
end. 

TWO; lateral, side 
by side. near pos- 
terior end. 

Two; lateral, near 
posterior end. 

Two: rather small, 
ellintical. imme- 
diately b e h i n d  
ventral sucker. 

Tro;  globular, me- 
dianatabout pos- 
terior third. 

Two; on median 
line at  posterior 
third, b r o a d e r  
than long. 

Size (milli- Ova 1 meters). (microns). 
I 

S u b g l o b u l a r ,  i n  
front of t e s t e s ,  
dorsal. 

Dorsal to and pro- 
jecting in front 
of testes, trmR 
verse diameter 
greatest. 

Smallerthan testes 
in  front of them: 
to the right, ap- 
p a r e n t l y  tvo- 
lobed. 

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

On left sidein front , 
of Titellaria. 1 

Globular a t  ante- I 
rior edbe of front I 
testis, to right. 

I 

1.25 to 6 ~ 59x29 __. . . . 

'2.75 31x15, 41s 
17: very  ' numeroiu 

7.5 ' 86x45; few 
1 

1 80x25 . . . . . . 

. B i  20x13; veq 
numerou 

. S  17x10; veri 
numerou 

1.21 ............. 

.e8 ~ 45x24 ___._. 

Intestine. 

Forks extending to 
posterior end. 

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

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

Forks extending to 
posterior end. 

Forks thin-walled 
inflated, extend; 
ing to posterior 
end. 

Fotksslender, thick 
malled rior enh. to poste- 

Other characters 6nd 
remarks. 

Body thick, convex 
above, neck concave 
beneath; g e n i t a l  
aper ture  b e h i n d  
pharynx. 

Eody bluntly rounded 
in front squarish 
posteriorfy, thick. 

General habit of bodr 
muchasinD. fcecui- 
dum. 

Body cons icuousli 
short-fusiform. -. 

See test. 

See text. 



TABLE 111.-Ecuudute distomes with distinct cesophagus. 

69x38 ...... 

Species. 

D. simplex Ru- 
dolphi. 

D. vitellosiim Lin- 
ton. 

D.pudens Linton. 

D. pallens Ru- 
dolphi. 

D. globiporum Ru- 
dolphi. 

D. SD. from Para- 
lichthys denta- 
tus (fig. 2%) 
and D. sp. from 
Rhombus tria- 
c a n t h u s  (f ig .  
229). 

D. sp. from Meni- 
dia uotata. 

Distomum sp. from 
Limanda ferm- 
g i n e a  ( f i g s .  
23.5-38). 

Distomum fragile 
Linton. 

Suckers. 

Ventral twice di- 
ameter of oral. 

Ventral lareer- 

Ventral nsuallr 
somewhat lad-  
er than oral. 

Ventral a b  o 11 t 
twice diameter 
pf oral. 

About equal ..... 

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

Ventral a b o u t  
twice diameter 
of oral. 

Ventral l a r g e r  
than oral. 

Ventral a little 
larger thanoral. 

Titellaria. 

Sumerous re 1 a - 
tively drge, glo- 
bose. from pos- 
terior laterallv to 
ventral sucker. 

Numerous, large, 
subangular, pos- 
terior and lateral 
to ventral sucker. 

Numerous, s m a, 1 1 
bodies posterior 

'Snd 'lateral to 
pharynx: 

Numerous, globu- 
lar minute: later- 
al in posterior 
half of b e y .  

Fill stenor part 
of E d y  bark of 
testes: nearly to 
ventral sucker. 

or in front of it. 

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

Lateral from testes 
to pharynx. 

Verv abundant a t  

Testes. 

Two. la e median, 
t o i v a 3  posterior 
end. 

Two: large, median, 
a p p r o x i m a t e ,  
n e  a r posterior 
end. 

Two: rather large, 
median. approxi- 
mate towardpos- 
terio; end. 

Two; large, ellipti- 
cal, median, be- 
hind f o l d s  of 
uterus. 

T w o ;  m e d i a n ,  
about middle of 
body. 

Two: subglobular, 
median, approxi- 
mate, tovardpos- 
terior. 

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

Two; rather large, 
diagonal a t  pos- 
terior cud. 

Tvo: median, ap- 
proximate near 
posterior e'nd. 

Ovary. 

In  front of anterior 
testis somewhat 
threi-lobed o n  
posterior edge. 

In  front of anterior 
testis, @ little to 
right. 

Globular, m u  c h 
s m a l l e r  than 
testes, a t  anterior 
edge of f r o n t  
testes, tol'ight. 

Globular, in front 
of testes. 

Close behind cirrus 
pouch. to right, 
s m a l l e r  t h a n  
testes. 

Globular. in front 
of testis, on me- 
dian line qr a 
little to riiht. 

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

Smaller than testes, 
subdobular o r  

right. 
Subglobular i m - 

m e d  ate(1v in 
front of antkribr 
testis, a little to 
the right. 

iize (milli- 
meters). 

3 to 9 

1.4 

3.7 

3.1 

4.35 

1.19 

1.46 
1 

2.57 

l .79t04 .2  

Ova 
(microns). Intestine. 

porks extending to 
posterior end. 

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

Forks extending to 
posterior end of 
body. 

' Forks extending 
to posterior end." 

Porks extend to 
posterior end. 

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

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

Forks extend to 
ovary. 

Forks extending 
nearly to poste- 
rior end. 

Other characten and 
remarKs. 

(Esophagus 'equal to 
pharynx. 

(Esophagus usually 
longer than phar- 
jmx. 6enital aper- 
ture' in front of 
the ventral sucker 
to left aperture of 
ventrai sucker, nn- 
dulate or lobed. 

(F,sonhaeiu shorter 

median. 
"Body depressed, oblong, rounded sub- 

posteriorly." 

Agrees with descrip- 
tion except of that this cesophal specie8 

gus 18 not longer 
than pharynx. 

First resembles D. pu- 
d e n s ; esophagus 
longer than phar- 
ynx in both. 

Body fusiform, like D. 
bothryophoron. but 
neck more slender. 

Body, fusiform. 

Body slender. fusiform 
n e c k elongated: 
esophagus m u  c h 
longer than phar- 
ynx. 



TABLE IV.- Unarmed distomes wilh intestinal rami branched OT saccate. 

Vitellaria. Species. Testes. Suckers. 

n neck and asfar 
backasovary. 

Ovary. 

Tmo. oval ventral 
onk b e h d  th6 
other. 

size (milli- 
meters). 

34x24 ....... Annstomosing ree- 
pels in neck, mc- 
cate and dark 
colored in body, 
to tail. 

n middle of body, 
a p p a r e n t l y  in 
small tubular or 
thread-like folds. 

uterus. 
Two; close behind 

ventralsucker. 

, 
TWO’ rather large 1 S u b g l o b u l a r ,  in 

in ’posterior third front of testes. 
of body. 

4.5- ....... 

Other characters and 
remarks. 

14 (alco- 
hohc) . 26x17 . . _ _  . -. Anastomosing ves- 

sels in front sac- 
cate and dark 
colored in body, 1 extending to tad. 

Ventral twice di- 
ameter of oral. 

D. macrocotyle  
Diesing. 

Back of Dosterior 
testes, half way 
between ventral 
sucker and poste- 
rior end. t u r e  . n e a r  o i a l  

slicker. 
D. veliporum Crep 

lin. 
Ventral m u c h  

larger than oral 
In front of testes, a 

little to right. 
20.50 to 80. 56x52 ............................ Bodydepressed, long, 

transversely rough- 
ened. genital aper- 
ture ‘at pos te r ior  
margin of pharynx. 

Body cylindrical, pos- 
teriorly thickened; 

D. clavatum Ru- 
dolphi. 

Ventralmore thai 
twice diameter 
of oral. 

Immediately follow 
ing testis. 

18 (alco- 
holic). 

genital midway a p e r t u r e  b e t w e e n  

snckers. 
D. lageniforme 

Linton. 
Ventral m u c h  

larger than oral 
20(life);7.E 

(life, con. 
tracted). 

I .... ............................................ ..................... 

l ing to subglobular 
shape; neckconcave 
below. 

TABLE V.-Disiomes with body more or lea cooered with spines and rnozct~l armed with spine$. 
~~ 

OVR 
(microns). Species. Suckers. Vitellaria. Other characters and 

remarks. Intestine. 

WXM...... F o r k s extending 
nearly to poste- 
rior end. 

Distomum t e n  u e 
Linton. 

Pharynxlar e remote 
from he&, ho &EO- 
phagus; double row 
of 21 spines each 

Ventral l a r g e r  
than oral. 

Bbundant. DeriDh- 
era1 in Fsteiior 
region, lateral to 
ventral sucker. around mouth. 

Slender, linear, spines 
evanescent both on 
body and around 

Relativelv mouth. b roader ,  

more appressed, and 
s m a l l e r  t h a n  I). 
tenue; 24 spines in 

Only each immature oral circle. forms 

in cysts seen. 

93xj8,40x26 

70x30 ...... 

Distomum t e n  u e 
var. tenuissime 
Linton. 

Ventral n e  a r l  y 
twice oral. 

Voluminous in pos- 
terior two-thirds 
of bodv obscur- 
ing 0th;; organs. 

Verv abundant as 
 in'^. tenue, ’but 
extending i n t o  
neck. 

Two; large me- j Subglobular, trian- 1.67. ...... 
dian aiproxi- , gular in outline. 
m a d a t  Dosterior I close in front of 

Forks extend to 
‘posterior end of 
body. 

Distomum denta- 
tnm Linton. 

V e n t r a l  m u c h  
larger than oral 

I I third of body. ~ anterior testis. 

........................................................ Distomum valde- 
intlatum Stos-  
si&. 

Ventral l a r g e r  
than’oral. 

.................... -.----.___. 



Species. 

Distomum contor- 
tum Rudolphi. 

Distomum nigro- 
f l a v u m  Ru- 
dolphi. 

Distomum folia- 
tum Linton. 

Distomum nitens 
Linton. 

Distomum rachion 
Cobbold. 

Distomum areola- 
tum Rudolphi. 

Distomum pvri- 
forme Linton. 

Distomumsp. from 
S t e n o t o m u s  

oclitus (fig. 230). 

Distomum sp. from 
E n  c b e 1 T o p  u s 
cimbrius.' 

Distomumspfrom 
O p s a n u s  tau 
(Species A, figs. 
201,202). 

Distomumsp. from 
S t o l e p h o r u s  
brownii ( fi g s . 
195,196). 

Distomum hispi- 
dum Abilgaard. 

Suckers. 

Ventral larger 
than oral. 

Ventral larger 
than ora l ,  
pedicellate. 

Ventral larger 
than o r a l  
pedicellate: 
foliate. 

Ventral larger 
than oral. 

Oral l a r g e r  
thanventral, 

Oral a little 
larger than 
rentral. 

About equal.. 

About equal.. 

Searly equal. 

Ventral some- . what larger 
than oral. 

About equal.. 

Ventral larger 
than oral. 

Veutral more 
. than twice 

oral. 
.- 

TABLE VI.-Distomes with bodies mcre or less cavered with spines, mouth unarmed. 

Vitellaria. 

Lateral and dorsal, 
f r o m  posterior 
end to testes. 

slender t h r e s d -  
like, Aonvoluted, 
betv. ovarv and 
ventral sucker. 

From ovary nearly 
to oral sucker 
abundanthneck 

Rather large giob- 
ular maws.  lat- 
eral along middle 
of body. 

Posterior and lat- 
eral to ventral 
sucker. 

Posterior and I@- 
eral to and a lit- 
t h i n  frontof ven- 
tral sucker. 

rentral sucker. 
Xarginal from pos- 

terior end to ven- 
tral sucker. 

Posterior and lat- 
eral to rentral 
sucker. 

Generally distribu- 
ted back of ven- 
tral sucker espe- 
cially a t  pokerior 
nid. 

Abundant: poste- 
rior and lateral 
to ventral sucker 
in larger, to har 
ynx in smaIPer. 

TITO, subglobular, 
dorsal and pos 
terior to veutral 
sucker. 

Posterior and lat- 
eral to rentral 
sucker. 

Testes. 

rwo. approximate 
slikhtlv back 04 

post-acetabula r 
reE-ion. 

TwG oblong near 
middle of' post- 
acetabular region 

Two; rather large, 
transverse, about 
middle of body. 

Two: globular, me- 
dian a little 
back( of middle. 

Two; rather large, 
transverse, near 
middle of body. 

Two; median, ap- 
proximate near 
posterior &d. 

Two; large, median 
back of middle. 
b r o a d e r  t h a n  

Two; globose, me- 
dian ap roxi 
mate'. bact  b; 
middle. 

Two; large, median 
in posterior half 
of body, not a p  
proximate. 

long. 

Two: median and 
middle, anterioi 
sub.qlobular. uos. 
terior someifha1 
three-lobed. 

Not distinctly seen, 
but near vitella. 
na, apparcntlr 
behind ovary. 

Two: median, ante. 
rior globose, pos- 
terior elliptical. 

Ovary. 

Behind posterior 
testis t o  the 
right'and dorsal. 

A short distance be 
h i  n d posterior 
testis. 

A short distance 
hack of posterior 
testis. 

Behind v e n t r a l  
sucker, globular. 

Globular in front 
of anteXor testis. 

S u b  g l  o b u 1 ar in 
front of teste;, to 
the left. 

Small, globular, to 
right, in  front of 
testes. 

Subglobular, close 
in front of ante- 
rior testis. 

Globular, betwien 
anterior t e s t i s  
and rentral suck- 
er to right. 

Globular, close in  
front of anterior 
testis. 

Subglobular. near 
posterior edge of 
ventral sucker to 
the left. 

Globular, about on 
level with ventral 
sucker, nenrvitcl- 
laria. not disthict- 
ly seen. 

S m a 11, globular. 
median, in front 
of anterior testis. 

Size 
(mm.). 

12 alco 
hoiic). 

35 alco 
hoiic) . 

16 (alco- 
holic). 

5.5 alco- 
hoiic). 

3.... . ._. 

1.3 alco- 
hoiic). 

0.16 t o  
0.57. 

0.62 to 1. 

2.72 (for- 
mol). 

3.62(alco- 
holic). 

3.6 ,l.l.. 

1.n ..... 

3 t o 6  ... 

Ova 
(microns). 

36x20,33~20, 
30x20. 

30x20 . . . . . . . 

32x22 . . . . . . . 

33x18.. 

70x40 -. . __. . 

110x70 . . . . -. 

55x31 . . . . . . . 

76x34,76~52. 

110x70 -. . . . . 

70x40 . . . . . . . 

100x70 . . . . . . 

21x11 inimedi- fill- 

a n  a n d  
posterior 
of body. 

86x 55. . . . . .  

Intestine. 

Forks thick walled 
extending to posl 
terior end. 

Forks dark colored 
extending to post 
terior end. 

Forks irreg. dark 
colored, reAching 
posterior end. 

Forks long.. . . . . . . . 

Forks reaching to 
posterior end. 

F o r  k s extending 
nearly to poste- 
rior end. 

Forks reaching pos- 
terior end. 

Forks spacious, ex- 
tendin to poste- 
rior en% 

Forks extending 
nearly to poste- 
rior end. 

Forks extend to 
near p o s t e r i o r  
end. 

F o r k s  e x t e n d  
nearly to poste- 
rior end. 

Could not be traced 
back of ventral 
suck,er in thcse 
specimens. 

Forks' ex tendine  

Other characters and re- 
marks. 

spines thick and tuber- 
culate. 

Spines deciduous. 

Dorsum of neck with sev- 
eral transverse crests. 

Cirrus-pouch in front of 
ventral sucker. 

Flat scale-like spinesdense 
on neck slender a n d  
scatterin; back of ven- 
tral sucker. 

There is a vitelline reser- 
voir between testes and 
ovary. 

Very \-anable in shape. 

See also Distomum sp. (4, 
p. 537, LIII, 1, 2). 

Body white, translucent, 
very minutely spinose, 
spines very easily over- 
looked. 

Body. elongated, linear, 
depressed, with minute, 
flat spines: ~ oesophagus 
equals pharynx. 

Xinute, scattering, scale- 
like spines easily over- 
looked. 

Preserved sDecimens fusi- 
form: ptiiryns globose. 
rcmo:e from the mouth. 
esophngus longer than 
pharynx. 

Xeck clothed with r o a m  
spines, body with smaller 
spines. 
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’\~lllltllo~!oltlls CPIICllfi .............. 
Acliiriis fiisciiitus .................. . l(.ipcnscr I~rovir~~si  ri3 ............. 
Avipcnscr r i i l~ i i : i i i i i l i i s  ............. I 
Acipcnscr sturio ................... 
Alewife ............................. 
Alopias vulpes ..................... 
Alntcru schccpfii ................... 
Alosa mpidisuinia .................. 
Anchovy, striped .................. 
Anguilln chrysypa ................. 
Anguilla Vulgaris .................. 
Antimorn viola .................... 
Apeltes quadrncus ................. 
Arrhosargus robrito~!c]~ii~ili~~ ..... 
Rlllistcs VCtIlPa ..................... 
Barn-door skate .................... 
Barrncudn ......................... 
Batruchus tau ..................... 
Big-eyed H D U d  ...................... 
Big sltiitc ........................... 
13lack.iisli .......................... 
Blue-fish ........................... 
Blue shark ......................... 
Bonito ............................. 
Ikiiiito. ucciin ...................... 
Botlnls IIIIIC.illlltllS ................. 
Ih~voor i l i i  tyriinnii* ............... 
Brier ray ........................... 
Brook trout ........................ 
Brouniius brosmc .................. 
Rut ter-fish ......................... 
Cnrnnx chrvsos .................... 
Carcharins littoralis ............... 
C‘iircliiiritis obxiiriis ............... 
(~t irel i i ir inw ~ n i l b ~ ~ t l  .............. 
(‘iir(.liiiriiinJ obui.iirii.;. ............. 
C‘ciitruiirintcs K t  riiirii, .............. 
Cero ............................... 
Chretodipterus faber ............... 
Chilomyctcriis schccpli ............. 
Chimiora nflinis .................... 
Chogset ............................ 
Clulmiodon psciidoiiisI)iiiiiciis ..... 
Clupea harcngurr ................... 
Cobin .............................. 
Cod ................................ 
Conger eel ......................... 
Corypl~atna hippnrns .............. 
Cottnnculiis thomsonii ............ 
cottns mllells ...................... 
Cow-nosed rny ..................... 
Crrib-enter ......................... 
Craig Ploundcr .................... 
Cuiiiicr ............................ 
Cybiuni regale ..................... 
Cynoscion regalis .................. 
Cyprinodon vnricgiitiis ............ 
Dunyiitis ccntrurii .................. 
Dc(w ,terns macarellus ............. 

=fish, spiny ..................... 
Dolphin ............................ 
Drum .............................. 
Dusky slinrk ....................... 
~c!~cncis  rcinorii ................... 

Dog.Asl1, Hmootll ................... 
E%ar-fisii ......................... 

ECI ................................. 
Enclicl yopus ciinbriur; ............. 
Pilc.flP11 ............................ 
l%ulicr ............................ 
Flnt-fish ........................... 
1Wxiiidcr .......................... 
I’onr-bearded rocltliug ............ 
Pour-s ottcd flounder .............. 
bTrost-Al:h .......................... 
Ounduliis heteroclitus ............. 
Gadus callarias .................... 
3adus inorrh~in .................... 
Galcocordo maculatus ............. 
3alcorrrdo tigrluiis ................ 
3ar-fish ............................ 
:nstcrosteus bispiuouus ............ 
3lyptocephalus cynoglossus ....... 

466 
487 
435 
435 
486 
439 
428 
463 
440 
440 
435 
435 
477 
4.13 
469 
4 03 
431 
41‘1 
468 
449 
431 
4GS 
460 
420 
445 
44B 
484 
440 
431 
441 
479 
4 53 
’I50 
‘Uti 
4% 
1’26 
‘126 
466 
447 
463 
466 
434 
4G2 
438 
437 
452 
475 
436 
46“ 
467 
4 G t i  
454 
‘152 
487 
4G2 
447 
459 
442 
‘132 
4 19 
4% 
430 
4fJo 
4w2 
461 
42B 
473 
435 
4 78 
4V3 
4 67 
‘I86 
’181 
478 . IR3 
473 
’141 
475 
175 
‘1’26 . 125 
‘1 12 
$43 
4 87 

Goose-fish .......................... 
Grenadier Uaird’s ................. 
Grubby ............................ 
Gymnosardn pcIiiinys .............. 
FInddock ........................... 
Hake (Phycis touuis) .............. 
Hammerhead ...................... Hake (Urophycis cliuss) ........... 
IIemitriDtci us amcriciinus ....... ..I 
I+:ing. ............................ 

slllid ...................... 
aoides .......... 

idius ............... 
Hog-choker ........................ 
lIorse mackerel .................... 
Hound-fish ......................... 
Istiophorus iiigricuiis .............. 
Isurus dckugi ...................... 
Jumping mullet ................... 
King-fish (Mcnticirruu suxiiiilis) ... 
I<ing-fisIi (Scorn bcroin~~riis regtilis) . 
La .acephalus lrevigatus ........... 
Lcptocclibalud conger ............. 
Liiuiiiidti ferrugincii ............... 
A t  e sculpin ...................... 

Lobotcv suriiinrri~nsis .............. 

d e  mirgcon ..................... 

ylf ............................... 
Lophius ,iscntonii?i ................ 
Lopllol~t~lus chr~m.u1colltl~.c~~s .... .I 

ophopsctta maculutu ............. 
‘:ere! .......................... LIICH 

Mrtckrrei s w u  ..................... 
Mnckcrcl slinrk .................... 
&lucrourns b ‘ _’‘ 
Mucrourus n 
Afelanogrnmmus :e& 
M‘ml 

iiirtm ................. 
Rpcr ................... 

rlelinus ........ 
indoii ......................... ..... 

Menidin nobilii .................... 1 
Menticirrns t 
illcrlucciun biiineiiris .............. 
Diicrogud us tomcod ................ 
Mala molii ......................... 

............... sasatili; ... ~ I 

Mola roLuiiQit ..................... _I .. 
Nu01i-li~ll .......................... 
AIoro1rc lIllrl.ril~llllll ................. 
illiigil ccpliiilus .................... 
Muunnichog ....................... 
Dlustclus cunis ..................... 
l\fgliobntis frcminvillci ............ 
Myxoccpbnlus CCncIls .............. 
Naucrates ductor .................. 
Nainatouuriis gmle i  ............... 
Ocean bonito ...................... 
0dontnsj:is littorulis ................ ..... Opsnllus 111u ........................ 
Osincrus mordas ................... 
I’iilimirichtliys pcrcifornii8 ........ 
Para1 jc!it!iysileii htns .............. 

ollglrs ............. 
s C I l U S ~  ....................... 

IlUlS ...................... 
10t-iish ........................... .. n ... 

itnx ............... 
pci-is .............. 

1g11s ....... 
glaucn .................... 

I’iiruIiciiJii ys o w  
l’liyci 
I’hyris tc 
PI 
Pi ic-nw~i ........................... 
Pollock ............................ 
Pomutomus snltr 
Pomolobns niedi 
Pomolobiin pseuaolirkrci 
l’rionnrc 
Prionotnr carolinus ................ 
I’hUlidO lcuroncctcs niiieri(.iinus ... 
Puffer Chilomycterns srhtupfii) ... 
l’uffcr f SpIie<oideu miicwlatiiH) ..... 
I’ntfcr, sn 
Itacliyccncroi! ci 
Hnja c@u 
R u j ~ i ’  

I I t l i p  l U I V l D  

Rw)a occl’ ’^ 
Red sculpm ........................ 
Remora ............................ 
llcnioru rcniorn .................... 

l>o’llncliins virenr .................. 1 

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

l0OCll  ..................... 
111ndus ............ 

.literin .................... 
crinncca ...................... 
1 ........ 

...................... I !IlUL ... 

487 
480 
466 
446 
476 
4’17 
478 
427 
467 
437 
438 
461 
448 
487 
445 
442 
448 
429 
444 
461 
447 
4G4 
435 
436 
4x4 
479 
466 
467 
487 
471 
484 
444 
449 
429 
480 
479 
476 
440 
443 
461 
473 
476 
466 
4G5 
468 
466 
444 
441 
425 
433 
406 
448 
419 
446 
428 
468 
441 
453 
481 
483 
478 
477 
444 
443 
474 
474 
460 
438 
439 
426 
470 
485 
465 
464 
464 
452 
431 
480 
481 
431 
467 
473 
473 
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Sphyrnn zygaena ................... 
Squalus acnnthias ................. 
squeteague ........................ 
Stenotomus Chrysops ............... 
Stickleback, four-spined ........... 
Sticklebnck. two.spined ............. 
Sting ray ........................... 
Stolephorus brownii ............... 
Striped anchovy ................... 
Striped buss ........................ 
Stromateus triaca1ithu.r ............ 

Trintoga onitis ..................... 
Tautogolnbrns nrlnpcrsua ........... 
Tetronarcc occidcntalis ........... 
letra term impenitor ............. 
1 hunnu,q tirynnus ................. 
, > . 1 5 hras?icr ........................... . 1 

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

Tylosiirus acus ..................... 
Tylosiirrix mribLmiiH ............... 
Tylosiirii~ marinus ................. 
Urophycis chuw ................... 
Vomer sctipinnis .................. 
Weak-fish .......................... 
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Index of Jishes mentioned in this report-Continued . 

Name . 1 Page . 
. ~ 

Rhinoptera bonasiis ................ 
Rhinoptera qundrilobn ............ 
Rhombiis triacanthus .............. 
Roccus americanus ................ 
Roccus lineatiis .................... 
ltuddcr-fish ........................ 
Itusty flabfish ...................... 
Snil-fish ........................... 
Snlmon ............................ 
Siilmo salar ........................ 
Salvclinus fontinaliu ............... 

Saiidshnrk ......................... 
Siirda Rarda ........................ 
Sciaenops ocellatus ................. 
Scomber scombrus ................. 
Scombernmoriin cavalla ............ 
Sconiberomorus mncnlntiis ........ 
Scomberomorus regnlis ............ 
Sculpin; little ...................... 
Sculpin, red ........................ 

trss, black (Ccntropristes) ..... 
Sen raven .......................... 
Sen robin .......................... 
Serioln zoniitn ...................... 
Serranun irtrarius .................. 
Shad ............................... 
Sharp-hended ray .................. 
Shcepsticad ........................ 
Short niinnow ..................... 
Short-nOScd stiirgcon .............. 
Si 1 vcr hi& k c ....................... 
Silverside .......................... 
Siphoslomn fuseinn ................ 
Skate, siininier ............... 
Smelt .............................. 
Spnnish mackerel .................. 
Spanish sirdinc .................... 
spcnr-flsh .......................... 
Sp11ernide.q maci i l~~t i i~  .............. 
~~hyr iLI la  borCalib ................. 

,“;.;e ............................... 

.. 

434 
434 
453 
466 
455 
453 
484 
448 
441 
441 
441 

4x1 
484 
428 
445 
461 
44.1 
447 
446 
447 
466 
4ti7 
457 
45ti 
4G7 
470 
448 
456 
440 
433 
459 
442 
435 
473 
443 
443 
430 
441 
446 
438 
447 
4 i 4  
411 

Name . I I’11gc . 

........................... 
\Vi~id(i~~.p~int. ...................... 
\VIntvr Iliit~iidcr ................... 
\\‘in Icr H ~ I I  IC. ....................... 
Xiiiliiiis ~l~i t i i i is  .................... 
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SUMMARY OF FISH PARASITES ARRANGED UNDER THEIR HOSTS. 

Mustelus Canis, Smooth D o ~ ~ s ~ L .  

FOOD. 

The alimentary canals usually contain crabs (Punopeus, Pltrtyonicltw, Cancer, Libiviu, etc. ). Squid, 
annelids, and fish haye also been noted. 

NRD1ATOI)ES. 
1. Amwis ep. [PI. IX, fig. 90.1 

Two imperfect specimens in U. S. National Museum collection apparently removed from peritoneal 
Ihiensions in millimeters: Length, 23; diameter of head, 0.12; maximum diameter a little 

Head with three short lips, 
Body transversely rugose; posterior elid bluntly rounded 

capsules. 
back of middle, 0.45; distance of anal aperture from posterior end, 0.15. 
two bluntly angled, the third rounded. 
with a mucronate tip which is conical and wrinkled. 

CB8TOI)ES. 
2. DibOl/iViUm sp. Spiral valve. 5 ,  p. 433. 
3. Cdliobofhrium verlicilltrlum Iti~tlolphi. 

5 ,  p. 447, pl. XXXIV, figs. 6, 7. 
Aug. 28,1899; from one host, 8. 

Spiral valve. 1, pp. 476-4711, pl. IV, figs. 1-8. 2, pp. 810-812. 
7, p. 270. Aug. 14, 1899; from two hosta, 25 large, 9 small. 
July 18,1900; froin one host, 63. 

Ripe proglottides noticed on one occasion upon which apertures for discharge of ova had devel- 
These were arranged aloiig the median line of one of the flat surfaces and numbered about five 

When the proglottis wm viewed from the 

4. CtrllioOotlLriunL exclirichfii Benecten. Spiral valve. 2, pp. 812-816, pl. VII, figs. 5-12. 5,  p. 447. Aug. 

5. R h ! / n c l ~ ~ ~ b o t l ~ r ~ ? ~ ~ ~  Zomentuceum Diesing. 
6.  Ilyncl~obolkri?im bzilbifer Linton. 

oped. 
in most cases, although as many as eight were counted. 
margin these apertures were seen to be slightly projecting. [PI. XXVI, fig. 289, ( r  and b.] - 

14, 1899, 1. 
Spiral valve. 2, pp. 845-847, pl. XIII,  figs. 1-3. 

Spiral valve. 1 [I?. Imuicolle Rndolphi], pp. 486-488, pl. 17, figs. 
17, 18. 2, pp. 825-829, 1'1. x, figs. 8, 9, and pl. XI, figs. 1,2. 5, p. 448. 7, 1). 270. July 26, 
1899; from two hosts, 22. hug. 14,1899; from two hosts, 12. Bug. 28, 1899; from 0110 host, 3. 

7. I~li~ncl~obotl~ri~crn tumiduZum Linton. Spiral valve. 2, pp. 829-832, pl. XI,  figs, 3-11. 5, p. 448. 7 ,  
p. 270. 

8. l ~ h ~ ~ i c h o b o t l i r i u ~ ~ i  lii&wqine Linton. 
9. 12l~?/ncholiotliriun~ 811'. 

July 18, 1900; from oiie host, 6.  
Spiral valve. 2, pp. 839-840, pl. S I I ,  figs. 3-5. 

13lmtocyst, stomach. 4, 1). 798, pl. LXIV, fig. 2. 
10. !Z%trudiynclLiis sp. Cysts, stomach-wall. 4, p. 809, pl. LXYI, figs. G, 7. 
11. ,Syi~bollrriuniPlicollc Linton. Cyst,s, stoniarh-wall. 4, pp. 815,819,820, pl. L X W I I ,  fig. 9. 

Glaleocerdo tigrinus ( Galeocertlo mcrculrrlus), 17yr  SlitrrE. 

POOD. 

The stomach may contain a great variety of objects ( 7 ,  pp. 270-271), but fish, iiiiivalve ~liollusks, 
and squid probably constitute the principal food. The single specimen cxainined in 1899 had been 
kept in corifinement for two or three weeks and had nothing in the alimentary canal except tt5.o 
opercula of the winkle (~3~cotypus  canulicwlntus), feathers of a flicker, and some green seaweed in the 
intestine. In  the specimens examined in 1887 fragments of menhaden, bonito, and opercula of the 
winkle were noted. 

NEMATOI)lCf4. 

1. Ascaris brevirnpitatu sp nov.; stomach. [Pl. 111, figs. 19-22.] 
Four specimens collected August 8, 1889, and a single specirncn belonging to the National 

Museum collertion are of nearly uniform diameter for the greater part of their length, but are 
attenuate anteriorly, particularly so for about 5 111111. at the anterior end; greatest diameter iiear 
posterior end, which is recurved. Longest female 102 11-1111. in length and 1 mi::. in diameter; body 
marked with regular annulations about 0.008 mm. in length; msophiigns linear; spicules bf inale long 
and slender; about 8 postanal and 30 or more preanal papillz on each side; jaws very short and pro- 
vided with papillu?. Dimensions of a male in millimeters: Length, 70; diameter of head, 0.17; Icngth 
of head, 0.08; diameter of body one mm. back of head 0.56, one mm. from posterior end 0.75, at anal 
aperture 0.37, maximum diameter 1.25; distance of anal aperture from posterior end, 0.51. 
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2. Acanthocheilus nid$ex Linton. Stomach. 7, pp. 270, 271, 303, pl. XXXIII, figs. '116-119. 1899, from 
Ova, kept in sea water, which on one host, 3 in pits of Inucous membrane of stomach. 

August 20 showed only early stages of cell division, on August 23 contained active embryos. 

CESTODES. 

3. Or?JqmatobotlwLrium paulum Linton. 
4. Tliysanoceplialum cm'spum Linton. 

Spiral valve. 5, p. 444, pl. XXXIII, figs. 7, 8. 
Spiral valve. 1 [ I'liyllobotl~rium tliyaanoceph~iluni], pp. 464-468, 

pl. 11, figs. 1-12. 2, pp. 823-824. 3, pp. 543-556, pls. 1x1-LSVII. 5, p. 448. 7, p. 271. See 
also 4, p. 792, pl. LXII, figs. 10-11, for mention of larva from the sqnid. Aug. 19,1899; from 
one host, 113, large and small. 

5. Honorygma sp. Spiral valve. 7, p. 271. See No. 3 under Xuurus dekayi. 
6. Tetrarhynchus bicolor Bartels. Stomach. 4, p. 813-815, pl. LXVIII, figs. 1-6. 7, p. 271. Aug. 19, 

1899, several attached to and penetrating the stomach wall. 

Carcharinus milberti, Blue Shark. 

(Incorrectly referred to P4onace gluuca in paper cited below. ) 

FOOD. 

Two small specimens, 43 feet long, taken August 5, 1889. Stomachs contained halfdigested fish 
(bonito). A specimen taken off Gay Head by the schooner Grumpus, July 30,1900, and examined by 
Mr. C. W. Stone, waa reported to have had fish of different kinds in the stomach, one of which was a 
flounder, This specimen measured 94 feet. 

1. Immature nematodes. Spiral valve. Embryonic cuticle still partly adhering. Specirllens probably 
NEMATODES. 

introduced with food, July 30, 1900. 

CESTODES. 

2. Antliobotlirium Zaciniatum Linton. 2, pp. 754-759, pl. III, figs. 10-13; pl. iv, figs. 1-3. 

3. Crossobofhrium cinguslum Linton. [ Oygmutobotlirium tcngic.ulum Linton.] Spiral valve. 1, pp. 468- 

4. Monorygma sp. See remarks on No. 3, under b u r u s  ddruyi. 
5. Plioreiobothriuwi lasium Linton. 5, p. 447. 

6. Plat?jbotlirium pCLrvum sp. nov. 
Probably the same species mentioned in 7, p. 300, pl. XXXII, figs. 98, 99. The hooks are 

identical and should have been selected as a generic character. The bothriaare provided with two cost% 
on the posterior end and an auxiliary sucker in front of hooks. Neck elongated and densely spinose. 
The bothria in these specimens differ from any of the genus seen before in that they are trough-shape, 
the head thus bearing a strong superficial resemblance to Plioreiobolhrium. The ripe segments are 
elliptical and loosely attached, making a moniliform chain. 

Dimensions of one of the larger specifnens in millimeters: Length, 15; length of head, 0.54; breadtli 
of head in front, 0.41; diameter of neck immediately behind the head, 0.11; length of last segment, 
0.67; breadth, 0.47. 
7. Rhync}i~)botlirium tcnuispinr ],inton. 5, pp. 448-449, 

Spiral valve. 
5, p. 439. July 30, 1900, 4, very small. 

469, pl. 111, figs. 1-3. 2, pp. 796799, pl. VII, fig. 3. 5 ,  p. 443. 
Spiral valve. July 30,1900, 27, small. 

1, pp. 474-476, pl. IV, fig#. 24-29. 2, pp. 819-820. 
7,  pp. 272-273. 

Spiral valve, July 30, 1900, 253. 

Longestspecirnens, 10 to 15 mm. 

The first distinrt segments began about 5 mm. back of head. 
Spiral valve. 2, pp. 857-838, pl. XII,  figrc. 1, 2. 

pl. XXXIV, fig. 8. 

Carcharinus obscurus ( (Iurc1ic11-k:~ olmi~rim), I h d y  ,%ark. 

F001). 

1 Fish, among which menhaden and squeteague have been recognized. The stoniach of a specimen 
examined August 1,1899, contained a large quantity of oil in globular masses nhout  the size of average 
peas. All the specimen8 examined in 1899 and 1900 were small-43 to 5 feet. 

A CA NTlIOCEPli A LA. 

1. Echinorhynchus agilis Rudolphi. Spiral valve. I ,  pp. 490-492, pl. v, figs. 1-6. 
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CESTODES. 

2. Discocephalum pileatum Linton. Spiral valve. 2, pp. 781-787, pl. X, figs. 1-7. 7 ,  p. 272. Rare; 
heads buried in mucous membrane of spiral valve; difficult to remove without breaking. 

3. Antliobothrium Iacinitrtuni Linton. 2, pp. 756759, pl. 111, figs. 10-13, and pl. IV, figs. 
1-3. 7 ,  p. 272. July 17, 1899; from one host, I .  July 22, 1899; from one host, 1. Aug. 1, 
1899; from one host, 150. Aug. 25, 1899; from one host, 
numerous. 

4. Crossobothrium ungustuni Linton. [ Orygmcrtobotltr.iuni angusturn Linton.] Spiral valve. 1, pp. 
468-469, pl. 111, figs. 1-3. July 22, 1899; froin one 
host, 11. July 20, 1900; 
from one host, 24. 

Among the specimens collected in 1900 two types were represented, one elongated, very slender, 
almost hair-like, attaining a length of 30 mm. with 'elongated and squarish segments; the other much 
shorter with nioniliforni segments beginning 10 mm. back of head. The generic name Omjgmatoboth- 
rium must be discontinued for this form. It and Crossobothrium, probably, are generically the sanie- 
i. e. ,  bothria cruciformly arranged, each with a single auxiliary acetnbuluin. The latter does not 
resemble anterior end of bothrium of Monorygma. 

Spiral valve. 8, pp. 819-820. 
Bug. 26,1899; 

July 20, 1900; from one host, 3. 
Aug. 11, 1899; from one 

The most striking difference is in the posterior ends of 
bothria, each of which has three loculi (arranged in a transverse row) instead of the nwnerous small 
loculi characteristic of 1'. lnsium. Dimensions of a specimen in sea water, in millimeters: Length, 25; 
length of head, 0.71; breadth of head, 0.76; thickness of head, 0.63; breadth of neck, 0.36; thickness 
of neck, 0.13; distance to first distinct segment, 4.5; leugtli of last segment, 3; breadth, 0.78. 

2, pp. 820-823, pl. VIII, figs. 8-10, and pl. IS, fig. 7 .  

7 ,  p. 272. Sometimes very 

Spiral valve. 

Aug. 21, 1899; from one host, 53. 
.July 20, 1900; from one host, 7. 

2, pp. 796-799, pl. VII ,  fig. 3. 7 ,  11. 272. 
Aug. 1, 1899; from one host, 12. Aug. 25, 1899; from one host, 3. 

Of frequent occurrence, sometimes abundant. 
1, pp. 474-476, pl. 117, figs. 24-29. 5. Plioreiobolhriuni lmium Linton. 

7 ,  p. 272. 
from one host, numerous. 

host, 10. 

Aug. 11,1899; from one host, 50. Aug. 21,1899; from one host, 146. 
i 

6. Plioreiobotl~rium trilociilutum sp. i?ov. Spiral valve. [Pl. XXVI, fig. 292.1 
Aug. 26, 1899; from one host, few. July 20, 1900; from one host, 16. 

Head larger than that of 1'. l & m .  

7. PZatybotlirrium certrinum Linton. 
8. T~lrctrlLynclius bbulcatw Linton. 

Spiral valve. 
1 [ Rliy~icliobo~hrivn~ bi,wlcatum], pp. 479-486, 1'1. IV, figs. 9-23. . 

2, pp. 857-861, pl. xrv, figs. 10-12, and pl. xv, fig. 1. 
abundant in the pylorus, the heads often embedded in the mucous membranc~. 

6, p. 452. 

9. TitrarhynclLus bicolor Bartols. 4, pp. 813-815, pl.I,xwII, figs. 6, 6. 
10. l'etrarliynclius sp. Cysts, stomach wall. 4, pp. 807-808. 
11. Cysts containing degenerate connective tissue sometiincs found in the walls of a1iinent:try tract. 

TItEMAT0I)EH. 

12. Castrrostoirrum arcualum Linton. Spiral valve. July 22, 1899; from oue host, 5 larger, with ova, 

Translucent white 
except back of middle where the color is yellow on account of the ova. The alcoholic specinlens are 
arcuate; their slender necks densely clothetl with flat spines, which continue to the posterior end. 
On the posterior half of the body they are less clensc and arranged in transverse wries. Ova0.021 and 
0.014 inin. in the two ~irincipal diameters. Tlrescl specimens agree with those from the bonito in all 
essential characters. The only point of difference noted is that the number of vitellaritl, docs not appear 
to be quite so definite in these as in the specimens from the bonito. Their arraugenient, however, is 
the same, and the nurnber does not vary greatly from that given in the original dcsoription, viz, 32. 
See 7 ,  pp. 297-298, pl. XLI,  figs. 85-90. 

Sphyrna zygmna, I~ctnzmerliend. 

3 smaller. 
Length of larger, 3.29 mm., very c.hangeablc, especially tlie anterior part. 

Fish and squid. 

1. Spiropterct peclint&r sp. nov. 

aperture round, two small lateral papillx? on head. 

Stomach. [Pl. xv, figs. 197, 198; pl. XVI, fig. 199.1 
Two nematodes, a male and a female, collected July 18, 1887, are here recorded. Mouth terminal, 

Spicules in Tail in each coiled in a close spiral. 
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male apparently equal. Anal aperture transverse with a chitinous toothed plate on its posterior border. 
Preanal papillz, as seen on left side, about 24, arranged somewhat in groups of three; on right side they 
appear to be fewer and larger; postanal papillz, 10 seen on left side and 7 on right, with 6 nemly 
median near the .tip. Dimensions in millimeters: Male, length, 16.5; diameter of head 0.11, 1 mm. 
from anterior end 0.36, maximum 0.56, 1 mm. from posterior end 0.47, at anal aperture 0.27; distance 
of anal aperture from posterior end, 0.27; length of oesophagus, 1.8. Female, length, 30; diameter 
of head 0.13, 1 nim. from anterior end 0.42, maximum 0.86, 1 mm. from posterior end 0.71, at anal 
aperture 0.28; distance of anal aperture from posterior end, 0.28; length of msopliagus, 2. 
2. Iclitliyonema R p .  

of a female, 108 mm. in length and 0.7 mm. in diameter antl tapering a t  posterior end. 
3. Immature nematodes. 

Fragment from intestine, July 28, 1886, evidegtly introduced with food; length, 15 mm. ; diameter, 
0.45 mm. ; still inclosed in hyaline embryonic cwticole; posterior end bluntly rounded; diameter nearly 
uniform, irregularly interrupted by indentations. 

From liver, collected by Dr. Howartl Ayers, August 17, 1880. 

[PI. XIV, fig. 183-184.1 

The specimen is the posterior end 

July 31, 7 899; small fragment from intestine. 
CEST0I)EH. 

4. Anthohot1ir;um lacinialum Linton. Spiral valve. July 31, 1899; from one host, 4. Not recorded 
See under Curcha&ius obscurus, No. 3. 

5. I'liore%obothrium l w h m  Linton. Spiral valve. 7 ,  p. 273. See under Carcharinus obscurua, No. 6. 

6. Plutybotlirkm parvum sp. nov. July 31, 

7. Olobothrium crenacolle Linton. Spiral valve. 2, pp. 850-853, pl. XIII, figs. 9-15, and pl. XIV, figs. 

8. l%trar7t~jnchus. Encysted in intestinal wall. 4, p. 808. 
9. 7:'pTLiu sp. 

About a dozen were attached 
firmly, their heads embedded in the intestinal wall within a space about 10 mm. square. Specimens not 
maasnred when first taken. The alcoholic sperimens are not in good condition, being rather fragile. 
Dimensions of two specimens, in millimeters: Length, 14 and 24; diameter of head, 0.86 and 0.70; 
diametcr of neck, 0.60 and 0.50; length of la&, segment, 0.50 and 0.70; breadth of last segment, 2 and 
2.40; diameter of suckers, 0.34 and 0.22. Length of a free segment, 8.5; breadth, 2.5. Some of the ova 
nearly circular in outline, with the diameter 0.17; ot l ier~ ovate with maximum diameter a8 much as 
0.22; one 0.17 and 0.21 in the two principal diameters. Cirrus long, arniecl with hooks; length of 
hooks, 0.014. This species suggests I h i u  gihbosu Leidy, from a species of Lamntc inhabiting the 
Pacific coast of North America. 

before from this host. 

July 31, 1899; from one host, 4. 

1899; from one host, 2. 

1-4. 7 ,  p. 273. 

Spiral valve. 7 ,  pp. 273 and 300, pl. XLII, figs. 98, 99. 
See under Curcharinus idberli ,  No. 6. 

[Pl. xxv, figs. 274-281; pl. XXVI, fig. 282.1 
July 31, 1899; several attached to mucous membrane of intestine. 

Alopias vulpes, P'liraslipr. 

The viscera of one specimen were examined July 6, 1887, but no entozoa were found. Another, 
examined August 20, 1900, had remains of small fish in the intestine. No entozoa found. 

Carcharias littoralis ( Odontaspiy littoralis), 8and Nmrk 

FOOD. 

Fish (menhaden, sea bass, scup, antl butter-fish noted) and squid. 

ACANTNOCEPIIALA. 

1. I ~ c ~ ~ i ~ i o r l i ~ j n c l i i ~ ~  carc1iari:e. 3, pp. 536537, pls. LIX, LX, figs. 81-84. 
2. 3G-hinorliynchus UCUR Rudolphi. Aug. 12,1899, from one host 1.  Spiral valve. Probably introduced 

. with food. 7 ,  p. 273. 
NIEMAT0I)EH. 

3. Acanthoclieilus sp. Stomach. July 21, 1899, from one host 3; Aug. 9, 1899, from one host I ; Ang. 

These worms are rather plump, thickest in the middle and tapering equally to each end. Length, 
12, 1899, from one host 1. 

34 to 44 mm.; diameter reaching 2 mm. Mouth provided with three minute lips. No males seen. 
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4. Ascaris sp. 
A few specimens found in the intestine on different occasions, immature, most of them certainly 

young ascarids. They have evidently heen introduced with the food and probably would not develop 
further in this host. The specimen shown in figs. 127-128 was collected August 2,1886. Length, 17 mm. ; 
inaxiinum diameter from middle to posterior third of body, 0.57 mm.; body crossed with transverse 
strie; wall of intestine tessellated. Figs. 129-130 show an immature female, length, 50 mrn. ; diameter, 
middle to posterior fifth, 1.6 mni. 

[Pl. XI, figs. 137-130.1 

CESTODES. 

5. Crossobotliriunt Zacinirrtuni Linton. Spiral valve. 1, pp. 469-474, pl. 111, figs. 4-18. 2, pp. 799-802, 

July 17, 1899; 20. July 21, 1899; several. Aiig. 9, 1899; numerous. Aug. 12,1899; 2. Aug. 15, 
1899; 1. I n  this specimen the stomach was empty, the intestine contairied a viscid mucus and there 
was a diseased patch of mucous membrane at pyloric elid of stomach, the surface being caked and 
hard. Aug. 17, 1899; 4. Aug. 18, 1899; 55, large and small. Aug. 19, 1890; 12. July 20, 1900; 
47 from one and 16 from another, young and adult. Two small worms in this lot present some 
points of difference from the young of this species with which they wero associated. Bothria providccl 
with an auxiliary aretalduni  as in Crossobothriurn bot smaller. inore slender, and less mobile; body 
slender, with apparently true proglottides, which were elongated and without any indication of 
lacink. Aug, 
12, 1900; numerous. 

Dr. Dahlgren reports that inany sand sharks have been opened this season (July-A&ust, 1900) 
to supply material for work on cestodes in the Marine Biological Laboratory, and that tliiH species ha8 
been found in great abundance in all of them. This species niay bo identical with Tcknbotltrium bnrhn- 
turn Leidy. Fig. 236 is a sketch of the posterior end of a young strobile which appeared to be dividing 
into four by the abnormal enlargement of the laciiiix. 

6.  Rlu~nchoboth~iunt longicorne Linton. Spiral valve. 5,  p. 450. 

7. Rhyncliobotlirium. Encysted in walls of stomach and intestine. 4, p. 798. Aug. 18,1899; blastocyst 

Isurus dekayi, Jfuckerel Slinrt. 

lrool). 

111. VII, fig. 4. 5 ,  pp. 445-446. 7 ,  p. 273. 

Habit of worm like that of form heretofore called by me Orygmntobot l tr iu~ mrpm(um. 
hug. 13, 1900; 106, young and adult, with nunierous free, ripe proglottides. 

2, pp. 847-849, pl. III, figs. 4-8. 
Aug. 9, 1899; 4. 

from cyst in stomach-wall. 

One specimen, taken by tlie schooner G T C ~ ~ ) ? ~ L . U ,  July 90, 1900, had a conger eel and fragment8 of 
fish in the stomach. 

1. lrnnmture iwnntodes. Intestine. 

diverticulum froiii base of proboscis and another from anterior end of intestine. 

Entoxoa collected by Mr. C. W. Stone, in forinalin when examined. 
NlGhl ATODPS. 

Few, small; length of largest, 12 mm. 8aine type frequently found in a great variety of fish. A 

CESTODES. 

2. dntl~obotlirium Ztrciizintunz Linton. Spiral valve. Not recorded before from this host. See under 

Dimensions 
in uiillimeters: I ~ m g t h ,  5; breadth of head, 0.61 ; length of head, 0.34; diameter of neck, 0.09; distance 
of first segment from head, 0.36; last segment, length 0.58, breadth 0.43. 

3. Monorygnzn sp. Twelve specimens, all very sinal1 and identical with No. 4, under 

The heads of the living worms were not seen, and it is difficult to deterniine the exact nature of 
the contracted specimens. There appears to be a myeorhynchus md the character of the acetabuluin 
seems to be quite different froin that of the species I have been erroneously calling &ygnautoboikliu?1i 
angustum. The auxiliary acetabulum of the latter resembles that of Gossobothrium and of ."yllobothm'uin. 
I n  the case of these specimens the auxiliary acetabulum is relatively lsrger than in  the genera just 
named and appears to be simply the anterior part of the bothrium separated by a transverse partition. 

Cni-cham'iiu.o obscurus, No. 3. 
These inclivitlualt;l, 5 in nuniber, are siiialler than epecimeiis from tho dusky shark. 

Spiral valve. 
Ciwclminus inilqerti. 
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The resemblance of head to that of Monomjgma chlamedoselacl~i Lijnnberg is very striking. The 
neck is minutely serrate in outline. The ripe segments are very easily detached. Some free segments 
which probably belonged to this species were much larger than the dimensions of the last segment 
given below. Dimensions of one in millimeters: Length, 3.77; length of head, 0.35; breadth of head, 
0.42; diameter of neck, 0.15; distance to first segment, 1.6; last segment, length, 0.65; breadth, 0.17. 
Similar forms found in Galeocerdo and Isurus. 

4. Thysamceplialum ridiculum sp. nov. Spiral valve. [PI. XXVII, figs. 294, 295.1 
A few very small specimens with scolices which agree in minute detail with the head proper of 

II! crispum, but without the characteristic peeudoscolex of that species, were found. The head is 
quadrangular, the bothria oblong, each of the four with two short, conical hooks, which are the lateral 
prolongations of a transverse partition. The structure of these hooks is entirely different from that of 
the ordinary chitinous hooks of cestodes and acanthocephala. It appears to be of the same essential 
nature as the thickened borders of the bothria, but denser. This has already been shown for T. cl.is- 
pum (Report of U. S. Fish Commission for 1888, p. 547, pl. 1~x11, fig. 13). Back of the hooks the 
bothria are somewhat trough-shaped. In front of the hooks the bothria are prolonged in some, short 
in others. The contraction states are more variable in the anterior than in the posterior parts of the 
bothria. The anterior portion evidently has suctorial functions. It has the appearance of a distinct 
loculus in contraction. The strobiles are short, the proglottides rather irregular, easily detadied, 
posterior ones elliptical, making the chain moniliform in outline. Dimensions in millimeters: Length, 
3.36; diameter of head at hooks, 0.72; in another, 0.26; length of bothrium, 0.75; in another, 0.44; 
breadth of bothrium, 0.50; in another, 0.17; length of hooks, 0.06; diameter of neck 0.25, swelling 
to 0.46 at 0.29 from head; in another, 0.14, swelling to 0.20 at 0.14 from head. 

5. Platybotlirium parvum sp. nov. 
These specimens, of which 57 were found, are identical with No. 0 under C~~rcl i~ ir i i~us  milberti. 

Upon superficial examination one would be disposed to place them in the genus Phreiobotlwium. The 
character of the hooks, however, is unmistakable. The longest specimens measure about 10 mm. 
They are not in good condition for meamring, being more or less coiled up. The segments drop off 
very easily. A few retained, six in one case, give to the strobile a characteristic nioniliform appear- 
ance. In such cases the segments may be a little longer than broad, as-long as broad or broader than 
long. For further details of this species, see under C'. inillwrti, No. 6.  

6. Tetradiyncltus robustus Linton. Scolex, spiral valve. One scolex with beginning of strobile. [PI. 

Squalus acanthias, IhJT?lf'd Uoylfisli, rS])iny Uo~-jkli. 

iwvi). 

Spiral valve. 

XXI, fig. 242.1 

'A 8perinirn examined by me July 26, 1'300, had been confined in the pool two or three weeks. 
The alimentary tract was almost entirely empty, except a few bits of eelpram and the test of a. young 
sea-urchin 1.5 mm. in diameter. Vinal N. Edwards says he has examincd the stoinachs of this dog-fish 
and found tlieiri filled with ctenophores. Mr. C. 1'. Silvester reports that No entozoa were found. 
he finds fish of various kinds in the stomacha of spiny dog-fish from Provincetown, Mass. 

7, p. 274. 
Raja erinacea, Summer Skate. 

"OOD. 

Usually crustacea and annelids, but bivalve mollusks, qu id ,  and fish also frequently found in the 
stomach. In the summer of 1899 thirty-two skates were examined and the follbwing food material 
noted: Crabs (hermit, Cunncer, Cullinrctcs, Panopun, and others), shrimps, amphipods, annelids, squid, 
bivalve mollusks, small fish. 

1. Ascaricr rotundala Rudolphi. 

females, 25 to 40 mm. 
papilla on each side in the male. 

NEMATODl%S. 

Stomach and intestine. [PI. 111, figs. 14-18.] 
Nematodes found on several occasions are referred to this species. Length of males, 12 to 18 nim.; 

There are three postanal, one large and two small, and eight or nine preanal 
Mouth trilobed, the lips projecting into blunt papilla, and 
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surrounded by a circle of minute teeth, which traverses the middle of inner surfaces of lobes, there 
being twelve or more of these dentigerous ridges on each lip. 
2. Nematodes, immature. 

Found on a few occasions in the alimentary tract, evidently introduced with food. 
CESTODES. 

3. Echeneibothrium variahile Beneden. Spiral valve. 1, pp. 460-462, pl. I, figs. 9-13. 2, pp. 766-767. 
5, p. 440. 7, p. 274. In 1899, 4 found, 32 skates examined. July 9, 1900, 24 skates examined, 
no E. variabile. 

5, p. 450. 
July 27, 1899, blastocyst, with larva,in stomach. Food 
in two latter cases consisted of annelids, bivalve mollusks, Cancer imoratus, and shrimp. 
July 9, 1900; one specimen obtained from a lot of 24 skates; length in alcohol, 56 mm. 

5, Rhynrliobothrium tumidulunz Linton. Spiral valve. Bug. 12,1899; 1. First record of this species in 
the skate. 

6. LCetrarhynchus, cysts. July 19, 1899; two small cysts, with degenerate 
connective tissue in stomach wall. Aug. 17, 1899; several cysts in intestinal wall, filled with 
degenerate tissue which effervesces briskly with dilute hydrochloric acid. 

4. Rhynchobolhrium imparispine Linton. Spiral valve. 2, pp. 840-843, pl. XII, figs. 6-9. 
Aug. 4, 1899; larva, in stomach. 

See under hfustelus canis, No. 7. 
Intestinal wall. 4, p. 809. 

Raja ocellata, Big Skate, Winter Skate. 

FOOD. 

NEMATODFS. 

CESTOIIES. 

Squid and annelids.. 

1. Nematode, immature. 

2. Rhynchohothrium haparispinc Linton. 
3. Cyst. Stomach wall. 7, p. 274. 

7, p. 274. 

7, p. 274. See under Raja erinacea, No. 4. 

Raja eglanteria, Brier Ray.  

NEMATODES. 

1. Ascrrris rotundtrttr. Rudolphi. 
sinal1 postanal and eight larger preanal papill= were countd  011 earh side. 
erintccea, No. 1. 

One male specimen in U. S. N. M. collection; length, 12 nini. Four 
See under Ih ju  

Raja lmvis, Btrrtidoor Skafc. 

FOOD. 

Two speciniens taken by the sclioonor Gronipus off Gay Head Jnly 30, 1900, in 65 to 70 fatlioms, 
and examined by A h .  C. W. Stone, were found to have lobsters in their stoinachs. 

C'JZbTOI )ICY. 

1. I~/~ii~(~h0/l/ri~~t)i7~)2iiiin~U?/1Beneden. Spiral valve. 
2. Bcniifliobotliriu~~i coroncrtuni Rutlolplii. [PI. XSVI, fig. 293.1 Spiral valve. .July 30, 1900, 16; the 

longest ineavured 90 inin. in fornialiii; several had their heads firinly enibedded in intestinal 
wall, in which places sonie of the surrounding tissue seems to have undergone some degenera- 
tion. 13iinensions of a bpecinien ill glycerine, slightly compressed, in millinieters: Length, 68; 
length of Ileait, 1; breadth of head, 1; breadth of neck, 0.4; length of hooks, 0.17; length of 
first distinct seginents, 0.03; bretdth, 0.45; length of last segment 1, broadth 0.57; length of a 
free segment 2.7, breadth 0.9. 

3. Rhynchobotlir~unz imparispine Linton. Spiral valve. July 30, 1900; 1. First record of this species 
in this host. See under &ai0 ei-kictccct, No. 4. 

4. Tetrctrhynclius robustus Linton. July 30, 1900; 3 scolices, which look as if they had but recently 
einerged from their cysts. See under Daayrrtis ccntrurn, No. 18. 

A, pp. 4414P2, 1'1. X S X I I I ,  fig. 5. 

TRBAIATODIES. 

5. Distomum vcliporum Creplin. Stomach. 6, pp. 521-522. 
6. Distonwn sp. [Pl. XXXI, figs. 348,349.1 



432 BULLETIN O F  THE UNITED STATES FISH COiWlfISSION. 

A single specimen collected July 30, 1900, was at first thought to be rienr D. ferundum. The 
general habit of the body is inuch as in that species. The opening of the acetabulum, however, instead 
of being transverse, is longitudinal. It snggests also Beneden's 1). c&oidea, bat  the testes appear to lie 
transversely near the posterior end instead of on the median line. As far as can be inade out from an 
examination of the specimen in glycerine, it  has the following characters: Body smooth, thickish, 
depressed, of nearly the same breadth throughout, rounded at each extremity; aperture of mouth nearly 
circular, a little wider than l o n s  acetabnlnni much larger than oral sucker, aperture elongated; 
pharynx pyriform, with the larger end in front aiid overlapped hy the oral sucker, crfiopliagcis a t  least 
as long as pharynx; intestinal rami not clearly inade out, but apparently siniple and reaching to the 
posterior end; cirrus passes dorsal to the acetabulum to tlie right o f  the tesophagus as Car as the pharynx, 
whence i t  curves back and opens at tlie anterior border of the  acetabulum. Testcs two, side by side 
near the posterior end; ovary smaller, apparently two-lobed, in front of testes and toward the left; uterus 
in front of testes in niiitdle of body; ova of different sizes. Vitellaria two narrow clusters of sniall dark- 
brown bodies lateral to the testes, the one on the right extending less than halfway to the acetabulum, 
the othera little niore than halfway. Dirnensions in millimeters: Length, 7.5; breadth, 2; oral'sucker, 
length 0.97, breadth 0.94, aperture 0.25 long and 0.28 wide; acetabulum, length 1.38, breadth 1.5, 
aperture 0.48 long and 0.33 wide; pharynx, length 0.44, greatest breadth 0.33; larger ova 0.086 and 
0.045, smaller 0.062 and 0.035, in the two principal diameters. 

Tetronarce occidentalis, Torpedo. 

Fool>. 

The alimentary canal was nearly empty in all the torpedoes I have examined, a few remains of fish 
being about the only identifiable contents. The stomach and intestine in all cases, including one 
specimen examined in 1889 and two in 1900, contained an extremely viscid and tenacious mucus. 
The extraordinary thickness of the walls of the alimentary tract is apparently associated with equally 
extraordinary digestive power. 

1. Calyptrobothrium occidentale Linton. 

CEs1'OUE:s. 

Spiral valve. 
July 29, 1899; 3 strobiles; scolices not found. 
only 1 with scolex. 
different states of contraction are very diverse. 

Y7pp. 274-275 and 298-299, pl. XLI, figs. 92-97. 
July 16, 1900; 5, small, 20 to 27 mm. inlength, 

The changes wrought in the appearance of the scolex of this species by 

2. J<~~yflcliobothriurn imparkpine Linton. 
3. Tetrurhpchus bi~ziZ~atu.~ Linton. 

Larva: in cysts in intestinal wall. Y, p. 275. 
5,  pp. 810-811, pl. LXVI, figs. 13, 14. 

Dasyatis centrura ( Tryqon cetdrurcc ), Sting Ray. 

FOOD. 

The stoinaclis of the sting rays which I have examined have been, as a rule, empty. Fragments 
of crustacea and annelids, Iiowever, have been found in most cases sornewhere in the a1:mentary tract; 
small fish recorded in one instance. 

NEMhTOI>EU. 

1. Ancnris (?) . Iininature. Spiral valve. 
It is iinniature, has been iiitroducel with food, and 

the sting ray may not Tie ita proper host. Body smooth, of nearly uniform tliaineter, with fine 
longitudinal strim. Head with four hlunt, rather obscure papilla. Tail slenderly mucronate. Some 
diinensions in niillimeters: Length, 18; diameter of head, 0.08; length of cesophagus 1.12, diameter 
2 min. froni head atrniddle and 2 inm. froin posterior end0.22; diameter at anal aperture, 0.12; distance 
of anal aperture from posterior end. 0.16. 

A single specimen collected August'l, 1887. 

The body enlarges slightly at base of esophagus. 

CEsroms. 

All except encysted forms from spiral valve. 

2. Anthobothrium pulvinalum Linton. [Rhodobothrium pzclvinatum, Am. Journ. Sci. and Arts, March, 
1889.1 2 7  pp. 759-765, pl. IV, figs. 4-9; pl. V, figs. 1-2. 57 pp. 439-440, 111. XXX, fig. 1. Y, 
p. 275. Aug. 24, 1899; 1; large, with large number of free proglottides. 
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3. Paratamin medusia Linton. [Pl. XXVI, figs. 290-291.1 2, pp. 862-866, pl. sv, figs. 5-9. 5,  p. 440. 7 ,  

Dimensions in millimeters: Length of 
head and chain of 10 segments, 0.5; length of last segment, 0.2; length of head, 0.08; diameterof head, 
0.08. In some the segments were rouiirled and the chain moniliform; in others the segments were 
squarish or rectilinear in outline and crowded together; but in all cases they separate easily froin each 
other. 
4. Xpongiobolhrium variabil? Linton. I ,  pp. 462-464, pL.11, figs. 73-16. 2, pp. 778-780. 5,  p. 442. 7 ,  

p. 275. July 19, 1899; very numerous. 
Much smaller than specimens found in previous years. 

p. 275. July 19,1899; 13 froin upper part of spiral valve. 
/ 5. Rhinebotliriumflexilc Linton. 2, pp. 768-771, pl. v, figs. 3-5. 7 ,  p. 275. 

6. Rhinebotlirium cancellatuin Linton. 
7. PlLyllobothriuin ,folialuna Linton. 2, pp. 787-794, pl. VI, figs. 5-10. 5,  p. 443. 7 ,  13.275. Aug. 24, 

8. Anthoceplialrim gracile Linton. 
9. I;c.crrriicephaluing~eltatum Linton. 

10. Orygniatobotlirium crenultrturn Linton. 
11. Acan/hobothrinm paulum Linton. 

in lower part of spiral valve. 
12. C~rrchobotl~riuin uncinutuin Diesing. 
13. Kliyncliobotlirium hispidurn Linton. 

very numerous, with inany ripe proglottides. 
water for a few hours. 
overlooked by the inexperienced collector. 

14. Ih~nchobothrium longispine Linton. 
15. Rhyncliobotlirium tenuispine Linton. 

16. Rliyncliobotlwium wageneri Linton. 
17. Tekarliynclius tennis Linton. 2, pp. 853-855, pl. XIV, figs. 5, 6. 5,  1). 452. 
18. Tetrarliynchus robustus Linton. 
19. Telrarhjnclius. Cysts in the stoiiiach wall. 4, pp. 808-809. July 19, 1899; cysts under serous coat 

Tlwse were all filled with degenerate 

20. Xyd)otliriuni Jilicolle Linton. [S!~iitlesnLobotl~/.iu~I~ .filico/le.] 2, pp. 861-862, pl. xv, figs. 2-4. 4, p. 

7 ,  p. 275. See under Rliinoptera bonaws, NO. 1. 

1599; 9, and a large number of free proglottides. 
2, pp. 794-796, 1’1. VII, figs. 1-2. 7 ,  p. 275. 

2, pp. 802-805, pl. IS, figs. 2-4. 

2, p ~ .  S16-819, 1’1. VIII, figs. 1-7. 

5,  p. 446, 111. XSXIV, figs. 2-5. 

7 ,  p. 275. July 19, 1899; 4. 
5,  pp. 444-445, pl. III, figs. 9-12, 1’1. SXXIV, fig. 1. 

7 ,  p. 275. July 19, 1899; 25 

2, pp. 833-835, pl. SI, figs. 12-17. 7 ,  p. 275. July 19, 1899; 
The latter becoine dark colored after lying in 

The heads adhere very closely to the mucous membrane and niay be 

2, pp. 835-837, pl. XI, figs. 18-20. 
2, pp. 837-838, pl. XII, figs. 1-2. 

2, pp. 843-845, pl. SII, figs. 10-7 2. 

5 ,  pp. 448449, pl. XXXIV, 

fig. 8. 

2, pp. 855-857, pl. SIV, figs. 7-9. 

of stornacli and pylorus; also a large one on tlie spleen. 
tissue, yellowish white and of a cheesy consistency. 

819, pl. ~xvrrr, fig. 10. 7 ,  13. 275. 

TREhI ATODICS. 

21. I;:l)ibdalltc Im~~puliii Linton. ‘External. 

22. 13raricliiobdella ruvenelii Diesing. ICxternal. I‘ountl 011 scveral occasions. lteport (Jf U. 8. Fish 

7 ,  pi). 275, 286-287, 1’1. XXXIV, figs. 11-15. 
Mr. Vinal N. Edwarck says that this ectoparasite is usually found on tlie sharp-nosed ray 

Coinmission for 1871-72, p. 624, 111. XVIII, fig. 89. 

I’IIOTOZOA. 

23. I n  the intestinal contents of a sting ray exanlined July 19, 1899, enormous numbers of sinall bodies 
were seen, long-elliptical in outline and inemuring 0.014 111111. and 0.006 inin. in the two 
principal diaineters [ pl. I, fig. 53. 

Myliobatis freminvillei, Xliarp-heuded Ray. 

FOOD. 

The stornachs of the few specimens which I have exainiiied have been empty, with the exception 
of one, in which were pieces of a large univdve mollusk, probably Sycotypus. 

CESTODES. 
All cestodes from spiral valve. 

1. Riiinebothriunz longicollr: Linton. 2, pp. 775-778, pl. VI, figs. 1-4. 5,  pp. 441, pl. XXXIII, figs. 2-4. 
7 ,  p. 275. 

F. C. B. 1899-28 
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2. Echeneibothrium sp. [PI. XXVI, figs. 285-288.1 From a specimen taken by the schooner Grampus 
Specimens collected by Mr. J. A. Stewartson. 

Length of head of one which measured 7.5 mm. 
was 0.38 and the breadth 0.43 mm. The bothria were contracted by the formalin, in which they had 
been placed, and their real structure is difficult to make out. Upon superficial view they appear to be 
divided into five loculi, by transverse cos&. A single bothrium was separated and placed in acetic 
acid, and showed a structure much like that found in R. minimum (5, pp. 441442, pl. XXXIII, fig. 5);  
that is, nine or ten loculi arranged around a central space. In one specimen the bothria were distinctly 
in pairs, which corresponded to the flat surface of the body. In their contracted condition the bothria 
are attached by their posterior ends and project forward; their borders are finely crenulate; slightly 
tumid immediately behind the head, but evidently capable of elongation, and may appear very 
different under varying conditions; transversely striate, s t r k  merging quickly into divisions between 
segments. Mature segments not 
seen. A cylindrical myxorhynclius with a terminal aperture was seen in one specimen, projecting a 
little in front of the anterior edges of the bothria. 
3. Acanthobothriumpaulu?n Linton. 
4. Rhyncho6olhrium agile Linton. 
5. Rhynchobofhriuni inzparkpine Linton. 

July 29, 1899, off Gay Head in 65 fathoms. 
Specimens small, not exceeding 10 mm. 

Strobiles clavate, posterior edges of segments slightly projecting. 

July 29, 1899; 1. See under Dasyatis centrum, No. 11. 
7, p. 275. 5, p. 451, pl. XXXIV, figs. 12-15. 

July 29, 1899; numerous. Tlie spec.imens in this lot are 
The size is smaller than those variable, but the character of the hooks is that of this species. 

upon which the species was founded. See under Xtcjrc erinucea, No. 4. 
6. Tetrarli~~n/nclius robustus Linton. 7 ,  p. 276. See under Dayutis cenlrurtz, No. 18. 
7. Rhyr~choboth?~uni. Cysts. July 29, 1899; from stomach wall between IIIUCO+% and subniac.wa, about 

The hooks seen tltrough sheath suggest I<. l o n g i y ~ i n e  (2, ,pp. 835-8227, pl. X I ,  2 mm. in length. 
figs. 18-20). 

'I'ILEMAT0I)IM. 

8. Disto7num mwroculylc Diesing. July 29, 1899; 3 and fragineiit froin stoniacli. Tlie two largest 
specimens measure 16.5 mtn. in length and 2 mni. and 3.4 inin., respectively, in breadth. 

Chimsera a f i i s .  

NEMAT01112S. 
1. Ascuria rotunduta Rudolphi. 

1.5 nim.; collected by 6. E. Meek, Fulton Market, New York, October, 1886. 
One male, length 22 mm.; fragment of fentale, length 34 Inin.; maximum diameter about tniddle, 

Rhinoptera bonasus (Rhinollleru quudrilobu), Coiu-tmed 12tr!y. 

FOOD. 

, 

The following material hm heen noted: Adductor niuscles of c-lam, opercula of some gasteropotl 
mollusk (IrunutiaP) packed together like a pile of waucers, a small lobster, fragments of crabs, and 
other crustacea. 

CYS'I~OI1ES. 
All from spiral valve. 

1. Rhinrbothriuni mncdlatum Linton. 
2. Echeneih~thri?rm sp. 

p ,  pp. 771-775, pl. v, figs. 3-5. 
[PI. XXVI, figs. 283, 284.1 Near IC. qffi7ie Olsson. 3899, Aug.; 3 small Rpeci- 

They differ from No. 2 under ~ @ 0 6 c i t i . ~  frt~~niiizlilliri 
in the inore pedicellate cliaracter of bothria and less definite loculi on mine. The imyzorhynchu~, 
instead of being cylindrical, is conical when extended; when retracted the head looks like 13. 
l;apiabile, only much smaller. Dimensions of a specimen in millimeters: Length, 7.5; length of both- 
rium, 0.30; breadth of head, 0.50; breadth of bothrium, 0.17; diameter of myxorhyncltus, at base 0.07, 
at apex 0.04; diameter of body just behind head, 0.09; lavt segment (irregular Ieiigth), 0.73; greatest 
breadth, anterior, 0.23; least breadth, posterior, 0.12; penultimate segment, length 0.38, breadth 0.29, 
3. mlocephalum pingue Linton. 
4. Rh?ynchobothrium breuispine Lin€on. 
5. Rhynchobothrium ugile Linton. 
6. Tetrarhynchus robudus Linton. 

mens; frorn ray taken by the steamer I W L  IIUwL. 
These worms do not exceed 10 mm. in length. 

2, pp. 806809, pl. IX, figs. 5-9. 
5, pp. 450451, pl. xxxiv, figs. 9-11. 

5, p. 451, pl. XXXIV, figs. 12-15. 
5, p. 452. See also under Dasyatis centruru, No. 18. 
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Acipenser sturio, Sturgeon. 

NEMATODES. 

1. DaCinXs sphzroccphala Dujardin. [Pl. XVI, figs. 200-202.1 hug. 5, 1884; 1, a female with embryos 
from intestine. Dimensions in millimeters: Length, 24; diameter of head, 0.38; length of 
esophagus, 2.1; greatest diameter, 5 mm. froin head, 0.64; diameter 4 mm. from posterior 
end, 0.6; diameter at anal aperture, 0.24; distance of anal aperture from posterior end, 0.5. 

CESTODES. . .  
2. Cysts on spleen, coat df stomach, and intestine. 

TREMATODES. 

3. Nitzschia elongnta Nitxscli. [Nitzvcliia elegans Baer.] Gills. 6, p. 508. 

Acipenser brevirostris, Slwrt-nosed SlUTgt?O7&. 

ACANTIIOCEI'IIALA. 

1. Ec~iinor7ipchus ntleriurrtus Linton. 3, p. 529, pl. LV, figs. 23-30. 

Acipenser rubicundus, Lake Slurqeo7i. 

The following notes 011 entozoa from the lake sturgeon are given in this coiiiiectiou. 

AC'ANTIIOCEI'IIALA. 
1. ~~cl~iriorhynchus qlobulovzu 12udolplii. 

belong to this species. 

2. Distomum auriculntum Wedl. 

Two specimens in the U. S. National Museum collection, collected by J. W. Milner, appear to 

TIIEMATODES. 

0, pp. 521-522, ~ 1 .  LXV, figs. 8-10, pl. LXVI, fibv.1-5. 
Pratt proposes the name Bunodern lintoni for this species. 

Anguilla chrysypa (Anguilln uiilgark), Ed. 

FOOD. 

shrimp, crabs, annelids, mollusks, small fish. 
ACANTlIOCI~PIIAI,A. 

1. Bcliinorl~yncliuu globulovua Xudolphi. 
Three specimens in the U. 8. National Mnseuin collection appear to belong to this species. Male, 

5.5 min.; female, G mm. This species 
resembles B. QCUS, but differs from that species in the greater relative lerigth of the lemnisci, the erect 
and usually distinctly tapering proboscis, and the tubular instead of globular prostate gland. 

Aug. 7 and 28, 1899; numerous. Male, 7 mm. ; female, 10 min. 

2. lkhinorliynckus ugZi-9 Rudolphi. 
Two specimens from the U. S. National Museum collection. 1, pp. 490-492, pl. v, figs. 1-6. 

NEMATODES. 

5. Tmmature nematodes (Ascaris sp.). 
encapsuled on viscera. 

[Pl. XI,  figs. 125,126.1 Y, p. 276. Aug. 5, 1899; 2 imniature, 

Two specimens in the U. S. National Bfuseuni collection; also hinature aud encapsuled. 
Length, 22 mm. ; diameter, 1 111111. Somewhat attenuate anteriorly, tail pointed and mucronate 
at tip (Agarnonema capsularia). 

CESTODES. 

4. Ttmia dilatata Linton. 1, pp. 488-489, pl. v, figs. 14-16. 5, p. 425. 
Specimens of this genus also taken in 1899; three on August 2. Dimensions in millimeters: Length, 

One specimen August 28; 8; diameter of head, 0.28; diameter of sucker, 0.08. 
length, 14 mm. 

Segments not mature. 
[Pl. xxv, figs. 272,273.1 
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5. Rhynchobothrium hetwospine Linton. 
6. Rhynehobothrium imparispine Linton. 
7. Blqnchobolhrium buZ6ver Linton. 
8. Rliynchobotlirium. 
9. Larval cestodes (Xcolexpolgmorphus Dujardin). 

4, p. 799, pl. LXIV, figs. 3-5. See under Mustelus canis, No. 5. 
7 ,  p. 276. See under Raja erinacea, No. 4. 

Aug. 12, 1899; numerous cysts on viscera. 
Cysts. 4, p. 794, pl. LXII, fig. 16, and pl. LXIII, fig. 1. 7 ,  p. 276. 

7 ,  p. 276. Seen also Aug. 12, 1899. 

. TREMATODES. 

6, pp. 520-521, pl. XLIV, fig. 9. 10. Distomum grandiporum Rudolphi. 

11. Dislomum vitellosum Linton. 
12. Distomum sp. 

Dimensions in millimeters: Length, 1.96; 
breadth, 0.55; diameter of oral sucker 0.19, of acetabulum 0.19; length of pyriform pharynx, 0.17, 
greatest breadth 0.1; ovum 0.076 and 0.038 in the two principal diameters. Cirrus and uterus pass to 
right of acetabulum. 

Aug. 28, 1599; 1. Length, 
10 mm. See under Pseudopleuronectes americanua, No. 6. 

Aug. 12, 1599; 1. See under MiiZuccius bilinear&, No. 9. 
[See pl. xxv, figs. 225,229. J Aug. 10, 1900. 

Resembles species figured in 7 ,  pl. XXXIV, fig. 72. 

Specimen not in good condition; probably introduced with food. 

Leptocephalus conger, Conger Eel. 

FOOD. 

Fish. Aug. 2, 1899; 1; fish in stomach. July 30, 1900; 1; fish in the alimentary canal. July 
31, 1900; 1; a herring and 3 butter-fish in stomach; crystalline lenses aiid other fragments of fish 
in intestine. August 25, 1900; 1; young eel and fish in stomach; fin rays and an annelid (Nereis) in 
intestine. 

1. Echinorlqnclius a m  Rudolphi. July 31, 1900; 7; stout-bodied, yel!owish; flaccid when first 
Aug. 25, 1900; 1; length, 

ACANTIIOCEPIIALA. 

removed from intestine, became plump after lying in sea water. 
20 mm. For account of species, see 1, p. 492, and 3, p. 525. 

NBMATODEB. 

2. Ducnitis hiam Dujardin. [PI. XVI, figs. 203, 204.1 July 30, 1900; 1; from eel taken by sdioonar 

. This specimen agrees with Ihjardin’s description, but is smaller in sotne of its diniensions. It 
probably came from tlic intestiiie, since it is an adult female with ova in the uterns undwgoing 
segmentation. Dimensions in millimeters: Leiigth, 20; diameter of head, 0.20; of body at  mitldlr, 
0.41; length of esophagus, 1.2.7; distance of anal aperture irom posterior end, 0.65; ova, 0.08 and 0.05 
in the two principal diameters; of nearly nniform tliitineter througliout. A few found August 25,1900. 

3. Immature ncmatoclcx. Encapsuled on intertine. Several. Same host as No. 2. 

Grampus off Gay Head in 65 to 70 fathoms; collected by C. W. Stone. 

CIGhTODES. 

4. Rliyncliobollwiicm impariqine Linton. Several larv:~ in pyriform blastocysts and cysh on serous 

5. I ~ r v a l  ceslocles (Jrcolexpolymo@iux hjard in) .  Free in intestine. Aug. 2, 1509; July 31, 1‘300. For 
coat of intestine. Same hojt as No. 2. 

account of similar forms see 5 ,  p. 789. 

For description of species, see 2, p. 840. 

TItEMATODh%. 

6. Distomum simplex Rudolphi. 
Dimensions of specimens in water, given in millimeters: Length, 4; diameter, anterior 0.21, at  

middle 0.61, posterior 0.21; length of oral sucker 0.21, depth 0.19; leligth of acetabulum 0.37, 
depth 0.36; ovum, 0.073 and 0.045 in the two prjncipal diameters; length of second specimen, 2.07. 
See under Microgadus, No. 6. 

7. Distomum vitellosunz Linton. Intestine. 
The worms 

were turgid and motionless, although they were examined ns soon rn collected, at  which time they 
had been put in salt water. Some specimens of this species, collected at  the same time as these, but 

Ang. 2, 1899; 2. For description of species, see 6,525. 

7 ,  p. 290, pl. XXXVII, figs. 38,39. 
Six small specimens which agree best with this species; collected August 25, 1900. 
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from the blue-fish, remained active for a long time. 
with food into the aliiiientary tract of the conger and were there in an uncongenial place. 

It is likely that these had been introduced along 

Tarpon atlanticus, Tarpon. 

NBMATOI)ES. 

1. Ichtliyonema globiceps Rudolplii. 
The longest piece, 

when disentangled, measured 385 mm. ; aggregate length of pieces, 3 meters; diameter about 1 mm. 
IJterus filled with ova. In the earlier folds thc ova were dark amber color, spherical, 0.014 mm. in  
diameter; in later folds the ova were light amber color, elliptical, 0.024 inin. to 0.026 inin. in the longer 
and 0.02 inm. in the shorter diameter. 

2. ~ i b O l h i U 7 ~  Zacinicrlu?~~ Linton. 

[Pl. XVIII, figs. 216, 217.1 U. S. National Museum collection. 
A tangled mass; original number of coiistituent individuals iiot made out. 

CESTODICS. 

5,  pp. 435-436, pl. xxx, figs. 7-16, and pl. XXSI, figs. 1-7. 

Clupea harengus, ICmring. 
ROOD. 

Only young fish have been examined. 

July 17, 1899; 3. 

July 2G, 1899; 23. 
July 27, 1899; 4. 
July 31, 1899; 100. 
August 8, 1899; 7. 
July 9, 1900; 12. 

1. Ascaris, immature. 

are evidently young ascarids. 
posterior end minutely mucronate. 
12, 1899; 2 sinall nematodes from viscera. 

2. JZl~yriclLobotl~ricIm imprhpine Linton. July 17, 1899. Encysted in  stoinacli wall. For description 

3. Rhynchobotl~rium. LarvL-e encysted on viscera. Y, 1). 277. July 26 and 27, 1899; a few. One of 

4. Lurvnl cestode ( S c o l ~ s  polyntorplius Dujardin) . Small. Free in intestines. July 17,1899; nuitierous. 

The young herring is an indiscrirninate surface feeder, as 

Storn:iclis with young squid and shrimp; one filled with nereis-like annelids, 
the following food iiotos will Show: 

about 30 inin. in length. I 

Copepods and iiiegalops of crab in alimentary canal. 
Alimentary tract with teeth and seta of aiiiielids. 

Small; about 30 inin. in  length. 
Sinall rrustacea and diatoms. 

Copepods and annelids in stoniaohs. 

Eighty inilliineters in length. Aliriieiitary caiials filled with copepods. 

NEMATODES. 

U. S. National Museum collection. These agree with descriptions of Againonema cap,mZuria, but 
Lengtli, 25 inm., tapering more anteriorly than posteriorly, with 

August Y, p. 277. July 27, 1899; a few encysted on viscera. 

cI~~l~ol~lEi .  

of species, see 2, p. 840. 

these is sketched in  fig. 229 of pl. ss. 

July 31, 1899; nuineroiis. For a c ~ o n n t  of similar forms, see 5,  pp. 789-792. 

‘I’IIIZMATOI~IES. 

5. Distomum appmdicukatum ltudolphi (7). Intestines. July 26,1899; 9. July 27,1899; a few. July 
31,1899; 20. hug. 8, 1899; several. Aug. 12, 1899; 12. July 9,1900; 2. For :in account of 
this species, see 7 ,  p. 289, pl.sxxvr, figs. 25, 26. 

6. Distomum vitellosum Linton. 
I record under this iiaine it ~niall  rylindrical distoine seen in sinall number but iii various hosts 

in the suiriiners of 7899 and 1900. The measureine~its on this q)eciinen froin the herring agree with 
those of I). vitelloau,n. There is an evident cesophagus, which was iiot initde out in the speciineiis taken 
in the sginrner of 1898. 
7. Biston~tcn~ bOthr,fJ~p/lI?~on Olsson (1). 

This species found in the herring and alewife in the suininer of 1890. The body is short, fusiform, 
diainetcr greatest at acetabuluin, about four-tenths of length of body. A few diinensioiis of one from 
the herring, in glycerine, given in rnilliinetcrs are: Length, 0.87; length of oral sucker, 0.12, depth 
0.13; length of pharynx, 0.065, depth 0.08; length of acetabalum 0.32, depth 0.15; ova, 0.02 and 
0.013 in the two priiicipal diameters. The speciilne~~ IVRS lying on its side and was considerably 
flattened under the compressor. Furtlior description of this species under l’occ~olobus pseudoharengus. 

See ‘7, p. 290, 111. X S X ~ I I ,  figs. 38, 39. July 31, 1899; I. 

July 26, 1899; 3. .July 31, 1899; few. 
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PROTOZOA. 

8. Sporozoa. 
About half the fish examined on these dates were found by Mr. a. A. Stewartson to be infested 

with a parasite among the muscles of the back and side. These were not examined closely at the time 
of collection, but pieces of muscle with cysts were preserved and subsequently sectioned. They were 
then seen to be sporocysts. The 
flesh along the back and sides, from head to tail, was filled with sinal1 white tumors. While these 
were of various sizes, none were large. Two’of the larger cysts measured 1.74 by 1.16 and 1.16 by 
0.58 mm. in the two principal diameters. The sporozoa when placed YO that the four polar vesicles 
are uppermost are sqrarish in outline with rounded corners, and measure about 0.007 mm. in diameter 
(fig. 3). The polar vesicles are of a faint greenish tint, the remainder of the spore colorless. 

Sections of the infested inuscular tissue show that the spores lie in clusters, which are in some 
cases enveloped in a definite connective cyst and in others not. The spores were also seeqin great 
numbers lying along the intermuscular connective tissue fascia. One instance was noted in a series 
of cross sections where a cluster of spores had established themselves in the midst of a muscle fiber 
(fig. 2).  I am informed by Mr. E. E. Tyzeer, who is studying this and other niyxosporidia, that he 
has not found the herring infested with this form, but  that about half the young alewives examined 
are infested; further, that the sporocysts are not common in the larger fish, and, moreover, the spores 
are not in such good condition. The vitality of the infested fish must necessarily be much impaired 
by the presence of sporozoa in such great abundance in the tissues, whereby they fall victims to 
their enemies in larger proportional numbers than do their healthy associates. It is for this reason, 
doubtless, that there is a less proportional number of infested iiidividuals among the larger fish than 
among the smaller. 

Clupanodon pseudohispanicus, S’(L?L~~L Sardine. 

[PI. I, figs. 1-3.1 July 26 and 27, 1899. 

On July 9, 1900, a young herring 8 cm. in length was examined. 

FOOD. 

Two small specimens were examined August 15,1899. The alimentary tract contained numerous 
copepods. 

1. Distomum appendiculatum Rudolphi. 

TREMATODEY. 

Few. Dimensions of one in glycerine, in millimeters: Length, 
0.86; diameter of oral sucker 0.06, of ventral sucker 0.12. 

July 28, 1899; 
August 16, 1900; 1; 

Pomolobus mediocris, €ficlcory Bl~rrcl.  

FOOD. 

1; stomach empty. 
fragments of crustacea and a small crab in alimentary tract. 

August 13, 1900; 1; fish scale and pen of squid in pylorus. 

’ NEMATODES. 

1. Ascaris sp. 
Length of a male 30 

mm., of a female 44 mm. ; length of smaller specimens, 10 mm. Four postanal papill= and 28 preanal 
on earh side in male; of the preanal the 10 posterior are the smaller, the remaining 18 larger and in sets 
of 2; both kinds are in a single row. These specimens have inany points of resemblance to A .  clavatn. 

[Pl. v, figs. 41-45.] 
Twenty-eight large and 3 small rj_pecimens from stomach, July 28, 1899. 

CEYTODES. 

2, Lama1 cestodes (Scolex polymorphus Dujardin). Free in intestine, July 28, 1899, and Aug. 13, 1900. 
For account of similar forms, see 4, pp. 789-792. 

TREMATODEY. 

3. Distomum appendiculalum Rudolphi. Stomach and pylorus. See 7, p. 289, pl. XXXVI,  figs. 25, 26. 

Dimensions in millimeters, life: Length, 2; diameter of oral sucker, 0.09; diameter of aceLzbulum, 
July 28, 1899; 33. Aug. 13, 1900; numerous. Aug. 16, 1900; numerous. 

0.18; ova, 0.024 and 0.012 in the two principal diameters. 
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Many spherical bodies with concentric structure were noted in  the content8 of the excretory 
vessels. 

While watching a living specimen a curions phenomenon was observed in  the vicinity of the 
shell gland. A fine hair-like body which lay in several coils appeared to be turning rather rapidly 
around a central space. A ~ o n ~ e w h a t  similar a p p ~ ~ r a ~ i c e  was present in two smaller spaces nearby. 
The spec+nepn, while still living, had been partly stiffened by holding the compressor over the flame 
of an alcohol lamp for a few seconds. This phenomenon evidently has something to do with the 
formation of the eggahell, but just what I could not inakc out. 

The largest of these measured 0.016 mm. in diameter (Y, p. 288). 

Pomolobus pseudoharengus, AlewVe. 

FOOD. 

Only young have been examined. Thirty-six were examined in July and August, 1899, on five 
In all of them the alimentary canal contained cwpepods, sometimes in  eiiormous 

In the summer of 1900 (:Tidy 9 and August 10) fourteeu specimens were examined, and 
These specimens 
About the same 

different occasio~~s. 
numbers. 
in  addition to copepods young squid and large nunibem of sinall shritiip were funiid. 
were taken at  Wareham and were larger than the fiah examined the year before. 
entozoa are found in the young alewife as in the young herring, with wliic-h they are associated. 

NlSM A’l’0I)lW. 

1. NetricttodPrr, itninaiurc. A few foniitl in one lot i i i  1890 (Aiig. 15). 

C‘EFlTODES. 

2. L n m d  cestode,? (&xdcr poh~nlorphux Dnjardin). Free in intestine. Ang. 3, 1899. For account of 
similar forins, see 4, 789-792. 

‘1’It~:hrATOI)EX. 

Obtained by wadling out the alimentary mnal and decanting the material. 

3. Disforr&m ctppencZiculutum Rudolphi. 
1000; very numeroiis. 
in one lot, 1 .28 mm. to 2.5G 131311. 

4. D ~ S ~ O ~ I L I L ~ I L  vilellowrii Linton. 
5. f)intonium boflir~cl,horc)it Olsson (7). 

Founrl on all occnsioiis in 1899, usually numerous. Aug. 10, 
See 7 ,  p. 280,pl. XSXVI, figs. 25,26. Measurements of living specimens 

Fee 7,  11. 290, pl. SSXVII, figs. 38, 39;”dso under Cli~pe(1 I m w g u x ,  No. 6. 
See under CIupta I K I P ~ ~ ~ ,  No. 7. 

Oral slicker nearly circular 
in vvntral view, aperlure broadly triangular; pharynx subg1obular, close to oral surker; cesophagns, 
none; rami of intestines ~ imple ,  extendiug nearly to posterior end. Acetabuluin in middle of body, 
prominent, about twice the diameter of the oral sucker, aperture transrersc. Testes two, rather small, 
oval-elliptical, immediately behind the acetabulum. Esact position not clearly 
determined. Vitellaria a single six or seven lobed mass, lying laterally toward the posterior end. 
Ova small, elliptical, very numerous, filling a11 of body back of acetabulum. Reproductive aperture 
in front of avetabnlum, on median line. 1)itncwsions in millimeters of specimen in glycerine: Leiigth, 
0.8; diameter CJf hotly, anterior 0.1, i~iiddle 0.3, posterior 0.03; tiinmeter of oral sucker 0.1, of 
acetabuluin 0.3; testes, 0.07 and 0.05 in two principal diameters; pharynx, length 0.05, depth 0.07; 
ova, 0.017 and 0.010 in the two principal diameters. These titeasiireineiits were inade froin rentral 
view, exc*ept the pharynx, whic~li was measured in  lateral view. 
G .  Monostomum si). Very small, oval or elliptical. 

diameter of oral sucker, 0.07; ova, 0.02 and 0.017 in  the two principal diameters. 
niassea lying one 011 either aide of genital acc~tabulutn. 
acetd)iilun~ filled with ova. 

7. ,+orozot(. Ang. 2, 1899; aiiioiig the  inusclrs of buck and side. 

these cysts iii the flesh, bnt that they are less (*o111111o11 in the larger fish. 
under Clupea harengw, No. 8. 

[P I .  XSXII, figs. 355, 356.1 
Ang. 2, 3 ,  and 1 9 ,  1899; very few. 

Body smooth, short, fusiform; neck conical; tail tapers to a point. 

Ovary behind testes. 

[Pl. X X X I V ,  fiw. 377-379.3 Aug. 19, 1899; 4. 
I>imensions in  iiiilliincters: Length, 0.G; tlianieter, 0.34; diameter of genital acmtttbuluni, 0.07; 

Vitellaria in two 
Uterns very voluminoas; body behind 

I’HO‘L‘O%OA. 

Of 32 fish 9 were i~~fected. 
Mr. IC. 14. Tyzzer says that aboiit half of the young alewives exanlined by him in 1900 have 

For fuller account, see 
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Alosa sapidissima, Shad. 

NEMATODES. 
1. Ascaris sp. 

Immature; body slender, jaws prominent, apparently four teeth on upper lip; posterior end 
terminates in an acute conical point, roughened in most cases with minute spines; length, 12 mm. 
These specimens, from U. S. National Museum collection, were in ahad state of preservation when 
examined by ine; date of collection and locality not given. 

[Pl. XII, figs. 138,130.1 

Brevoortia tyrannus, Menhaden. 

Ii’00D. 

See Peck’s valuable contribution, The Sources of Marine Food, Bulletin U. 8. Fish Commission 
for 1895, pages 351-368. 

Thirty-two menhaden were examined in July and Auguht, 1899, on eight different occ‘wions. 
The character of food could be determined only by the use of the microscope, and ww invariably 
vegetable material, especially diatoms. Large nunibers of diatoms of inany kinds were found in the 
intestines of some young spccimens, 36 inm. in length, on July 28,1899; alr~o in an adult specimen 
on August 25, 1899. 

(wwoms. 
Cysts and blastocysts (,Synbothrium) on viscera. 
Larual (wtode~ (Scolez polymorphua Dujardin). Small. Free in intestine. 7, p. 277. ,Tuly 17, 24, 

7, p. 277. 

27, and Aug. 3, 1899. For account of similar forms, see 4, pp. 789-792. 

TREhfATODES. 

Distomum appendinlutum Rudolphi. 

Dktomum vitellosum Linton. 

7, p. 289, pl. XXXVI, figs. 25, 26. Ang. 3, 1899; a few in 

One specinien founil Jnly 27, 
intestine. 

1899. 
See 7, p. 290, pl. SXXVII, figs. 38, 39. 

See under Clupea l ~ a r r n p a ,  No. 6. 

Stolephorus brownii, A%-;prd Andrnay. 

I.oon. 

Fifty-two anchovies examined on seven occasions in 1899, from July 26 to Bug. 15. Iritcstines 
usually filled with copepods, but in a few cases immense number.q of univalvo inollrisks were found 
along with copepods. 

NEMAT0I)EY. 

1. Immature nemutode. July 26, 1899; 1. hug. 15, 1899; I. 

CICSTODES. 

2. La,ccm:ul cestodes (Scoler polynzorphua Dujardin). Small. Free in intestine. July 26, 1899, and Aug. 
For account of similar forms, see 4, pp. 789-792. 

3. A?/iyncholotltrium. Cyst on viscera. bug. 15,1899; 1. 
3, 1899; several. 

T1tEMATOI)IES. 

4. Dislomum appemiirtiZrrl?~rrc Rutlolphi. 

5. Distomum sp. [I’l. XXIX, figs. 319, 320.1 Aug. 12,1899. Slender; ininutely spinose. 
The life dimensions in millimeters are: Length, 1.71; diameter, anterior 0.09, greatest diameter 

(one-third of length from head) 0.26, at niiddle 0.21, near posterior end 0.11; diaincter of apterior 
sucker, 0.07; acetabulum, length 0.10, breadth 0.13; ova, 0.021 and 0.011 in the two principal diameters. 

A mounted specimen is decidedly fusiform, with greatest diameter near the initldle, at  the 
acetabulum. The neck is conical; the anterior sucker somewhat elongated; the pharynx globose, 
remote from oral sucker, and followed by a lilender esophagus, which is longer than the pharynx. 
The median and posterior parts of the body are filled with ora. Dimensions of mounted specimen 
in millimeters: Length, 1.16; oral sucker, length 0.07, thickness 0.045; diameter of aretabuluni 0.09; 
pharynx, length 0.034, thickncw 0.041; diameter of body, anterior 0.OG6. ut ac~etwbulum 0.345, near 

Jnly 31, 1899; 12. Aug. 3, 1899; few. ‘7, p. 289, pl. XXXVI, 
figs. 25, 26. 
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posterior end 0.069; ova, 0.021 and 0.010 in the two principal diameters. The entire body is covered 
with spines; those on the neck are sharp-pointed and triangular; on the body they are smaller and 
more slender; at the posterior end of the body they are minute. The cirrus is armed with comparatively 
coarse spines; cirrus pouch elongate. Vitellaria in mounted specimens appear to be two subglobular 
masses of coarsely polygonal granules, lying dorsal and a little posterior to the acetabulum; testes and 
ovary not distinctly shown in the specimens, but evidently all near the vitellaria. 

b 

Salmo salar, Salmon. 

NEMATODES. 

1. Immature nematodes (Ascaris). 
U. S. National Museum collection; Bucksport, Me., Mr. Atkins, collector. Two nematodes, 

evidently from capsules. Head with tliree lobes, body narrowing uniform1 y but slightly to each end ; 
tail with a ininute mucronate tip. Dimensions in niillinieters: Length, 20; diameter, maximuin 0.4, 
at anal aperture 0.14; distance of anal aperture from posterior end, 0.13; length of the other speci- 
men, 24; diameter, 0.6. Fig. 90, sketched from a specinien from Nuuslelus, would also answer for these 
forma. 

[PI. XI, fig. 131.1 

Salvelinus fontinalis, Brook ‘l’rout. 

NEMAToDJ~s. 
1. Cucullanus elegans Beder. 

Female-length, 18 mm. ; diameter, 0.45 mm. 
oblong-elliptical, 0.04 mIn. and 0.02 mm. in the two principd diameters. 
these worms was the strongly marked longitudinal striations. 

U. 8. National Museum collection; 5 collected by Dr. Robert I?. Morris; locality not given. 
Ova, 

A characteristic feature of 
Male-length, 15 mm. ; dianieter, 0.25 111111. 

Osmerus mordax, Smelt. 

NEMATODES. 
1. dseavis sp. Immature. 

Head with 
three rudimentary lobes; tail minutely mucronate. Dinlensions of one of the Iargwt in millimeters: 
Length, 41; diameter of head 0.3, middle 0.9, at anal aperture 0.23; tlistance of anal aperture from 
anterior end, 0.18. 

U. S. National Museum collection; 3 collected February 2, 1882; locality not given. 

Fig. 90, from Jfustelux, and fig. 131, from &brio, will also ahswer for thew forins. 

CEsTOIlW. 

2. Dibothriun~ ligula Donnadieu. 5 ,  p. 438. 

Fundulus heteroclitus, MummiclLog. 

Fool). 

The following fish from Wquoit Bay were examined in 1899: August 7;  26. Alimentary canals 
filled with green mud, consisting of a variety of vegetable dkbris, enormous iiuniberv of diatoms, and 
foraminifers in considerable number. Alimentary canals filled with vegebble inaterial 
(eelgrass, etc. ). A specimen from Kataina Bay, August 28, 1900, had shrimp and other small crusbceaiis 
in the alimentary tract. 

August 28; 22. 

NEMATOI)&Y. 

1. Cucullanus sp. 
Measurements in millimeters: Length of male, 5.6 (alcoholic), female 4.8 (life), latter with ova 

segmenting in uterus near genital opening. Dimc~isions of female, life: Length, 4.8; diameter, anterior 
0.11, middle 0.17, posterior a t  anal aperture 0.09; length of ccsophagus, 0.56; diameter of wsophagus, 
anterior 0.11, middle 0.07, near posterior 0.12, liarrowing to 0.07; distance froiii anterior end to nerve 
ring, 0.21; distance of anal aperture from posterior end, 0.19; ova, 0.075 aiid 0.048 ill the two principal 
diameters. 
2. Immature rumatodes (Ascaris). 

[Pl. XVII, figs. 207, 208.1 AUK. 28, 1899; a few small adults from intestine. 

Reproductive aperture 2 mm. from posterior end. 
Aug. 7, 1899; few. 
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CFSTOUES. 

3. Larvul cestodes (A”colex polymorphs Dujardin). Small. Free in intestine. Aug. 28, 1899. For 
account of similar forms, see 4, pp. 789-792. 

TIlEMATODEH. 

4. Didomum sp. [Pl. XXXII, fig. 354.1 dug. 7, 1899; 12. Aug. ”28, 1899; 4. Intextine. 
Body very minutely spinose, white, translncwit; ac*etabuluiii arid oral sucker about smne size; 

outline of body, long oval; neck, short, continuous with body; greatest. breadth in region of testes, near 
posterior end; ecaudate; acetiabulum sessile; raiiii of iiitestiiies simple, elongate; c~sopliagus as long ae 
pharynx; testes, two, in snediiin line behind uterus; seminal vesirle dorsal to ovary and posterior 
border of acetabulum; ovary between acetabuhiin and testes, on right side; pharynx, snl)globular; 
genital aperture in froiit of aretabuluin, on median line; vitelline glands lying at posterior eiitl and 
along sides of body as far as aoetabuluni; ova, few, relatively large. Dimensions of specimen iu 
formalin, given in inilliint~ters: Length, 2.72; breadth, anterior 0.43, st acetnbriluiri 0.89, middle 1.07, 
near posterior 0.36; diameter of oral sucker, 0.26; diameter of acetabulum, 0.29; diaineter of ovary, 
0.21; diameter of testas, 0 . 3  and 0.39; ova, 0.11 and 0.07 in tlic two principal diameters. 

5. Dixtornuin lor~aalum Riidolplii. 
Body unarmed, appentliculate; acetabulum larger than iiioutli, latter sribterininal ; caudal appendix 

elongate; cirrus minutely papillate. Dimensions in inillimeters, from sections: Oral sucker, length 0.22, 
thickness 0.19; diameter of pharynx, 0.13; diameter of acetabuluiri, 0.43; ova, 0.14 axid 0.007 in the 
two principal diameters. 

6. Diplostoin’u7n sp. Globular cysts in liver. Aug. 30, 1899; gecirneris from Kahrna. Diameter of 

Aug. 7, 1899; 2. Length, 8.5 mm. 

See 6, pp. 513-514, 1’1. X L I I ,  figs. 6-12. 

cysts in sections, 0.3 mm. [PI. xxwr, fig. 307.1 

Cyprinodon vaxiegatus, SIwrl Afinnou). 

I have no record of entozoa from this species. Wart-like tumors, caused by inyxosporidia 
A few have been seen by me in different seasons, 

Linton, U. S. Fish Commission Bulletin 
Gurley, IJ. R. F. C. 

(@y.coholus lintoni Gurley), are occasionally found. 
but no formal record of them has been kept. 
for 1889, pp. 99-102, pl. xxxv. 
Report for 1892, p. 238, pl. XXVII. 

7,  p. 277. 
Gurley, U. 8. F. C,. I3alletiir for 1891, p. 414. 

Tylosurus marinus,  Nmr-jxJL. 

Fish and shrimps. 
I~.OOI). 

ACANTIIOCRPRALA. 

1 .  Bchinorl~ynchus a@& Rudolphi. Aug. 11,1899; 4. Intestine. For acacount of this slrecies, see 2, 
p. 490, and 3, p. 534. 

(‘E+s’eoI)k;s. 

2. Larval cestodes (Scolczpolymorphus Ih j . ) .  Small. Free in intestine. Aug. 11,1$99; few. 7,p. 277. 

mmA’ror)i’:s. 

3. GnsteroxtomuirL sp. [PI. XXXIV, figs. 367-368.1 7 ,  pp. 277, 298, pl. X L I ,  fig. (31. Aug. 7, 1899; 11. 
I t  was noted 

that the body was armed with short, rod-like, deriduous spines. Dimensions of living specimen in  
millimeters: Length, 1.43; diameter, anterior 0.28, median 0.65, posterior 0.25; ova, 0.01 7 and 0.012 
in the two principal diameters. 

Thirty gars were exaniincd, arid this species found in considerable abuiidance. 

Tylosurus acus (7‘yZoxurux coribbaun) , Ifiound-j?xlr. 

Several 
specimens of a goose barnacle (C‘onchotEermu verydtc) were attached to the top of head behind the eyes. 
Where the barnacles were rooted, the skin was off ant1 the skull of the fish exposed. 

I have exairlined but one specimen of this gar--tdkrii in Buzzards Bay, July 27, 1886. 
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ACANTHOCEPIIALA. 

1. Echinwhynchw pristis Rudolphi. 3, pp. 530-531, pl. LVI, figs. 31-38. Var. tenuicornis. 3, pp. 
531-532, pl. LVI, figs. 39-41, and pl. LVII, figs. 42-53. 

NEMATODlL¶. 

2. Ascaris sp. Immature. Intestine. An immature female, 17 inin. long. Lateral alre for about 1 
Longi- 

1tesenil)les No. 1 under Jfiicrogudirs 
mm. back of head. 
tudinal muscle bundles strikingly prominent in acetic acid. 
ton L r o d . 

Postanal region somewhat elongate, fine spines at posterior tip. 

CESTOI)E~. 

3. Bibothrium rrstifornie Linton. Intestine. 
4. Rhynehobothrium .9pen'osum Linton. 

2, pp. 722-728, 1'1. I, figs. 1-16. 
Tarvrc encysted 011 viscera. 4, pj). 801-805, p1. LXS, figs. 4,5. 

TRlPMATOl )E% 

5. Distomum nitens Linton. 6, pp. 534-535, pl. 1.1, figs. 5,6, and pl. LII, fig. 1. 

Gasterosteus bispinosus, Two-qinrd Stickleback. 

T R & I  ATODW. 

.One small djstome waa obtained from the intestine of this species July .24, 1900. Ai sketch 
Unfortunately the specinieii was lost and 110 further details of its was made of i t  while it was living. 

anatomy than are shown in the sketch can be given. [Pl. XXXI,  fig. 350.1 

Apeltes quadracus, Four-spined Stickleback. 

I~OOI). 

I n  the summer of 1900 I examined a small number of this and also of tho nine-spined and 
Most of them had been in  the aquarium some time and the alimentary tracts two-spined stickleback. 

were empty. Four taken at  Wareharn, Aug. 2, had their intestines filled with copepods. 

Siphostoma fuscum, Pipe-fish. 

1~0001~. 

Small crustaceans found in alimentary canal of pipe-fid taken at  Wareharn, August 2, 1900. 

CIBTODES. 

1. Rhynchobotlm-iurn lieterospinc Linton. 

4, pl. L x i v ,  fig. 3. 
of hooks. 

A few cysts from a specimen taken in Katama Bay, August 28, 1900, resemble the forms figured in 
The larvre when liberated were found to agree with this species in the character 

Menidia notata, "Sivr.sitlr. 

F001). 

August 28, 1899; 26; small crustacea and vegetnble material. August 30, 1899; 23; annelids aud 
shrimp. July 17, 1900; 50; sehe, spines, and jaws of aiinclids (Arcreis), n few sinal1 (young) univalve 
mollusks, and small crustaceans. Enormous numbers of small (young) univalve 
mollusks (0.3 mm. and less in length), diatoms, and sand; small copepod parasites on gills, very 
numerous. 

1. Immature nmntodrs. 

July 27, 1900; 6. 

NEM ATODIFS. 

Aug. 30, 1899; 2. July 17 and 27, 1900; 1 and fragment. 

CESTODE8. 

2. XlLyncliobotlirium. Larvre encysted on viscera, Aug. 30, 1899. 
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TRPMATODEB. 

3. &tomum tomutum Rudolphi. [Pl. xxvm, fig. 310.1 Aug. 28, 1899; 30. Aug. 30, 1899; 10. July 
17, 1900; few. See No. 4, under Coryphmia hippurua. 

Maximum size: Length, 11 mni. ; diameter, 2 mm. 
The following dimensions in millimeters are from sections, longitudinal vertical: Diameter oral 

sucker 0.22, of pharynx 0.16, of acetabulum (maximum) 0.5, of ovary. (maximum) 0.46, of testes 
(maximum) 0.4; ova, 0.017 and 0.012 in the two principal diameters. These worms have a great 
variety of shape and color. In some the intestine is dark-brown arid quite conspicuous; uterus, with 
eggs, convoluted in middle portion of body, amber yellow; vas deferens slender, thread-like, convoluted, 
opaque white. As these distomes lay amid the washings from the alimentary canal of the silverside, 
which contained the claws and bits of the shells of shrimps, annelids, and black and white strips of 
the peritoneum of their host, they were rather difficult to distinguish from their surroundings. 
4. Diatomum sp. Small, short, fusiform. [PI. XXXII, figs. 357, 358.1 Aug. 28, 1899; (i. Aiig. 30, 

1899; 2. 
Resembling D. bolkryophoron Olsson, but with more slender neck and distinct mophagus. . 

5. Ihtomurn walde-injlalum Stossich. In globular cysts, in the liver (July 17, 1900) , and in fat mmses 
These have spines around the mouth and smaller spines in the body cavity (Aug. 30, 1899). 

on neck. See 6, pp. 527-528, pl. XLVII, figs. 10, 11, and 1’1. xr,viIi, figs. 1, 2. 

Mugil cephalus, .Jumping Jfullet. 

YO0 1). 

August 28, 1899; 21, small, 90 mm. to 100 mm. long. July 28, 1900; 12, small. Fish in both 
cases from Waquoit Bay. Alimentary tracts filled with green mud, which contained large numbers of 
diatoms, green a l p ,  an ocmrional copepod, and muchquartx sand, in minute angular graintr No entozoa 
were found. 

Sphyrsena borealis, Burracutla. 

BOOD. 

August 8 and 15, 1899: 8, small; remains of young fish in alimentary canal. July 27, 1900; 2, 
small; intestines filled with immense numbers of young univalvcs, 0.15 mni. to 0.3 mm. in diameter. 
Specimens from Katalna. No entozoa found. 

Scomber scombrus, Jfictclmxl. 

FOOI). 

The only food notes I have are for young fish. August 2, 1899; remains of s*nall fish. Allgust 8 
and 12, 1899; small crustaceans. July 9, 1900; small sqnirl aiid copepods. 

NEXIATODER. 

1. Aacaria. 
Immature, probably A.  clawata Itudolphi; collected by Mr. 8. 15. Meek, Fulton Market, New 

York, from the stomach of a mackerel, Aug. 30, 1886. Length, 10 min.; lateral al:e very prominent. 
Probably young of A. cluvatcz, but postanal region more elongate than usual in that species. On 
May 3 and 8, 1899, I receivcd from Dr. I€. M. Smith about 80 speciinctns of ncinatodes (ilscuria sp.) 
taken from mackerels from thc New Jersey coast-the sinallest specimen about 10 Inm., the others 15 
min. to 20 mm. in length. One only is adult-a female 40 min. in length. One inale was noted with 
a curved spiculum, which had a strong, opaque costa and a rathcr broad, transparent blade. Many of 
the smaller specimens are of the type described under tlie names Agamonema ctpsultsricc and Ascaris 
cay,su/urin [figs. 181, 1821 ; others are undoubtedly wcarids. All are probably immature ascarids. 
Other immature nematodes from tlie peritoneum have been collected from the mackerel, July 24, 
1889, and Aug. 12, 1899. Specimens collected by Mr. Meek, Aug. and Nov., 1886, were probably all 
young ascarids, although the characteristic jaws of that genus have not yet developed. The longest of 
these measured 28 min. It agrees closely with Leidy’s description of A g c ~ m o n e r ~ i a p u p i Z / ~ ~ ~ u ~  Diesing. 

[PI. VIII, figs. 73,74, aud pl. HIV, figs. 181, 182.1 
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CESTODES. 

2. Iarval cestodes (,Scolez polyniorplius Dujardin). Small. Free in  intestine. Aug. 2 and 3, 1899; 

3. Dibothrizinz sp. July 9, 1900; a young specimen with about a dozen 
Also a flask-shaped larva 

July 9, 1900; numerons. 

segments, very active; resembles Dibotltriuita punctatum (2, p. 731). 
2 mm. in length when at rest, but capable of stretching to much greater length. 

For account of similar forms, see 4, pp. 789-792. 
Young and larva. Intestines. 

4. Xhyiacliobotlaium inipwispiiic Linton. Encysted. 4, p. 800. 
5. Riiynchobotlirium speciosuin Linton. Encysted. 4, p. 802. 
6. Rhyncliobotlrium bulbifer Linton. [PI. SXI, fig. 244.1 Aug. 2, 1899. Jhcysted in muscles of back. 

TREMATODER. 

7. DGtomum vitel~osum Linton. 

dates given. 
characterized briefly. 
example, to three times that length or more. 
translucent bluish-white. 
I n  dei th  the worms are cylindricd, acetabulum prominent, neck sometinies reflexed. 
applies to those dfstonies which in this paper are referred to this species. 
appearance of the vitellaria iu not evident in the living specimens. 

8. Disfonmnt rippentliculatum Itudolphi. 

See Y, p. 290, pl. XXXVII, figs. 38, 39. Aug. 2, 1899; July 9, 1900. 
A few small distomes which agree with this species in  essential characters were seen on the two 

These were very actire and assumed such a great variety of shapes that they can not be 
'Nitliin the space of a second or two the length may change from 0.7 mm., for 

The vitellaria are opaque dead-white, other portions 
Ova, few. ra t l ic~  large, dimensions tlie saine as those given for D. vitellosuiti. 

This remark 
The characteristic subangular 

7 ,  1). 28'3, pl. XXSVI, 

These appendiculate distoincs agree exactly with those from tlie flounder, wliich were referred 

I 

h u g .  2, 1899; few. Aug. 32, 1899; 30. 
figs. 25, 26. 

with much heuitation to D. uppendiciilntuni. 

Gymnosarda pelamys, Ocean B o d t o .  

1. 13.istomum b v c  Vcrrill. Gills. 0, p. 509, p1. xi,, figs. 7, 8. 

Thunnus thynnus, IIorse Mttckerel. 

w o n  

On July 16 the 
head (weight, 184 poiintls) and viscwa of a spehrien, taken in a fish trap tit Menenislin Biglit, on 
the 14th were brought to Woods IIole.. Tlic only indication of the character of the food was the jaw 
of a squid in the intestine. 

I had no opportnnity to exanline this fish for parasites until tlie siniinier of 1900. 

The only entozoa were two distomcs in the RtoniacIi. 

TILI3M A'IVIIES. 
1. I&toinuin cdtrvcttu~n Rndolphi. 

5 mm. in the corresponding dimensions. 
Larger specimen 17 nnii. long a i d  7 111111. ill greatest dianicter. The sintiller was 15 min. and 

See 0 ,  pp. 539-540, 111. 1,111, figs. 8-11. 

Sarda sarda, BOn&. 

BOOD. 

The stomachs of bonitos which I have examined have usnrtlly been cnipty, but occasionally I 
have found fragnients of fish and squid in  tlie alimentary canal. See also Y, pp. 277-278. 

NBnt ATODES. 
1. Ascaris up. [PI. V, figs. 37-40.] 

Eight in stomach of one fish July 15, 1899. Length of male, 25 mni.; of female, 40 mm. Anal 
On each Hide there are 5 sindl postanal papilltc mid 10 sinall preceded 

The cuticle was 
papillm much as in A.  l d m t r .  
by at least 20 larger preanal papillzc. The jaws are prominent and two-toothed. 
imperfect in most of the specimens, as if it  had been attacked by the digestive fluids. 
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2. Immature nematodes (Aacaris) . 
U. S. National Museum collection; U. S. Fish Commission, 1883. 

Length, 12 mm.; diameter, 0.26 mm. 
The label reads: “Side of 

An Ichthyonema, possibly more than one, in a tangled mass 

bonito, external.” Posterior end acute, but truncate at  tip. 

3. Ichthyonema sp. July 25, 1899. 
beneath the skin in gill cavity; flat and ribbon-like, with eggs, but no young in uterus. 

CESTODES. 

4. Larval cestode, on pyloric mca. Also see 4, p. 789, pl. LXI, 

5. Larval ccslodes (Scolez polym\orphus Dujardin) . Small. Free in intestine. Aug. 10,1899; few. For 

6. Rhyncliobothrium. 
7. Tetrarhynchus bicolor Bartels. 
8. Tetrarhynchus. Encysted in stomach wall. 7, p. 278. 

7, pp. 278, 300, pl. XLII, fig. 100. 
figs. 2, 3. 

account of these forms see 4, pp. 789-792. 
I n  cysts of stomach wall. 4, p. 795. 

See 4, pp. 813-815. 
July 31 and Aug. 9, 1899. 

7, p. 277. 

TREMATODES. 

9. Distomum vitellosum Linton. Intestine. See 7, p. 290, pl. XXXVII, figs. 38, 39. Aug. 23, 1900. 
10. Gasteroslomum arcuatum Linton. 7, pp. 277-278, 297-298, pl. XLI, figs. 85-90. July 15, 1899; 

Aug. 19, 

These occur most commonly in the pylorus, but were found in the stomach, pyloric cma, and 

[Pl. XXVII, figs. 296-298.1 Aug. 7, 1900; l,, from mouth. 

Dimensions in millimeters, specimen somewliat flattened: Length, 7.5; breadth of body, middle 
2, posterior 1.9, neck 0.55; length of neck, 0.94, the anterior tip tapering to 0.15 in a distance of 0.3; 
each of the six sucking disks 0.46 and 0.36 in the two principal diameters. 

from four hosts, 18; from five hosk, 22. 
1899; 5. 

Aug. 10, 1899; from three hosts, Geveral. 
July 30, 1900; 36 from three fish. 

intestine. 

11. I~ezacotyle thynni De la Roche (9). 

In  one instance both young and adult were found together in the intestine. 

Collected by Mr. R. P. Cowlee. 

Scomberomorus maculatue, ,Spanis?k Mackerel. 

irooD. 

The stomachs of all the specimens which I have examined have been empty. The food habits 
are doubtless the same as those of the nearly related S. cavalla. 

NEMATODES. 

1. Ascaris incurm Rudolphi (?) . 
Dimensions in millimeters: Length, 23; diameter, 1.75; 

diameter a t  anal aperture, 0.16; dirrtance from anal aperture to posterior tip, 0.65. 

2. Ascaris clavctta Itudolphi. Immature. From stomach. Collected by S. IC. Meek, Fulton Market, 

The bodies are rather thick, tapedng somewhat quickly at anterior end, less so at posterior. 
One ala terminates on upper lip, the other on the left lower lip. In the larger specimen the vulva waa 
situated 14 mm. from the anterior end. 

3. Immature nematode. Encapsuled on viscera. Aug. 13,1889; fragment. Dimensions in millimeters: 
Length, 10; greatest diameter, 0.4; diameter at  anal aperture, 0.13; distance of anal aperture 
from posterior tip, 0.45. [Pl. XIV, 

fig. 172.1 
4. Ichthyoncma glohiceps Rudolphi. From ovary. Collected by S. E. Meek, Oct., 1886. Fish from 

New Jersey coast. 
They are imma- 

These repraent two specimens. 

Fragment, from intestine. July 30, 1900. 
A female with ova developing in uterus. 

New York, Aug. 30, 1886. Length of longest specimen, 40 mm. 

Body crossed by fine lines, making sharply serrate outline. 

The specimens were first seen by me after they had been preserved in alcohol. 
ture. 
The diameter is uniform throughout and is about 0.18 mm. 

The aggregate length of the fragments in the vial is 120 mm. 
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CESTODES. 

5. Synbothriumfilicolle Linton. Cysts on viscera. 4, p. 815. 
6. Rhynchobothrium bulbifer Linton. Cysts on viscera. July 21,,1900. See 4, p. 793. 
7. Rhynchobothrium speciosum Linton. Cysts 011 viscera. July 30, 1900. See 4, pp. 801-805. 

TRENATODES. 

8. Gasterostomum sp. Intestine. [Pl. XXXIV, figs. 369-372.1 July 21 and 30 and Aug. 13, 1900; 12 
, hosts in all. 
This is probably a new species near G. arcuatum.‘ Neck and body crossed by fine transverse 

striae, which under high magnification are resolved into transverse rows of exceedingly fine, short, 
bristle-like spines. Dimensions in millimeters: Length, 2.1; diameter, anterior 0.2, maximum diameter, 
at about 1 4  mni. from anterior end, 0.31; anterior sucker, length 0.14; breadth of acetabulum 0.29, 
length 0.26; ova, 0.017 and 0.014 in the two principal diameters. In one of the specimens there were 
ova of two kinds. The smaller had thick shells with dimensions as given above. These were most 
abundant. In addition to these there were a considerable number of larger oval eggs with thinner 
shells in the uterus just back of the acetabulum. The dimensions of these in life were 0.028 and 0.024 
in the two principal diameters. In the preserved specimens the contrast between these ova is not so 
great as in life. The vitellaria are ae in G. arcuatum, viz, 16 on each side in two lateral clusters in front 
of the acetabulum. Two sets of comparatively coarse diagoiial fibers crosdng each other (fig. 370) 
constitute a conspicuous feature of the body wall in the neck of a stained specimen. 

9. Dislorrzum (KoZlikeria) sp. Cysts in intestinal wall. Aug. 13, 1900. [Pl. XXXIV, fig. 3 G G . )  ‘ 

contained degenerate connective tissue. 
ova. 
diameter of neck (?), 0.13; ova, 0.015 and 0.01 in the two principal diameters. 
intermingled. 

Only a few of these cysts were collected, it being supposed from their appearanre that they 
All but one consisted of but little more than a mass of ainall 

IXmensions in millimeters: Longer diameter of reniforni inass 1.74, shorter diameter 1.09; 
Color, yellow and white 

Scomberomorus cavalla, Cero. 

FOOJ). 

Boiies of fish, pen and ot,lic?r parts of squid in stomach. Stomach usually cmpty. 

CIwl’oDI1:s. 
1. r~/nbothri~tm,~ZicolZe ldnton. 4, p. 818. 

Scomberomorus regalis (Cgbiuin regale), King;fidi, Gem. 
POOD. 

Fragments of sinall fish in ~tomach. 

All from cyst6 on viscera. 
1. IZk~nclioboll~ri~~nl sp. 4, p. 794. Ang. 18, 1899. 
2. Telrarliyncliuu sp. 4, p. 808. 
3. &nbollmiirilii~z jilicoZle 1,inton: 4, pp. 811-818. Bug. 18, 1899. 

111 most Cases the stomach was cnipty. 
CICST0I)BM. 

Tetrapterus imperator (I/’ckapterus albidus), A‘prar-filfish. 

NIMATODPS. 
1. Ascaris incurva Rudolplii. 

Label: “From rectum of Tctraptcrq Penikese, B. G. Wilder; 
August 5.” There are twenty-four specimens in the lot, the largest 88 nim. in length and 3 rnm. in 
greatest diameter; diameter of head, 0.4 mm. Nematodes, probably of this species, were obtained 
from the intestine of a spear-fish at Woods Hole, August 8, 1885, and turned over to B. F. Koons, 
Mansfiald, Conn. 

U. S. National Musenin collection. 

CESTODES. 

2. DibotILrium manubriforme Linton. Intestine. 1, pp. 456-458, pl. I, figs. 1-4. 2, pp. 728-731. 5,  p. 429. 
3. Tetrarhynclius ( 1 ) .  Cysts on intestine. 4, p. 809. 
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Istiophorus nigricans (Histiophorus gladius), Sail-fish. 

CESTODES. 

1. Dibothrium manubri,forme Linton. See under Tetrapterus imperalor, No. 2. 

Xiphias gladius, Sword-#&. 

Fish and squid. 
Foon. 

NEMATODES. 

1. Ascaris incurva Rudolphi. Stomach. [Pl. IV, figs. 29-32.] 
U. S. National Museum collection; Casco Bay, Me., 1873. United States Fish Commission steamer 

AZbatross, near station 2091,1883. Woods Hole, Mass., July 25,1885. Numerous specimens in each lot. 
In the last lot one of the females measures 93 mm. in length; the genital aperture is 30 mm. from the 
anterior end. Some small specimens, 12 mm. in length, are the young of this species. The following 
note was made at the time of collecting: One of the largest measured 267 mm. in length and 3 mm. 
in diameter. Some of the worms were of a greenish color; smaller ones, with a red-brown stripe; very 
small ones, hair-brown; two or three, quite dark brown. 

CIBITODES. 

2., Dibolhrium plicnlum Rud. Intestine. 2, pp. 746-750, pl. 111, figs. 1-6. 5, pp. 430-431. Y, p. 278. 
3. RlLyncliobollwiun~ uttmualunz Rudolphi. Peritoneum. 4, pp. 505-806, pl. LXV, figs. 8-11. 7, p. 278. 
4. Tetrarhynchus bicolor Bartels. Peritoneum and mesentery. 4, pp. 813-815, PI. IXVIII, figs. 1-6. 

TRENATODFS. 

5. Distomum coccincum Cuvier. Gills. 6, pp. 509-510, pl. XL, fig. 9. 7, p. 278. 
6. Distomum clavutum Rudolphi. Stomach. 6, pp. 539-540, pl. LIII, figs. 8-11. 

COI‘IEPODB. 

7. Philichthys xiphiz Steenstrup. 
Six specimens of thi8 parasite were found by Mr. C. F. Silvester in the frontal siiiuses of a sword- 

fish head which he was dissecting. These were females, with egg cases along the sides, held in place 
between the dorsal and ventral rows of lateral outgrowths of the body, and ranging in length from 
14.5 to 27 mni. General color white, becoiiling a very faint d m o n  on swollen lobes toward anterior 
end; body along median line slightly darkened by intestine showing through. Egg masses dark 
olive. Dimensions of largest specimen in niillime~rs: Length, 27; breadth of body at anterior lobes, 
8; at middle, 3; at middle including outgrowths, 10.5. 

July 19, 1900. 

Naucrates ductor, J’ilot-jish. 

But one specimen examined; no entozoa found. 7, p. 278. 

Seriola zonata, Pilot-Jish. 

FOOD. 

Stomach contents of specimen examined August 16,1889, half digested fish, probably butter-fish. 

NEMATODES. 

1. Ascuris incuruu Rudolphi. Stomach. 
Dimensions of one in millininters: Length, 22; ,diameter 

of head 0.19, 1 mm. back of head 0.28, maximum 0.9, 1 mm. from posterior end 0.36, a t  anal aperture 
0.17; length of head, 0.12; distance from anal aperture to posterior tip, 0.36; distance of reproductive 
aperture from anterior end, 5.5. 

2. Telrarhynchua bisulcalus Linton. 

’ Two females, collected August 16, 1889. 

CFATODEB. 

Encysted, stomach wall. 4, pp. 810-811, pl. LXVI, figs. 11-16. 
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Decapterus macarellus, Hackerel Scad. 

K001). 

Only young specimens, 5 inches and under, have been examined. Copepods found in alimentary 
canals of most of them; annelids were found in one lot along with copepods; about 200 fish examined 
in July and August, 1899 and 1900. 

1 .  Cestode larva. Intestines. [Pl. xx, fig. 228, n-e.] 

remarkable manner, and its length from 7 to 4 mm. 

2. Larval cestodes (Scolex poIymorp1ius Dujardin). Small. Free in intestine. See 4, pp. 789-792. 

in specimens collected September 1, 1900. 

3. Rhynchobothrium (7). 
4. Tctrarhynchua 1nhlcufu.u Idnton. Cyst on viscera. [Pl. XXI, fig. 243.1 

rather more slender. 
bristle-like spines. 
uniformly distributed in tlie parenchyma; largest 0.024 mm. in principal diameter. 
proboscis, including hooks, 0.06 mm.; without hooks, 0.034 mm. 

CESTODES. 

Sljaped something like a spool, with flaring sliarp-edged flanges, but changing its shape in a 
September 1, 1900. 

Found in  eight out of nine lots examined. Two red spots in neck and a single costa on the bothria 

Immature larvac in  cysts on viscera. July 31, 1899. 

A single scolex, rollected August 18, 1900, resembles this species, except that the liooks are 
Tlie borders of the  bothria were provided with a band of very minute, dense, 

Calcareous bodies unusually abundant, mostly oblong-elliptical in outline and 
Diameter of 

Length of hooks, 0.024 mm. 

TS&DIATODICB. 

5. I)iBlO)ll%C?/% ~~ppe)zdiculrc~um ltudolplii. Intestine. [Pl. xxwii, figs. 312-314.1 See 7, p. 289, 1'1. 

Tliese distoines were very avtive, and when stretched to their extreme length 'became almost 
filiform, except in the vicinity of the suclrers. As these worms contract very much when they are placed 
in the killing fluid, unless kept compressed, but little idea of their appearance in life can be gained froin 
a study of alcoholic speciinens. One of these distomes taken August 22, 1900, revealed a structure 
of the vitellaria, which suggested D. monticellii. I t  was one of the smaller distonies of the lot and 
differed in general appearanre from the larger principally in the absence of ova (see figs. 313 and 314). 
Tlie dimensions of the ova in these distonies differ from those which I lit~ve recorded for I). trppeizdi- 
cctlntum in my report for 1898 [7 ,  p. 2891. I)iriiensions in millinieters, life: Length 2.47; diameter of 
oral sucker 0.15, of ventral 0.35; ova, 0.014 and 0.01 in the two principal diameters. 

6. Distornunh rrittellosvin Linton. 
Two distoines on former date and one 011 latter, with prominent acetabula, belong to the species 

referred to in this paper under this specific nan~e. The one taken August 29 was compared with 
specimens from a young blue-lish taken on tlie mu11e day, while the wor~ns were alive, and found to 
agree specifically. 

Trachurops crumenophthalmus, Big-eyed Scad 

XXXVI, figs. 25, 26. July 31 and Aug. 2, 1899. Aug. 18 and 22, 1900; fcw. 

See 7, p. 2!)0. Aug. 2,  1899; Aug. 29, 1900. 

F0011. 

Two small specimens examined August 15, 1899, had in the alimentary tracts the jaws, spines, 
and other fragments of annelids. 

1. Immature (Bsctcricr). Encapsuled. 
NERIA'l'OIlI3H. 

THBMATODEs. 

2. Distomum appedcu la tum ltudolplii. 
This is a small specimen. 

belong to the species recorded in  this paper as D. appeiidiculutum. 

See 7, 11. 289, 111. XXXVI, figs. 25, 26. 
Length, in alcohol, 0.65 nun.; diameter, 0.26 nim. It appears to 

%", C. B. 1899-29 
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Caranx C T ~ O S ,  Yellow CrcvalI2. 

FOOD. 

Aug. 28, 1900; 13 young examined. Shrimps very abundant in alimentary canal. 

CESTODES. 

1. Elhynchohothriuni. Cysts, peritoneum. 4, 13. 794, pl. LXII ,  figs. 13-15. 

Vomer setipinnis, Dollar-JJh. 

Examined only on one occasion, August 5, 1887. No entoxoa found. 

Pomatomus saltatrix, Blue-fish. 

FOOD. 

Stomachs of adult with fish (hake, herring, scup, cunner) and squid. Smaller individuals had 
in their alimentary canals small fish, as a rule, but shrimp and amphipods were also found. 

ACANTIIOCEPIIALA. 

I .  I~cl~inorl~~jnclius proteus Westrunib. 1,  pp. 496497, pl. VI, figs. 3-5. 3, pp. 537-538, pl. LX, figs. 
In  intestine, usually with the head 85-88. 

perforating the intestinal walls. 
Aug. 15, 1899; July 21, 23, 1900; Aug. 13, 1900. 

2. Bchinorhynclius inc~7.assafus Molin. Peritoneum. 
3. Echinorhynchus sugittger Linton. Peritoneum. I, pp. 493-496, p1. VI, figY. 1,2.  3, pp. 535-536. 

3, pp. 533-534, pl. LVIII, figs. 54-69a. 

NEMATODES. 

4. Immature nematodes. Encapsuled on viscera. 7, p. 278. Aug. 15, 1899; July 21, 23, 1900; Aug. 13, 

Found also on many occasions in previous years encapriuled on the viscera. A co~ninon forni'is 
identical with that from the squeteague (fig. 107); length of one, 10.5 mm. Another common form 
is larger (18 mm. to 28 mm. ). I n  the larger specimens the characteristic liead of ilscctria may be made 
out through the investing membrane. The posterior end in  this form is bluntly rounded with a sharp 
mucronate tip. A small specimen, 9 mm. in length, differed from the foregoing b y  having the postanal 
region roughened as shown in fig. 120, from &wotornus. 

One lot from the outer coats of the stomach, collected by S. E. Meek, Fulton Market, New York, 
October, 1886, represent a more advanced stage of development than the foregoing. (See figs. 100-104.) 
The body is thickest anteriorly and is covered with a thin embryonic investment. Tlie large intestine 
ends abruptly in a short and comparatively narrow rectum, with a top-shaped anal gland on the left 
side and another 011 the dorsal side, both near the termination of the intestine proper (fig. 104). 
Dimensions of one in millimetern: Length, 20; diameter of head 0.14, 2 mm. back of head 0.34 
maximum0.34, 2 mm. from posterior end 0.24, at anal aperture 0.16; distance of anal aperture from 
posterior end, 0.26; length of cesophagus, 2.6. 

1900. [PI. x, figs. 100-106.1 

5. Icldhyoncma globiccps Rudolphi. Ovaries. [P I .  XVIII, figs. 211-215.1 August, 1884. 
Dimensions of alcoholic specimen in millimeters: Length, 150; diameter of globular anterior 

extremity of msophagus 0.15, of Esophagus behind anterior end from 0.07 to 0.09, of intestine iiear 
0esophab.u~ 0.04; length of icsophagus, 1; diameter of body (maximum), 1; diameter one-half mil& 
meter from posterior end, 0.5; length of embryos from 0.2 to 0.36; greatest diameter of embryos 
0.014. The color of the alcoholic specimen is yellowish white, witl; the intestine showing as a 
relatively broad, dark-brown stripe. The intestinal walk have an abundant deposit of pigment and 
are traversed by transparent anastomosing lines, which produce an effect which resembles the venation 
of a leaf. The embryos, which are in myriads, appear to have escaped into the body cavity by rupture 
of the uterus. They are blunt at one end and exceedingly slender, even flagellate, at the other. 
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CESTODES. 

6. Dibotlirium c~assiceps Rudolplii. 
July 21, 1900; 36,scolices obtained from one fish. The longest of the strobiles, none of which 

(See No. 3, arc mature, was 40 inm. 
under Merluccius bilinearis. ) 

Scolex nearly globular; when at rest broader than long in some. 
[J'l. SVII, figs. 142-144.1 

7. Rlyncliobotlirium hulb(fir Linton. Cysts on viscera. 4, p. 793. Aug. 3, 7900. 
8. Rli?/nclrohotliriu?~~ speciouun~ Linton. 

9. Yl/rarliynchus hisulcatus Linton. 

Cysts on viscera. 4, pp. 801-805, pl. LXIV, figs. 13-14, and 
pl. LSV, figs. 1-7. 7, 1). 278. .July 21, 33, 1900; A u ~ .  13, 1900. 

Usually present in great abuntlance in cysts in the stomach wall; best seen by separating the 
1, p. 486 mnsc~ilar coats from the submucosa, when the cysts will lie seen lying in the submucosa. 

(12. bisulratua) . See also 4, pi). 810-811. 7, p. 278. July 21, 23, 1900; Aug. 7 ,  1900. 

10. Telrarhynchus crinnceus Eeneden. Cysts on viscera. See 4, pp. 811-872, pl. IXVII, fig3. 7-8. Bug. 
73, 1900. 

11. Otobothriuni clipsncurn Jdutori. 
12. SynbotlmiunL jilicollf, Linton. Cysts on viscera. 4, p. 818. 7, p. 278. July 21, 23, 1900; Aug. 

I n  specimen examined Aug. 1 several large cysts were found ou spleen, pyloric ewa, and ihtestine, 
and one in submucosa of stomach. 

13. Iktriiul cmtotlc,s (ScoZex po1ymory1~uqs nujardin). Small, frce in intestines. See 4, pp. 789-792. Bug.  

4, pp. 80Cj807, pl. LXVI,  figs. 1-5. 

1, 1 3 ,  1'300. 

Cysts with degenerate contenis. July 23, Aug. 11, 1900. 

26, 1899; July 21, 1900. 
TREhl ATO1)lLS. 

14. ni,s/omtcn/ ?non/ice/lii Linton. Intestine. See 6, pp. 518630, gl. XLIV, figs. 2-8. July 27, Aug. 
11, 14, 1899; 70 in all. 

15. D~R~OVLUVL SP. [E". XSXI, figs. 341-344.1 
Bricf mention is hero made of a few m a l l  distomes found on tho  following dates: August 14,1$, 

26, 1899; August 18, 1900. They arc characterifled by being covered with low, flat spines as in I). 
denlutum, mouth unarmed, suckers of about equal size, and cxsophagns longer than pharynx. The 
body is white, depressed, usually oval, but elongated forms also seen, both fo rm occurring in same 
lot. Similar forms were found in the flounder (fig. 345) and scup (fig. 346) ; spineless distomes agreeing 
in other respecb with these were seen in the flounder (fig. 352), and in the butter-fish (fig. 353) ; a 
related form from the murnniichog is shown in fig. 354. 

16. Distonluin uilcllosum l h t o n .  Aug. 

I here record examples from the blue-fish of a species of ilistome found in a number of hosts which 
I have entered in my iiotes as small, c+ylindrical, with prominent acetabulum. J n  many cases, where 
tap water was used for washing out the contents of the alimentary canal, tlistomes were found which 
had been killed by contact with the fresh water. Under such conditions the distome assumed a 
characteristic position in which the neck was reflected nearly a t  right angles to the body. I n  sea water 
or in salt solution the worm reinailis active and is then seen to be of very varying form. The species 
is near D. simplex. 

li. Microcot& sp. From gill filaments. [PI. XXVII, figs. 299-306.1 
Prof. C. R. Wilson, while collecting parasitic copepods from the gills of a large blue-fish, September 

3, 1900, called my attention to some trematode worms. These belong to the genus Aficrocot!ylr. 
They are slender, thin, and strap-like worms, attenuate both ariteriorly and posteriorly. They attach 
themselves to the gills by the posterior part of the body, which, for a third of its length, is provided 
with a great number of minute suckers. The w o r m  were very active with the body proper, although 
remaining firnily attached to the gill filaments, in which position they were killed. They were 
transparent, bluish white, the vitellaria inarginal and dark brown. They were collected just as I was 
about to leave Woods Hole, so that but little time was available for the study of the living worms. 

[PI. xxx, figs. 337-339.1 See 7 ,  p. 290, pl. XSXVII, figs. 38,39. 
26, 1899; July 21, 1900; Aug. 18, 25, 29, 1900. 

See remarks under No. 6 of ilfkroqadus. 
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Dimensions of a specimen in  glycerine, measurements in  millimeters: Length of body proper 
4, of posterior sucker-bearing portion 4; diameter of body, maximum 1.5, of posterior sucker-bearing 
portion 0.57 near body and 0.37 near tip; diameter of single posterior sucker, 0.065; diarneter of anterior 
end through suckers, 0.25; anterior suckers, two in  number, 0.11 in length, 0.10 in  breadth; pharynx, 
seen only in  dorsal view, adjacent to suckers, length 0.07, breadth 0.05; length of ovum exclusive of 
filaments, 0.21. Length of body in  another specimen, 7; maximum diameter, 1.5; length of posterior 
sucker-bearing portion, 4. The number of posterior suckers is about 90 in  each row, or 180 in all. 

Rachycent ron  canadus, Cobia, fiab-eatrr. 

FOOD. 

A specimen taken in Buzzards Bay, July 15, 1899, was kept in a large pool at the Fish Commis- 
sion laboratory until August 31, when it w m  examined for. parasites. The stomach contained large 
numbers of bones, mostly vertebra: of fish (squeteague, etc.) from which the flesh had been entirely 
digested. 

NEMATODES. 

1. Ascaris inquies, sp. nov. 
The stomach contained a large number of nematodes, which were very active and remained active 

for several hours in sea water. Indeed, they showed no tendency to come to rest a t  the time they 
were put in the killing fluid. While these worms have not yet been worked up, the following brief 
characterization may be given in  this preliminary report. 
was dark ashy brown; head and anterior part of the body to the base of the tmophagus white. Jaws 
prominent, heat1 wider than neck, whicli is sharply serrated, being crossed by fine transverse lines 
a t  regular intervals. Thc preanal papilliE appear to IN about 24 011 e2icli 
Bide, the posterior 10 of these small; postanal papilla? not seen distinctly, probably 4, very sniall. 
The followiiig measurements of a female in acetic acid are give11 in millimeters: Lengtli, 40; length 
of (mophagus, 2.47; length of liead 0.16, breadth 0.29; diameter of neck at head, 0.16; niasiiiium 
diameter of body near posterier end, 0.8; diameter 1 inm. from 1)osterior end, 0.44; diameter a t  anus, 
0.44; distance of anus from posterior tip, 0.51; distance between strix, on neck, 0.024. 

[Pl. VI, figs. 46-40.] 

The general color of the body in life ’ 

Posterior end acuminate. 

Coryphtlsna hippurus, Dolphin. 

The specimens whicli were bronglit into the laboratory had been eviscerated‘m that. only cestodes 
The nematodes mentioned herc are from the U. 8. National encysted on the peritoneum were seen. 

Museum collection. 
Nldhf ATODES. 

1. Ascaris inc~esccns Molin. Stoniacli. Collected June 24, 1887. [I’l. VIII, figs. 6244.1 
Dimensions of one of tlie largwt in millimeters: Length, 43; diameter of head 0.17, 2 mm. back 

of head 0.24, middlc 0.7, a t  anal aperture 0.28; distance from anal aperture to posterior tip, 0.34; length 
of male spicules, 3. These specimens are referred to 
this species provisionally. 

Tip of tail of oiie mucronate with short spines. 

CESl~oDYs. 

2. Rli~ncl~obothriutn ~ p .  
From large blastoryst 30 niin. in length, 5 mm. in diameter at anterior end, 

hpering to point a t  posterior end. The hooks of this 
epecimen were not wen, but the general appearance of the larva, as well as of its blastocyst, is ~rlucli 
like that of 12. qecioa-urn. 

3. Tetrtcrhynclius lvicolor Bartels. 4, pp. 813-815, pl. LXVIII, figs. 1-6. 

ysts with network of capillaries on exterior, when opened, liberated an active larva. 

[PI.  XXI,  figs. 239,240.1 
August 23, 1899. 

The larva measured 15 mm. i n  Iengtli. 

Also found both free and encysted on peritoneum of two dolphins, Aug. 23, 1899. Pedunculated 

TllEM ATODES. 

4. Distomum tomaturn Itudolphi. 6, pp. 513,514, pl. XLII, figs. 6-12. See No. 3 under lllenidia notata. 
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Palinurichthys perciformis, Rudil~~r~fisl i .  

rpoon. 

Squid, small crustaceans, uiiivalve mollusks. (7, p. 279.) Salpa and a slrntler green alga found 
in the alimentary tracts of two fish froin Menemsha, September 7, 1900. 

ACANTlIOCEPIIALA. 

1. ~~~ltiiiorh?/itrliccs pyislis  Rudolphi. Intestine. (Variety lenuic-omis.) 3, pp. 531-532, 1’1. LVI, figs. 
3 0 4 1 ,  a11d 111. LVII ,  figs. 42-53. 7, 1). 279. 

CERTODES. 

2. Lurvul ccatodm (Scoles polporplius Dujrtrdiii) . Free iu  alimentary tract. 4, pp. 780-792, pl. LM, 

figs. 1-15. Y, 11. 279. Found also Sept. 1,  1900. 

T I ~ l C M A l ~ ~ l ? l 3 ~ .  

3. Dbtovzum py~(foo~1nc Linton. Intestine. 7, pp. 279, 292-293, 111. XXXVIII,  figs. 52-59. Found Sept. 

Rhombus triacanthus (Slronicct~ us I 1 4 c  C ~ I V  I h  ua ) , /Mlc+jkl/ . 
1, 1900. 

f~.OOJ). 

Stomachs of larger fish usually empty, but a fcw fragments of fish ocrasionally seen: In the 
Sept. 1, 1900, alimentary tracts of sinaller speriinens eopepods, annelids, and sinall fish \wre found. 

25 small fish were examined. The food consisted priiicipally of aniphipods. 

ACAN‘rIIO~’BI’IIAI,A. 

1. I~cliiiiorli!j?ir/i?~rS srcgillifer Linton. Jnly 24, 1900. lCn~~:q~suld on viscwa. See I , pp. 493496, pl. 
VI, figs. I ,  2. 3, pp. 535-536, 111. LIS, fig. 80. 

xicmwi)ics. 
2. Cucullanus sp. 

U. S. National Museum collection; Vineyard Sound; V. N. Edwards, collector. One female, with 
segmcnting ova; wsopliagu~ sinuous; body of nrarly RHIIIC diameter throughout. Diinensions in 
inillinietms: Lcngth, 9;  dianieter, 0.38; length of (r~opliagtis, 0.5; diameter of cmophagus 0.05, at 
anterior end 0.09; diitmetcr of head, 0.12. 

3 .  Tu/mnturc mma/otlr,s. On viscera. [PI. SII,  figs. 132, ‘133.1 7, 1). 279. 
Very abuntlaiit. Found in the majority of specimens exiiminetl in 1899 and 1900; small, pale 

red; particularly :Lbundaut oii pyloric cmca. A specimen found in  tlie stoinacli of a sea bass yielded a 
large number of these wori~is. If tlie proccss of digestion had proceecled a little further, the sea bass 
\c-oulrl have I J ~ C I I  the ticwetlitcvl Iicist of thcsc neinatodes. Diinerisions in millinieters: Length, 13; 
diameter, head 0.1 4, 1 nin-~. from head 0.28, inasiinum (towcird posterior cntl) 0.34, 7 inin. from 
posterior end 0.28, at aual aperture 0.23; tlistnnce froni anal aperture to posterior end, 0.36. 

4. Rli~/nclioboll~riunt. Cysts on viscwa. 7, p. 279. Numerous examples were found in tlie suininers 

Only 
one-half the larva-i. e., one bothrium with its pair of proboscides, iiicluding the contractile bulbs- 
was present. This could not have been a case of matiliitiou, sinco it was R ~ I I  to be abnorinnl w1m1 i t  
issued froin the 1)lastocyst while under the compressor. The lioolrs on the retmc*ted proboscides of 
this specimen reseinble those of R. h d 6 i f ~ .  

of 1899 aig11900. 
An interesting case of abnormality was noted in a specimen collectrd July 27, 1899. 

5. ~~L2/nckobotlii-;T~?/i. Cysts iii muscles. [Pl. SSIII, figs. 255-25Ga, nnd 111. SSIV, fig. 265.) 
On August 2G, 1899, two bnt,tcr-Mi, wliic-lr had been c,letined mid 1nq)ared for the table, were 

submitted to ine by Dr. F. Judson I-lorrick, who, after having had an opinion rendered regarding their 
condition, decided to allow tlieni to be devoted to the cause of science. The niuscles between the ribs 
contained great numbers of sinall cysts. When one of these waa compreased, a blastocyat waa liberated, 
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from which, upon further pressure, a larval cestode ( IZ~iIJnc~fobolhrA//i sp. ) could be obtained. 
of these cysts were counted in a space 4 mni. square. 

1900, and in another examined the following day. 

on the ventral side of the vertebral colainn, between tlic subvertebral spines. 
through the dorsal region, lying deep ainong ant1 near the dorsal vertebral spines. 
small, oval, about 1 mm. in length and somewhat less in shorter tliameter. 
length and 0.87 mmn. in diameter. 
principal diameters. 
in  diameter; diameter of neck, 0.1. 

R7iyncliobotliriuni. 

on viscera. 

summers of 1899 and 1900. 

10 mm. in length; head about 1 min. long and 0.3 inin. or less in width. 
narrow and irregular. Immature. 

Forty 

Similar conditions were observed in a butter-fish brought to me by Mr. E. 15. Tyzxer, August 17, 

I n  these cases enormous numbers of cysts were seen in tlic ~nuscles. They were most abundant 
They were also scattcred 

The cysts are 
One measured 1.3 mm. in 

The contained l)laYto(*yst nieasurecl 0.87 and 0.67 mni. in the two 
Dimensions of the larva in millinieters: Length, 0.7; bothria ricarly c*irc*ular, 0.3 

Contrac.tilc bulbs very short. 
6. Tc.trarli1~nc7ius. Cysts on peritoneum. 4, p. 809. Soinc. of these may belong to the genus 

7. Tctrur7iynch*. c.ri?zucrux Beneden. July 27, 1900; yevcral 

8. Lurid cestode.? (8roZe.z polymorphus Dnjardin). Free iii in tednc.  See 4, pp. 789-792. Fount1 in 

9. Dibothriuni crngustutunz Rudolphi. d few small specimens, the longest less than 
Veryactive. Joints 

See 4, pp. 811-812, 1~1. LXVII, ligs. 1-8. 

Sept. 1, 1900. 

‘I’RRMATODES. 

10. Ihtonzum gulosum sp. nov. 
July 26, 1899; 16 specimens obtained from a lot of 

4 butter-fish. 13utter-fish were examincd on seventeen different occasions in 1899 from July 17  to 
August 26. Dimensions of living specimens, slightly conipressed, in millimeters: Length, 10; maximum 
diameter, median, 1.14; length of appendix, 3.6; tliainrter of anterior sucker 0.36, of acetabulum 0.38; 
distance between suckers, 0.1; diameter of testes 0.47, of ovary 0.28; ova, 0.017 ant1 0.010 in the two 

Body slender; neck tubular, slightly arcuate; neck and anterior part of body crossed by fine 
lines, which produce a sharply serrate ontline; oral sucker ncvirly globular; mouth Hlightly subterminal, 
with longitudinal opening; pharynx tubular, almost ILY long :ts the oral sucker; wsophagns none; 
intestinal rami extending into the appendix, w1iic.h is long and slender; genital :tperture on ventral 
border of mouth; acetabulum nearly globular, its diameter not differing much froni that of the oral 
sucker; seminal vesicle some distance behind acetabiiluni, followetl posteriorly by  the two smallish 
subglobular testes, which lie end to end; ovary globular, a short distance behind the testes; vitellaria 
about the middle of the body, behind the testes, tnbular, as many a3 six tubules showing in sections; 
uterus voluininous, its folds extending into the appendix; ora  iiumerous, small. Dimensions of a 
specimen mounted in  glycerinc, in millinieters: Length, 7.5; oral sucker, length 0.36, breadth 0.36; 
pharynx, length 0.33, breadth 0.18; acetabulum, length 0.32, breadth 0.33; distance from anterior end 
to acetabulum, 0.87; distance between acetabuluiil ant1 testes, 1; distancse between testes and ovary, 
0.19; diameter, of neck 0.36, middle of body 0.65, posterior 0.15, of anterior testis 0.28, of posterior 
testis 0.25, of ovary 0.23; ova, 0.017 and Q.010 iii the two princ-ipal iliameters. 

The alcoholic specimens show a t  leakt onr iinportant variation from the living worm, viz, in the 
relative size of the suckers. In one the suckers were of  equal Him, in another the acetabulum was 
less, and in another the anterior sucker \vas larger but of less tranmwse diameter thah the acetabulum. 
The ritellaria arc tubular, showing as niany as six distinct masses in transverse sections of the body. 
11. 1)iutomum sp. [Pl. XXXII, fig. 353.3 

Mention is here made of a few sinall distomes which require further study before a specific name 
can be assigned to them. Specimens were found on July 24 and August 14 and 23, 1899, whioh were 
small, oval, translucent, bluish-white, and spinose. Dinlensions of a living specimen in millimeters: 
Length, 0.78; diameter of oral sucker, 0.064; of ventral sucker, 0.057. 

Others collected July 26 and August 2, 75,20, and 23, 1899, 
resemble these, but the habit of the body is much more slender. Some of these suggested 
Distomum sp. from the scup [?, p. 296, pl. XXXIX, fig. 721, and Distomum sp. from the puffer [6, pp. 
537-538, pl. 1,111, figs. 1,2]. 

[Pl. XXVIII, fig. 315-317.1 
Appendiculate distomes, apparently new. 

. principal diameters. 

These specimens suggest D. pyriforme. 
[Fig. 353.1 

Spines can not always be inatle out on these forms. 
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Dimeiisioiis of spcciiiien sketched (fig. 353), life, in millimetcrs: Lcngth, I .46; diameter, anterior 
0.1, middle 0.27, of oral sucker 0.07, of ventral sucker 0.07; ova, 0.075 and 0.058 in the two principal 
diameters. 

12. Aporocyst 
From liver: White, globular, 1.5 mm. in diameter. When compressed it liberated iinmeiise 

numbers of spores, which were in large part aggregated into globular or oblong clusters, the larger 
as marh rn 0.02 mm. in diameter. The spores were short and thick, with bluntly rounded ends; 
length about 0.0025 inin., and a little less than that in breadth and thickness. Collected September 
1, 1900. 

See also figs. 341-546, 352, 354. 
PROTOZOA. 

Specimen given to Dr. 13. 13. Cushing. 

Roccus lineatus, Striped J3n.w. 

1'001). 

The stomachs of all the specimens which I Iiave examined have been empty. A few fish scales 
have been noted in thc intestine. 

ACANTHOCXPIIALA. 

1. .Echinorhynclius proteus Wcstrumb. 1, pp. 496-497, pl. VI, figs. 3-5. 3 ,  pp. 537438, pl. LXVIII, 

Two obtainetl from 

This parasite is apparently with rare exceptions always present in the rectum of the striped bass. 
Usually the head of the worm perforates the intestinal wall and is often surrounded by a waxy 
secretion, which is covered by the serous coat. 

2. Eckinorfiynclius ucus Rudolphi. I ,  pp. 492-493, pl. V, figs. 7-13. 3 ,  pp. 525-528, pl. 1,111, figa. 1-11, 

figs. 85-88. 
another July 21. 

July 14, 1900; 2 fish examined, 20 in one, 6 in the other. 

and pl. LX, figs. 89, 90. 
NXMATODER. 

3. Ascaris sp. Immature. 
In a striped bass examined August 18, 1887, iiumerous small capsules were found between the 

mucous and submucous layers of the stomach. These were more or less elongated, some even vermiform, 
and were dark-brown on accouiit of the waxy, degenerate tissue with whicli they were surrounded. 
These capsules contained nematodes. The head of the one examined was truncttte, with indistinct 
papillz. The tail tapers to a smooth, round point, somewhat elongate behind the anal aperture. 
The body is crossed by exceedingly fine strix. The clisophagus is long, ivith n cvecttl appendage at its 
base. These forms resemble those from the squeteague. [Figs. 107-109.1 

4. li'ilaria rubrn Lcidy. 
From flesh. 

the worm was red when living. 
slightly roughenerl by traneverm wrinkles; length, GO mm. ; diameter, about 1 111111. 

5. Lrcanoccplialus ctnriulatus Molin. 
The specimen was in poor condition 

and but little more than the external characters could be made out. Rome of the dinieiisioiis in 
millimeters are given: Length, 8; diameter of head 0.19, 1 inm. bark of head 0.46, niaximum (about 
middle) 0.61; length of c-opulatory spines, about 0.11 ; distance betweeJi the traiisversc dentigerous 
rows, about middle of body, 0.03. 

6.  Rliynclioboh-iurn qwciosuna Linton. 

Collected by S. E. Meek, Fulton Market, New York, A u y s t  12, 1886, who says that 
The specimen is a fragment, the posterior elid of a long worm; linear, 

[Pl. XIX, figs. 220-223.1 
One specimen, a male, from peritoneum, August 3, 1889. 

<'1EaTOl)B8. 

See 4, pp. 801-805, pl. IJV, figs. 13, 14;rtiid pl. LXV, figs. 1-7. 
July 21, 1900. Elongated cyst on viscera. 

TRRMATOI)X3. 

7. Ditomuna tornaturn ltutlolphi. Intestine. [ I ) .  Ir&v;ri& Ituc~olphi.] 6, pp. 515-517, p1. XLII, fig. 
14, and pl. XLIII, figs. 1-4. 

These specimens were wrongly identified. They should be referred to 11. torriatum. 

8. Uisionaum tmue Linton. G, pp. 535-536, pl. I J ~ ,  figs. 2-8. 
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9. Qsts in liver. [PI. XXVII, figs. 308, 309.1 
They 

are globular, except where they lie so calose as to touch each other. When cleared in acetic acid their 
structure is seen to be concentric. A granular nucleus of deeper color than the surrounding parts 
could be made out in each, but could not be identifietl. Those 
measured varied from 0.21 to 0.81 n m .  in diameter, with the exception of one, a very sinall cyst, 
which lay touching a larger one mid was flattened on the touching side, whose two principal diameters 
\vue 0.06 and 0.1 inm., respectively. It would appear that the tissues of this fish habitually built1 
colloid cysts around foreign particles. A thin outer layer of the cyst is lighter colored than the inner 
part, and is evidently unniodified connective tissue. The smaller cysts have esscntially the same 
striwtnre as the larger. 

These cysts, collected July 14, 1900, are a deep red brown, almost black hy reflected light. 

In one case two Iiuc-lei were seeii. 

They are all confined to the surface of the liver. 

Morone americana (Rocrus nmcm’cunus), M’liilc l’rrch. 

Pool) 
Fish, shrimps, and other crustaceans. 

ACA NTIIOC‘EPIIALA. 

1 .  EclLinorh?/nclius agilis Hiidolphi. Intestine. 

2. Ediinorliynclius timiitus Linton. 

1, pp. 490-492, p1. v, figs. 1-6 .  3, pp. 534-536, p1. 
LIX, figs. 70-72. 

3, pp. 528-529, pl. LIV, figs. 12-22. 

TREMATOI)IB. 

3. Distomum tcuuc tenuissinie Linton. Peritonenin. 
4. Dktomunz tcrooltctuni Rudolphi. Intestine. 7, pp. 279,293-294, 111. XXXIX, figs. G&GX 
5. Qsts uritli tremcitode ova. Liver, etc. 0, p. 537. 7, p. 279. 

6, pp. 536-537, pl. L I I ,  ligs. 9-12. 

Centropristes striatus (Scrmnua utrarius) , lEca I3u.sn, 1gltrr.k Rnss. 

Fool). 

Fish, squid, crabs (Euptrgurus, Punopeus, Plnt?loniclncs, etc.) . 
ACAXl’lIOCIII’ITALA. 

1. Ecliinorli?/ncltus serrccni. Peritoneum. 
2. Ecliinorltynclms sagittifcr Linton. 

3. .Ec’chinorhynclius proteus Westrumh. 

3, pp. 534-535, pl. LIS, figs. 73-79. 
Peritpneum. See I ,  pp. 493-496, pl. VI,  figs. 1,2. 3, pp. 535-536, 

3, pp. 537-538, pl. LX, 
pl. LIS, fig. 80. 

figs. 85-88. 

July 30, 1889; in cysts 011 viscera. 

Found among cysts collected in 1884. 
See 1, pp. 496497, pl. VI, figs. 3-5. 

NEMATODES. 
4. Immature nematodes (Ascaris). 

General characters are nearly uniform 
diameter, tapering at each end; tail mucronate. Agree with forms found in I’orucitomus, Cynusc.ion, etc. 
Twenty-three bass, examined July 30, 1889, had each a large number of these worms, in  most caws 
in a tangled maas on the mesentery and pyloric mca.  Many of these might he referred to the indefinite 
species Ascaris cupncbricr. 

5. Filaria rubru. Leidy. 
Collected by Miss Sopliia 

Oberheimer. The worm was bright red when alive. Dimensions of alcoholic specimen, in millimctcrs: 
Length, 125; diameter of head 0.4, 5 nmi. from anterior end 0.65; nicdi:vi 0.8, Fi mm. from posterior 
end 0.75, one-half inilliirieter from posterior end 0.4. 

CEsroms. 

Found frequently in the mesentery, often vcry abundant. 

[P I .  xv, figs. 188-191.] 
Found under the skin of a bass, Washington, D. C., October, 1891. 

6. Rhyncliobothrium, larva: encysted on viscera. 4, p. 793,111. LXII, fig. 12. 7, pp. 279-280. Aug. 4,1900. 
7. Rliynchohollwium imparispine Linton. 
8. Larval cestodes (Scolrx polymorphus Dujardin) . Free in intestine, See 4, pp. 789-792. Aug. 4,1900. 

On viscera. 4, pp. 799-801, pl. LXIV, figs. 9-12. 
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Lobotes surinamensis, Fladier. 

ACANTIIOCEPBALA. 

1. Rc?iinor?Lync,Jms pristis Rudolphi. Intestine. Variety tcvmicornis. 3, pp. 531632, pl. LVI, figs. . 
39-41, and pl. LVII, figs. 42-53. 

NEDIATOJ)ES. 

2. Inwtaturc ncwantodc (Ascnrix). Intestine. Collected Ang. 6, 1887. [PI. XII, figs. 140-142.1 
The w o r m  is finely wrinkled transversely, tapers equally to liead and tail; the tip of the latter is 

conical and covered with minute bristle-like but short papillre. Dimensions in millimeters: Length, 
11.25; diaineter of head 0.12, 1 mm. back of head 0.32, niaximuni 0.34. 1 min. from posterior tip 0.27, 
at anal aperture 0.11; length of upper lip, 0.08; distmce from anal aperture to posterior tip, 0.11; 
length of aesophagus, 2. I G. 

3. lchtlryoneniu globiceps ltuilolphi. Peritoneum. Aag. 3 and 6, 1887. [I’l. XVIII, figs. 209,210.1 
They 

are of’nearly uniform diaineter throughout and bluntly rounded at each end. The intestine is dark- 
brown for two-thirds of ita length, white for the remaining third. It ends blindly at its posterior 
extremity. When the worm was subjected to pressure tlie young were discharged in vast nun~bem 
from a point about 1 mni. from the anterior end. 

Dimensions of embryos in millimeters: Length, 0.4; diameter at larger end 0.008, maximum 
0.013; snialler end attenuate, appearing a+3 a inere line even when highly magnified. There are four 
dark-brown granular niasses scattered along the middle region of the body and among them several 
light-rolored refractile bodies. A favorite 
position is with the larger end bent rather sharply; the slender end its often likewise bent, so that the two 
ends point toward each other. Where they occur in the greatest abundanrc in the parent worm they 
give to the latter a plmnp, even distended, appearance. After they have been discharged the parent 
is transparent, collapsed, much contracted, and quite irregular in outline, in places flattened and 
shriveled. I was not acquainted with this assertion at the 
time of viewing the living worms, but supposed froin the appearancc and behavior of these embryos 
that the slender entl is the anterior. 

4. r5’ynlJotlwium $ / i d l e  Linton. On viscera. 4, p. 815. 

Two specimens in the first lot, 510 mm. and 580 nini. in length and 1.48 nnn. in diameter. 

A slight notch was noticed at the larger entl of some. 

The larger end is said to be the anterior. 

C’ESTODER. 

TREMATODES. 

5. Chsteroslomurn ovatum Linton. Intestine. 7 ,  p. 297. (Linton: Monostomum orbiculurr Rutlollhi. 
6, pp. 541-542, pl. LIV, figs. 2-5.) 

Stenotomus Chrysops, 8mp. 
POOJ). 

A few food notes were given in my report for 1898, pages 280-281. In tlie sunliner of 1899 I 
examined 58 large and 51 small scup on 17 different ocrasions from Jnly 20 to August 30. In the 
stomachs of the larger, sinall fish and squids were most frequently found, but annclicls, crabs, shrinips, 
amphipods, molluslrs, and hydroids were also noted. The snialler contuined copepods and other 
small crustaceans. Some .small specimens froin ICatama Ray, August 30, had in their stomachs 
annelids, sinall crustacea, and sinall c-repidula~ 

Twenty-six mop mere examined in the suininer of 1900, with prtwtically the same results as given 
above, viz, fish, small crustacea of various kinds, annelids, sinall bivalve inollusks, and a young 
sea-urchin. Intestinal contents of a specimen taken August 29 revesled plates from the body \rails 
of a holothurian. A few ova of Uktoinum pyrifornze were seen in this material along with the 
holothurian plates, spines of annelids, and vegetable d6bris. 

ACANTI~OCEPIIALA. 

1. Ec7iiinorliync7~us acus Itudolplii. On viscera. 3, p. 627. 
2. Ec”clinorhync7ius sugittijcr Linton. 

636, pl. LIX, fig. 80. 
July 24, 1900. See 1, pp. 493-4196, pl. VI, figs. 1,2. 3, pp. 535- 
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NRM ATODES. 
3. Ascaris sp. [I’l. VIIT, figs. 6549.1 

A small lot of ascarids in the IJ .  8. National Museum collcction from a scup which had been taken 
from the stomach of a cero (Scomheromorus rrgulis). These are thickest about the middle, rather more 
slender anteriorly than posteriorly; lateral ake for about I inin. hack of head; tail someyhat slender 
and prolongcd beyond the anal aperture, tlccidcdly a p p r e s d ;  body crossed by fine transverse lines, 
best seen toward postcrior end. Dimensions in millimeters: Length, 45; diameter of head, 0.23, 4 mm. 
back of head 0.48, 10 mm. back of head 0.68; median, 1.28, 1 mm. from posterior end 0.45, at  anal 
aperture (ventral view) 0.28; distance of anal aperture from posterior end, 0.85. 
4. Immature nematodes (Ascal-;~). [PI.  x, figs. 110-116; pl. XI,  figs. 117-120.1 

Very common in body cavity on viscera. Found in a t  least 75 per cent of the scup examined in  
the past two summers; also noted repeatedly in previous years. A careful study of these forms is 
needed in order to fix their position. Some of them with the characteristic head of Agnmon<mu, after 
the removal of the cuticle, revealed the uninistakablc jaws of Ascmis. Measurements of one are given 
in  7 ,  p. 280. I add, for the purpose of comparison, tnemurcmcnts in millimeters. of a specimen from 
the viscera of a scup colleckd July 24, 1899: Lcngth, 20; diameter, anterior 0.12, middle 0.5, at anal 
aperture 0.24; diameter of mophagus, anterior 0.07, mitltllc 0.08, base 0.12; length of (mophagus, 1.25; 
distance to nerve ring 0.57; distancc of anal aperture from posterior end 0.45. I n  this specimen there 
was an intestinal diverticulum, short, bifurcate, prolonged cephalad, and a longer, inorc slender 
prolongation of the ccsophagus. These immature forms are probably itlentical with those in the blue- 
fish, squeteague, and others. Figures 117, 118 arc sketched from a specimen collected by Mr. R. E. 
Earll, at Charleston, 8. C., March, 1880. The capsules werc mostly club-shaped, arcuate, or straightish; 
cuticle very finely transverse striate. l,ength, 22 inm. ; diamcxter, 0.33 mm. 

5. 
6. 
7. 

8. 
9. 

10. 

C’E8TOI)ES. 

Rh/nchobot/frium impnri8pine Linton. Encysted on viscera. Found in 1899. see 5,  pp. 799-801. 
RIi~ncliol~otl~riu~iurrc speciosum Linton. On viscera. 5 ,  p. 802. 
RhZlncliobotl/riurn. Enrysted on viscera. 5,  p. 796, pl. IXTII,  figs. 70-13. 7 ,  p. 280. Found in 

18% and I900 in a large proportion of the scup examinctl. 
Tetrurliynchus hisulcu/ux Lintori. Stomach wall. 6, 11. 810. 
LamtnZ cestodrs ( S c o l e ~ l ~ o l y r r i ~ ~ l t u s  Dujardin). Free in intestine. 7 ,  p. 280. See 4, p. 791. Seen 

frequently in 1899 antl 1900. 
TREDfATOl)E8. 

Distomum vitellosunz Linton. [PI. xxx, figs. 333, 334.1 See 7 ,  p.290, pl. XXSVII ,  figs. 38, 39. 
Seen often in 1899 antl 1900, but always in sinal1 numbcrs. I append notes inadc on a specimen 

taken August 23, 1900. Worm small (1.2 mm. when at rest), very active while in sea watcr and salt 
golutioii, neck extremely mobile, stretching to thread-like thinness and contracting until the  suckers 
were close together; general outline, proportions, and appcarancc of the body undergoing constant and 
perplexing changes; acetabulum much larger than oral sucker and kept expanded, i. e., its walls when 
the specimen was viewed from the side forming a semicircle or widcly opm C. When placed in fresh 
water the worm soon became turgid, y i t h  neck reflected, acetabulum contra(-tcd until its walls were 
close together, and distinctly pediceled: 
11. Iliatomum sp. 

I here place certain small tlistomcs, which appear to be near D. py~ jornze ,  if not identical with 
that species, but until more inatcrial is availablc and a careful comparative topographical study of 
these small forms can be made it will be better pcrhaps to lcavc tliem without specific designation for 
the present. These are small, usually oval, flattened, white distomes, with ininutc spines. They were 
most numerous in small scup, secn frequently (hut in small numbers) in this and other hosts. The 
identifir~tion of these distomes is difficult, on account of the spines, which apparently fall off easily. 
See No. 21 under I’arulic71tl~y~ ddatu.9, No. 11 under Rhombus /rincrtnil/us, and No. I5 under l’omatomus 
saltatrix. One of these distomes, rollectcd August 29; 1900, was placed under slight pressure and seen 
in favorable conditions. Spherical bodies with concentric structure were present in  the excretory 
vessels, and the cirrus was seen to be spinose. A cell from the germ gland was seen entering the shell 
mold. It was surrounded by 

See under Cllupen 7i~crrerigus, I’artilichtlys clenlatus, etc. 
[Pl. X X X I ,  fig. 346.1 

It appearccl to be attnc.hed b y  a slender pedicel for a few seconds. 
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spcrmatozoa, which were in actiw motion. 
also see11 entering the mold. 
forin. 

12. Distomuin upppndirzilatuni Rudolphi. 
this host Aug. 9, 1899. 

13. Glvhitltrr r?/xfn in  kidnqs.  7 ,  pp. 280,.301. These are probably due to psorospenns. 

Small masses of yolk, sinaller than the germ cell, were 
The distonie noted in 7, p. 296, pl. XXXIX, fig. 72, is :t closely related 

One spcrimen found in 

See also No. 3 nnder Lmp-pplralus hrigntus .  
7, p. 289, 1'1. XXXVI, figs. 25, 2G. 

I I I I Y N C I I 0 I ~ I ) R I ~ I ~ I I ~ A .  

14. IJo~obde7/u rup'u' Verrill. 7 ,  1'. 280. See under Pctral~chlhy~ tlr-nlrrlics, No. 23. 

Archosargus probatocephalus, Shecppsherrcl. 

ACANTIIOCEPJIATA. 

1. I~cl~inorh?/nc7~iis proteus Westrumb. 

Bay. 
contained degenerate connective tissue of a waxy consistency. 
containing the fusiform embryos aharac-teristic of the species. 
10.5 inin. in length. ' 

Several specimens enveloped in connective tissue cy& from peritoneum of a fish from Chesapeake 
Several of the cystis 

The speciinens were adult, tho females 
One of the longer sperimens ineasiired 

Collected by 8. E. Meek, Fulton Market, New York, August 30, 1886. 

Cynoscion regalis, ~%p~eteague,  1'lrenrl.-jish. 

Pool). 

Only large specimens were examined. The food is fish and squids; sliriinps and amphipods 
found in a few cases. Froin the stomach of a specimen of average size, about 18 inc*hes in length, 
examined July 31, 1900, there were taken two menhaden, each 9 inches long, one butter-fish, 44 inches 
long, and one squid, 7 inches in length. A specimen examined on August 1, length 20 inches, liad a 
menhaden 71 inches long in its stomach. 

ACANTIIOCEPITALA. 

1. Edrinorliynclius sagittger Linton. 

2. JZclrinor7iynclius proteua Westrumb. 

On viscera. 

Intestine. 

1, pp. 493-496, pl. VI, figs. 1,2. 

1, pp. 496-497, pl. V I ,  figs. 3-5. 

3, pp. 535-536, pl. 

3 ,  pp. 537-538, pl. 

IIeads perforating intestinal walls as in f2occUs 

LIX, fig. 80. 

LX, figs. 85-88. 7 ,  pp. 280-281. 
Found three times in 1899 and twice in 1900. 

Zinmtus. [I'l. 11, figs. 12, 13.1 
3. lCcliinorhyncl~us pristis Itudolphi. 3, pp. 530-531, pl. LVI, figs. 31-38. 

One found 011 viscera July 25, 1900. While the worm was living it was observed everting and 
These iiiovenients were rapid, especially inverting both the proboscis and the anterior end of the body. 

those of the proboscis. 
NEMATOI)PR. 

4. bnmuture nemutodes. [Pl. s, figs. 107-109.1 7, pp. 280-281. 
On many occasions and in different summers I have found innnature neiuatodes encapsuled in 

the mesentery and on the viscera. They were found in practically all thc squetcague (92) rxamiiied 
in the summers of 1899 and 1900. These agree in the main with those found in the blue-fish. scup, and 
others. A radimcnhry three-lobed structure of the 
head could be made out in some by examination under pressure in aretic acid. A diverticuluin of 
the intestine near the base of the cesophagus was observed in several of the speciinens. Dimensions 
of specimen figured in millimeters: Length, 10; diameter, 1 nun. from anterior end 0.24, 1 111111. froin 
Posterior end 0.22, maxiniuin (at anterior fourth) 0.3, at anal aperture 0.08; distance of anal aperture 
from posterior end, 0.12. 

The largest specimens measured 17 mm. in length. 

Length of cesophagus, in a specimen 14 mni. in length, 3 mm. 

CBsT0I)IES. 

5. Larval catodca (8cokz polymorphs Dujardin). Free i n  gall bladder and cystic duct. 1, pp. 453-454, 

Found almost invariably in fish examined in 1899 and 1900; also free in inteAtine of squeteague. 
pl. VI, figs. 6-9. 4, pp. 789-792, pl. 14x1, figs. 4-15. 7 ,  111). 280-281. 

These are always smaller than those from the rystic duct,. 
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4, 1). 794, pl. I,XIV, fig. 1, and p. 798. 6. Rlynchobotlrium. Encysted on viscera. 7, pp. 280-281. 
. 

7. IZh?/~ichol,otl/ririm~ spc;osum Lintoii. 4, pi). 801-805, IJI. I X I V ,  figs. 

8. ~7~!/ricliobotl/riul,~ b t r Z 0 ~ w  Linton. ICncystetl on viscera. See 1 (I<. Imuicol l~  R1idolplii), 1)p. 48( i t lXX .  

9. Tc/rctr.lr?/nchus bisrdwtun linton. Rncysted in stoinach wall. 4, pp. 810-81 1, pl. 1 ~ ~ 1 ,  figs. 7 1-1 5. 
7, pp. 280-281. I n  siil~iiiucosa of s tomach alrnoHt :tI\\iiys ~)rwent (IN!) and 1900). [PI. 

Usually oii the viscera (1 899, 1900), associated with immature nematodes and of scvc1r:tI species. 
Jmwu enc.ystetl on viscera. 

13, 14, antl 1’1. LXYI, figs. 1-7. 

2, pp. 825-829, pl. Y, figs. 8,:). 4, 1’. 793. 65, 1’. 448. >\ng. 6, 1900. 

XXIII,  fig. 261, and pl. XxIr, figs. 262-2641 
10. l’e/rcrrIiywhus erirmcms 13enetleii. On visc*rra. 4, 111). 811-812, 1’1. I , \  \TI ,  figs. 1-8. 7, 1). 281. 
11. ,5’pbo/h+~m jflicvlk. 1,inton. Notchtl in a f cw 

110. See pl. xx, fig. 230 and description of same, for brief :wcfiount of a larval cwtode froin a squid in 

O n  viscera. 4, 1)p. 815-820, pi. L Y V I I I ,  figs. 7-12. 
cases in 1899. 

tlie sto1nac.h of a sqneteagne. This form is reli~tcd to the g ~ n u s  7’ l /? / .urcnoe~~l / c r /~~ /~ / .  . 
‘J’IIEM A T 0 1  )ES. 

12. f i t o r r i u m  appendiculatum Rudolphi. Intestine. 
this host July 25 an(1 Aug. 5, 1899. 

13. IAti/oniuni o i f P E Z o s i m  Linton. Jntestiiie. 
The difference 

in  appearance t)etwecJn a specinien in sea water or salt solution iuitl the sanw spwiiiitm in frwh water 
iH very great. 

14. 7)i&nrum pyr(fornw Ihiton. Intestine. Pee 7, p. 290, pl. XXSVIII ,  figs. 52-59. 
Sinall oval distoiiies; botly ceorerctl with minute spines; :icet:ibiilmii :mtl or:d sucker nearly equal; 

testes iiictlian, one b~l t int l  the. other; ora f t w  :ind large; fountl twice in 1899 and twice in 1900; appear 
to bclong to this s1)ecic.s. 

15. Ilistort~um polyorclhb Stos ich. 
On five oc-casions in the Huninier of 1900 tlistorncs were fountl in the pyloric cmca o f  the squeteague., 

which agree very closely with this species. The spops is  of tlic slxlcies given b y  Stossiclr iq :IS follows: 
Eody flattened, elliptical, rounded at the extremities. Anteriorly tlie surfwe is rovcrcvl witli conival 
spines set in transverse series. The aceta1)ulum is situated at the anterior tliird, is soiiic\vhat sni:illrr than 
the oral sucker and prominent. The oral mwker is terminal, glohnl:~r, antl its siiiall aperture c-ircnlar. 
It is joined by a slender canal with the pharynx, whic*h is vvry large and of ciu:t(lr:ingnl:ir form. 
There is no tcsophagns. Ininiediately behind the pliarynx the int(~stine d i v i d ~ s  into two branc~hes 
which extend to the posterior end of the borly ; anteriorly, however, eac.11 I)ranc~h is prolongetl into a 
C : I ~ ~ U I I I  which extends as far as the anterior border of  the  pliarynx. Tlist which c*haracterizcs the 
species more particularly is the large ~imiiber of  testes. Sonic of the woriiis c~mtain 24 plac-et1 in two 
series longitudinally in the niidtlle of the 1)otly. The cirrus pouch is c-lnl)-diapctl, largcl, antl foruis an 
arch at the right side of the ac~rtahuluni. 111 it  is the seminal vesic~le, tlivitled into Iwo unec1n:~l parts 
by a constricotion. The vitelline glands occupy all the posterior part antl sitles of the lmly antl extend 
laterally as far as the  bifurcation of tlre intestine. They empty into two longitutlinal canals whic*li are 
joined with each other by a trausvebse median c:tnal, whic.li is provitletl with a vitelline recqtwlo of 
rectanqular shape. The oviduct, s i tua td  ~)c~twecn the : i c ~ c t t ~ ~ ~ n ~ n n ~  ~ n t l  the testes, c*ontains niinute ora, 
elliptical antl of a yellowish-brown color. The aperturcl is besitlc tlir anterior m:irgin of tlic :tcelnl~nlum. 
Lengtlr, 3.5 i i i n i .  to G.5 miti.; breadth, 1 m i i .  to 1.5 mni.  ni111. (1. Hoc. Atlr. (1. Sc4. Nrtt. Triestcl, vol. 
XI, 1889, tav. xrv, fig. 61 [p. 2 of extrac*t]. 

The following nut i ihrs  were iioktl. 
I n  eiicli case the ninnber in the right rot\, is plnccd first: 15-15; 15-12; ,14-16, two; 14-15, tlirec; 14-13, 
two; 14-12, two. I t  is to be understood that cadi of thew testes is either double or two-lobed, a point 
that will be settled when the specimens are Thtx procvss of egg making was observed in 

1 Sectioii~ show tlrut tlic tcstcq urc donblc; in otlicr wonk, that t1ic.v ctrc 11111ccd in four irirleid <Jf twr i  longitiidincii 
Rcrie5, two dnrwl urirl two vc~ntr~il ;  fiirther, thu t  the intcrtinul rurni iri  the piwtwior ririrl mediiiii portioiix i )C  the body havc 
numerow short branches. 

S w  7, p. 288, 1’1. x X X V I ,  figs. 25, 26. Found in 

See 7, p. 290, 1’1. X X X V I I ,  figs. 38, 39. 
Fonncl once in Jnly, 1899, four times in July and August, 1900; rather niiiti(~rouH. 

See under S/mo/omcis, /’urctlir*l/tlys, etc. 

[ P I .  xxx III ,  figs. 363-365.1 

The nuinher of the testes wm variable in m y  sl)echcns. 

~ - - ___-_I 
~- __ - _____-- -- - - - _ _  
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this species and was essentially like the process observed in Epibdella bumpusii ( 7 ,  p. 287). At 
intervals of about twenty seconds a mass of yolk could be seen to leave the yolk reservoir and proceed 
the short distance required to reach the definite point in the duct where an active niuscular organ 
molded a shell around tlie mass. The lobed ovary, shell 
gland, yolk reservoir, and beginnings of the uterus are so closely crowded together that further details 
of the process could not be made out. 

It was then forced forward into the uterus. 

Length of these specimens (alcoholic) 4 to 7.5 mm. 

COPIPODS. 

16. Mention may be made also, among entozoan parasites of the squeteague, of a copepod found 
7 ,  p. 285, pl. XXXIII, figs. 1-5. beneath the skin of the opercular bone, by Mr. E. E. Tyczer. 

Scimnops ocellatus, lied Dw:.L. 

NEhIUATODES. 

1. Ascaris sp. 
Collected by S. E. Meek, Fulton Market, New York, froin fish taken off Sandy Hook, September 

8, 1886. Habit of body in larger 
specimens, stout. l~imensions of fctnale in millin~eters: Length, 56; diameter of head 0.41, 1 mni. back 
of head 0.56, niasiinuni 7.8, 1 iinn. from posterior tip 0.9, a t  anal aperture 0.56; distance of anal 
aperture from posterior end, 0.65; length of tesoplingas, 6.5. Tlwse dinieiisions inclutlc the loose 
cuticular inembrane. (Jbophagus in feiriales somewhat linear-fusiforiii, with its greatest diunicte~about 
ita posterior third; iii tlre malrs soiiie\vliat llask-shape, and 2.25 nmi. ill length in a specinien measuring 
20 IIIIII. in length. Pour posta~~til and twrnty-nino preanal papillrc 
were counted on the left sitle, and two postanal aid twenty-nine preanal on the right side. Length of 
spicules about 2 I I I I I ~ .  

2. ALscc~ris sp. Imtnature. [Pl. S I I ,  figs. 13-1-137.1 

msophagus loug ruicl linear; intestine dark-brown. 
diameter, 0.43; length of ccsoph:~gos, 2.65. 

[PI. VIII, figs. 79, 80, and pl. IS, figs. 81-83.] 

Three males antl two females antl four small, slender, immature. 

I,urgest nidc, 27 n i~n .  in length. 

I'robably youitg of No. 1, enc:ipulocl in ~)eritoneuiii. Tail bluiit, rounded, with mucronate tip; 
Diinensioiis in iiiilliiiieters: Length, 1.6; greatest 

Menticir rus  saxatilis, Kinpjish. 

l r 0 0 1 ) .  

'l'wenty-seven siiixll spcrinicns were cs:i~niiicd on live ot-c-asions iu J d y  niitl August, 1899, ant1 
,July 28, 1890; in t (4 i ies  filled wit11 sinall ~ n t p l i i p o ~ l ~ ,  isopods, and 

August 7, IS!)!); tihrinipti, aiiipliiprds, isopods, annelidn. 
August 28, 18%; 

one large specimeii August 8, 1900. 
s1iriinI)s. 
Buguxt 8, 18!]'3; large sltrinip with eggs on swiitinicrets, young fish, and bryocoa. 
annelitls. 

Angntit 5, ISW; sinal1 c.riistac~~:ins. 

August 3, 1900; pieccs of fish, bryozon. 

NELIAT0I)ES. 

1. I n o n t ~ h w  w n i t r h h  (11sc. tr~is) .  
These were vcry iiii~i~crous on the stomach 

ant1 liver; tileiitler, \vliite, sniootli, Iie:i(l tiwic*atc, tail entling with ii iiii~cronate spine. Another lot in 
U. h. N>ttiotial Miisruiii collertion, specimens soirie~liat larger, rudiiiicntary lips of Llncavis discernible 
antl tail not Ir iuc ' I i  proloriged I ~ y o n d  anal aperture; ~iiiicron~ite tip to tail not spine-like. These are 
prohal)ly an older htagt? of the s:inie. The Ppine-like chnructer of tlic niucronate tip apparently lost 
by the shedding of tlie eitibryonic invwtnic~iit. 1)inicnsioiis in ii~illinieters: Length, 21; diairieter 
of head 0.25, middle 0.4, at  anal aperture 0.0%); distance of a i id  aperture froin posterior end, 0.13. 
corresponding dinleiisions of more inature spcciinc~its: 25; 0.24, 0.43, 0.16; 0.16. 

[ P I .  X I V ,  figs. 168-171 .] 
Colleckd by Vintll N. 15tlwitr(ls, November, 1 S86. 

OEYTOUIES. 

2. Ltarval cestodes (Sc01e.c polpolglms Dujardin). In intestine. See 4, p. 289, etc. Found July and 
hug., 1899, Aug., 1900. Those obtained on the latter date were very small. 
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TREMATODE& 

3. Distomum vitellosum Linton. Intestine. Found in this host 

4 Bistomumpyrtforme Linton. Intestine. See 7, p. 292, pl. XXXVIII, figs. 52-59. Found in this host 

5. Distomum sp. Intestine. [PI. XXVIII, fig. 311.1 
The following description is based on a memorandum sketch 

of the living worm and on a mounted specimen. Unfortunately one of the specimens was in bad 
condition when it was found. Body ovate-elliptical, depressed, with a short, retractile caudal appen- 
dix; neck short. Oral sucker subterminal with somewhat triangular aperture, a little broader than 
long. Pharynx subglobular immediately following the oral sucker. (Esophagus short. Intestinal 
rami simple elongate, extending to but not entering the appendix. Acetabulum at about the anterior 
fifth or sixth of the body, a little broader than long, in ventral view, much larger than oral sucker, 
aperture circular in life, transverse in alcoholic specimen. Cirrus pouch and seminal vescicle Iwliind 
acetabulum; the cirrus passes to the left of the acetabulum and opens about half way between the 
suckers on the median line near the Cesophagus. Testes two, large, subglobular, placed transversely 
behind the acetabulum, from which they are separated only by the cirrus pouch and seminal vescicle. 
Ovary globular, smaller than the testes on median line behind the testes and close to them. Vitelline 
glands, two slender, convoluted tubular organs marginal to right and left of ovary. No ova were seen 
in the living specimen and the uterus was not seen. 

Dimensions of living specimen slightly compressed, measurenienb given in millimeters: Length, 
3.07; diameter, anterior 0.54, at acetabulum 0.92, median 0.92, qear posterior 0.50; oral sucker, length 
0.24, breadth 0.24; acetabulum, length 0.41, breadth 0.43; diameter of testis, 0.46; pharynx, length 
0.14, breadth 0.14; esophagus, length 0.07, breadth 0.08. 

Dimensions of specimen mounted in balsam, in millimeters: Length, not including appendix, 1.9; 
length of appendix, 0.32; breadth of body, anterior 0.16, median 0.77, posterior 0.29; of appendix 0.17; 
oral sucker, length 0.13, breadth 0.14 (in the other (damaged) specimen these dimensions are 0.17 and 
0.20); acetabulum, length 0.32, breadth 0.34 (0.45 and 0.41 in the other) ; pharynx, length 0.08, breadth 
0.09 (0.09 and 0.15 in the other). 

In the mounted specimen what 1 take to be 811 ovum lying dorsal to one of the testes is 0.035 and 
0.021 mm. in the two principal diameters. 

See 7, p. 290, pl. XXXVII, figs. 38, 39. 
July 28, 1899. 

in August, 1899 and 1900. 

Two distomes, found July 28,1899. 

Tautogolabrus adspersus, Cumer, Cliogset. 

FOOD. 

Seaweed, hydroid stems, bryozoa, tunicates, annelids, small crustaceans of various kinds ( Cuprella, 
shrirnps, etc.), univalve mollusks found in stomach and intestine-in short, just such food a~ the fish 
would get by browsing on the material which grows on wharf piles and similar places. 

NRMATODFS. 

1. Immature nematodes. On viscera. 4ug. 12, 1900. 

CESTODES. 

2. E?~ynchobotl~rium. Cysts on viscera. ’7, p. 281. Aug. 29, 1899; July 27, 1900. 

THEllfhTODE8. 

3. finmature distorne.7 encysted in skin. 7, pp. 281, 298, pl. XL, figs. 76-81.. Seen frequently in, 1899 and 
Dr. G. H. Parker reports that a large proportion, out of about 100 cunners collected this 

Found in 

Found in this host 

1900. 
summer, are infested with this parasite. 

4. Distomum areolaturn Rudolphi. Intestine. 
this host hug. 5,1899. 

5. Distomum vilellosum Linton. 
Aug. 5,1899. 

See 7, pp. 293-294, 1’1. XXXIX, figs. 60, 63. 

Intestine. See 7, p. 290, pl. XXXVI, figs. 38,39. 
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Tautoga onitis, Tautog, Blacksfish. 

FOOD. 

I n  specimens examined previous to 1899 the stomachs were empty. I n  the summers of 1899 and 
1900, 24 tautog were examined. In the alimentary canals of tlie large specimens a great variety of 
crabs and  mollusks were found. A specimen taken a t  Meneinsha Bight, August 1, 1899, had its 
alimentary canal filled with fragments of crabs and mollusk shells. Among them were recognized 
l’rittin trivitatu (many), I’ccrpura lqdlux, Irunafin herox, A c m m  teatudinalis, J fy / i lus  edulix (many 
fragments), Cancer irrornfus, I3upcCgurus p o l k a r i a  (many), Libinia cannliculata. The shells and tests had 
all been more or less crushed aiid broken. No entozoa were found in the alimentary tract of this fish. 
Indeed, it is difficult to see how any could stay in a fish which lives on such a mechanically anti- 
helminthic diet. I n  small specimens were found seaweeds, a variety of small cmstacea (amphipods, 
copepods, shrimps, small crabs, etc. ), mollusks, both univalve aiid bivalve, and annelids. 

1. Immaturc dixtomes e7rc!lxtOd i7r f l ic skin. 
The entire surface of specimen from Menemsha, mentioned in the food notes given above, was 

thickly peppered with small blaclr pigment patdies, in  which small cysts could be seen. These pigment 
patches and cysts haven general reseiiiblanre to those described from the cunner. [7 ,  pp. 281, 296, pl. 
XL, figs. 76-81.] These cysts were so abundaiit in this specimeti that it was a dificult matter to find a 
scale which was free from them. Usually there was a cluster, often contuiiiing as inany as G or 8 cysts, 
on each scale. Even the corneas of tlie eyes were iiifestecl 
with tlicm; 74 were counted 011 one eye aiid 81 on the other; 14 arid IT, respectively, were over the 
inpila. The walls of the cysts were transparent, so that the suckers of the 
contained distonie could be distinguished through them. 

TREMATODES. 

The fins were also thickly beset with them. 

[PI. XXVIII, fig. 318.1 

Chsetodipterus faber, Moon-jsh. 
In  October, 1886, I received from Mr. 

S. E. Meek, Fulton Market, New York, a few cysts from tlie abdominal cavity of a moon-fish from the 
North Carolina coast, from which the following were obtained. 

This fish is rarely taken in the vicinity of Woods IIole. 

NBDIATOI)ES. 

1. r d f t h ~ ~ r l ~ 7 r l ~  sp. Prom abdominal cavity. 
‘l’lic longest entirc speciiiien measured 217 111111. in length; of ncarly uniform diameter throughout, 

inaxiinum diameter 1 .G inin. ,  diameter near anterior end 0.4 iniii., increasing won to 1 111111. In another, 
:I fraginent, whose inaximuiii diameter wits 1.12 inin., the diaiiioter of the head was 0.23 mm. It was 
surmounted by four ilistiiict papiI1:c. The uterus contnincd ova in various stages of segmentation along 
with embryos which agrce with those dcsc-ribed under IclLtliyonemci (~lobiccps. Length, 0.5 I I ~ I I .  ; greatest 
diameter, 0.013 iliin. ICxc*eedingly line-pointed at sinallcr c m l .  111 the larger specimen tho principal 
part of the body, more particularly the anterior half, was literally packed with young. 

[PI .  SVIII, ligs. 218, 219.1 

CYCBTOI)ES. 

Cysts on viscera. 2. Rlr~~nc1~obotltrium speciosum Linton. 

3. Tetrarhynchus. Cysts on viscera. 4, p. 808. 

4, 1)p. 801405, pl. LXIV, figs. 13, 14, and 1’1. 
LXV, figs. 1-7. 

Balistes vetula, 5”t+gpv-j/di. 

YOOD. 

Twelve small speciniens from Katarna 13ay were examined September I ,  1899. Amphipods, 
copepods, and seaweed were found in the alimentary canal, but 110 entozoa. 

Alu tera  schcepfii, lf’ile-jsh. 

Boon. 

The stomachs have t~hsually becn empty. 
other August 5, 1889, in which there were steins of hydroids. 
throughout its length with ii1:Lsscs of hydroid steiys. 

Two were sccn, however, one on July 24, 1887, the 
I n  one of these the intestine was filled 
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CEBTODES. 

1. Dibothrium aluterze. Intestine. 
2. Rhynchobothrium bulbi@ Linton. 
3. Rhynchobothritcm. 

1, pp. 458-459, pl. I, figs. 5-8. 
Cysts on viscera. , 4, p, 793. 

Cysts in coats of stomach and intestines. 4, p. 798. 

TREMATODES. 

4. Distomum pallens Rudolphi. 
5. Distomum valdeinjlatum Stossich., Capsules on peritoneum. 

Intestine. 6, pp. 526-527, pl. XLVII, figs. 8, 9. 
6, pp. 527-528, pl. XLVII, figs. 10-14, 

and PI. XLVIII, figs. 1, 2. 

Lagocephalus lawigatus, Smooth PZlfer. 

One specimen from Narragansett Bay, July 22, 1887. 

NEMATODES. 

1. Immature nematode (Ascaris). [Pl. XI,  figs. 121,122.1 From intestine. Dimensions in millimeters: 
Length, 22; diameter of head 0.1, 1 mni. back of head 0.28, maximum a short distance back of 
middle 0.48, 1 mtn. from posterior end 0.32, at anal aperture 0.12; distanci: of anus from 
posterior tip, 0.13; esophagus short. 

CESTODES. 

2. Scolec poly~norpl~us Dujardin. Abundant, in intestine. 

TIIBYATODER. 

3. Diutomuon. SI). Jntestine. 6, pp. 537-538, pl. LIII, figs. 1,  2. This specimen bears a close resem- 
blance to Distomum sp. from the scup. See No. 11 under Stenotomus chmjsops. 

blpheroides maculatue, Pffifer. 

BOOD. 

This Apecies was examined on three occasions in 1899. August 5; 9 small; alimentary canal 
contained sinall crabs, amphipods and both lamellibranch and univalve mollusks. August 28; 3 
small; hermit crabs and crepidnke in alimentary canal. August 30; 12 small; crustaceans, small 
lamellibranch shells, annelitls, seaweeds, and sand in alimentary canal. August 28, 1900; 3 small 
specimens from Katania Bay; shrimps and other small crustaceans in alimentary tract. 

ACAhTIIOCEPIIALA. 

1. Z~c?~inorhync?~us acus Rudolphi. Pharynx. 7, p. 281. 

cEwomY. 

2. l'c~rarlqncJius sp. Cyst, pharynx. 7, p, 281. 
3. Larval cestodes (Scolex polymorphus Dujardin). Free in intestine. See 4, pp. 789-792, pl. LXI, figs. 

4-15. Aug. 5, 1899; 28. 
TILEM ATODJL9. 

4. Distomum vibex Linton. Intestine and pharynx. 7, pp. 281,291-292, pl. XXXVIII, figs. 48-51. Some 
small distornes found by Dr. F. P. Gorham in young puffers seem to be the young of this species. 

5. Didoniurn vitellosum Linton. Intestine. Aug. 28, 1899. See 7, p. 290. 
6. Distomum sp. I n  cyst, on viscera. This distoine wae about 0.7 mm. in  length and spinose. 

Probably D. vuldeinflutum. August 5, 1899. 
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Chilomycterus schcepfi ( C. geometricus, Diodori ninculo-alriulua), Pufw, Pvrcwpine-jkh. 

NEhI ATODES. 

1. Ascaris neglecla Leidy. 
Two specimens from intestine of this fish July 21, 1887, are referred to this species; one male 

and one female, the latter with the anterior end missing. Leirly’s description of this species is: 
“Body cylindro-fusiform, most narrowed anteriorly; head naked; lips large and obtuse; tail short, 
conical, acute, In  
these specimens the body is transversely wrinkled, producing a beautifully crenulated margin, the 
crenulations themselves being made finely dentate by transverse lines. Tail mucronate, the tip slightly 
roughened. There are twenty preanal papillq more or less, on 
each side arranged in a single row; those immediately preceding the anal aperture are the smaller. 
The papilla suggest A. ltabena. The length of the fragment of a feniale WRY 15 nim., and its diameter 
1.3 mm. It exhibited the same crenulate margin mith dentate detail of outline as the niale. 

Dimensions of male in niilliineters: Length, 26; diameter of liend 0.17, 1 nnn. froin anterior end 
0.21; maximum diameter, near posterior end 0.8, 1 nim. from posterior end 0.62, at anal aperture 
0.15; length of head 0.15; distance of anal aperture from posterior end 0.13; length of cesophagus 6.3; 
length of copulatory spines 4.25, breadth 0.02. 

[PI. v, figs. 33-36.] 

Length of female 2 inches, breadth three-fifths of a line; inale about half the size.” 

No postanal papilla were made out. 

CIEsToDEs. 

2. Lig~ila cliiloniycteri. 4, pp. 788-789, 111. LSI, fig. 1. 

Nola mola (dfoltc rotunda), Sim-firYh. 

FOOD. 

1 add the following to the mcager food notes made in my report for 1898 [7 ,  p. 2811: July 19, 
1899; 1. 
salp:c and possibly ctenophores. July 30; 1. The alimentary canal, which in this singular fish is little 
differentiated into stomach and intestine, and in this individual measured 3.7 meters (124 feet), 
rontainetl a thickiih soup or gravy-like chyle, which in places was held together by a viscid niucus. 
A large number of salpz and nunierous small, pinkish amphipods were found, the latter inore abundant 
toward the lower part of the intestine. The alimentary canal 
contained a yellowi,qli-gray soup-like cli yle. Food Inaterial not distinguishable. July 20; I. Taken 
by the schooner Grampus south of Gay IIeatl. A large jclly-fish is reported by Mr. C. W. Stone from 
tho stomacl1. 

Stoinach and intestine filled with chyle resembling thick soup or gravy, witli remains of , 

July 10, 1900; 1 (weight, 286 pounds). 

ACANTIIOCEPIIALA. 
1. I~~liirtork!j?ic~ius w u s  Rudolplii. 

A fragment found with a lot of trematodes from the gills, collected by Vinal N. Edwards, July 13, 
1881, .tippears to belong to this species. 

NIEMAT0I)IE~. 

2. Irnmulure ~retncttodc. [PI. VI, figs. ,51,52.] 
A sniall specimen was fount1 encapsuled on the intestine, July IO, 1900. 

CEsT0I)B:s. 

3. DibolJuhn microcepliali~n~ Rudolplii. Intestine. 2, pp. 736-745, pl. 11, figs. 5-18. 7, p. 282. 
Thirty-three specirnens were obtained July 30, 1899. Twenty of these were nornial. In the 

others the first, and sometimes the second joint also, was elongated and slender. [PI. ssv, figs. 270, 
271. j Thirty-three, also obtained on July 10, 1900, 
longest 150 cm. ; total length of worms about 30 meters (100 feet). July 29, 1900; numerous. Mr. 
C. W. Stone reports that the harpoon passed through the intestine, and that the tapeworms were 
in consequence much broken. The largest fragment, which consists 
of mature proglottides throughout, measures 86 cm. in length and 10 111111. in breadth at  widest 
part. It is 7 mm. wide at  anterior end and of nearly uniform breadth, nar r~wi~ig ,  however, a t  
posterior end. Another fragment, with scolex attached, which may be a part of the same worm, is 
17 cm. in length. 

A similar condition was noted in 2, pp. 736-737. 

Only a few were preserved. 

F. C. 13.1899-30 
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4. Tetrarhynchus elongalus Wagener. Liver. 4, pp. 812-813, pl. LXVII, figs. 9-12. 7, p. 282. July 
19, 1899; 5 scolices. July 10, 1900; 6 scolices. July 30, 1899; several. July 29, 1900; several. 

One of these larvrx: in its blastocyst was dissected out ot the liver by Mr. W. W. Francis, July 19, 
1899. Its dj.neneions, in millimeters, follow: Length of anterior actively motile part of blastocyst 18, 
diameter 4; length of posterior part of blastocyst 400, diameter 2. These dimensions were changed 
somewhat after the specimen had been lying in water for three or four hours. After killing, the length 
of the anterior portion was 24 mm'. and of the posterior 440 mm., the diameter remaining the same as 
in the living specimen. The posterior two-thirds was embedded in the liver; the anterior third waf 
on the surface, but under the serous coat. I n  another specimen the anterior part was 40 mm. in 
length. If the proportions are the same as in the 
first, it should be 800 mm. in length. The five specimens represent an aggregate length of probably 
3 meters, 2 of which are in the substance of the liver. The explanation of the great length which 
these cestodes attain in the liver of the sun-fish is doubtless to be found in the fact that the life of the 
host is very long, and therefore the time which the worm is doomed to remain in the liver aEter it has 
once gained alodgnient there must likewise be very long. Of course its surroundings must be congenial 
and conducive to longevity, else its tissues would, sooner or later, degenerate. Although this cestode 
appears to be invariably present in the liver of the sun-fish, it may be questioned whether the sun-fish 
is, in a strict sense, the proper intermediate host of this worm. It would indeed be a large animal, 
and one with phenomenal digestive powers, which would habitually use the sun-fish for food. 

[PI. XXII ,  figs. 

A globular portion of tlie cyst was of dense c-onnective 
tissue 5 mm. thick; the space within, about 2 mm. in diameter, was filled with yellowisli coagulated 
fluid. The blastocyst, which had evidently at one time occupied this space hut now lay in a thinner 
walled part of the cyst, was 42 min. in length and 5 mm. in greatest diameter. It contained a larval 
Rhynchobotlirium which, when everted, measured 20 mm. in length. 

The posterior portion was not all dissected out. 

5. RlLyncliobotlirium sp. From cysts on intestine under the serous coat. July 7,1900. 
245-250.1 

Length of cyst, 27 mm. ; breadth, 16 mm. 

TXEM uroms. 

6. %tornurn mo2:e Blanchard. [ %tomurn rridolpliianum Diesing.] Skin, gills. 6, p. 510. 7, p. 281. 
A sun-fish captured July 30, 1899, was reported by Dr. Dahlgren to have had 138 treniatotles 

This wm translucent, bluish-white, with a shade of pink, especially 

6, pp. 522-523,111. XLV, figs. 9, 10, and pl. XLVI, Iigs. 1-5. 

July 19, 18'30; 3. 
6, pp. 530-531, pl. XWII I ,  figs. 8-11, and pl. X L I X ,  

10. fistomumfo/kcluni Linton. 6, pp. 532-534, pl. XLIX, figs. 3-5; pl. I,, figs. 1-3; pl. I,I, 

11. Distonzuni f rw~i l e  Linton. Intestine. 0, pp. 282-295, pl. XSXIV, figs. 68-70. July 10, 1900; 

Many copepod parmites were seen on the sun-fish; numerous flat, scale-like forins on the skin; 
large paired forms on the gills anc! long lerneans with heads buried in tlie flesh, the body with eggs 
hanging like a dark-brown tassel from tho skin. One parasitic copepod was found under the skin, 
which at  that point was over an inch thick. 

on the skin. 
toward the posterior end. 

7, p. 282. 

July 19, 1899; 1. 

7. Divtomum mtcc~oco!yle Diesing. Intestine. 

8. Dklornurn conlorlutn Rudolphi. Intestine. 
9. DistonLurn ~iipoJuvum Rudolphi. 

Lateral areas, dark-brown. July 10, 1900; 2. 

July 29, 1900; 12. 
6, pp. 528-530, pl. XLVIII, figs. 3-7. 

Intestine. 
figs. 1, 2. 7,  11. 282. July 30, 1899; 9. .July 10, 1900; 2. July 29, 1900; 3. 

figs. 1-4. 7, p. 282. July 19, 1899; 1. July 10, 1900; 4. July 29, 1000; I .  

numerous. 

Intestine. 

Length of living yerimens, 4.2 mm. 

Myxocephalus mneus ( Cotluv mneua, Acantliocottus L L W ~ U ~ ) ,  Zl l l e  Sculpin, Grubby. 

HOOD. 

Annelids, copepods, shrimps, and young fish found in the alimentary canals of young specimens. 
Many young flounders and shrimps taken from alimentary tracts of young sculpin from Katama Bay, 
August 28, 1900. 

1. Echinorhynchus acw Rudolphi. 

ACANTHOCEPHALA. 

3, p. 525. 
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NENATODm. 

2. Immature nematodes (Ascaris). 
Two lots of these specimens, collected by Vinal N. Edwards November 5, 1886, and October 24, 

1887, are in the U. S. National Museum collection. They are of nearly uniform diameter, but taper a 
littlemore anteriorly than posteriorly; the largest are 22 mm. in length and 0.5 mm. in greatest 
diameter. 

p. 282. 

They agree with immature ascarids from Prionotus carolinw. 
2 ~ .  Ascaris sp. [Pl. VIII, figs. 70-72.1 

Specimen, a female, collected by S. E. Meek, Fulton Market, New York, October 28, 1886. 
Dimensions in millimeters: Length, 50; diameter, head 0.26, maximum (posterior third) 1.75, 1 mm. 
from head 0.26, 1 mm. from posterior end 0.9, at anal aperture 0.32; distance of anal aperture from 
posterior end, 0.4. 

3. A larval cestode, probably Dibotlirium sp. 

4. Bhyncliobothriunz si). Cysts in muscles. 4, p. 798. 

CESTODES. 

On viscera. 
Small, somewbat flask-shape, with pore at ankrior end. July 27, 1900. 

TIIEMATODEs. 

5. Dktoriium appcndiculnturn Rutlolphi. Intestine. July 27, 1900. 

acetabulum 0.148; ova, 0.024 and 0.010 in the principal diameters. 

See 7 ,  p. 289, pl. XXXVI, figs. 25,26. 
Dimensions in niilliinoters (alcoholic specimens) : Length, 2.10; diameter oral sucker 0.065, of 

Cottunculus thomsonii. 

NEMATODES. 
1. Ascaris sp. 

Fourteen specimens from stomach of fish taken IJY steamer Albatross, station 2739,1887; depth, 811 
fathoms. Body thickened posteriorly, attenuate anteriorly, most rapidly for first 5 mm., crossed by 
minute transverse strize, which are 0.025 mm. apart. Length of lips about equaling diameter of head; 
lateral lips each with a single papilla near front edge; anterolateral edges prominent and rounded; 
lateral membrane of lip narrow; triangular interlip large; lips unsymmetrical. Posterior end of body 
curved in males, straight in females. The largest speciineli mewured 97 mm. in length and 1.5 mm. 
in diameter. Dimensions of another specimen, a female, in millinieters: Length, 84; diameter of head 
0.2, near middle 1.25,lO mui. from posterior end 1.3, at anal aperture 0.5; length of lips, 0.2; distance 
of anal aperture from posterior end, 0.8 The larger males nearly equal the larger females. Two 
postanal papil1:c were made out in side view of larger specimens. l n  a smaller specimen, 28 nnn. in 
length, 3 postanal on each side and 17 preanal on one side and 19 on the other were seen. These were 
arranged in a single row 0n each side. Spines slender and sharp-pointed; length, 2 mill. ; diameter, 
0.02 mm. 

[Pl. IX, figs. 84-87.] 

Hemitripterus americanus, ,S"w I ~ ~ W L I L ,  lid Sculpin. 

NEM .moms. 

1. Asctcris sp. 
These 

worms are of nearly uniform diameter throughout, a little thickened posteriorly, the tail recurved. 
Narrow alte were observed near the head of one, a female; body smooth. A male, 40 iinn. in length, 
diameter of head 0.23 mm. and of body 0.7 mn.,  and lerigth of spinesabout 0.3 mm., had about twenty 
preanal papillze on one side. These appeared to lie in a single row, the posterior opes being close 
together and small, the anterior ones more sparsely distributed and larger; postanal region short. 

Another lot, collected also by Mr. Edwards, October 12, 1887, appear to be immature females of 
the same species. The a h  
back of the head were more distinct and the postanal region rather more elongated. Dimensions in 
millimeters: Length, 20; diameter of head 0.25, middle 0.6, at anal aperture 0.25; distance anal 
aperture from posterior tip, 0.34. 

[PI. IX, figs. 91-94, and pl. XIII, figs. 157-159. J 
U. S. National Museum collection; collected by Vinal N. Edwards, November 5, 1886. 

The embryonic cuticle wm still adherent to the posterior end of one. 
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Several other lots, most of them collected by Mr. Edwards, consist of immatilre nematodes 
encapsuled on viscera. They are young ascarids, and while their relative proportions differ consider- 
ably from the larger specimens they are, without much doubt,.younger forms of the same species. 
Dimensions of a typical specimen in millimeters: Length, 15; diameter of head 0.08, middle 0.31, a t  
anal aperture 0.12; distance of anal aperture from posterior tip, 0.21. [Figs. 157-159.1 See under 
Glyptoceplialus cynoglossus. 

2. Distomum simplex (7) Rudolphi. 

TREMATODES. 

Intestine. 6, pp. 525-526, pl. XLVII, figs. 3-7. 

Opsanus tau (Batrachus tau), Toad-$ah. 

FOOD. 

Among my food notes of this species I find the following noted: Littorinn. littoria, Ilynnamn. ohsoleta, 
!Kla lrivitata, Uroualp?ynx cinerea, usually with hermit crabs; Crepadula fornicatrc, Pecten irradians, 
Cancer irrorcdus, Pa1:Emoneles vulgaris, Eupngurus longicaws; bones and other fragments of fish; a 
partly digested toad-fish. I have seen a toad-fish in  the aquarium in the act of swallowing another of 
its own species but little smaller than itself. I n  the alimentary canal of a sniall specimen two shells 
of Utriculus canalicula&us (Bulla) were found. 

ACANTIIOL'El'fI ALA. 

1. Echlriorliynclius acw Rudolphi. Intestine. Oct. 22, 1887. Collected by Vinal N. Edwards. IJength, 

2. Echinorhynclius agilis ltudolphi. 

3. E~l~inorhynchus fusiforniis Zeder (7).  [Pl. 11, fig. 11.1 Intestine. 
This appears to be near .E. fusiforrnis Zedor. 

The body is fusiform, gradually attenuate in  front to the base of the proboscis, abruptly constricted at 
testes, whence it is cylindrical to the posterior end. Proboscis clavate; eight vertical rows of hooks 
visible on a side and about fifteen hooks in a vertical row. The hooks are sliarp, recurved, and rather 
slender. Testes two, elongated, lying end to end, and are follo\wtl by an elongated, tubular, seminal 
receptacle and .z subglobular bulbus ejaculatorius (?), which communicates with the copulatory bursa 
by a slender duct. 

Dimensions of a mounted spec*imeu, froin which tliis description was written, i n  ~nillirneters: 
Length, 5; length of proboscis 0.66, of prohscis tilieatli 0.73, of leninisci 1 ; diimeter of proboscis, apex 
0.15, middle 0.13, base 0.10; diameter of body, anterior 0.15, middle 0.48, potiterior 0.1;;. 

22 mm. See 3, p. 525; I, p. 492. 

I n  the U. S. Nat. Mus. collection; a single specimen, collected at  Woods Hole. 

One specimen, a male, collected August 7, 1899. 

Lengtli, 4 nim. 

N1':IMATOI)Eh 

4. Ascaris h u h u  ],inton. Sbinacli and intestine. 

every lot of toad-fish examined, although not in every individual. 
and rather transparent. 
sketch of a young specimen with embryonic cuticle is shown in pl. VI,  fig. 55. 

7 ,  pp. 283, 302-303, pl. ximi, figs. 109-115. 
Found five times in the summer of 1899 and four times in  the summer of 1900. It was found in 

The eggs of this specks arc large 
A [I'l. vi, figs. 56 tc-i.] Tlic number of chroiiiosoiiies appears to be sniall. 

C1ES'I'OI)IES. 

5. Kli!/ricltobotlir~u?n tumidulum Linton. Scolices in intestine. See a, pp. 820-832, 111. XI ,  figti. 3-11. 

Others 
with essentially the  mine kind of proboscitlcs, but with no red pigment, wcre found August 5, 1899. 
The liooks and proboscides resemble 12. tumidulum. 

.July 26, 1900; 1. Aug. 10, 1900; nunieroo1is. 
These scolices are charac-terizetl by liaviiig a conspicuous red pignient blotch in the neck. 

[I'l. XSI, fig. 241.1 ' 

THEIIIATOUIES. 

6. Distomum tenue Linton. Intestine. See 6, pp. 535436, pl. LII, 2-8. Aug. 15, 1899; July 26, 1900; 
Aug. 4 and 10,1900; few. Color in life translucent bluish-white, vitellaria yellowish-green. 
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Length. .............................................................. 

A sinall globular cyst, yellowish, in one lot, from the viscera and several others from cysts in the 
There was liver in another lot contained minute distomes, which are probably young of this species. 

a double row of spines arouiid the mouth, about 25 in earl1 row. 
7. Bidomeu (undetertniIied species). [PI. X X I X ,  figs. 324-329.1 Intestine. 

0 1 1  August 15,1899, a small lot of distomes were obtained in whit+ there are at  least two distinrt 
species. On account of the small number and the unsatisfactory coiitlition of the preserved material 
1 shall not assign specific names to them. They were associated with speciinens of 11. h t w  and I). 
tor?ircfuiii. 

The living woriiis were yellowish. 
.Body ohlong, appressed, transversely rugose, with minute scattering scale-like spines (easily over- 
looked). Aperture of iiioatli in smaller spechen  with 
iiotdi at anterior border (not noted in  larger speciiiien) ; aperture of acetd>nluiii a little wider than 
long. J’liarynx longer tliaii broad, apparently protrritling into tlie oral Rucker. U’:sol)hagus, if auy, 
short; ii:testinal rami siniple, exteiiiiiitg nearly to the posterior end. Testes two on median line 
about middle of l~ody,  the anterior testis. subglobular, tlic posterior sotnewtiat three-lobed. Srniinal 
vesirle (tnade out only in siiiallcr specimen) dorsal to wctal)ulmn; genital aperture on median line 
irnniediately in front of arctabnluni; ovary near posterior border of ncrtabulutii, a little to left of 
median line; n seminal receptacle was nrailc out in  the smaller specitneii anterior to the ovary, and 
to the left; vitellaria voluminous in posterior and lateral rcgioiis of body arid extending at least as far 
forward as the acetabulum, iri the smaller specimen as far as the pliaryiix. Ovum, iti larger specimen 
only, 0.10 and 0.07 in the two principal c1iaineter.s. 

The following table shows the diinensions in milliineteru, the larger specitneii in turpentine, the 
smaller in balsam: 

A .  (Figs. 324, 33G.) One larger and one smaller specimen. 

Oral Hucker and acetabulum about equal. 

i 

m i .  
3.60 

Lctigtli of haryiin.. .......................................................... 
Breadtli o?p)pharynx.. ......................................................... 

nirii. 1 1.10 
.37 
.17 
.18 
.I7 
.21 
.OH 
.I1 

B. Two specimens stained and mounted in  balsam. These agree in the relative proportions of 
suckers and pharynx, in the position of the genital aperture, and the general arrangement of testes and 
ovary. The greatest difference is in  the cliaraeter of tho vitellaria; other differences may be Bccouiited 
for by different conditions of contraction. 

Characters comrnon to both are: Acetabulum much larger than oral sucker, broader than long; 
oral sucker longer than broad; pliarynx nearly as large as oral surker; wsophagus short; intestinal 
rami simple, reaching nearly to posterior end; testes two on iiredian line in about the posterior third 
of body, the anterior testis immediately precded by the ovary, wliicli lies a little to the right of the 
metliau line; genital aperture a short tlistunc-e in front of acetabulniri, to the left of tlie niedian line; 
the radiating musrles of tlie cirrus bulb are distinctly seen’ in ventral view upon focusing with a high 
power. 

0. (Fig. 327.) This speciiiien was probably lrilled while flattened out under pressure. The body is 
smooth, tlie intestfnal rami thin-walled and iriflated. There is :t vitelline reservoir itnmcdiately iii 
front of the ovary, into which two antcrior and two posterior vitcllitiu ducts einpty. Tilt: vitellaria 
are rather irregular small panulur niasses at the posterior end of the h t l y  ant1 along the lateral margins 
nearly to the ticc~tabuluin. Tlie two testes and ovary are each suI)glol)ular. 

b.  (Figs. 328,329.) This specimen is tiiuch contracted. The body is transversely rugose, and the 
posterior region, when strongly magnified, is seer1 to be heset with ~ninnte, bristle-like spines. The 
inteshial rami are slender, kit thick-walled. The vitellaria are a t  the posterior end of tlie body and 
along the tnargins as far forward as the pliaryns; tliu granular masses larger and more crowded than 
in a. Testes and ovary broader than long. 
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Length ................................................................... 
Maximum diumeter ...................................................... 
Length of oral sucker.. ................. ............................. 
Breadth of oral mcker .................. 
Length of acctabulum.. ................. ............................. 
Breadth of acetabulum.. ................................................. 
Length of harvnx ....................................................... 
Longer diameter of ovum.. ....................................................... 

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

Breadth o?phakynx.. .................................................... 
ghorter diameter of ovum.. ...................................................... 

____ 

Dimensions in  millimeters: 

n m .  ~ ? I L  
1.21 0.88 
.43 .46 
. I 6  . 1 G  
. 1 1  . I 3  
.li .20 
. 23  .28 
.11 .I7 
.IO . I 1  

M5 
,024 

Prionotus carolinus, Sea Robin. 

FOOD. 

Stomachs and intestines of this species have yieltled a variety of material. I n  one specimen were 
found a young herring, several young clams ( Afya), two shrimp (Pcdamonete~) , and a pebble. Small 
specimens have yielded shrimps in large numbers, amphipods and othor small crustaceans, squid and 
lainellibranch mollusks, annelids, and seaweed. One sinal1 specimen had four young winter flounders 
in its stomach 

NEMATODES. 

1. Immature nematodes. 
Dimensiops in  

millimeters: Length, 20; diameter of head 0.11, 1 mm. froin anterior 0.27, iriaxiiiiuni 0.56, 1 mm. from 

On Rerous covering of viscera. Aug. 21, 1899; Aug. 21, 1900; few. 
Some immature ascarids collected July 21, 1887, encapsuled in peritoneum. 
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Iiltestinal posterior end 0.35, at anal aperture 0.13; distance of anal aperture to posterior end, 0.25. 
diverticulum noted at base of ccsophagus in smaller specimens. 

CESTODES. 

2. RlL~iicl~o6ot~Lriu~~. Encysted 011 viscera. 4, p. 795, pl. I ~ I I ,  figs. 3-5. 7 ,  p. 282. 
3. Trimrl~ynclt~us b i , ~ ~ l c u t t ~ ~  Linton. Jhwywted in stoinacli and intestine. 7 ,  p. 282. 

TREMA‘I’O1)IB. 

4. Diytomum uppeizdinlatu~n Rudolplii. 

5. Distomum sp. Intestine. 

6. fi~~lOSto??t?Ln2 si). 

Intestine. See 7 ,  p. 289, pl.. XXXVI, figs. 25, 26. Found in 

Probably the s p e c k  called by me I ) .  vilel- 
this host Aug. 5, 1899, aid  Aug. 10, 1900. 

louum. 
7 ,  p. 295, pl. XXXIX, fig. 71. 

See under Clupea lmrcrzgus, Steltotomu8 c lmjsop ,  et(-. 
Iiitwtiiie. One sin:tll specimen found Aug. 30, 1899. 

Lopholatilus chamdeonticeps, Tilr-jtTli. 

Pool). 

Viscera of a number of tile-fish taken July 29, 1899, and placed iii formalin were looked over 
and the following food notes made: Crabs in large numbers, the iiitestiiies of wine of tlie fish being 
filled with them. A part of a squid was found in one, and in the stomach of another were two spiny 
dog-fish (Squulus ncunthiua). In others, taken August 10, 1899, 80 iniles south of Gay Head, were 
found many crabs, a hivalve inolhhk ( I’oldin), tests of large salpa, an eel, aid bones of fish.‘ The 
following list wm iriatle out from the contents of the aliinentary canals of 18 specimens taken July 30, 
1900, sonth of Marthas Vineyard in 65 to 110 fathoms: Pieces of iiienhaden (bait) in stoinachs of three 
or four; intestines, par t idar ly  tlie lower parta, filled with fragirienb of crustaceans, in which a few 
mollud~ shells, salp:o, aiinelids, a holothurian, actinians, and fish bones were found. 

For assistance in the following partial identification of this Inaterial 1 alii indebted to Mr. Freeland 
Ilowe: Munidih curibxa (very abundant), eupagurids (abuiiliant), brachyurans (abundant), spider 
crabs, sinall (many), Akplurus, Yoldiu (few), Purdlurn ? (fragment of valve), iicreis-like annelid (one 
and fragiiient), sandy wonn-tube (one), Ailunlsici .uociabiliu (abundant), Thyone sp. (one, identified by 
Dr. 11.. C. Clark), tunics of Salpa zlonaria-cordijormis (numerous), fish bones (otic bones, vertebrte, 
lenses, etc., numerous). 

On account of tlie nature of i h  diet, which must be a 
very trying one on any entozoan whicii attempts to miintaiii a position in the alimeiitary tract, not 
many entozoa are to be expected in tlie tile-fish, and few are found. 

The tile-fish is preeminently a crab-eater. 

ACANTITOCPI’HALA. 

1. EclLinorhynchus. 
[PI. 11, figs. 6, 7.1 

Only the anterior end could be foiind when the specimen was mounted. The proboscis is only partly 
everted a i d  its basal portion is retracted for a phort distanc*e by the inversioii of the anterior end of 
the body; so far as it  cau he seen, the proboscis is clavate, though it is probably fusiforin when fully 
everted. The hpoks are prominent; those in  about the first four basal rows are arcuate, slender, 
others recurved, all rather large; sheath thickest in  middle, tapering toward its posterior end; leiiiiiisci 
slender, a little longer than sheath. Iliinensions of specimen mounted in balsam, in niilli~neters: 
Diameter of base of probosris (a part of the base is concealed) , exclusive of hooks 0.33, iiicluding hooks 
0.44; diameter of spcx of part extended, excluding hooks 0.36, including hooks 0.5; length of part, of 
proboscis everted, 0.36; length of entire proboscis (estimated), 0.857; length of loiigest hooks, 0.09; length 
of sheiith, 0.87; dianietcr of slieatli, anterior 0.36, iniddle 0.4, posterior 0.26; leinnisci extend about 0.07 
beyond sheath and are about 0.015 in diameter. 

[PI. 11, figs. 8-10.] Body nearly linear, 
tapering very gradually toward tlie hliintly rounded posterior eiid. l’roboscis ercct, cylindric:il, with 
nuinerous hooks placed very c*lose together so that point of one hook overlaps tlie base of the succeeding 
hook. Hooks in one or two of the bwal circles slender and arcuate, others stout and abruptly recurved; 

ltepresentatives of this genus found on two occasions. 
u. July 29, 1899. An iininature specinien from a cyst in the stoinach wall. 

b. July 30, 1900. A small female from the intestine. 
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about 14 rows of hooks visible counted transversely, and about 16 counted froin base to apex. The 
sheath is cylindrical and the lemnisci appear to be a little shorter than the sheath. Dimensions of 
alcoholic specimen, in millimeters: Length, 10; length of proboscis, 0.72; diameter of probostis, base 
0.34, middle 0.33, apex 0.28; length of longest hooks, 0.06; length of sheath, 1.1G; diameter of sheath, 
0.32; diameter of body, anterior 0.58, near posterior 0.43. 

NEM ATODFS. 

2. Tmmnture nematodes. [Pl. XI, figs. 123, 124.1 Encapsuled and free. 
On July 30, 1900, rather numerous. 

The wornis were still living when they were examined and appeared to be identical with iinniature 
nematodes from Uroplbyciu r7ius and PuruZi(htli?y~ obZongi&, with which they were coinpared. Figs. 123 
and 124 arc froin sketches of a specimen collected by the Fish Coinmission in 1881. 

Found 011 each occaeion 011 which this fish was examined. 

Length, 15 inin. 

CESTODF,G. 

3. I,urrtrZ cestodes (ScoZm polymwplius Dujardin). 

1900. 
ice for two days. 
clbuhtless inany .species are represented by this well-named ~%olex polqmorplius. 
were noted in the necks of these larv:~. 

Free in  intestine. See 4, p. 789, etr. 
Noticed in material collected August 10, 1899; rather nuinerous in material collected July 30, 

The latter were still artire, the viscera irorn which they were obtained having been kept on 
They appear to be siniilar to forms found in the squeteague ant1 other fish, althougl~ 

Ked pigment patches 

'4. jl~rmiu-lile.frugments. Intestine. 7, p. 282. 
5. Ctstode; new. Intestine. [PI.  xx, figs. 233, 234, and pl. XXI, figs. 236-238.1 

Tq-o scolices, which appear to belong to an undescribed genus, were obtained from the intestine 
of a tile-fish July 29, 1899. The specimens had been in formalin for two days before I had an 

. opportunity of seeing them. The heads and posterior parts were white, the neck and inetlian parts 
pinkish. The scolex resembles ~clirnribo/hrium 
in  having four unarmed bothria and a. terminal muscular disk which is provided with an anterior 
central auxiliary sucker. Each bothrium, considered alone, suggests the genus Pl/yZlohofliriurn, being 
without transverse costa?, having the borders thrown into cruinpletl folds and being provided with 
an auxiliary acetabulum on its anterior border. The hothria seem to be plac.ed 011 the head, as in 
C3ro.sxobot7irium, while they project in the preserved specimens so ai? to stnnd nearly perpendicular to 
the flat surface of the neck, as in Cal~yptrobotlirium. The muscular disk in front of the hothria suggests 
the genera 97JlocephaZum and DixcocepluduirL, while the terminal auxiliary acetabnluni, which can be 
seen in the inounted specimen and has its presence fully demonstrated in  longitudinal sections, finds 
its counterpart in the genus Echenclbotlirium. The auxiliary acetabula on the bothria are concoaled 
by the anterior muscular disk and are difficult to see in these specirnens. Transverse sections of the 
body show no rudiment of reproductive organs, no differentiation of a. cmtral (me, only :L few 
comparatively coarse longitudinal muscles in the parenchyma. 

The vessels of the water-vascular syc~tein are proniinent and tortuons, and may be seen along the  
lateral inagins of the body, the margins of,the bothria, and extending into the muscular disk. Other 
dimensions in millimeters are: Breadth of disk between bothria 7 .76, thickness 0.93; thickness of l i e d  
through bothria, 1.31; transverse diameter of head, 1.74; diameter of anterior acetabulum, 0.15; 
breadth of body back of head 1.09, thickness 0.6. 

6. Tetrurl~yyl~chus bivulculus Linton. Scolex. July 30, 1900. 

They were about 6 nmi. and 8 min. long, respectively. 

This specimen agrees with 111 LiSuZcuttLx, exrept that the collar is wider than the head, ant1 rugose. 

THlGMATO1)ES. 
7. Distomum omeaturn Molin. Intestine. 

Twelve specimens obtained August 10, 1899, agree with the species which I have bcen recording 
Length of specimens niounted in balsrtm vary from 1 irirn. to 2.5 min. See 0, pp, 

7,  pp. 282, 289-290, p I .  XXXVI, figs. 27-35, and pl. XXXVII, 

The material from the intestine 
Some distomes swell up when placed in fro& water, the ric*etabuluin 

under this name. 
514-575, pl. XLII, fig 13. '7, 1). 288, PI. XXXV, figs. 16-24. 

8. Distomum facundum T2nton. Intestine. 
figs. 36, 37. 

July 30, 1900; 1, which is probably to be referred to this species. 
was washed out in fresh water. 
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becomes prominent, and the general appearance becomes much altered. While this specimen differs 
considerably in its outlines from the one figured in the original description, the difference is not SO 
great as I have seen in other species, due to difference in treatment. 

Remora remora (&?ieneis remora), Reenzora, 8Jucker. 

FOOD. 

Of the nine remoras examined the stomachs were empty in all but two; one of these contained 
the bones and tail of a fish resembling the menhaden; the other contained a squid. 

CES’IODES. 

Cysts on viscera. 1. 12hynchobotlirium sp~ciosuwi Linton. 4, pp. 801-805, pl. IXIV, figs. 13, 14, and pl. 
LXV, figs. 1-7. 

TREMATOI)&S. 

2. Distomum lageniforme Linton. Intestine. 
3. Distomuin monlice2lii Linton. Intestine. 6, pp. 518520, pl. XLIV, figs. 2-8. h u g .  17, 1899; 4. Aup. 

While living 
they vary, with different stages of contraction, between 4 mm. and 10 nim. 111 the living worm the 
body was transparent, slightly tinged with yellow; folds of uterus orange, lighter in posterior part of 
body; suckers also transparent tinged with yellow; testes, seminal vesicle, and cirrus pouch wlhte. 

6, pp. 524-525, pl. XLVII, fign. 7 ,  2. 

9, 1900; 7. On gills. 
The preserved speciinens of these two lots measure from 4 to 5 mm. in length. 

Merluccius bilinearis, Xileer Ifirk’, Tf71i&hzg, li’ro,yrost$slsh. 

FOOD. 

Stomachs empty in most of the specimens which have been examined. The following have been 
noted: Fragments of fish on two occasions; small crustacea in intestine of one; many crabs ( A u i o p ~ u s )  
in stomach and intestine of one. 

ACANTHOCEPIiALA. 

1. Bc1iinork~/nclius urus Rudolphi. Intestine. 

which I have referred to this species. 
twelve in each of the eight vertical rows which are visible on one side. 

One specimen, a female, July 11, 1900. 
This specimen was smaller and more slender than the worms froin the winter flounder and others 

The proboscis is cylindrical; hooks very regularly placed, 
See 3, p. 625, etc. 

NEMATODES. 

2. Immalrire nematodm (Ascaris). [PI. XIII, figs. 160-162.1 Serous coat of viscera. Y, p. 282. 
Some of those found in 

1900, which were part,icularly abundant on the pyloric r ~ c a ,  can be recognized as young of the genus 
Ascarik Collected also by 
S. E. Meek, Fulton Market, New York, November, 188G. “Abdoininal cavity appeared swarniing 
with the worms. All were very lively.” Dimensions of one in millimeters: Length, 22; diameter, 
0.43; length of ccsophagus, 2.6. 

Found in the specimens examined in the summers of 1899 and 1900. 

These were reddish or reddish-brown and from 5 to I G  inin. in length. 

Figs. 100,161, are from the latter. 

CIPSTODES. 

3. Dibotlirhm craswiceps Rudolphi. Intestine. [PI. xxiv, figs. 2G6-268.1 Aug. 5, 2899; 1. Scolex mid 

Dimensions in millimeters, life: Length 
of head, marginal view, 1; length of bothrium, lateral view-i. e., corresponding to the flat surface of 
the body 1.14; breadth of head, corresponding to marginal view of body 1.5, corrcsponding to k t  
surface of body 1 3 ;  breadth of first segment, anterior 0.78, posterior 1.07, thickness 0.36. Ponterior 
segnients show rudiments only of the reproductive organs, but no indication of external genital 
opening. The (+utide is covered with minute spines. I n  the alcoholic specimen the head is nearly 
spherical. 

short strobile. 
Length, 8 mm. (alcoholic) ; number of joints, about 40. 

See No. 6, under Polriatomus sultatriz. 
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4. DLhothriuna angustaturn Rudolphi. Tntestine. 

this species: “Head eldngate, tetragonal, slender, with oblong lateral bothria; necnk very short. 
segments elongated, very narrow; succeeding segments shorter, subquadrate.” 

oblong or somewhat clavate. 
ends. 
0.33, greatest breadth 0.33, posterior 0.19. 
greatest breadth 0.26, posterior 0.17. 
segment. 

5. f’lkyllobolhriun~ sp. Immature. Intestine. [Pl. xx, figs. 231,232.1 
Three specimens collected July 11,3900, bear some resemblance to 1arv:e which ai e not infreqnent 

in the commoii squid. Head white, with four bothria, which have 
crumpled borders and an auxiliary acetabulum on aiitrrior border of each. Therc. is also :t ni.uscular 
sucker (niyzorhynchus) on anterior part of head between the bothria. Neck linear, ligulate, 
translucent, the vessels of water vmcular system showing plainly m sinuous lateral lines, in preserved 
specimens, filiform. The largest spec.inien nrcasured in 
life 44 rgm. in length. 
6. R ~ ~ ~ X ~ U J ~ O ~ ~ L T ~ I L W I  sp. Pound also in 

1899 and 1900. 
Immense numbers of small pyriform cysts, 2 to 5 mm. long, were found on pyloric cmca of a silver 

hake, July 11,1900. Dimensionri of one of these 1arv:e iri millimeters: Length, 3; lciigtli of head, 0.87; 
of contractile bulbs, 1.02; of proboscides, estimated, 1.74; diameter of prolmcis, inc~Al~ding hooks, 0.15; 
length of  longer hooks, 0.07; diameter of c.ontrac*tile bulbs, 0.12. The hooks differ frorii any I hare 
yet seen, bearing some reseinblance to those of [I%tr(irlq/nchus erinctccwi. 

7. I h v a E  t*esfodes (,Scole.c polymorp1Lus lh~jardin) . See 4, p. 789, etc. 

[Pl. XXIV, figs. 269, a, b, c.] 
Thirty-seven young strobiles, August 21, 1899. These agree closely with Diesing’s synopsis of 

First 

The outline of the head varies with the state of contraction, biit the prevailing form is linear- 
Segmentu slender, almost cylindriciil, sliglitly enlarged a t  their posterior 

Dimensions of an alcoholic specimen in  millimeters: Length of lieail, 1.16; breitdth, anterior 
Another: Length of head, 1.21; breadth, anterior 0.22, 

Longest head measnretl 1.92 mni. in length to the first distinct 
The strobiles are linear or nearly so and measnred about 25 inm. in length. 

(4, p. 792, pl. LXII, figs. 1-9.) 

Body fusiform, appressed, opaque, pinkish. 
Length of head, 3 mm.; of head and neck, 26 nnn.; of body, 18 nnn. 

Eiicystcd on viscera, especially on pyloric cm*a. 7, 1). 282. 

[I% SXII ,  Iigs. 251454.1 

Free in intestine. 7, p. 282. 
Fouiitl also in 1899 and 1900. 

TIlEDiATODEB. 

8. IXstoniurn ot~caturn. illolin. Intestine. See 4, p. 514, etc:. 

9. Distomum vitcllosurn Linton. Intestine. 7, pp. 282, 290. Found Aug. 21, 1899; 18. [PI. xxx, 

Pollachius virens, Pollock. 

7, pp. 282, 288, pl. X X X V ,  figs. 16-24. 
Found also Aug. 21, 1899; 10. 

fig. 335.1 

NEMATOIXZB. 

1. Ascaris cluvatu Rudolphi. Stomach. 
In the U. S. National Museum collection there are three specimens from the pollock which 

evidently belong to this species. While ,they, together with those from the cod, present inany 
variatioqs, they agree in  having the posterior end truiicated and the upper lip oblong with a somewhat 
cylindrical pulp. The adults of both sexes are more 
attenuate anteriorly than posteriorly, while the males are shorter and relatively stouter than the 
females. 
la.  Irnmuturc ncmuiodea. 

cuticle. 
November, 1886. 

2. R l ~ ~ ~ ~ r l t o I ~ o i h ~ u ~ ~ k .  I’arvie encysted oil mesentery. 7, p. 288. 

7, pp. 283, 302, pl. XLIII, figs. 105-108.’ 

The side membranes were not easily seen in all. 

See under Qadux ( :al l ( ir ic~~.  No. 2. 

Six lots in U. 8. National Museum collection from body cavity. Specimens inc~losecl in embryonic 
Collected in October and Length about 24 inin., head truncate, tail with niucronate tip. 

CIESTOI)IZH. 

TI1EMATOI)ER. 

3. Il)ctylocolyle denticullluni Olsson. [ ~ J c t o b o t l ~ ~ u m  denticulatuin Olsson.] Gills. 7, pp. 283, 286, pl. 
XXXIII, figs. 6-10. 
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4. Distomum orreutum Molin. Stomach. 7, pp. 283, 288, pl. XXXV, figs. 16-24. See 0, pp. 614415, 
pl. x1.11, fig. 13. 

Microgadus tomcod, Toincod. 

FOOD. 

Annelids, shrimp, amphipods, and other small crustaceans found in the alimentary canals. 

NEMATODES. 

1. Asruris ~ p .  [Pl. IX, figs. 97-99.1 Immature. Intestine. Found in July 1886, Aug. 1887, and 
In intestine near pyloric cwca; length, 25 to 35 mm; probablythe youngof Ascaris 1899; few. 

cluvula. 
CESTODES. 

2. Larvul restodes (Scolex polymovphua Dujardin). 
3. Rlqncliobothrium imparispine Linton. 
4. Rhy~zrl~oboihriu.nc sp. 

Free in intestine. Aug. 2, 1900. See 4, p. 789, etc. 

4, p. 794, pl. LXIII, fig. 2. 
Encysted on viscera. 4, pp. 799-801, pl. I,XIV, fig8. 9-12. 

Encysted, submucosa of intestine and peritoneum. 

TRl2MATOD&?. 

5. Distortrum uppendiculatum Rudolphi. Intestine. Aug. 2,1900. See 7, p. 289, pl. XXXYT, figs. 25,2(i. 
6. IXstomum simp1e.x Itudolphi. Intestine. [Pl. xxx, figs. 331,332.1 0, pp. 525-52G, pl. XLVII, figs. 6 ,  7. 

These distoines when first seen were yellowish white, nearly transparent, the surface corrugated 
by fine transveme lines. They then resembled very closely the small distonies (No. 19 under 1’. dmtalus 
[fig. 33Gl) from the flounder collected August 17, 1899. When a specimen, which was quite short and 
corrugated and kept under slight pressure, was held over the flame of an alcohol lamp and warmed 
sufliciently to stiffen it, the  body relaxed and became much elongated. After seeing the diterse shapes 
which distomcs of the same species assume under different conditions of development and rontraction 
one realizes the inadvisability of bestowing specific names on new forms in the absence of a good 
number of specimens. A few 
dimensions of u specimen in glycerine given in millimeters are: Length, 2.40; breadth, 0.44; oral 
sucker, length 0.19, breadth 0.17; diameter of pharynx, 0.09; acetabnlum, length 0.25, breadth 0.29; 
ova, 0.08 and 0.04 in the two principal diameters. 

Ang. 13, 1900; 3. 

These specimens Yaried from 1.22 mm. to 2.47 mm. in length. 

CSadus callarias (Gadus ? I Z O W / ~ U L J ) ,  Cod. 

ACANTIIOCEPIIALA. 
1. RclvinorhyncAw acus Rudolphi. 

Eleven lots in  the National Museum collection from Woods Hole, collected in  November and 
December, 1887; two in  January, 1888, by Mr. Vinal N. Edwards; one collected August 22, 1883, 
and one from Eaatport, Me. (Palmer, collector). Three of these lots contain very numerous specimens; 
the others range from 1 to 54. These specimens from the cod, while showing considerable variety in 
shape and size, agree closely in the maximum and minimum dimensions. The females in nearly every 
lot measure from 28 mm. to 30 mm. in  length, and the males from 6 nun. to 8 mm. 

2. Ascuris clavatn Rudolphi. Stomach. 
Eleven lots of nematodes from this host, seven collected at Woods Hole, by Vinal N. Edwards, 

in November, December, 1887,and January, 1888; one lot collected by Mr. Thomas Lee on the 
steamer Allmtross, August 22, 1883; one from a salt cod, collected by Mr. A. 13. Clark; one from 
Long Island, collected by Mr. S. E. Meek, and one from Cmco Bay, while presenting many individual 
variations, appear to belong to this species. The specimens in  these l-ots vary froin 6 mm. to 62 irnn. 
in length. The smaller are relatively inore slender than the larger ones, which were, considerably 
thickened posteriorly. 

IXmensions of two specimens, in millimeters: Length, male 30, female 48; diameter of head, 
male 0.28, female 0.30; diameter 2 mm. back of head, male 0.80, female 0.70; diameter middle, male 
0.85, female 1.10; diameter 2 mm. from posterior end, male 0.80, female 1 ;  diameter at anal aperture, 
inale 0.26, female 0.35; dish ice  of anal aperture from posterior end, male 0.16, female 0.28. 

NEMATODES. 
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The adults of both sexes are more attenuate anteriorly than posteriorly, while the males are 
shorter and relatively stouter than the females. In  the female from which the mearurernents given 
above were taken the upper lip wm unsymmetricd, oblong, length 0.2 inin. ant1 breadth 0.22 
i n m .  The tip of the tail usually inucronate and minutely ronghened or beset with short spicules. 
The majority of specimens in these l o b  were immature, a i d  but fcw males were noticed. The anal 
papillrrt were but imperfectly made out; no postanal papill:u were noted in  niales exnmincd; 23 or 24 
preanal papill:t3 on a side were counted, the posterior 8 or 10 sinall, pdicel(d,  and mpitate. The 
remainder, including a pair immediately in front of the anal aperture near the inetlian line, are larger 
and not capitate. 

The smaller specimens were smooth; the larger often transversely rugose, especially towartl the 
posterior end. See under I’ollncliius I ireas, No. 1, 
and ‘7, pp. 283, 302, pl. XXXVIII, figs. 105-108. 
3. Inzmature nemdodes (Ascaris). 

I have examined nine lots of lieinatodes which came from capsules in various parts of tlie body 
cavity of the rod. The greater part of these were collected by Mr. Vinal N. 1Sdwards in the months 
of November and Decelnber, 1887. These specimens for the most part agree with tlescriptions of 
Ascuris capsu2a~;a; that is to say, they are immature ascarids. Speoiinens were found, however, wliicli 
were sutficiently developed to make i t  appear highly probable that they are the young of i l a a w i s  
c7nrvuf.u. The larger specimens range from 25 to 40 mm. in length, and from 0.6 to 1.1 inin. intliameter. 

4. Cucullunw globonus Zeder. [PI. XVII, fig. 206.1 
Nine specimens from the cod, collected by Mr. Vinal N. Edwards in the months of November, 

December, 1887, and January, 1888, belong to this species. Dimensions in millimeters: Length, male 
10.5, feinale 15; diarnetcr, male 0.4, female 0.35. Tail of female slender and prolonged 0.5 mm. beyond 
the anal aperture. 

The number appears to be the same on each sidc. 

The lateral alle appear to be an adult character. 

Serous covering of stomach, intestine, liver, etr. 

Length of male copulatory qiiies, 1.2 in in .  

CESTODES. 

5. Diboth~ium rugosum Rudolphi. 6, p. 431, pl. 

6.  Rl~gnchobotl/ri7-ium imparkpine Tinton. I’eritoneum. 4, pp. 799-801, 1’1. LXIV, fib’. 9-12. See 2, pp. 

Pyloric cleca. 9, pp. 750-764, pl. III, figs. 7-10. 
X X V I I I ,  figs. 9, 10, and pl. X X I X ,  figs. 1-4. 

840-843, 1’1. XII, fie. G-9. 
TRRMATODRS. 

7. ATitzschiia pupillosa Linton. 
8. Diulomum rtccltion Cobbold (?). 

0, p. 508, pl. XL, fig. 1-6. 
6, pp. 538-539, pl. LIII, figs. 3-7. 

Melanogrammus Eeglefinus, IItltrddock. 

ACANT3~OC’RPIIALA. 

1. E~l~inor l~~jnc l ius  (CCIM Rudolplii. 

November, 1886, and December, 1885, 10 in one, 4 in the other. 
mm.; the shortest, a male, G mm. 

See 3,.p. 525, etc. 
@’ountl in two lots of entozoa from this host, t d e c t e d  by Vinal N. Edwards in  the niontlis of 

The longest, a female, nieasured 45 

NEMATODES. 

2. Nematode,q. Immature. Encapsiilrd on peritoneum. 
Ttiese were 

collected by V. N. Edwards in November, 188G, and December, 1885. The specimens in two of these lots 
agree with those from the cod, and are probably the young of AsccLrix cltrvattn. The longest is about 30 
mm. in  length. Body nearly 
filiform, but tapers niore anteriorly thaii posteriorly. Dimcnsions in  ~nillirneters: Length, 28;‘ diarnc+er 
of body 0.75, of head 0.25; distance of anal aperture from posterior end, 0.3; length of Esophagus, 4. 
I n  acetic acid two systems of diagonal fibers were brought out. 

Three lots of encapsuled nematodes from this host in  U. S. Nat. Mus. collection. 

The specimens in  the third lot resemble Cobbold’s A. tr~a?it~~ocuudtrla. 

CESTODIEH. 

3. nl~~nchohoflrri,c/)/ i/~parispbie Linton. Peritoneum. 4, pp. 799-801, pi. LXIV, figs. 9-12. 
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Antimora viola. 

NEDIATODIB. 

1. h n m t u r e  nematodes. 
Seven specimens from peritonckm; U. S. Fish Commission steamer Albatross, 811 fathoms. These 

specimens, which are young ascarids, have the body covered with a thin embryonic investment, which 
is thrown into transverse folds, raised from the body, and in  places sloughing off. In some of the 
specimens rudimentary lips can be seen. Dimensions in. millimeters: Length, 28; diameter of head 
0.12, middle 0.5, at anal aperture 0.15; distance of anal aperture from posterior end, 0.15. 

[Pl. XIII, figs. 163-165.) 

Phycis tenuis, Hake. 

Iroon. 

"lie intestines of some alcoholic specimens 
contained a whitish chyle, which became chalky when dry and contained a large proportion of 
carbonate of lime. 

The stomachs examined by me have been empty. 

NILMATODES. 
1. ilscnris SI>. [PI.  V I I I ,  figs. 75-78.] 

One specimen, a fwiale, collected by Vinal N. Edwards, November, 1888, appears to be near A. 
clnrata. 8oiiie of its diniensioiis in niillinieters are: I,engtlt, 84; diameter 01 liead 0.36, 1 mni. back of 
head 0.65, itear iniddle (masiiiiuiii) 1.85, 1 i t i i i t .  from posterior end 1.12, at anal aperture 0.72; distance 
from anal aperture to posterior elid 0.37; lengtli of upper lip 0.28, breadth 0.26. 

Tlie specimeri is attenuate for tlie anterior third, posterior end coiled; diameter nearly uniform 
irom middle to posterior end. No 
lateral alre mere observed. 

2. Imn~nt7~rc r,emcctorlta (ilscnris). 
Six lots in the U. S. National Museum collection taken from fish captured off Martlias Vineyard 

in  coiinectioii with work of tlie U. 8. Fish Coinniission; one lot collected at Woods IIole, August 
28, 7889. The bottles 
cbontained several stomachs aiid intestiiies and a single speciinen was found in one of the stomachs. 
1 l i i ~  \\.as coinpared with speciinens taken from cal)sules in tlie mesentery and fonnd to be identical. 
1)iiiiensionH in Inilliiiieters: Length, 21; diameter, liead 0.1 0, near liead 0.3, middle 0.44, near posterior 
0.3, at  anal al)ertnre 0.15; dishlice aiial aperture to posterior eiid 0.25. The outliries of the young 
ascaris coiilil be inatla out within thc embryonic. cuticle. 

The upper lip is unsyinnietrical and no papillz were seen on it. 

From body cavity. [PI. XIII, figs. 166, 167.1 

Tlie speciinens are for the most part from the outside of the aliineiitary canal. 

,I 

3. I ( ' i / ~ i a  S / W Y C ~ L  81). ]io\'. [PI. SB, figs. 1V2-19G.I Off Nantucket, 65 f s t l i o ~ ~ i ~ ,  A u ~ .  23, 1883. 
Body armed with caircles of sliort triangular spincv. First circle about 0.1 min. froiii the  anterior 

ciid, length of xpities 0.01 i m i .  Thc circles becoriic rstlier indistinct Lack of thc eigliteentli, but 
continue until tlieir number ix over 100, as could be seen along tlie msrgins of optical sections of the 
worm. Diniensions of inale in millimeters: 
lJength, 5.8; cliauieter i n  front 01 first circle of spines 0.06, a t  first circle 0.07, middle 0.1, a t  anal 
aperture 0.06; distaiic-e of anal aperture from posterior end 0.16; leitgths of copulatory spiiies 0.06 and 
0.03. Feinalc (spcciiiiens not quite complete) : Length, 6.5; dian~eter a t  first circle of spitics, 0.08; 
n~axitiiuin diatiieter, 0.18; ova, 0.04 and 0.02 mm. in  the two principal diameters. In the inales the 
wsophagus is sinuous arid the anterior end seemed to be inverted. The copulatory spines are unequal, 
one being long, slcnder, and sharp-pointed; tlie other shorter, a little broader, appears to be forked at 
tlie base and blunt at tlie tip. Tlie 
two posterior papillw on each side are iiiucli smaller than the otliem arid were seen in oiily one of-the 
spec*ime~in. 

Tlro inale is further cl~sractcrixed by liaving four longitudinal, serrate rows of sniid1 plates in 
front of tlie anal aperture. The compoiieiit 
plates 0.001 mm. in height, of varying length; some measured 0.005 in leilgth. 

Tlie q)in(~s becoirie siiialler in tlie posterior circles. 

Six postanal and four preanal pnpilla: were made out 011 each side. 

The length of these rows in one spechen  was 0.35 mm. 

CESTODES. 

4. RlL~cho6olhr.iuiic. c'yatu on viscera. 4, p. 795. 
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TREMATODES. 

5. Distomum hispidum Abildgaard. Intestine. [Pl. XXIX, figs. 321-323.1 
Taken by the schooner Grampus, south of Martha Vineyard, in 65 to io  fathoms, July 30, 1900; 

15. Collected by Mr. C. W. Stone. These distomes are from 3 mm. to 6 mm. in length. The necks are 
densely clothed with large, coarse spines, and the body covered with short spines; acetabulum much 
larger than oral sucker. Dimensions in millimeters of a specimen in glycerine somewhat compressed: 
Length, 4.26; diameter of oral sucker, 0.17; diameter of acetabulum, 0.45; breadth of body, middle, 
1.16; diameter of anterior testis, 0.5; length of posterior testis 0.77, breadth 0.5; ovum, 0.086 and 
0.055 mm. in the two principal diameters. So far aa these specimens have been studied, they agree 
closely with this species, except that the neck is flattened and tapers gradually but uniformly to the 
bluntly rounded anterior end, instead of being dilated at  its middle part. 

Urophycis chuss (Pliycis chuss), IIake. 

FOOD. 

Shrimps and amphipods noted in alimentary canal of one taken in SO fathoms off Gay Head, 
August 5, 1899. Small crustaceans and lenses of small fish in alimentary canals of four young hake 
mken in Katama Bay, August 30. 1899. 

1. Echiml~ynclms a m  Rudolphi. Intestine. See 3, p. 525, etc. Aug. 5, 1899, 19 specimens. 

but they appear to agree in all essential particulars with this species. 

ACANTIf OC‘EI’IIALA. 

These specimens are smaller and more slender than examples from other hosts, e. g., the flounders, 

NEMATODES. 

2. Immature nematodes (dscaris) . 
A small lot belonging to the U. S. National Museum collection, collected by the U. S. Fish 

Commission in 1887, agree with those mentioned under Phycis lenuis No. 2. Also found August. 5, 
1899, numerous; and August 2, 1900. Identical with No. 2 under Lopholatilus 
chamzleonticeps and No. 2 under Pardiclitliys oblmgua. 

Peritoneum. 

[Pl. VI, figs. 53, 54.1 

CwroDIw.  

3. Rlqnchobothrium. Encysted on peritoqeum. 4, p. 796. Also found Aug. 5,1899. 

THEMATOI~IW 

4. Distomum ocrecatum Molin. 
These agree fairly well with this species. 

preserved specimens, which are contracted and nieasure 1 nim. or less, excluding the appendix. 
0.024 and 0.014 in the two principal diameters. 
5. &lomum appendiculdum Rudolphi. 

Twenty-one distomes from two young hake, seined in Katama Bay, August 28, 1900, are to be 
referred to this speeies. At rest the length is about 2.6 
mm. Diameter of oral sucker, 0.09 mni.; of acetabulum, 0.19 mm.; body serrate, neck very short, 
cirrus pouch behind acetabulum; vitellaria, two and globular; ova, 0.024 and 0.010 nim. in the two 
principal diameters. 

Enchelyopus cimbrius, Four-bearded Bockling. 

Intestine. See 7, p. 288, pl. xxxv, figs. 16-24. Aug. 5,1899; numerous, 
The oral sucker exceeds the acetabulum slightly in the 

Ova 

Intestine. See 7, p. 289, pl. X X X V I ,  figs. 25, 26. 

They were veiy active and wriable in form. 

YOOD. 

But one specimen examined. This waa taken in the trawl net in about 30 fathoms of water off 
Shrimps, amphipods, and a few small univalve mollusks in the alimentary Gay Head, August 5,1899. 

canal. 

1. Echinorhynchus a m  Rudolphi. Intestine. One female; agrees with this species in all essentials. 

ACANTIiOC&PEALA. 

See 3, p. 525, etc. 
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NEMATODES. 
2. Immature nematodes. 

Dimensions of one in inillinietcrc : 
Length, 18; diameter, anterior 0.09, middle 0.6, at base of esophagus 0.38, at anal aperture 0.19; 
distance of anal aperture from posterior end, 0.25; length of esophagus, 0.65. Diverticulum front 
esophagus at its juncture with the intestine. 

3. DktolnUm sp. 
These resemble D. h u e ,  but oral spines arc 

wanting. The following characterization is based on alcoholic specimens: Body elongate, linear, 
depreused; neck slightly elongate, equaling about one-fifth of the whole length, armed with minute, 
flat spines; mouth unarmed; oral sucker soniewhat smaller tlian acetabulum, nearly globular, but 
with notch on posterior inner border; acetabulum nearly globular, transverse diameter exceeding the 
length; pharynx oblong, separated by a distance equal to its lengtli from the oral suckcr and followed 
by an ccsophagus of equal length; intestinal rami simple, elongate, extending to near the posterior 
end of tlie body; testes, two in posterior half, occupying nearly whole diameter of the body, separated 
from each other by a #pace equal to the diaineter of each; anterior testis preceded by the globular 
ovary; ova relatively few (50, ntore or less) and large; vitellaria generally distributed in tlic body 
back of ac.etabuluin, cspecially at posterior end and along ntargins, in transversc sections appearing as 
subglobular bodies around the periphery; seminal receptacle domal to acetabulum; genital opening 
in front of the acetabulum and close to it on the inedian line. 

Dimensions of specimen cleared in acetic acid, slightly conipressed, in niilliiiieters: I,engtli, 3.G2; 
diameter, middle of neck 0.32, inaxiniuni 0.5, mar posterior end 0.3, transverse of oral surkcr 0:13 
(in another specimen O.ll), transverse of acetabulum 0.17 (in another 0.13) ; pharynx, length 0.12, 

.breadth 0.07; diariieter, of ovary 0.23, of anterior testis 0.32, of posterior testis 0.35; ova, 0.07 and 0.04 
in the two principal diameters. Spines seen only on the neck, longest on ventral side o f  ncck, where 
they are about O.OOG nun. in length. In one specinten the oral sucker nrurly equaled tlic ticetabulum, 
the dianieters being 0.27 and 0.29 nini. These specimens resemble 11. iirc*revc.ens Olsson, but differ 
from that species in the proportions of tlie suckers and in the position of the genital aperture. 

Rather numerous; different sixes, but all small and immature. 

THEMATODEB: 
[Pl. XXIX, fig. 330.1 

A small number obtained from the intestine. 

Brosmius brosme, I&. 

U. 8. National l\lnseani c~ollcction. The label reads: “Ling, stoniarli, ‘IT. IC. Fish Commission 
TI& station was established Septenrber 1, 1885, off Narthas steamer illbcrtroaa, station 2577, lS85.” 

Vineyard; depth, 32 fathoms. 

1. AsccLris sp. linniature. Stomach. 
Lengtl~, about 25 min. ; uttenuate anteriorly, tliickeiied toward po,qterior 

end, which is short-pointed and mucronate; surface of 1)ody crosscd by fine transverse striw, most 
easily seen toward tho posterior end. Ihiensions in niillimeters of a male and R feniale, the 
diinensions of the male given first: Length, 25 and 25; diameter of head 0.2 and 0.2, 3 inin. back of 
hcad 0.35 and 0.45, iiiidclle 0.50 and 0.63, 2 inm. from posterior end O.(j and 0.62, at anal aperture 0.15 
and 0.3; distance of anal aperture froin posterior end, 0.18 and 0.4; length of liead,0.15 and 0.17. The 
IrJreadtli of the upper lip in the inale was 0.14 and itu length 0.15; length of copulatory spines 1.3, of 
atsophagus 3; no papillu: were made out. SOIUG variability was notcd in the proportions of the upper 
lip in different specimens. Tliere was, Itowever, but little difference betweeii the longtli and the 
b r d t h .  The length was not less than the breadth, but it, did not exceed the breadth inuch in any case. 

NlCh1ATOI)IES. 

Ten and 3 fragments. 

Nematonurus goodei (Mucrurus asper). 

NEMATODICS. 

1. Ascaris linstowi sp. nov. 
Two specimens, a male and a female, from this deep-water fish were collected froin a fish taken 

by the U. S. Fish Commission off the southern coast of New England in 1884. While these specimens 
resemble Linstow’s A.  nmcruri and &ill more closely his A. niacrrrroidei (Challenger Report, vol. XXIII, 

part LXXI, p. 7, 8, pl. I, figs. 10, 11, text figure 1) , they can not be referred to either. The bodies are 

Stomach. [PI. III, figs. 23-25, and pl. IV, figs. 26-28.] 
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attenuate anteriorly, the greatest diameter being not far from the posterior end. The postanal portion 
is slender but more acute in the male than in the female. In the male the posterior end is recurved. 
The body is crossed by very fine transverse strirc. The upper lip 
is somewhat elliptical, its dimensions in the female being, length 0.2 mm., breadth a t  middle 0.19 mm., 
breadth a t  base 0.1 mm. Six postanal papillrc were made out in the male, two pairs remote from the 
anus and one pair near. Twelve preanal papillze were seen-that is, two groups of three each-on each 
side; the papillrc in the anterior group not so close together as those in the posterior group, which lies 
a short distance in front of the anal aperture. 

Dimensions of the two specimens in millimeters, the numbers for the male standing first: Length, 
33 and 56; diameter of head 0.2and 0.3, 2 mm. back of head 0.5 and 0.7, maximum (near posterior end) 
0.68 and 1.46, 2 nim. from posterior end 0.68 and 0.9, at anal aperture 0.24 and 0.5; distance from anal 
aperture to posterior end 0.2 and 1.10; length of esophagus, male 2.44; length of copulatory spines, 2.3. 

Macrourus bairdii, Baird'a Grenadier. 

The lips are without tooth plates. 

AChNTIIOCEPIl ALA. 
I .  I~cliinorl~yncl~ux acua Itudolphi. 

Largest 
specimen in this lot measures 21 mm. in length; diameter near anterior end 1.1 mm., near middle 0.8 
mm., near posterior end 0.6 mm. In a male of this lot the number and arrangement of testes, cement 
glands, and vas deferens agreed with tlie specimens from the flat-fish. 

U. 8. National Museum collection; collected by tlie U. S. Fish Commission, station 894. 

See 3, p. 525, etc. 
NE:MATOI)ES. 

2. rtscttris sp. Iinniature. [Pl. X I V ,  figs. 173-178.1 
U. 8. Fational Museum collection, four lots, collected b y  the U. S. Fisli Commission steamer 

Albtdroua, stations 884, 2201, and 2739. These are all immature and range in length from 15 iinn. to 33 
nim. In most of tlie specimens the embryonic cuticle was still attached, but in tlie process of slougliing 
off. There is considerable variation in the lips and in the appearance of the posterior end with the 
degree of development. On this account it is exceedingly difficult to characterize these immature 
nematodes briefly. Dimensions of one in niillimeters are given: Length, 32; diameter of head 0.17, 
near liead 0.25, middle 0.6, near posterior end 0.33, at anal aperture 0.25, 5 ntm. back of head 0.65, 5 
nun. from posterior end 0.55; length of (esophagus, 3.3; distance from anal aperture to posterior end, 
0.45. In a specimen measuring 33 min. in length the greatest diameter was ahout 10 ntm. froin the 
posterior end. The bocly is ~mootli except for exceedingly minute traiisverse lines; lateral jaws with 
about three teeth; upper lip witliout papill:e, at least none were made out; length ancl breadth of lips 
nearly equal. The interlip in most is very short. 
3. Tk~cle/erri~inc~d neiiiuLode. Stomach. [PI .  XIX, figs. 234-227.1 

A neniatode which resembles some of the free forins like l hop lus  was found in the U. S. National 
Museum cdlection from the stomach of this host, U. S. Fisli Coinmission station 894. This is one of 
the dredging stations establislied by the steamer Fish Ilatck, October 2, 1880; depth, 366 fathoms. 
The specimens are sleiider-fusiforiri, with' a tendency to aesunie an arcuate position. Pour pairs of 
small, gently curving npineu were counted around tlie inoutli of one of tlie specimens, and a few otliers 
a short distance back of tlie head. The pnterior end was retracted in one so that the spccinien bore 
Home resemblance superficially to I~cl~Linorhyr~cl~us; posterior end acuminate. Body wall rather thick 
and dense, with a few delicate longitudinal fibers and exceedingly minute and crowded transverse fibers. 
The msophagus is long and Blender. About midway of its length a muscular sheath of coarse 
longitudinal fibers begins, wliicli incloses its basal portion, and, continuing, envelops the intestine and 
reproductive organs. A reproductive opening waa noticed in one specimen a little in front of the 
middle in the wall of the muscular sheath. The aperture in the outside wall did not quite coincicle 
with it, bot had probably been displaced by the distortion of the specimen under tlie cover glass. 
Dimension8 in millimeters: Length, 12.5; diameter, anterior 0.12, middle 0.4, at anal aperture 0.13; 
distance of anal aperture from posterior end, 0.22; length of ccsophagus, 1.54; distance of reproductive 
aperture from head, 5.5; transverse diameter of reproductive aperture 0.024, axial diameter 0.018. 
The reproductive aperture was surrounded by a sphincter 0.01 mm. thick. 

C'EHT0I)ER. 

4. Rlynchobothrium. Cysts. 4, p. 796, pl. LXIII, figs. 7, 8. 
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TIZEMATODES. 

5. Distomul-n lave Linton. 6, pp. 517-518, pi. XLIII, figs. 5-8; p1. XLIV, fig. 1. 

Hippoglossus platessoides, Sand-dab. 

NEDf ATOUES. 
1. Ascuris incu7wa Rudolphi (7) ; young. 

The fish was 
taken off Race Point in 34 fathoins, August 25, 1899. The head agrees with this species; the tail, 
however, is too blunt unless they are imrnature males, which appears to be the case. Dimensions in 
millimeters: Length, 25; dianieter, head 0.20, at base of cesophagus 0.58, middle 0.84, at and  aperture 
0.23, one niillimeter from posterior end 0.51; length of liead 0.19, of cesophagus 3.84; distance from 
anal aperture to posterior end, 0.22. There appears to be an anterior prolongation of intestine parallel 
with esophagus, 1.45 mm. in length. The intestine near the posterior end is capacious, with crumpled 
walls. 
2. Ichtliyonema sp. Intestine. 

A slender nematode collected August 8, 1899. Almost the entire body was filled with elliptical 
ova 0.041 and 0.024 inm. in the two principal diameters. Slender attenuate anteriorly, niore rapidly 
attenuate and acute az posterior end. Other dimensions in niillimrters: CE~sopliagus at anterior end 
0.058 in diameter, nearly cylindrical for a distance of 0.43, where it increases abruptly from 0.972 to 
0.094, increasing thence to the base, where it is 0.26 in diameter; whole length of ursophagus, 3.9; 
length of worm, 15; diameter, anterior 0.06, middle 0.4. 

Two immature specimens obtained from rectum of a sand-dab by Mr. B. A. Bean. 

Paralichthys dentatus, Flounder. 

FOOD. 

The stomactis usually contain fish and squid. 
of a single flounder. 
records of contents of alimentary canals of the flounder. 

In one case 18 squid were taken from the stomach 
A hermit crab along with fish, squid, sinal1 fish and CrustaceannR, are other 

ACANTROCEPIIALA. 

1. Ecliiriorliynchua ncus Rudolphi. Intestine. 
2. Ecluinorhynclius 2wotw.rru Westrumb. On mesentery. 7, p. 283. 
3. Ecliinorl~ynchus ititrrcastrlus Molin. Peritoneum. 3, pp. 533-534, pl. LVIII,  figs. 546%. July 18, 

4. Echinorhynclius sagzttijer Linton. 3, pp. 535436, 

3, pp. 525-528, 1’1. LX, figs. 89, 90. 

1899. 

1’1. LIX, fig. 80. 
On viscera. 1, pp. 493-496, pl. VI, figs. I, %. 

NENAT0I)XS. 

5. Immature nemtrtodcs (Ascaris). [Pl. XII,  figs. 143-146; 111. XIII, figs. 147-151.1 
Of very frequcnt occurremy encapsuled in the inesentery aud on the viscera, 1884 to 1889. 

They 
They occurred in varying 

Flounders were examined in 1899 011 Yixteen dates and nematodes recorded on nine of these. 
were examined on five dates in 1900 and neniatodes recorded on each dkte. 
numbers, though only once numerous. 
6. Ascaris (7) sp. Intestine. [I% VII, figs. 57-61.] 

Two specimens obtained on August 9 and one on August 23, 1900; ail females, active and mature. 
These worms are small, white, translucent. The mouth is relatively large and surrounded by three 
low, inconspicuous, rounded lobes, each of which is provided on its inner surface with a large number 
of minute teeth and apparently a single papilla. The body is short, cylindrical, truncate in front, 
slender pointed at posterior end. It is 
nearly uniform from the anterior end to tlie middle, or a little behind the middle; that is, about to 
the genital opening, whence it tapers very gradually toward the posterior end, narrowing rapidly just 
in front of the anus and likewise just at the anus. The 
intestine is capacious. A short anterior diverticulum embraces tlie base of the  soph hag us on one side 
and a longer one on the other. The ovaries are volu~ninous, the genital opeiiing a little behind the 
middle of the length. 

The diameter equals about one-tenth of the entire length. 

The tip is slender, but short acuminate. 

F. c. n. 1899-31 
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Dimensions of living worm in millimeters: Length, 4; distance of genital aperture from anterior 
end, 2.3; length of msophagus, 0.65; diameter of head 0.23, at genital aperture 0.38, two-tenths of a 
Inillinieter in front of the anal aperture 0.25, a t  anal aperture 0.09; distance of anal aperture from 
posterior end, 0.11. 

7 Zrhthyonema sanguineum Rudolphi. Mouth. 7, pp. 283, 304, pl. XLIII, figs. 120, 121. 

CESTODES. 

8. Larval cestodes (ScolexpolymqlLus Dujardin). In cystic duct and free in intestine. 4, pp. 789-792, 

I have not been making observations on these forms (Scolex 
polymovhus) for a good many years. I have recorded their occurrence, however, whenever observed. 
No doubt if special search were made for them their known range in American fishes could be greatly 
extended. On August 23, 1900, I noted these larve in the flounder, and found among them forms 
with a very distinct costa on the bothrium. Red pigment spots were present in the neck, and the 
terminal sucker was conspicuous. While I was watching them I noticed 1 hat four had 'attached 
themselves to the scolex of a tetrarhynchus, which was in the same dish, thus becoming ecto-parasites, 
or carnivorous enemies of the latter. 

9. IiIynchobot/~mum bulbifcr Linton. 

pl. LXI, figs. 4-15. 7 ,  p. 283. 
Found frequently in 1899 and 1900. 

Cysts on viscera. 
Larval cestodes encysted in the mesentery are very common, and have been noted on various 

Noted on six dates in 1899 and 
Some of these small cysts contained larvac with proboscides 

occasions. 
on four in 1900. 
resembling those figured in 4, pl. LXIII, fig. 12. 

10. Khyncliobotlirium imparkpinc Linton. On viscera. 4, pp. 799-801, pl. LXIV, figs. 9-12. 
11. l~}i~ricliobotli~iuni hetrrospinc, Linton. On viscera. 
12. Bhynchobotlrrium speciosuni Linton. On viscera. 4, pp. 801-805, pl. L X I V ,  figs. 13,14, and pl. 

13. Il%trcirliynchus b idcatus  Linton. In submucosa of stomach. 4, pp. 810-811, pl. LXVI, figs. 11-15. 

Cysts with larva ( I'etrarltynchus) found very frequently in submucosa of stomach in 18!)9 and 

Many of them have been too immature for identification. 
4, p. 767. 7, p. 283. 

7, p. 283. Bee 4, p. 799, pl. LSIV, figs. 3-8. 

LXV, figs. 1-7. 

7, p. 283. 

1900. 

14. Tctrcr~iiyncliu~ bicolor J3artcls. 

In other particulars it agrees with this species; length, 3.5 mm. 
figs. 1-6. 

15. ,Synhol/iriurn.Jilico//r Linton. 

Some appear to be 2: robustua (4, p. 452), but the most of them are 7'. bisulctrtua. 

A single specimen, August 15, 1899, in material washed out of alinientary canal. Color, white. 
See '1, pp. 813-815, pi. L L V I I I ,  

Encysted in btOlllaCh wall. 4, p. 81 7, pl. L X V I I I ,  fig. 8. 

TltEMA1'OL)IES. 

16. Diclidophora cc f l in ix  Linton. 4, pp. 51 1-512, pl. XI,, figs. 

17. Diiutonzum app,rnd;cc~kctnm Xudolphi. Intestine. 7 ,  pp. 288, 280, 1'1. X X X V I ,  figs. 25, 26. July 

18.  ist to mum n~~~n t i cd l i i  Linton. Intestine. &e 4, pp. 518-.520, 1'1. XI,IV, figs. 2-8. 
19. Distomuni vitellowr/i Liriton. liiterjtine. Aug. 23, 3899. July 26, 1!)00, few. See 7,p. 2!)0, 1'1. 

Two small distomes were obhined frotn a fIountler frotn Muslreget Channel, August 17, 189!J, 
which resemble this spccieli i n  the general arrangement of the reproductive organs and proportions of 
the awtabula, etc. The bodies, however, were transversely corrugated in a very peculiar manner. 
This has been alluded to under Microgad/u (Nu. 6, 11. si7n.plc.c). The posterior edge of the acetabulum 
was deeply notched so as to forii: two or three blunt, digitate lobes. 

20. Dlstomumpuder~s Linton. 
21. Dialomum sp. 

resemblance to No. 11 under hlWmb715 trincanthua. 
(fig. 352). 

[ Ocloplcctanum UJne Linton.] Mouth. 
10-13, ant1 pl. XLI,  figs. 1-5. 

15, 1899; 2. 

Foilrid twice i n  1899 and once in 1900, one in cacli find. 

Aug. 18, 1899; 1 .  

xxxv11, figs. 38, 3'3. 

[I'l. XXS, fig. 336.1 

7, pp. 283, 290-291, p1. S X X V I I ,  figs. 40-47. 
[I'l. S X X I ,  fig. 345, pl. X X X I I ,  fig. 352.1 

Three small dirjtomes collected August 22, 1899, are liere referred to briofly. They bear a close 
One of these was sketched at the time of collecting 

This specimen bears some resemblance to D. pudens, but the cesopliagus is much longer 
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than in the forms upon which that species was based. No spines were noted, but the body was 
crossed by fine transverse stria. Dimensions of living specimen in millimeters: Length, 1.19; 
diameter, anterior 0.08, middle 0.23, of oral sucker 0.07, of acetabulum 0.07; ova, 0.052 and 0.034 in  the 
two principal diameters. Associated with this 
distonie were two smaller, oval, minutely spinose distomes. Dimensions, life, in millimeters: Length, 
0.73; diameter, anterior 0.1, middle 0.34, of anterior sucker 0.07, acetabulum 0.08; ova, 0.065 and 
0.04 mni. in the two principal diameters; diameter of spherical bodies, 0.02. An immature distome 
collected August 30 probably belongs to this species (fig. 345). Some of these small oval distomes 
resemble D. pyrlformc. 
22. Distomum deirtatum Linton. Intestine. 

Found on seven different dates in 1899. July 26, 1900, adults with ova, smaller without; the 
young were relatively much more slender than the adults. August 9,1900; numerous. August 10,1900; 
about 12, large and small. The following note was made at the time of collecting the specimens referred 
to this species on August 9: Younger specimens translucent, bluish, older specimens yellowish. A few 
of the older ones without spines thought at first to be different species. Seen by making comparative 
measurements to be the same except for the matter of spines, and that the ova in the spineles ones 
seemed to be a little larger. Either these spineless forms will prove to  belong to some species like 
D. vitelloxum or U. simp1e.c or they will have to be regarded as examples of 11. dentaturn which have 
lost not only the large spines from the mouth, but the smaller spines from the body as well. A 
reexamination of these specimens leads me to conclude that those wliicli do not have tlie spines around 
the mouth belong to this species. Three 
distomes collected August 14, 1899, were thought a t  first to belong to a different species, on account of 
what appeared to he a peculiarity in the structure of the oral spines. These appeared to be directed 
forward and to be hastate in shape. This appearance was later found to be due to the fact that the 
oral sucker was everted to such an extent as to bring the bases of ,the spines in focus first. The only 
iinportant differences obFervable between these specimens and the D. dentntuni as originally described 
is that the opening of the acetabulum is round instead of transverse, and the pharynx pyriform, broader 
than long, in alcoholic specimens, but such characters should be given little weight in the determination 
of distomes. The following measurements are given for the purpose of comparison with those given 
in  the description of the species. Diiiiensions of living specimen in millimeters: Length, 2.86; diameter 
a t  anterior sucker 0.29, at acetabulum 0.76, middle 0.75, posterior 0.42; oral sucker, length 0.24, 
breadth 0.24; acvhbuluin, length 0.23, breadth 0.24; pharynx, length 0.19, breadth 0.18; length of 
oral sliiies, longer 0.03, shorter 0.02; length of body bpines, 0.017; ova, 0.079 and 0.041 in the two 
principal diameters. Diuiensions of alcoholic* specimen in millimeters: Length, 2.03; transverse 
dianlctcr of oral sucker 0.17, of acetabuluin 0.2; pharynx, length 0.1, breadth 0.16; ova, length from 
0.055 to 0.072, breadth 0.038 to 0.041; anterior border of acetabulum 0.5 from anterior end. The distonie 
noted in 7 ,  p. 29G, pl. XI,, figs. 75-75, may be a specimen of D. dentatu,n which has lost tlie oral spines. 

Spherical bodies were noted in the excretory vessels. 

7 ,  pp. 283, 294, pl. XSXIX, figs. 64-67. 

The oral spines are evidently lost in the older worms. 

R l I  YNCIIOBI)ILII I  DA. 

23. I,cwh. li’rom mouth. This is probably a young specimen of f’onlohdelltr rcy,n.r Verrill. See under 

After lying overnight in water it became yellowish 
grecn, and wlicii pot in Gilxon’s nic~curo-nitric, solution changcd to a decided gramgreen. July 24, 
1899. I)in~c~nsions in niilliineter~, alcoliolic: Length, 8.25; diameter (maximuin) of body 0.42, of 
posterior sucker 0.57, of anterior sucker 0.42, of neck 0.28. 

SLe,donkus, NO. 14. 
~ The specimen was red wlirii firfit ~een.  

Paralichthys oblongus, 24mr-spolted I’lounder. 

FOOD. 

August 5, 1899; 4. Taken in thc trawl in about 30 fathoms of water off Gay Head: Slirinips, 
amphipods, and other sinall crustaceans, annelitlu, a small lamellibranc4i niollusk, sliell of Utricxdus 
ctanalicultrtua, and another univalve sliell with a worm tube on i t  in alimentary tracts. Bug. 16,1899; 4. 
Large numbers of aniphipods, shrimps, etc., a few small crabs, and small fish in alimentary tracts. 
August 2, 1900; 4. Taken in Muskeget Channel. Small crabs (Cancer) and shrimps in  stomach. 

ACANTl IOCBI‘II A LA. 

1. Ecliinorliynclius acus Rudolphi. Intestine. Aug. 16,1899; 1. See 3, p. 525, ctc. 
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NEMATODEY. 

2. Immature nematodes (Ascaris). 
Found on each of the dates given above. These appear to be identical with small nematodes 

found in  a number of different species of fish. Rome of these were compared with specimens from 
Urophycis chum and Lopholatilus chamxleonticepa. All of these were living at the time. They agreed in 
all essential characters. At the junction of the Esophagus and intestine there is a diverticulum from 
each, one from the intestine which extends forward parallel with the (esophagus and one from the 
Esophagus which extends backward parallel with the intestine. 

Dimensions in millimeters of a small specimen collected August 2, 1900: Length, 10.5; diameter 
of head, 0.07; diameter at nerve ring, 0.17; diameter a t  anal aperture, 0.11; distance of nerve ring from 
anterior end, 0.36; length of Esophagus, 1.45; distance of anal aperture from posterior end, 0.19. 

Figs. 152 and 153 are sketches of a specimen from a lot of immature nematodes collected by the 
U. S. Fish Commission in 1883, station 1158. Length, 22 mm., of nearlyuniform diameter throughout 
(0.4 mm.); distance of anal aperture from posterior end, 0.15; diameter at anal aperture, 0.12. 

[Pl. XIII, figs. 152,153.1 

CESTODEY, 
3. Dibothriuin punctutum Hudolphi. 

belongs to this species. 

4. Lurvnl ce.stotZes (8cok.c polyniorpl~i~n Dujardin). 

5. Hl~~nchobotlil-iu7n. Encysted on viscera. Found in 1899. 4, p. 798. 
6. Tetrarhynchus bisulcatus Linton. Submucosa of stomach. Found in 1899 and 1900. See 4, p. 

A small, slender, irninature specimen from the intestine, collected August 10, 1899, probably 

Free in intestine. Found both in 1899 and 1900. 

See 8, pp. 731-736, pi. 11, figs. 14. 

See 4, pp. 789-792, etc. 

810, etc. 

Bothus maculatus (Lophopsetta mnculata), Sand-dab, Window-pane. 

NEMATOJ>ES. 

1. Immature nenuzlodev (Ascaris). 
Common in this as in the other flounders, encapsuled on viscera. A sinall lot in the U. S. National 

Museum collection from the Grand Banks'(sc1iooner J. A.  Ch(Lpin~~?b) in poor condition, as if macerated, 
from turbot, here recorded. Lengths, 37 inm. to 55 inin.; greatest diameter, 2 mni. Anteriorly 
attenuat3. [Pl. XIII, figs. 154-156.1 

CES'l'ODlttl. 

2. Ilibotli~urnpunctulurn Iiudolphi. Intestine. 1, pp. 731-736, pl. 11, figs. 1-4. 6, p. 430. 
3. RhLynclwbothrlum imparkpine Linton. 4, pp. 799-801, pl. IXIV,  figs. 9-12. 

Limanda ferruginea, J<uat!j B'lal-jkh. 

mon. 

The alimentary tract in  some cases contained e n o r m ~ u s  numbers of crustaceans; of these, 
amphipods were most numerous, but shrimps, schizopods, small crabs, Caprella, an3 Squilla alRo found; 
annelids, different species; bivalve and univalve mollusks; small fish. 

ACANTIIOCEPIIALA. 

1. J~cliinorhyncl~us ncus Rudolphi. Intestine. 3, p. 525, etc. ' 

August 16; 1900; 30, a few quite small. 
I n  two lots of the U. S. National Museum collection. 

August 2, 1900; 14. 
Off Block Island, 1880. August 5, 1899. 

NEMATOI>lfs. 

2. Imnmture nematodes (Asrark) .  
August 5 and 10, 1899. 

fishes. 
These are similar to immature nematodes found in a great variety of 

Most of those which I have seen appear to be young ascarids. 
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CESTOIIES. 

3. ~ ~ ; b O l / i ~ ~ u 7 1 i  ptmctatum Rudolphi. Intestine. 2, pp. 731-736, pl. 11, figs. 1-4. 5 ,  1’. 430. 7 ,  p. 284. 

4. Lnrvnl ces1ode.s (,S’coZcr. poZ?/morphus Dujardin) . 4, 1’1’. 780-792, pl. LYI, figs. 4-15. 

5. Rlipcliobotlirium impurispine Linton. .July 21, 1899. Encysted on viscera. See 8, 1). 799, etc. 

July 21, 1899; 2, length 8 mm. and 180 mm. 

hug. 2, 1900. 

Aug 2, 1900; I .  
Free in intestine. 

Other Rhync~hobotlirinm cysts not identified July 21 and August 6, 7 899. 

i w c n r  A VromH. 

6. Distomum witellosum Linton. lntcstine. July 21, 1899; about 45. See 7, 1’. 290. 
7. Ihatomunt sinpples. Rudolphi. 

8. Z)istomum sp. Intcstine. 

Intestine. Aug. IG, 1899; 25, length 2 nini. to 4 i i l n i . ;  o ~ a ,  0.099 inm. 

IO, 3899; 5 .  

These are small fusiform distomes with the following diagnostic characters: Body smooth, 
fusiform, thickest about the middle, tapering nearly equally to each end. Anterior sucker subterminal, 
circular, aperture somewhat triangular in  preserved specimens. Acetrtbulum a little in  front of 
middle, 1:wger than oral sucker, aperture nearly circular. Pharynx subglobular, close to oral sucker, 
a‘sophagus distinct. Vitellaria distributed iq  the 
median regions of the body from testes to pharynx. Testes two, rather large, placed a little diagonally 
on the  median line near posterior end of body. Ovary smaller than testes, subglobular or slightly 
lobed, situated in  front of anterior testis and to the right. Ova few, large, in  front of ovary. Cirrus 
pourh to right of acetabulum. Genital aperture about halfway between acetabulum and oral sucker, 
to right of inedian line, at about midway between pliaryiix and acetabulum. Dimensions of living 
specimen, in millimeters: Length, 2.57; diameter, anterior 0.25, middle 0.93, posterior 0.21; diameter 
of oral sucker 0.21, of acetabulum 0.38; anterior testis, length 0.43, breadth 0.36; posterior testis, 
length 0.48, breadth 0.37; ova, 0.065 and 0.041 in the two principal diameters. Length of another 
specimen, 1.57. Dimensions measured from transverse sections: Diameter of oral sucker 9.19, of 
acetabulum 0.33, of ovary 0.17, of testes, each 0.3. The ratio of oral sucker to acetabulum issomewlist 
different froin the foregoing, their diameters in one of the specimens being 0.14 nim. and 0.17 min. This 
for a specimen in glycerine. Its resemblance 
to the fusiform distoine whicli I have referred to D. bothyophoron Olsson is only snperficiitl. 

and 0.055 mm. in the two principal diameters. 

Aug. 2, 1900; 1. 
[Pl. XXSJI, fig. 359, and pl. XXXIII, figs. 3GO-:;G2.] 

Intestinal rami simple, extending to tlie ovary. 

This species has sonic resemblance to D. conimune Olsson. 

Pseudopleuronectes americanus, Flat-flh, Winter Flounder. 

Boon. 

A specimen examined August 16,1899, had in tho alimentary canal large numbers of shrimps and 
other small crustaceans and one sinall fish. Four sinall specimens from ICaBina Bay, August 30, had, 
in their alimentary tracts, both univalve and bivalve shells, small crustaceans, and annelids. -411 equal 
number, also small, from same locality, July 27, 1900, contained nercis and fragments of red seaweed 
with mnd. 

ACANTIIOCEPIIALA. 

I. I~cl~inorhyncltus acus ltuclolphi. Intestine. 1, pp. 492-493, pl. v, figs. 7-13. 3, pp. 525428, 111. 

I n  eleven lots in U. S. National Museurn collection, seven of them collected by IT. N. Edwards in 
October, November, and December, 1887, 1888, the others taken off Newport at Fish Commission 
dredging stations Nos. 789, 796, 861. I n  niost of these lots the specimens m e  iiuinerous, 350 having been 
counted in one of them. 

1,111, figs. 1-11, and 111. IX, figs. 89, 90. 7, p. 284. 

Found in this host July 21 and August 30, 1899, and July 27, 1900. 

NICM ~romcs. 
2. himalure nematodes (Ascaris). 

2 ~ .  dscariu si). 
These resemble tho forms mentioned under 1’. oblongua, No. 2, July 27, 1900. 

One specimen, a male, collected July 23, 1889. 
[PI. IX, figs. 88,SS.l 

Moderately attenuate anteriorly and very little 
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attenuate posteriorly; lips with papillre and dentigerous; body rather rigid and crossed by uniform 
transverse wrinkles; no alae; postanal region short coniral, tip slightly mucronate. Two postanal 
papilk seen, and at  least twenty preanal papilk counted on one side; spincs, sleiider. Dimensions 
in millimeters: Length, 17; diameter of head 0.18, 1 mm. back of head 0.32, maximuni 0.65, 7 mm. 
from posterior end 0.47, at  anal aperture 0.18; distance of anal aperture froin posterior end, 0.73; length 
of cesophagus, 2.8; upper lip, length 0.16, breadth 0.14. 

CESTODES. 

3. Tetrur7~ynckus bklcalus Linton. 
4. Telrarliyncl~us. Encysted on peritoneum. 4, p. 809. 

Encysted in stomach wall. Aug. 16, 1900. See 4, p. 810, etc. 

TREMATODIER. 

5. Distomum appendiculalum Rudolphi. Intestine. Rug. 16, 1899; few. See 7 ,  p. 289. . 
6. Distomzcmgrundiporurn Rudolphi. Intestine. Aug. 10,1900; 7 .  See 6, pp. 520-521, ul. XLIV, fig. 9. 

Body stnooth, 
translucent yellowish white by transmitted light. During life the worm was yellowish-wliitc with 
reflected light, suckers pale; genitalia generally, including the uterus, opaque white; intestine 
conspicuous, dark brown, rami unbranched, but with irregular outline, extellding to posterior end. 
Some of the dark-brown contents of the intestine ejected froin the nionth while the worm was under 
pressure. The worm was very active, and thc caudal appendix was long, slender, and attenuate. \Vhile 
under pressure the worm naturally lay on its side. In  that position the acetabnlnni was seen to be 
much larger than the oral sucker. The worm showed a disposition to double up and adhere by both 
suckers to the posterior part of the body; while so doing considerable portions would be drawn inside 
the cavities of the suckers. When placed in the killing fluid it contracted to about 5 111111. and became 
cylindrical and plump. 

This specimen agrees with published descriptions of this species very closcly. 

7. Distomum globiporum ltudolphi (?). Intestine. [PI. XXXI,  fig. 347.1 Aug. 30, 1899; 3. 
These specimens agree very closely with desrriptions of this species. About thc only difference 

that I note is that in these the esophagus is not longer than the pharynx. Dimensions of a specimen 
in glycerine given in millimeters: Length, 4.35; diameter, anterior 0.51, middle 1, posterior 0.22, of 
ora1 sucker 0.33, of acetabulum 0.36; pharynx globular, dianieter 0.16; anterior testis, length, 0.58, 
breadth 0.62; posterior testis, length 0.53, breadth 0.58; ovary globular, diameter 0.22; ova, 0.71 and 
0.50 in the two principal diameters. The ovary 
lies a little to the right of the median line. I t  is immediately preceded by the cirrus pouch. The 
cirrus passes to right of acetabulum and opens at  its anterior border on the median line. The acetabulum 
is situated at about the anterior fourth. Testes close together on median line, a little back of middle. 
Vitellaria fill posterior part of body back of testes and extend laterally nearly to the acebboluin. 
These specimens closely resemble those referred to 11. siniple.~, but differ in size and in the proportions 
of the suckers. 

But one ovum was seen in the specimen measured. 

8. Distomum witellosum Linton. Intestine. 7, p. 290. [Pl. xxs, fig. 340, a ,  I,.] hug. 16, 1899. 
A few small distomes, of exceedingly variable form while living, suggest 11. commune Olsson 

(Ent. Skand. Hafsfisk, 11, p. 13, IV, p. W) . Body smooth, cylindrical; :icetabulum prominent, inucli 
larger than oral sucker. Length of dcoholic specimen, 0.87 nnn.; diameter, 0.36 mm. A living 
specimen, 1 mm. in length when contracted, measured 1.7? mm. a few seconds afterwards. I n  
life the transverse diameter of the oral sucker was 0.14 mm., of the acetabulum 0.24 inm. An ovum 
measured 0.048 and 0.031 mm. in the two principal diameters. In alcoholic specimens the body 
is elliptical-oblong, the neck is very short, conical. The acetabulum is twice the diameter of the 
oral sucker, and has a narrow, transverse opening. The (mophagus is short, the pharynx rather large 
and globose. Genital aperture in front 
of acetabulum to the left of the median line. The habit of the body is rather stouter, and its walls 
appeared to be somewhat more resistant'than 11. vitellosum; otherwise the agreement with that species 
is very close. 

10. Dislomum sp. In globular cysts on viscera and in intestinal walls. Ang. 30, 1899. 

The vitellaria extend from posterior end to the acetabululh. 

9. Distomum areolatum Rudolphi. Aug. 5, 1899; numerous. See Y, p. 293, pl. XXXIX, figs. 6043 .  
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I'ROTOZOA. 
11. Sporozoa. [PI. I ,  fig. 4.1 

Two small specimens from Katarna Bay were examined August 28, 1900. The walls of the intestine 
of otic throughout ahnost the entire length and of the other for n short distance were coinpletely 
covered witli sporocysts. The cystswerr irregular wherc c.rowtletl together; \\-her(. not crowded togethcr, 
which W:IS in In i t  few places, they were ellipticd or splierical, of various sizes, but cmiparatirely few 
reaching 1 inin. in diameter and iione tnuch csrecding that. Spores oblong-ovate about 0.003 i n i n .  in 
length by 0.0015 t i i n i .  in diameter. Intestine where affected was chalky-white in color. 

Glyptocephalus cynoglossus, Craig Flounder 

xmxronm. 

1. ,I.vc.ar;s 81). Iininature. [PI.  IX, figs. 95,96.] 
One specinicu, which agrees closely with No. 1 nnder Ifein.lni/r+lerus m i w r k m u s  in the U. S. Natioiial 

Musenin c-ollection; locdity not giwn. Tlie habit of the body is stouter than t h t  of the specimens 
froin the sea ranveii, aiid the upper lip is relatively larger ant1 more oval. [t is soine\~liat attenuate iii 
fropt, inrreasing posteriorly; short pointed back of m a l  aperture. with Inucronate tip. Tho latter, 
when highly inagnified, is seen to be rough tuberculate and thc anal aperture has prominent rounded 
lips. Measurements: in  millimeters: Length, 40; diaineter of head 0.33, 3 inin. back of head 0.5S, 
maximum 1.5, 3 inin. in front of anal aperture 1, at  anal aperture 0.48; distance of anal apertiwe froni 
posterior tip, 0.48. 

Achirus fasciatus, Hog-choker. 

1.'001). 

Eight specimenr examined August 2 arid eleven 'on August 11, this snminer (1900), had only 
vegetable di.lwis ( J7ccus and eelgrass) in the alimentary cwials. 

'I'IIEAI A'I'ODES. 

1. D i s i o m t n ~  t r~~~/ , i id ic i~Za/u~~ Jtndolphi. Intestine. One specinicn Aug. 10, 1900. See 7 ,  p. 259. 
This distointt was found in two other species of fish (alewife and sea robin) tiilreii in seine at the 

mine time RS the hort of this wortii. These fish were talreii at the head of Iirizz!ards I h y ,  at \Var&ain. 

2. Two sinall distornes, young. 
Dinlensions 

of living speciinen in niillimeters: Length, 0.26; brrudth, 0.20; o d  sncker, length 0.07, breadth 0.06; 
acetabulum, diameter 0.05. 

Lophius piscatorius, (:oo,wli.pJ~. 

[PI. x 
One of tltcse distonics, wlien flattened iintler the coinpressor, was ~l l ipt i t~al  iii outline. 

lwol). 

Aug. 30, 1887.--h specitncn tnken south of Cuttyhunk Iiatl in ifs stoinacli :t large quantity of 

Aug. 5, 1899.-A sniitll specinion had in  stoiiiwh n wintn. fionntlcr thiiost :ts Inrge as th r  

Ang. 7 8, J 899.--Aliinrntnry canal with fragments: of fish. 

mud whirh was rich in ninllusca, annelids, and sinal1 crustiircanr. 

goobe-fish. 

ACANTIIOCEPllrlLA. 

1. Echinoriiynclius c i m s  Hntlolphi. Intestine. 3, p. 525, etc. '7, 1). 284. Aug. ,  1899; 3. 
2. Echinorl~ynchus incrassrtlus Molin. I'eritoneuin. 3, pp. 5336:34, pl. LVIII ,  figs. 54-Zi9a. 

NRNATODPS. 

3. Ascaris incrcscnzs Molin. 

slender, attenuate anteriorly, of nearly uniforin size for the posterior two-thirds of the length. 

[l'l. VIII ,  fig. 64.1 
U. S. National Musenin collec.tioii; Vinal N. Edwards, collector; f i \ ~  spec-iinens; females. Body 

The 
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lateral altc extend about 2 mm. back of head and are about one-tenth inm. broad at the widest part. 
Postanal region short, conical. Dimensions of one of the sprcimens in millimeters: Length, 37; 
diameter of head 0.18, maxinium of body 0.5, 1 mm. from posterior end 0.45, a t  aim1 aperture 0.18: 
distance of anal aperture from posterior end, 0.15; length of mophagus, 3.5. 

4. rmmature nematodes (Ascaris). [Pl. xv, figs. 185-187.1 
A. From intestine. Numerous examples of immature nematodes were found in the intestine of 

a goose-fish August 30, 1887. Body of nearly uniform diameter, tapering nearly equally to  each end; 
greatest diameter a little in front of middle; body crossed with regular transverse striE. Dimensions 
in millimeters: Length, 8; diameter 1 mm. back of bead 0.36, 1 min. from pofiterior end 0.28, a t  anal 
aperture 0.11; distance of anal aperture from posterior end, 0.22; length of mophagus, 1.5. 

B. Encapsuled in peritoneum, over viscera generally, and sometimes on wall of body cavity [pl. 
XIV, figs. 179,lSOl; often in great numbers. I have record of three finds of these worms, July and 
August. I n  the U. S. National Museum collection there are 11 lots from this host, nearly all collected 
by Mr. Vinal N. Edwards. I n  most cases the specimens are of various sizes up to 45 mm. and.48 mm. 
in length. I n  the larger specimens the posterior ends are more abruptly pointed than in the smaller, 
suggesting A. increscens. The worms are usually coiled i n  a 
helix or flat coil, and sometimes are surrounded with a brown, waxy secretion of degenerate connective 
tissue in the capsule. In one 
of the lots three immature feinales were found in which the upper lip corresponds with Schneider's 
figure of Ascaris rigida Rudolphi. The body ie &lender, tapering for a short distance at each end, 
crossed by'exceedingly delicate transverse striz, which are about 0.003 mm. apart. Dimensions in 
millimeters: Length, 18; diameter of head 0.12, of body 0.33, a t  anal aperture 0.11; distance of anal 
aperture from posterior end, 0.15. 

5. Cucullanua globosus Zeder. [Pl. XVII, fig. 205.1 
A single specimen, a male from the intestine of a goose-fish, agrees with those from the  cod, 

which I have referred to this species. Dimensions, in millimeters: 
Length, 12; diameter of head 0.3, maximum of body near base of mophagus 0.3; length of mophagus, 
1.55; length of copulatory spines, 1; axial diameter of*bursa, 0.38. 

4 

Bodies crossed by fine transverse s t r k  

I n  one lot a few were seen to be penetrating the walls of the stomach. 

See under Gcdus cnlluriccs, No. 3. 

CESTODES. 

6. Larvcil cestodes (Scolexpolymorphua Dujardin). Free in intestine. 1, p. 454, pl. VI, figs. 8,9. 4, 
On latter date p. 789, etc. 

numerous, with two red pigment patches in neck. 
7,  p. 284. Found also Aug. 5 and 18, 1899, and Aug. 20, 1900. 

7. Rliyncl~obolhrium imnpurispine Linton. 
8. Iihyncliobothriuni qpeciovum Linton. Encysted. See 4, p. 801, etc. 1, p. 284. Found Aug. 18, 

-0. Il'etrarliyncliua (7). Cysts. 4, p. 809. 

Encysted. 4, p. 800, pl. LXIV, fig. 12. 

1899, in cysts on intefitine. 
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360. Distonkum xp. from I,liiiaii,fh .fcriviq;iicii, contiiiucd. Rcslorccl 
from sections, partly dingraminktic. C I ,  Ventral siickrr; g, 
genitnl aperturc; i, ini.estliic; 0, ovury; oc, moplingas; p h ,  
pharynx; 1, testes: w . ~ ,  vitepnc lands. x 46. 

361. Testes, ovary, ova, and portion o f  ritelinrin. Letter8 n4 in fig. 
360. x 80. 

s6". Ova. x 300. 

PLATE XXXIII. 

9li3. Di81oimoft ~olyiirchis Stnssicli. from C,wrosck)rc. vcq+iCis . rentnil 
view d. rl .  I)ivcrtioiilii of intestine: /, tLstes. u(/,  
viteliino dnct: ur, ritcllino rwervoir, lying on vc!ltral si& of 
ovary. 

364. Spines on neck. x 400. 
3(i5. Details of post-acetubular region ventral view. x 100. c,, Cirrus: 

u, uterus. Otlicr 1ct:irs as iukgs. 360, sw 

x 30. 

, t  363 



PLATE XXXIV. Bull. U. S. F. C .  1099. (To focc page 492 ) 
__ ____________ _____ _- ______ .- 

369 

c- 

366. Dlslomum (K6llikevin) sp., from cyst in inlcstiual will of ,Scoe~- 
berolnorue macidalaa. side v~ew,  life. x 100. 

365. Oasteluslom~~?n flp., from T//LosUrue rrkarinue. x 100. (*, Cirrllb; 
m. mouth: t ,  testes; 1 1 ,  uterus; IV,  vitelline glands; a, ovn. 

""". I____ .. 
of specimen iri ~lyeerinc. x G5. 

570. Spines on iicck. highly magnificrl. 
871 &me. x 1200. 
37'2: Ova. two si&, in uterus of s n n w  \vorm; ( I ,  large; b,  small: life. 

Y 'Ann 
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