
E.--SOME OBSERVATIONS CONCERNING FISH-PARASITES. 

BY EDWIN LINTON, 
Professov of Zo6iocy i9t Washington and Jefersort College. 

The purpose of this paper is twofold-first, to present, in the form of general 
considerations, some of tho results of my own work; and, second, to suggest cortaiii 
h e s  of research along which future investigations on fish entozoa should be made. In  
pursuance of this plan, bare anatomical details and wearying recapitulation of the 
names of helminthological writers and their works will be kept in the background. 

I. 

It is probably iiow pretty well known by most persons of average intelligence and 
information that cases of parasitism are not exceptioii:d facts iu nature, but that there 
is a fauna of considerable extent whose natural habitat is within other animals. 
Much work remains to be done before an approximately correct estimate can be 
made of the number of species which pass their lives within other animals. Vou 
Liustow’s Conyeiadiu?n der Helrnilzthologie, 1878, enumerates 1,917 species of animals 
from which entozoa to the iiumber of 2,755 distinct species have been reported. 
There are probably several duplicates hi this list, but they are offset many tiiiies over 
by the new species which have been added to helminthological science in the fifteen 
Years that have pa ssed siiice tlie publication of Voii Linstow’s work. 

There are few general statemoil ts in natural liistury that do not require qualifica- 
tion; and the one which would say when one animal eats aiiotlier the life of the latter 
i8 by that act terminated affords no exception to the general rule. For, without 
doubt, there are thousands of species of animals which live to be eaten, and if eaten, 
live; and, conversely, if iiot eateii, perish. Those forms which take up their abode 
Within other auimals are, for conveiiienco, called guests, and the animal which affords 
such entertainment to others is called the host. 

Of all animals which nature thus requires to Iiecp open house, tho class o f  fishes 
takes the lead, not only for the variety of the forms and the number of  the individuals 
harbored, but also for the frequency of iridiviclual cases of parasitism. 

The cases of parasitism had in mind hi the  preparation of this papor all belong $0 

those kinds which pass t,he entire cycle of their lives within other animals, that is, to 
the entozoa, properly so called. 
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11. 

Each distinct species of fish is not unusually the host of one or more distinct 
species of parasite, or, a t  least, the usual host of one or more species. This is true 
especially of those species which belong to rather small natural orders, and which 
stand stiffly apart from other species. It will not, I think, be found so true of species, 
so-called, which are based on trivial differences. Therefore, when one is examining an 
animal for parasites from which no parasites have ever been reported, the probability 
is that if he finds any they will be new to science, especially if no parasites have been 
reported from any closely related species. 

I will cite but one example, out of many that have come to my notice, in illustra- 
tion of this conclusion. Soipc years ago 1 collected soiiie entozoa from a specimen of 
Polyodon spathula from the‘ Ohio River, a species froin which, so far as I know, no 
entozoa had beeu reported, and which, moreover, is so different from any other exist- 
ing species as to lead one to expect to find Bome entozoa or eiitozooii new to science. 
I found it harboriiig a considerable miinber of youug cestodes belonging to the genus 
Dibothrium, which I shall describe and figure in a forthcoming report. Although the 
anatomy -of the proglottides can be made out biit imperfectly from my specimens, the 
external characters present snuh striking peculiarities that, even in the absence of 
many details of structure that are desirable to know in describing a new species, I 
feel justified in regarding i t  as a iiew species. I have found lhe same species in a lot 
of entozoa sent to ine for identification by the U. S. National Museum. They are 
also immature, but there is iiot the slightest difficulty in establishing the identity of 
species in the two lots. 

The above general statement is not to be understood to refer to larval forms, nor 
to mean that each species of entozoon is confined to a Mingle host. Many of the nem- 
atodes, for example, and manj of the cestodes, while in the encysted state, and a few in 
the adult, have a range ‘of several hosts. I think it may be safely stated, however, 
that where two hosts are not nearly related the entozoa which infest one will, in gen- 
eral, be different from the entozoa which infest the other. On the other hand, hosts 
which are closely related are likely to be infested with similar entozoa. 

For example, I have found repeatedly, in a number of species of flounders, viz, 
Pseudopleuronectes americanus, Pwalichthys dentatus, and Limanda .fer.rugirm, an 
echinorhynchus, often very abundant, which I have referred, somewhat questioniugly, 
to the species Echinorhynchus acus Rud. Its favorite host is P. americanus, but it is far 
from uncommon in other flounders. Its rsnge, however, does not appear to be limited 
to the I’leuronectidce, for I have found speciniens indistinguishable, except by a too 
refining process of species-making, from E. acu.8 of the flounder, in the cod, haddock, 
sea-robin, sculpin and gooseash ( Gadus morrhua, Melanogrammus mgli$filtus, Prionotus 
evolans, Cottus kneus, and Lophius piscatorius). 

This parasite is easily recognized by its color. In a large lot of them, and they 
frequently occur to the number of a hundred or niore in the ~ a m e  host, particulsrly 
in Pseudopleuronectes americanw, the colors will be found to graduate from deep 
orange through pale lemon-yellow to cream-white. When placed in the ordinary pre- 
serving or hardening fluids they are apt to contract strongly, but if placed in fresh 
water while still alive they become turgid and straight. 
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A dibothrium (D. manubriforine Lt.) which I found hi the billfish (TetrapterG 
Ulbidus) was, in the subsequent summer, found to infest also the closely related 
Species, the sailfish (Histiophorus gladius). This dibothrium, while it bears some resem- 
blance to D. plicatum of the swordfish (Xipliias glodius), is specifically different from it. 

A singular cestode (Thysar~ocepkaluiit crispum Lt.), found in 1883 and again in 1880 
iu the tiger shark (Galeocerdo nzaculatus), is apparently peculiar to that species. Like- 
wise another cestode, whicli I have found repeatedly .from 1882 to 1889 in the land 
shark (Caycharias libtoralis), and which I have d'escribed under the name Crossoboth- 
rium laciniutuijz, appears to be peculiar to tliat host. 

In general I may say that in a inajority of the species which I have examined 
from which no eutoxoa liad been already reported, I have found one or more entozoa 
that proved to be new to  science. 

While it would, of course, be entirely improper to set up peculiarities of this kind 
as criteria for the determination of species, I venture to say that the helminthologist 
who finds two species of fish, which ichthyologists have made generically different, 
habitually harboring identical kinds of entozoa, under similar circumstances, would 
not be surprised to  see these genera united by the next disturber of ichthyological 
1lomenclature; and, conversely, if two species which systematists have regarded as 
being closely related should be found to harbor a completely diverse set of entozoa 
ulider similar conditions of migration, food supply, etc., sufficient reason would thereby 
be afforded for asking that the morphology of the two species in question be reviewed. . 

Certain natural groups of animals, as orders for example, are infested by certain 
genera or even families of entozoa which are peculiar to them. 

A,notable example of this is furnished by those remarkable cestpdes which have 
four eversible spinose proboscides, belonging for the most part to the two genera 
Ii1L?/whobotl~riu~n and Tetrarhynchus and forming the family Tetrarhylzchidce. The 
l'etrarhynckidq in their adult form, are confined to the Elasmobralzchii, sharks and 
skates. For this limitation of their habitat other v~rtebrates can not be too thankful. 
The proboscides are often relatively long, abundantly long enough in most cases to 
Penetrate the mucous and submucous coats of the alimentary canal of their host. 
They are armed with multitudes, often a thousand or more, of sharp, recurved hooks, 
SO that when they penetrate the stomach or intestinal walls of their host they can be 
dislodged only with great difficulty. They often burrow a little pit io the intestinal 
Wall, where sometimes a cluster of scolices will be lodged together. I have occasion- 
ally seen the stomach and intestine of a large shark with several ulcerated pits due to 
t h  presence of such parasites. As a rule, however, the presence of a moderate number 
of intestinal pasasites in the adult stage does not apparently cause much discomfort 
to the host. - The sharks, for example, which I hdve examined, and I have examined 
a goodly iiumber, all appeared to enjoy excellent digestion ; their accesuory digestive 
Or@%ns being in nearly every case clean and bright. Indeed, if a parasite were to cause 
mud1 mortality by its ilresence in its final host it would not be long, as things go in 
the economy of nature, until it would either cause the destruction of the species to 

its host belongs, or a t  least makes it exceedingly rare, and thus imperil its own 
Hence, among the entozoa of fishes, as amoW those of mat1 

and the domestic animals, it is the irnmdture stage of the parasite that  c ~ w ~ S  most 
mischief, and it works that mischief not on the final but on the intermediate host. 

as a species. 
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111. 

It will be worth our while now to consider some of the injurious effects of the 
presence of entozoa among fishes. 

I have fwmd the larvae of many of the Teetrurhynchidte encysted in a number of 
food-fishes of our coast, such as Pornatonbus, Cynoscion, Scomberomorus, Lobotes, 
Uurmx, Gadus, etc. These were invariably blastocysts, inclosed in cysts *of connect- 
ive tissue and each containing an embryo tetrarhynch more or less developed. They 
occur in the body cavity, where they are either attached to  the serous covering of the 
viscera, peritoneum or mesentery, or they may be buried in the liver or spleen or lying 
between soine of the coats of the stomach or intestine. 

The scolex of a tetrarhynchus of the dusky shark (Ourohurinus obscurus) is quite 
comiuon in the squeteague or weakfish (Cynoscion. regalis), where it may be found 
under the submucous coat of the stomach and intestine, often dotting the whole length 
of the alimentary tract with small specks. If one of these specks be punctured in 
July and August (the only months in which I have collected them) a small squarish or 
roundish scolex of a tetrarhynch is liberated. The abundance of these scolices in a 
single host explains the occasionally great abundance of the adult stage in the pyloric 
division of the stomach and the spiral valve of the dusky shark. That is, in such 
cases the shark has made a meal off of one or more fishes which were infested with the 
larval tetrarhynch in the encysted stage. 

The cycle of life of these forms has not been proved in all cases, but from what is 
known of other members of the order it may be thus summarized: The larval 
tetrarynchs havjag been liberated by the action of the digestive fluids of the shark 
attach themselves to the walls of the stomach aud intestine of this their final host, 
where they develop into t'he mature form, and whence chains of proglottides, contain- 
ing numerous ova, escape. Some of these in due time may be themselves eaten by a 
squeteague or other fish, in which the ingested ova, instead of yielding to the action of 
the digestive fluids along with other food, undergo normal development, are hatched 
into minute six-spined embryos, which, boring through the tissues and finding lodg- 
ment somewhere in the body cavity of the intermediate host, there develop into a 
blastocyst in which a larval tetrarynch by and by makes its appearance. The larva, 
apparently, does not usually have the power of escapiug from the blastocyst unless i t  
is swallowed by the proper final host. These encysted forms in the squeteague, blue- 
fish, etc., where only a few individuals are present, probably do little harm. It must 
be remembered, however, that the nourishing of every cyst is at  the expense of a 
certain amount of vitality of the host; as the vitality of the host is diminished, the 
chances of its being caught by an active enemy are increased. Parasitism thus tends 
to perpetuate itself. The life-history of a11 these forms that require theintermediation 
of two hosts which stand toward each other in the relation of eater and eaten, has 
become adapted to the various vicissitudes and interrelations of the hosts. 

Sometimes the presence of the parasite must work positive injury to its host. 
A case in point is that of a parasite which infests the liver of the large sunfish (NoZu 
rotunda). I have been able to verify the statements of Cobbold concerning this para- 
site (Teetrurhynchus repens) and have seen the liver of a large mola tunneled in various 
directions by this parasite until the whole organ was little more than a sac of worms. 
Such a state of aEairs must occasion a decided loss of vitality to the sunfish, and 
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doubtless often causes it to fall a prey to some enemy from which it might otherwise 
easily escape, if the parasite does not a t  times itself bring about the death of its host. 

One of the most interesting cases of parasitism in which direct injury results 
to the host, which has come to  my attention, is that afforded by the trout of Yellow- 
stone Lake (Salmo mykiss), It was noticed by successive parties who visited the lake 
in connection with government surveys that the trout with which the lake abounded 
were, to a large extent, infested with a parasitic worm, which is most commonly in 
the abdominal cavity, in cysts, but which in time escapes from the cyst and tunnels 
into the flesh of its host. Fish, wheu thus much afflicted, are found to be lacking in 
vitality, weak, and often positively emaciated. 

It was my good fortune, in the summer of 1890, to visit this interesting region 
for the purpose of investigating the parasitism of the trout of Yell0 wstone Lake. The 
reslllt~ of this special investigation were published in the Bulletin of the U. 8. Fish 
commission for 1889, vol. IX, pp. 337-358, under the title : “A oontribution to the life- 
history of Dibothrium cordioqs, a parasite infesting the  trout of Pellowstone Lake.” 

I found the same parasite in the trout of Hotrt Lake just across the great conti- 
nental divide from Pellowstone Lake, but did not find any that had tunneled into the 
flesh of its host, while a considerable proportion of the trout taken in Yellowstone 
Lake had these worms in the flesh. Some of these worms were as much as 30 centi- 
meters in length when fbst removed; others, which had lain in water a few hours 
after removal before they were measured, were much longer, as much as 64 centimeters. 
They are rather slender and of nearly uniform size throughout, 2.5 to  3 millimeters 
being an avers@ breadth of the largest, I found the adult stage in the intestine of 
the large white pelican (Peleoanus srytlworhynchus), which is abundant on the lake and 
was found breeding on some smell islands near the southern end of the lake. 

In the paper alluded to above, I attempted to  account for two things concerning 
this parasitism among the trout of Yellowstone Lake: First, the abundance of para- 
sitized trout in the lake; second, the migration of the parasite into the muscular 
tissue of its host. The argument can not be well summarized in as short space as the 
requirements of this paper demand. It is sufficient to say that what appear to  me to 
be satisfactory explanations are supplied by the peculiar conditions of distribution of 
fish in the lakes of this national park. Until three or four years ago, when the U. 8. 
@ish Commission stocked some of the lakes and streams of the Park, the conditions 
with relation to  fish life in the three principal lakes were as follows: 8hoshone Lake, 
110 fish of any kind; Heart Lake, a t  least three species, h’alnao mykiss, Leuoiscus atrarius, 
and Oatostomus arams; Yellowstone Lake, one species, h’almo mykiss. Shoshone and 
Yellowstone lakes are separated from the river systems which drain them by falls too 
high for fish to scale. Heart Lake has no such barrier. The trout of Yellowston8 
Lake are confined to the lake and to  18 miles of river above the falls. Whatever 
8OWCe of parasitism exists in the lake, therefore, must continue to affect the fish all 
their lives. They can not be going and coming from the lake, as the trout of Heart 
Lake may freely do. If their ibod should contain  egg^ of parasites, or if the waters in 
Which they swim should contain eggs or embryos of parasites, they would be contin- 
UaUY exposed to  infection, with no chance for a v&cation trip for recuperation- To 
quote from my report : 

It follows, therefore, from the peculiar oonditions 8 urrounding tho trout of Yellowstone Lake, 
that if tbere is a causo of paratlitism present in suooeesive years the trout are more liable to become 
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infested than thcy would be in  waters wherc thcy had a more varicd range. Trout would become 
infested carlier and in  grcater relativc nuinbers, and tho lifc of tho  parasites tthemselvcq-that is, their 
rcsidcncc as encysted wor~riri-ini~st bo of longer duration than would be the rulc wherc the natural 
conditions are less exceptional. * * * 'l'hcre are probably not less than one thousand pelicans on 
the lake the greater part of the time throughout the summer, of whioh at any timu not less than 50 
per cent are infested with the adult form of the parasite, aud, eince they spend the greater part of 
thcir time bn or over the water, disseminate millions of tapeworm cggs each iu the waters of the 
lake. It is known that eggs of other dibothria hatch cu t  in  the water, wherc they swim about for some 
time, looking much like ciliated infusoria. Donnitdicu found in  his oxpcrimcnts on the adult dibothria 
of ducks that  the eggs hatched out rcadily in warm water and very slowly in cold. I f  warm water, 
at least water that  is warmer than the prevailing temperatui*e of thc lake, is needed for the proper 
development of these ova, the conditions are supplied in  such places as the shore systcm of geysers 
and hot springs CII the west arm of the lake, where for :L distance of nearly three miles the shore is 
skirtcd by a hot spring and geyser formation with numerous streams of hot water emptying into the 
lake, aud large springs of hot water opening in  the floor of the lake near shore. 

Trout abound i n  the vicinity of these warm springs, presumably on account of tho abundance of 
food there. They do not love the warm water, but usually avoid it. Several persons with whom I 
talked on the subject while in the park assert that  diseased fish-that is to  say, those whibh are thin 
and affected with flesh-worms-are more commonly found uear the warm water; that  they take the 
bait readily, but  are logy. I frequently saw pelican6 swimming near tho shore in  the vicinity of the 
warm springs on the  west arm of the  lake. It would appear that  the badly infested or discaaed fish, 
being less active and gamy than the healthy fish, would be more easily taken by thcir natural enomiee, 
who would learn to  look for them in placcs wherc they most abound. But auy circumstances which 
cause the pelican and the trout to  occupy the sauie neighborhood will multiply the chances of the 
parasites developing in  both the intermediate and final host. The causes that  make for the abundance 
of the trout parasite conspire to  increase the number of adults. The two hostsreirct on each other 
and the parasite protits by the reaction. About the only enemies tho trout had before tourists, 
ambitious to  catch big strings of trout and photograph them with a kodak, began to  frequent this 
region, were the fish-eating birds, and chief among thew in numbers and voracity was the pelican. It 
is no wonder, therefore, that  the trout should have become seriously parasitized. It may be inferred 
from the foregoing statcmcnts that  the  reason why the parasite of the trout of Yellowstone Lake 
migrates into the muscular tissue of its host must be found in  the fact that  the life of the parasite 
within the fish is much more prolonged than is the case where the conditious of lifc arc less excep- 
t9onal. 

The case just cited is probably the most signal one of direct injury to the host from 
the preseiice of parasites that  I haye seen. I shall enumerate more briefly a few 
additional cases out of a great number that I have encoutitered in my special investi- 
gations on the entozoa of fishes for the United States Fish Commission. 

The codfish very commonly harbors a dibothrium ( D .  rugosum), which fixes itself 
firmly in a branch of the pyloric ceca, the chain of proglottides extending into the 
intestine. In  all cases that I have seen the head and anterior portion of the body of 
the worm have been firmly impacted in a yellowish, waxy secretion, which is, in part 
at least, derived from degenerated tissue of the cecal appendage. These parasites 
must interfere seriously with the digestive processes of their host, and therefore by 
just so much impair its vitality. T have found the striped bass (Roccus Zineatus) 
about Woods Holl, Ma'ss., almost without exception, infested with a thorn-head worm 
(Echinorhynchus p o t e u s ) .  These parasites are always attached, often to the number 
of several hundred, firmly to the walls of the large intestino of their host. I n  most 
cases the thorny proboscis and inflated portion of the neck have penetrated the intestinal 
walls and protrude into the body cavity, where they are covered by a waxy secretion 
from the tissues of their host. This boring process gives rise to consillerableinflamma- 
tion, and the rectum of the fish is usually much inflamed. Evidently these parasites, in 
addition to the disadvantage to which they subject their host by their passive presence, 
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not infrequently work them positive harm and lessen their chances, by some not 
illconsiderable increment, of long life with all that that means to the species in the life 
race. My check-list shows that I have examined this fisli nine times in the course of 
several successive years, and have obtained this particular echiuorhynchus in all but 
one lot. 

'Almost every specimen of such common food-fish as Cynoscion, Pomatomu8, Roccus, 
etc., that I have examiiied, has beeu found to liurbor a greateror less number of larval 
forms, of which the genera Rl~ynchobotlwium, l'ctrarlLyitclv&, and ti'yndesntobotkrium 
are most common. Frequently one will be found which is so badly parasitized that 
i t  is quite evident that the fish is obliged to expend a coirsiderable stock of its own 
vitality to nourish its uninvited guests. 

In  the autumn of 1889 Dr. David Starr Jordan found an interesting case of par- 
asitism in some young suckers (Catostowtus ardem) which he had collected in Witch 
Creek, a small stream which flows into Heart Lake, iii the Yellowstone National Park. 
Specimens of these parasites were sent to me for identitication. They proved to be 
a species of ligula, probably identical with t h e  European Ligula simplicissima Bud., 
Which is found in the abdominal cavity of the tench. On account of its larval condi- 
tion, in which it possesses few distinctive characters, I described ir; uuder the name 
Ligula catostomi. These parasites grow to a very large size when compared with 
the fish which harbors them, often filling the abdominal cavity to such D degree as 
to give to the fish a deceptively plump appearance. The largest specimen in Dr. 
Jordan's collection measured, in alcohol, 18.5 ceu timeters in length, 8 millimeters 
ill breadth at the anterior end, 11 millimeters a t  :L distance of 7 millimeters from the 
anterior end, and 1.5 mil1imeters;iear the posterior end. The thickuess throughout was 
about 2 millimeters. The weight of one fish wiis 0.1 grams, that of its three parasites 
2.6 grams, or 278 per cent the weight of the host. If a man weighing 180 pounds 
Were afflicted with tapeworms to a similar degree, he would be crtrrying about with 
him 50 pounds of parasitic impediments. 

A specimen 
obtained from a fish 19 centimeters in length, measured while living 39.6 centimeters 
in length and 15 inillimeters in breadth at the anterior end. Another fish, 15 centi- 
meters in length, harbored four parasites, 12, 13,13, and 20 centimeters long, respec- 
tively, or 58 centimeters aggregate. Another fish, 10 centimeters long, was infested 
With a siugle parasite mliich was 39 centimeters in length. 

These parasites were found iiivariably free in the body cavity. I k .  JordanIs collec- 
tions were made in October and miue in July of the following year. Donnadieu has 
found that this parasite most frequently attains its maximum development at the elid 
of two yea%. It is probable, therefore, that Dr. Jordan and I collected from the sa1118 
generation. Since those parasites, in this stage of their existence, develop, not by 
levying a toll on the food of their host, after the manner of intestinal parasites, but 

by the absorption of tho serous fluid of their host, it is qujte evident that 
Biiice, however, they lie quietly in the body 

of the fish and possess no hard parts to cause irritation, they work their mis- 
chief simply by the passive abstraction of the nutritive juices of their host, and by 
crowding the viscera into confined spaces and unnatural positions. The worms, in 

every case, had attained such a size that they far exceeded in bulk the entire 
viscera of their post. 

In  the summer of 1890 I collected speciniens from the same locality. 

work a positive and direct injury. 
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From the fact that the examples obtained mere of comparatively the same age, it 
may be justly inferred that the period of infection to which the fish are subjected must 
be a short one. I did not discover the final host, but it is almost certain to be one or 
more of the fish-eating species of birds which visit that region and presumably one 
which, in its migrations, pays but a brief visit to this particular locality. This parasite 
was found only in the young suckers which inhabit a warm tributary of Witch Creek. 
They were not found in the large suckers of the lake. Thesc young Catostomi were 
found in a single'schonl, associated with the young of the chub (Lezcciscus atrarius), 
in a stream whose temperature was 950 F. near where i t  joined a cold mountain brook, 
whose temperature was 460 F. We seined several hundred of these young suckers 
and chubs, ranging in length froni G to  19 centimeters. The larger suckers were nearly 
all infested with these parasites, the smaller ones not so much, and the smallest scarcely 
at all. Or, to give concrete examples: of 30 fish ranging in length from 14-to 19 cen- 
timeters, only one or two were without 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 62 specimens less 
than 0 centimeters in length, 2 were infested and 60 were not. None of the chubs 
were infested with this parasite. 

The conditions under which these fish were found are worthy of passing notice. 
The stream which they occupied flowed with rather sluggish current into a swift 
mountain stream, which it met at almost right angles. The school of young chubs 
and suckers showed no inclination to enter thc cold water, even to escape the seine, 
but would dart around the edge of the seine, in the narrow space between it and $he 
bank, in preference, apparently, to taking to the colder water. When not disturbed 
by the seine they would swim up near to t h e  line which marked the division between 
the cold and the warm water, and seemed to be gazing with open mouth and eyes at 
the trout which occasionally darted past in tho cold stream. The trout appeared to 
avoid the warm water, while the chubs and suckers appeared to avoid the cold water. 
It may be that what the latter really avoided was the special preserve of the trout, 
since largo chubs and suckers are found in abundance in the lake, which is quite cold, a 
temperature of 400 F. having been taken by us at a, depth of 124 feet. 

Since the eggs of this parasite, after the analogy of closely related forms, in all 
probability are discharged into the water from the final host and hatch out readily in 
warm water, where they may live for a longer or shorter time as free-swimming, 
planula-like forms, it will be observed that the sluggish current and high temperature 
of the water in which these parasitized fish occur give'rise to conditions which are 
highly favorable to infection. 

It may be of passing interest to state here what I have recorded elsewhere, that 
ligulce, probably specifically identical with L. catostomi, form a11 article of food in 
Italy, where they are sold iu the markets under the nanie niacoaron i piatti; also in 
southern France, where they are less euphemistically but more truthfully oalled the 
uer blanc. So far as my information goes, this diet of worms, like the historical episode 
of that  name, is strictly European. 

It is not necessary to prove cases of direct injury rcsultiilg from tho presence 
of parasites in order to make out a case against them. In  the shaq, competition 
which iiature forces on fishes in the ordinary struggle for existence, any factor which 
imparts nu increment either of strength or of weakness may be a very- potent om, and 
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in a long term of years may determine the relative abundance or rarity of the individ- 
uals of a species. I n  most cases the interrelations between parasite and host have 
become so adjusted that the evil wrought by the parasite on its host is small. Para- 
sitic forms, like free forms, are simply developing along the lines of their being, but 
unlike most free forms they do not contribute a fair share to the food of other crea- 
tures. I have been too busy with the practical work of describing actual species to 
speculate on the question of their utility, and, 'moreover, have had no experience in 
teleological reasoning. It does appear to me, however, that if the question could be 
referred to all the rest of animated creation, there wonld be practical unanimity in 
the declaration that those animals which pass all or the greater part of their existence 

parasites are supremely unnecessary. 

IT. 

I am sometimes asked substantially this question: Of what use. is the study of 
these comparatively obscure formst In  answer I must admit that a large majority of 
the species belonging to the orders Trematoda, Cestoda, and Nematoda, which fur- 
nish a b y t  all the entozoa, hava little other than a zoological interest. But as I under- 
stand scientific investigation it very often does not concern itself about questions of 
Practical utility. 

Again, I am asked : What remedy is proposed for t,hose cases of paramsitism which 
are plainly injurious9 A few remarks on the subjects suggested by these two ques- 
tions may not be inappropriate. As to the utility of helminthological investigations, 
it mlty be said that they stand in the same category as any other scientific investi- 
gation. Where there is exhaustive knowledge of the thing itself the application of 
that knowledge towards getting good oht of it or averting evil that msy come from 
it first becomes possible. For example, a knowledge of the life-history of Triohha 
8Piralis. and its pathological effects on its host has taught people a simple way of 
securing immunity ikom its often deadly effects. A knowledge of the life-histories of 
tho' various species of taeniae which infest man and the domestic animals, frequently 
to their serious hurt, has made it possible to diminish their numbers, and may in time 
lead to  their practical extinction. 

Whenever for any reason or reasons parasitism of 
any sort becomes so prevalent with any Apecies as to amount to a disease, the remedy 
will be suggested, and in some cases may be practically applied. If, for examyle, it 

thought desirable to counteract the influences which are at work to cause the 
Parasitism of the trout of Yellowsto~ie Lake, it could be very largely accomplished by 
breaking up  the breeding-places of the pelican on the islands of the lake. With re- 
gard to parasitism among the marine food-fishes, the remedy, while plainly suggested 

the circumstances, might be difficult of application. Yet somet,hing could be done 
even there, if it were thought necessary to  lessen the amount of parasitism. If Such 
Precautions as the destruction of the parasites which abound in the viscera Of fish 
before throwing them back into the water, and if no opportunity be lost of killiW 

sharks which feed on the food-fishes,' two sources of tho prevalence of parasites 
'would be affected and the sum total of parasitism diminished. 
Qade not so much because such precautions are needed, as to suggest possible WP11- 

so  with t h e  parasites offishes. 

These remarks 

of kuowledge which is already availablc. 
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Some parasitic forms, however, are arid must remain ineradicable, for the reason 
that food-fish are their final hosts, and the intermediate hosts are a necessary food of 
the fish. For example, the intermediate hosts of certain echinorhynchi which infest 
Rome species of fish have been found to be certain sniall crustacea, as Echinorhynclbus 
proteus, which has Gammarus pzclex for an intermediate host; while the gasteropoda are 
ulniost universally infested with cercaria?, the larval stage of the trematoda. 

V. 

Some lines of investigation which suggest themselves as of importance to the 
science of helminthology will iiow be briefly treated. By way of introduction to this 
part of the subject in hand I wish to be indulged in a short digression. It often hap- 
peiis that t h e  working helminthologist wishes to identify the host of some form which 
he has fouird. I$ order to do this in R great many orders'of animals he is obliged to 
waste a great deal of time in rummaging through the ordinary books with which 
every good general library is supplied, and even thelr too often with the result that 
the species, not necessarily an uncommon one, can not be identified. There is certainly 
need among working naturalists for compilations which will enable one to do in zoology 
what he can do in botany with the aid of such works as Gray's Manual. 

It is surely contrary to the spirit of true science that the acquisition of correct 
systematic knowledge in zoology should be limited to the vicinity of large libraries, 
or that there should be an hierarchy of specialists to whom we must go in order to 
learn the systematic positioii of every form that is a t  all unusual. Morphological and 
embryological investigations are of the greatest importance, and in the end must be 
depended on in testing and revising the work of the systematist; but is there not 
danger that in all this auxiety about cell division, panmyxia, the transmissibility of 
acquired characters, the meaning of sex, etc., to which our most prominent biologists 
are giving time and talents, a generation of students is being produced who are 
attempting to work out problems in this country for which we  are not ready? At  
least, while there are so many groups of animals practically untouched and so much 
to be done in the way of studying animals in their bio~iomic relations, it is certainly 
not unfitting to speak a word occasionally to incite to the study of nature as she is in 
nature and not wholly a8 she.is in the laboratory. 1 a m  ready to confess for myself 
in this regard that I sin daily, for I preside as best I can over a laboratory where, to 
borrow an idea from my highly esteemed and most excellent friend Prof. S. A. Forbes, 
nature is boiled in corrosive sublimate and fried in paraffin before she is given 
serious study. 

For the orders which are comprised in thc study ordinarily designated by the term 
helminthology-vis, Cestoda, Trematoda, Acunthocephala and Nematoda-there is call 
for much preliminary work before such a compilation as I. have been pleading for in 
other orders can be made anything like exhaustive; and this because of the little 
pioneer work that has beeu done. 

In  my own work I have been compelled, by stress of circumstances, to confine my 
collections almost entirely to the vacation xnontlis of July and August and to rather 
limited localit?ies; but even here 1 have found material so abundant and so niuch of it 
new that 1 have kept thus far, for the most part, along the somewhat antiquated but 
still necessary path of systematic work. 
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Among the sub%jects which should engage the attention of the helminthologist 
who takes up the study of fish-parasites I should place first, whet I will call pioneer 
Work; not because I thirik i t  to be of' most absolute importance, but bec;mse it slrorild 
precede other kirids of investigation. It is of supreine iniportance, i t  seems to me, to 
have full descriptions, accoinpsiiied with sketches, of the adult forins of entozoa wliicli 
iufest the fish of our waters. As much work as possible shonld, a t  the same time, bo 
done on larval forins. Whenever larval forms caii be certainly identified as tho 
inimature form of some adult, or where, as in tlie case-of larval tetrarliynchs, there arc 
constant adiilt characters present in the larva. there should be full descriptions given, 
always accompanied wi th sketches. Date ofcaptureand n a m e  of host should, of course, 
be given i n  all cases. Incidentally these descriptions should include jus t  as rnuc.11 
anatomical a8nd histological detail as the material at the dispose1 of the investigator 
and his time will permit. For most of the entozoa, which are ofteii very variable i n  
shape, the more detailed the descriptiori is t h e  better. Furthermore, investigatioirs 
Should be carried on in every month of the year in which the fish under exarninatioir 
can be obtained. Notes should be made, a t  tho time of collecting, of the food of the  
fish; this rmy lead to the discovery of the intermediate host. 

Next, the life-histories of those forms which ;we already kuown, or thus become 
knomnin carrying on the pioneer work, should be made out. Enough is ttlready 
h o w n  on this subject to furnish, in most cases, a working clue. In this, as in the 
Pioneer work, attention should be given to anatomic:aI and liistological details, to 
Which may be :hdtled, as occasion offers, embryological details. I think this order 
is preferable, for tho reason that where the investigator is engrossed with the 
study of the early stages of 1ittle.known forms, there is danger of coufusion resultirig 
from the mixing of descriptions of young forins which are specifically different, This 
Source of error is probably not so likely to arise in the, case of tliecestodes and iwii i -  

atodes as of tlre trematodes. 
In  this connection I may mention two or three cases which occur to me as worthy 

of further investigation. In  almost every specimen of squeteague (Cyaosciom r c p l i s )  
which I havo examined, I have found the cystic duct infested with young tetrabotliria. 
They are usually attac~ied in clusters to the mall of the duct, and apparently got tlreir 
nutriment mainly by absorption from the malls of the cystic duct, through the scdeu, 
which is provided with a special sucker. W heu disturbed they easily become det8achcd 
and float about in the amber-yellow contents of the duct. Forms closely resembling 
these, t~iougli ustmlly smaUer: are also frequently met with in the intestine of the 
Ba113e fish. 1 have also fouird tliein in tlie intestine of the goose-fish (Cophius jhecc- 
topius) and in the cystic duct of a flounder. Some of them appear to be the young of 
an Bcheneibotlirium. If collections were made at other bimes of the year than the 
summer, which is the only time I havc had an opportunity to collect them, it should 
not be a difficxlt matter to identify tlJeIll atid to inake ou't Soine or a11 of their 1ife-hiStOry. 

Anotlier case of parasitism, or rather coridi tion of pi~r;~sitism, which c i th  for 
special investigation, is that furiiislred by many of the eiioapsiilecl 1remntodes. 111 t l ~  
majority of fish .wvhicli I have examine(x, T liave fouird :I grmttoi- or less numbor of' 

coiIed up and euveloped in a thin cyst, and usually attxohecl to  or envclopetl 
iQ the serous illvestment of the viscera, 111 many species they are few, but in  soiile, 

Which J~opJ~ i z~s  is a not.&& example, they are very abundant aricl ;drnosb itlvarittbly 
Present in every specimen. I 

- 

These encapsuled nematodes are always immature. 
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have been able to refer some of them to species described by Leidy and otherR; some' 
agree superficially with Agamonema communis for example, but upon closer examina- 
tion will be found to be covered by a thin investment which itself bears the distin- 
guishing characters of Agamonema, while within this investment is a nematode which 
is'plainly a rudimentary Ascaris. 

Again, I have fonnd specifically identical forms encysted in the bodycavity and 
free in the intestine of the same fish. For example I found Dacnitis globosa Duj. 
frequent in the alimentary canal, in the vicinity of the pyloric ccma, ani? the same 
species in pediculated cysts in the body-cavity of the same fish, #almo mykiss. Special 
attention should be given to these encapsuled, encysted, and immature nematodes. 
The investigations should be made to cover as many months of the year as possible, 
and attention should be given to details of structure, since the immature stages of 
this order have few distinguishing features that can be made use of in  classification. 

Another nematode, which I have collected a few times, shows such e remarkable 
difference between the young and the adult as to call for special study. This is a 
filaria of considerable length which I have found on the ovaries of Pomatomus satta- 
trix and of Lobotes surinamensis, a description of which will be given in a forthcoming 
paper. I have received the same worm in a collection of entoaa from the United 
States National Museum. The host in this case was Megalops tlwissoides. This worm 
grows to great length. One specimen from Lobotes measured 580 millimeters. The 
aggregate length of the fragments from Megalops was over 3 meters, the diametdr 
about 1 millimeter throughout. The adult worm is bluntly rounded anteriorly and 
tapers to a blunt point posteriorly. It is viviparous and contains, on account of its 
great length and the small size of the young, from 0.2 to 0.36 millimeter in length, 
an enormous number of*young. The latter are somewhat long-clavate in shape, 
thickest posteriorly, bluntly rounded at posterior end, while anteriorly for about one- 
third of the entire length they taper to an exceedingly minute, attenuate point. The 
young thus resemble the genus l'richosoma in outline. Whether these young filariap. 
make their escape from the parent and penetrate the tissues of the host, or whether 
they must await the ingestion of their host by some other animal before they are lib- 
erated to begin a new life, I do not know. It is certain, whatever their ultimate fate 
may be, that no one would suspect them of being the young of the Elaria which gave 
them birth if they had not been seen in the uterus of the parent. 

Lastly a very careful examination of the invertebrate food of fishes for larval para- 
sitic forms should be made, so as to be able at last to determine the intermediate 
host or hosts of all the known adult forms. 

It is not at all unlikely that some practical results would follow such investigap 
tions. 

WASHINGTON AND JEFFERSON COLLEGE, 
October 7,1893. 




