5—ON FISH ENTOZOA FROM YELLOWSTONE NATIONAL PARK.

By EpwiIN LINTON, PH. D,
Professor of Zoilogy in Washington and Jefferson College.

This paper makes the third which the author has prepared for the
U. 8. Fish Commission on entozoa collected in the Yellowstone
National Park. The first of these papers contained a report on two
species of larval cestods, Ligula catostomi from the sucker (Catostomus
ardens), and Dibothrium cordiceps from the trout (Salmo mykiss), col-
lected by Dr. David S. Jordan in September and October, 1889. The
second paper was a special report on the life history of Dibothrium
cordiceps, being the result of the author’s investigations, in July and
August, 1890, into the cause of the excessive parasitism among the
trout of Yellowstone Lake. The present paper contains descriptions
of other fish entozoa which were obtained incidental to the inquiry
into the life history of . cordiceps.

Aside from the trout parasite (D. cordiceps), perhaps the most
interesting form encountered was the monobothrinm from the sucker;
this appears to be an undescribed species, and I have given it the
name Monobothriwm terebrans, from its habit of boring a pit iu the
mucous membrane of its host. I have thought it best also to give a
brief account of the anatomy of this singular worm. Sowme additional
notes on the ligula of the sucker have been given. These are based
on observations made in July, 1890. That part of the réport which
relates to the nematods is necessarily imperfect, owing to the fact that,
with the exception of the species Dacnitis globosa from the trout, the
specimens were all immature and for the most part few iu number.

CESTODA.

Ligula catostomi Lt., Bull. U. S. F. C., IX, for 1889, pp. 66-72, pl. XXI1II-XXV.

" An account of this parasite, based upon specimens found by Dr.
David 8. Jordan in the sucker (Catostomus ardens), of Witch Creek, a
tributary of Heart Lake, Wyoming, was published in the Bulletin of the
United States Iish Commission, cited above. It is not proposed to give
_any further account of the anatomy of this specie« here, but simply to
record a few notes and observations. 7

 On July 28, 1890, I found in a young sucker, captured in a small
warm stream near our camp on Heart Lake, a ligula, in the abdominal
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cavity. The length of the fish was about 75 mm., that of the parasite
400 mm. The greatest breadth, near the anterior end, was 6 mm. For
the first 75 mm. it was thick and stout, the remainder was slender and
tapered slowly to the posteriop end, near which the breadth was about
2 mm. Scveral large suckers from the lake were examined, but no
ligula: were found in them. The water of the lake is quite c¢old, the
temperature 40° F, having been found at a depth of 124 feet.

" On July 29, I examined a number of suckers collected in Witeh
-Creek. The fish were taken in a seine from a warm branch of the main
stream. The temperature of the waterin which the fish were swimming
was 95° F. A school of fish were observed in the warm stream where
it joined with a cold stream, 46° I'. The fish showed ‘no tendeucy to
enter the cold water, even when frightened by the presence of the seine.
Two species of fish were secured from this school, viz: Catostomus ardens
and Leuciscus atrarius. The specimens were all young or half grown.
No trout were seen in the warm water, although they appeared to be
rather abundant in the cold streaw.

The larger suckers were nearly all infested with these parasites; the
smaller ones not so much, and the smallest scarcely at all. Of 30 fish,
ranging from 14 to 19 centimeters in length, only one or two were with-
out parasites. Of 45 specimens averaging about 10 centimeters in
length, 15 were infested and 30 were not. Of 65 specimens, averaging
about 9 centimeters in length, 10 were infested and 55 were not. Of
G2 specimens less than 9 centimeters in length, 2 were infested and 60
were not.

1 insert the following notes made at the time of collecting:

1. Fish 19 cn. long, contaiued 1 parasite, length 39.5 e, broadest at anterior end,
where it ueasured 15 mm.

. Fish 17 cm. long, 1 parasite 27 cin. long, 13 mm. broad near antetior end.

I"ish 15 cm. long, 1 parasites, 12, 13, 13, and 20 cw. long, respectively.

. Fish 13.7 em. long, no parasites.

. Fish 13 em. long, 3 parasites.

. Two fish 13 and 14 cm., respectively, no parasites.

. Fish 11 cm, long, abdominal vegion flabby and collapsed, a hole beside and a
little in front of vent from which a parasite had apparently escaped. One
free ligula was found with the fish when they wero brought in. The fish
may have been injured in seining. The intestine was congested.

8. Two fish 10 and 11 em. long, respectively, more than one parasite in each; put
in alcohol entire. ’
9. Fish 10 cm. long, no parasites.

10. Two fish 10 cm. long, no parasites, intestine and peritonenm congested.

11. Fish 10 cm. long, no parasites; intestine and peritoneum black and unhealthy

looking.

12. Fish 10 cin. long, one parasite 39 cm. long.

13. Threo fish oach 10 cm. long, two with 2 and ono with 3 parasites.

14. Two fish, 8 and 9 cm., respectively, one with 3 and the other with 4 parasites.

A ;U W

The parasitized fish are perhaps a little lighter in cclor than the non-
parasitized ones.
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The admirable researches of Donnadieu on thd ligula of the European
tench show that the time during which the parasite lives in the abdom-
inal cavity of the fish is variable, but is generally limited to two years.
Most frequently it attaing its maximum development at the end of the
second year.

The fact thut the specimens of L. catostomi showed comparatively
slight difference in apparent age points to the conclusion that the
period of infection is brief. It is probable that the final host is one,
or possibly more than one, of the migratory aquatic birds, such as the
heron, pelican, larus, merganser, etc., which are summer residents ov
visitors in this region. The abundance of the parasites is doubtless due
to the warm water in the streams fed by thermal springs, which fur-
nishes conditions favorable to the development of the embryos from the
egg. If these parasites ever normally make their escape from their
intermediate host the fish, as stated by European observers, the
chances of their Leing swallowed by o bird are very few, since they are
eaten with avidity by fish, in whose intestine, however, they do not
mature.

On the evening of July 29 I threw into the lake a large number of
these parasites, and on the following day, about noon, caught a chub
(Leuciscus atrarius) near the place where the ligulie had been thrown.
The alimentary canal of the chub was filled from one ¢nd to the other
with ligulae in various stages of digestion. In the intestine they were
reduced to a white chyle with recognizable fragments, and even in the
stomach they were corroded and fragmental.

DIBOTIHRIUM CORDICEPS Leidy.

A description of this species by Dr. J oseplh Leidy was published in
the Preliminary Report of the U. 8. Geological Survey of Montana and
adjacent territory (Hayden, 1871, pp. 381, 382). Some account of the
anatomy of the larval stage was given in my paper entitled, ¢“On two
species of Larval Dibothria from the Yellowstone National Park (Bull.
U. S. Fish Commission, 1x, for 1889, pp. 72-76, pls. XXV-XXVII); and
of the adult stage in “A contribution to the life history of Dibothrium
cordiceps,” ete. (Bull, U. 8. Fish Comimission, IX, for 1889, pp. 337-358,
Pls, CXVII-CXIX,)

Larval stage: In the rocky mountain trout (Saimo mykiss), in cysts
and free in the abdominal cavity; also often migrating into the flesh
of these trout in the Yellowstone Lake.

Adult stage: Intestine of the American white pelican (Pelecanus
crythrorhynchus).
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MONOBOTARIUM TKEREBRANS &p. NOV.
[Plates 63, 64, 65; Figs. 1 to 21.]

Body elongated, somewhat flattened, hinear, slightly enlarged at the
extremities, which terminate in blunt points, opaque, white. Head va-
riable, subsagittate, wedge-shape or bluntly rounded, a little broader
and thicker than the body, somewhat depressed dorso-ventrally but
without distinet bothria, translucent white with more delicate cuticle
than body. Posterior end of the body with irregular prominences
due to the development of ova in the uterus. Genital aperture ventral
about the posterior fifth; testes in front of genital aperture occupy-
ing the greater part of the body; female genitalia behind the genital
aperture. Largest specimen 28 mm. in length. Sometimes several
with heads buried in commeon pit in mucous membrane of host. .

Habitat: Intestine of Catostomus ardens, Heart Lake, Wyoming, July
28, 1890.

Diesing makes this genus the type of his family Monobothria. The
genera included are Caryophylleus Gmelin, Monobothrium Diesing, and
Diporus Diesing. These cestods are peculiar in that the body is not
segmented and contains but one set of genitalia. In other words a
single individual corresponds to one proglottis of an ordinary tape-
worm. The members of the group thus serve, in 4 measure, to connect
the cestods and trematods.

Several large suckers which had been taken in a trammel net were
examined and about a dozen specimens of this parasite were obtained
from two of the fish. They were associated with Echinorhynchus tuber-
osus, and in each instance several of the individuals were found to be
attached to the intestinal wall with their heads buried in a common pit
in the mucous membrane. Some of these clusters were preserved
entire with a portion of the intestine. Upoun examining the aleoholic
specimens one was found 7 mm. in length, which'was wholly inclosed in
a pit in the mucous membrane. The walls of the pit were thick and
gristly and the head end of the parasite had nearly perforated the
intestinal wall. _

The longest living specimen measured 28 mm.; as an alcoholic speci-
men it measured nearly the same, presenting the following dimensions
in millimeters: Length, 27; breadth, median, 2, expanding near anterior
end to 2.5, and near the posterior end tapering rather abruptly to 1;
thickness about 1, but increasing to 1.5 at the posterior end where there
are two or three moderately swollen or nodular places.

The following observations are based on alcoholic specimens: A
small specimen measured 17 mm. in length; median breadth, 25 mm.;
breadth near extremities, 2 mm. The anterior end of this specimen was
gagittate and thicker than the body, posterior end bluntly tapering)
thicker than body, and somewhat swollen or nodular. Each end of the
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larger specimens is rather sharply marked off from the body for a dis-
tance of 3 mm. or more. The anterior end is somewhat lighter colored
than the body and suggests the head of some species of Dibothrium,
but there are no bothria. The body, especially toward the posterior
end, is yellowish-white.

ANATOMY.

~ The sections upon which the following account of the anatomy is
based were made from specimens stained in foto in borax carmine,.

Structure of the head.—Upon examining transverse and longitudinal
sections of the hiead it is seen to consist of somewhat spongy tissue, in
which there are a few longitudinal muscular and connective fibers and
numerous protoplasmic granules and granular masses contained in a
mesh of transverse connective fibers. There are also nuerous small
open spaces shown in the sections which are doubtless the fine and
irregnlar branchings of the vessels of the water-vascular system.
Tigs. 9 and 10 show the structure of the bead of a small specimen., In
them it is scen that the cuticular layer is very thin and the subcutie-
ular granulo-fibrous layer, which is clearly defined toward the middle
of the body, is but faintly foreshadowed. The lon gitudinal muscular
fibers are not collected into any definite area, but are distributed
pretty uniformly among thoe other tissues. There is no indication of
layers of any kind. If the entire section, from “which TFig. 10 was
sketched, had been figured it would have shown no peculiarities of
structure that are not shown in the small portion which is represented.

No calcareous bodies were found in any of the sections. One of the
smallest specimens was placed in hydrochloric acid, but no evidence of
the presence of calcareous particles was educed.

Structure of the body.—There is a rather abrupt transition between
the head and the body. When transverse scetions made through the
anterior part of the body ilnmediately back of the head are compared
with those of the head several differences may be observed. The
cuticlo is thicker and more sharply defined. In the ceunter of the
section the connective fibers assumo a Da rallelism, especially in a
_ direction from margin to margin, which is in marked contrast with
the irregnlar course which they pursue in the head. The open spaces,
which indicate the situation of longitudinal vessels, ave collected
towards the periphery. The protoplasmic granules in the eenter soon
begin to collect into clusters, which represent the beginnings of the
testes. .

In a small specimen about 5 mm. long, which was cut into transverse
sections, it was not until the middle, or a little back of the middle,
counting from the head, that the longitudinal muscles began to collect
into bundles to form a somewhat discontinuous layer surrounding the
inuer space.
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In sections made in the vieinity of the reproductive aperture, back of
the posterior fourth of the body, the cuticle was found to consist of two
layers (Fig. 20, ¢, ¢). The outer or epidermal layer appears to be
sloughing off from the inner, uniform cuticular layer. Within the
cuticle is a very thin layer of fine longitudinal fibers. This is suc-
ceeded by a thick granulo-fibrous layer, which contains numerous
granules and nuclear bodies, which latter stain deeply in carmine.
There are also, especially in the older specimens, small clusters of lon-
gitudinal museular fibers in this layer (Fig. 16, ). The inner portion
of this layer is somewhat open or arcolur. The water vascular system
consists of an indefinite number of vessels not clearly defined and of
various sizes, which, in the posterior part of the body, in the vicinity
of the reproductive aperture, lie in the inner portion of the subcuta-
neous granulo-fibrous layer (Fig. 16, ). Tbhis characteristic branching
of the water-vascular system appears to be identical with that observed
by G. R. Wagener (Natuurk. Verh. Haarlem, xi11, 96; Tab. vir, 2).
Next within the granulo-fibrous layer is a layer of longitudinal mus-
cular fibers (Figs. 16, 17, 18, 20, Im). This does not constitute an
unbroken layer, but consists of numerous elusters of longitudinal fibers
which lie in the midst of the connective tissue and surround the cen-
tral space. The latter contains the genital organs. A terminal pore
leading mto a short duet with thick walls was obscrved in transverse
sections through the posterior end of a small specimen. The duct
enters posteriorly from near one margin and not irom the extreme tip,
and continues anteriorly to the posterior vitelline gland. The same
was observed in transverse sections of larger specimens, where it
appeared first in the posterior sections as a pore entering one of the
margins, and was soon seen, in succeeding anterior sections, toward
the middle of the sections as an elongated opening with strong walls of
connective tissue of irregular thickness. In the smaller specimens
strong connective fibers run from the anterior end of this cul-de-sac.
This organ is doubtless the terminal pulsating organ ¢ommon to larval
cestods. ‘

Genital organs.—The testes begin a short distance back of the head.
In a young specimen they began about the anterior third; in an older
specimen they began almost immediately behind the head. They con-
sist of globular masses (testicules) of granular protoplasm in the
younger specimens. In the older specimens they are irregular in
shape and relatively smaliler. The granules are collected into minute
globular clusters and appear in the sections as cireular or oval nests of
nuclei. The testes extend posteriorly nearly to the reproductive aper-
ture, which is about the posterior fourth or fifth of the body.

In front of the genital aperture there is a voluminous tube which,
after making numerous convolutions, communicates with the cirrus bulb.
This tube is evidently the vas deferens (vide Figs. 13, 14, 13, 16), In
sections of a large specimen it was seen to coutain numerous masses
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of minute, short filaments felted together (Fig. 21, s). These, when’
isolated, appear as slender filaments with a Dlack speck at one end.
They are presumably spermatozoa. I was not able to demonstrate
any communication between the testes and the vas deferens from my
gections. The wall of the cirrus-bulb is thick and well supplied with
circular muscular fibers, and within there are numerous retractile
muscular fibers. The cirrus was retracted in all the specimens.  The
aperture of the cirrus, as seen in section through the retracted organ, is
quite irregular, with puckered walls and its longer axis transverse to the
long axis of the body (Fig. 19, ¢ ).

The germ g]and or ovary lies transversely across the body about
midway between the genital aperture and the posterior end (Figs.
13,14, 15, g). It isa single organ, though comprising two marginal
lobes with a narrower connecting part. “The latter disappears in
specimens which hiave becowme replete with ripe ova, while the marginal
lobwes still remain (Fig. 14, g). Iun such cases there appear to be two
ovaries. In Fig. 13 there appear to be two ovarics., The sketch was
made from a section which passes on the dorsal side of the part which
conneets the marginal lobes. It is thus scen that the marginal portions
of the ovary extend farther toward the dorsal side than the part which
connects them. The ovaries are made up of nucleated cells closely
and uniformly packed together. They do not lie in clusters or nests like
the granular nuclei of the testes and the vitelline glands. In the older
specimens, however, tho ovary appears to be broken up into lobular:
portions (Iig. 14, g). The ovary as a whole lies nearest the ventral face
of the body.-

The vitellaria (Figs. 13, 14,15, vg) in the younger specimens are seei
to consist of two marginal glands which connect with a posterior gland
lying behind the ovary. In the adult specimens this -organ may be
divided into at least three distinct glands, one posterior and two mar-
ginal. The vitellarian gland differs from the ovary in being lobulated,
and in the lobules there are numerous clusters of granules, appearing
in section as circles or oval nests of nuclei. This organ is well de-
veloped along each margin in the vieinity of the cirrus bulb, extending
forward of the cirrus bulb for «a short distance and overlapping the
testes. I observed small ducts leading from the marginal glands, but
found nothing corresponding to thie conspicuous marginal ducts noticed
by Van Beneden in his account of the anatomy of the related genus
Caryophyliaus.

The ducts from the vitellaria were in some cases crowded with small
globular masses, which apparently originate from the disintegration of
the nests of nuclei in the vitellaria. The exact relation of these ducts
to the duct from the germ gland was not certainly made out, but they
were so far traced as to show that they uuite with that duct near the
median line on the dorsal side of the germ gland not far from its pos-
terior border.



552 REPORT OF COMMISSIONER Ol* FISH AND FISHERILES.

The duct from the germ gland leaves that organ on its postero-dorsal
side. Soon after leaving the gland it enlarges for a short space and
appears t)» be lined in the enlarged portion with cilia.

The vagina opens immediately behind the cirrus in a common genital
pore. Inlongitudinal sections parallel with the ventral surface and near
the exterior it appears as a simple transverse slit smaller than the male
orifice. The vagina pursues a somewhat tortuous course for a short
distance behind the external opening, during which time it lies near the
ventral surface. Tt then dips into the central region of the body and
passes along the median region on the dorsal side of the germ gland.
It enlarges at one point into a kind of seminal receptacle (Fig. 13, v).
It appears to unite with the germ duct near the posterior edge of the
germ gland and on its dorsal side.

The common duct formed by the union of the germ duct and vagina
soon receives ducts from the vitelline glands. The common duct thus
formed, and which is the beginning of the uterus, functions as a shell
gland. In Fig. 13, 0, 0 are ova which lic in the vieinity of the shell
gland. See also Fig. 14 «‘ and the ideal sketeh, TFig. 15 sg¢.

The product of the vitelline glands is added in the shape of small
globules of protoplasmic matter. These masses do not, at least imme-
diately, unite, aud on that account the ova, even in the beginning of
the uterus, liave the appearance of undergoing segmentation. In some
cases I observed ova that appeared to be in the process of formation.
The shell was exceedingly thin and weak, and amoung the numerous
non-nucleated masses, products of the vitelline gland, could be distin-
guished the nucleated germ cell (Fig. 12 a). .

The uterus lies dorsally in the posterior part of the body. Itis a
voluminous organ and when full of eggs oceupies the greater part of
the body behind the cirrus bully (Fig. 14 »). It is on account of the
accumulation of eggs in the uterus that the posterior surface of the
body is raised into irregular elevations (IMigs. 1, 3, 7, 8). The uterus
begins behind the ovary and appears to originate from the confluence
of the vagina, germ duct, aund vitelline ducts. The first folds in sec-
tion present a reticulated appearance and contain numerous ova which
have thin and membranous shells. These ova are very irregular in
in their outline and are invariably collapsed. Both shell and contents
stain deeply with carinine. The perfect ova have shells that resist the
action of the staining fluid.

From its origin on the postero-dorsal side of the germ gland the uterus
proceeds by numerous folds anteriorly in the direction of the cirrus
bulb. It appears to terminate, in the older specimens, in a pore imme-
diately behind the cirrus, in close proximity with the vagina.

The ova are comparatively large, being 0.06 to 0.065 mm. in length
and 0.03 to 0.035 mm. in breadth. The globular masses of which their
protoplasmic contents are for the most part made up are 0.01 mm. and
over in diameter,
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TREMATODA.
ENcYsTED DISTOMA FROM LEUCISCUS ATRARLIUS.
[Plate 65, Figs. 22-25.]

On July 30 I examined several small chubs (Leuciscus atrarius) from
a warm branch of Witeh Creek, and some larger fish of the same species
from Heart Lake. In these fish the mesentery and serous covering of
the viscera generally were thickly specked with minute white granules,
which upon examination proved to be cysts containing larval trema-
tods. In most cases each cyst contained but one larva, but in one
instance, among cysts from a large chub, three larve were observed
in one cyst, and in several otbers two. The larve lay in a transpar-
ent fluid which was inclosed in an oval saé¢ with pellucid walls.  The
sac collapses when the larva is liberated. It is then seen to consist
of interlacing fibers, the interstices of which are filled with granular
parenchyma. The parasites are t00 immature to make their identifica-
tion certain. I record, however, the following characters:

The average length of the cysts appears to be about 0.5 mm. An
alcoholic cyst measured 0.7 mm. in length and 0.5 mm. in breadth, and
contained a larval distomiun 0.4 mm.long and 0.25 mm. broad. Another
larva, liberated from a somewhat smaller cyst, measured 0.32 and 0.16
mm., and another 0.35 and ¢.26 mm. in len gth and breadth, respectively.
Another was 0.4 mmm. long and 0.15 mm. thick.

These distoma are elliptical, oblong, or oval in outline when viewed
dorsally or ventrally, but in marginal view are convex dorsally aud
coneave ventrally,  The two suckers have made their appearance, and
also the muscular pharynx. These organs have about the same rela-
tive positions and proportions as the similar orgaus in Distomum lau-
reatum, but there is no indication of the head papillie of that species.
The body is somewhat longitudinally striasted behind the ventral
sucker, an appearance which seems to be due to the branches of the
water-vascular system. There is a posterior emargination which
marks the position of the terminal pore of the water-vascular system.
TFrom a short median vessel connecting with the terminal pore & num-
ber of marginal vessels branch like the arms of a candelabra. The
ventral sncker is well developed, the oral imperfectly so.

DISTOMUM LAUREATUM Zeder.

Rudolphi Entozon Hist., 11, 413; id., Synops., 113, 413; Diesing, Syst. Helminth.,
380; Dujardin, Hist. Helwinth., 435; Olsson, Bitrag till Skandinaviens
Helminthfauns, 1876, 24, Taf. 1v, Figs. 52, 53, 54.

Body unarmed, depressed, oblong, with short neck. Head with four
low, blunt, dovsal papili® and two ventro-marginal lobes on oral sucker,
Ventral sucker larger than mouth, sessile but prominent, with trans-
verse cleft-like aperture. Pharynx globose near the mouth, with short






