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THE PARASITES OF LAKE FISHES
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Sinee the times of Van Beneden and Leuckilart animal parasites
bave heen intensively studied, but little effort has been made to
determine the amount or frequency of parasitic infection under
natural conditions; except for those speeies directly related to
man and his domestic animals. Many species of parasites that in-
fest fishes have been, und are being, deseribed, but few aceurate
obscrvations that relate to their abundance and the faetors which
malke them numerous or few have been made.

Van Cleave (1919) found that half the species of fishes that he
examined from Douglas Lake, Michigan, were infeeted with acan-
thocephalans, and he determined the percentage of infection for
sixteen species, La Rue (1914), Marshall and Gilbert {1905),
Snudlwood (19143, and Ward (1910} made incidental observations
concerning the number of parasites present in certain fishes,
Burber (1913) remarks on the small percentage of natural infee-
tions with glochidia. The white erappie, which earries more species
of glochidia than any other fish, he found to show an infection of
only 0.7 per cent, and the sheepshead, known to earry two species
of glochidia, had 8.7 per cent.

Zschokke (1002) found that salmon lost a large number of their
parasites while migrating up the Rhine. But Ward (1909) points
out that such migrations are not always conducive to parasitic
losses, for the Alaskan salmon during its journey inland acquires
& ecopepod which is never found in salt water.

Little is known of the effects of seasonal succession on the life
eycles of the parasites of fishes. Van Cleve (1916) states that
acanthocephalans vary greatly in this respeet and cites two species
in one genus which, theugh occurring in the same host, mature at
different seasons. Ilausmann (1897) found that perch had very
fow trematodes in the spring. In studying frogs, Ward (1909)
found the lowest percentage of infection in late spring or early
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summer, and a maximum was reached during hibernation. Thers
is a great need of more information concerning the seasonal prey.
alence of the parasites of all aquatic animals,

Of the factors thut control the occurrence of fish parasites there
is also a dearth of knowledge. Hausmann (1897) states that when
fishes eat little on account of cold or heat, parasites are few; and
he assigns an important role to temperature as a factor in parasitic
infection, e also points out that most parasites enter fishes with
food. Ward (1909) stresses the fact that parasites respond to
changes in the habits of their hosis to such a degree that their
presenee or absence furnishes evidence of particular habits, Pratt
(1919 affirms that epidemies of fish parasites are apt to oecur
when the water Is warm and that small inclosed bodies of water
harbor more parasites than those of lurger size because fishes cun
not eseape by migration.

The present paper describes the results of statistiesl studies on
the occurrence of fish parasites in different types of lakes. The
writer was Ied to make such studies in attempting te discover why
fishes fail to grow much in certain bodies of water while they may
attain large size in other bodies near by. Tt seemed desirable to
learn whether particular lakes showed speeificities in regard to the
numbers and kinds of parasites present and whether there is cor
relation between the presence and size of particular fishes and
the presenee or absence of parasites, The work began in 1017 and
was at first eonfined to the yellow perch.  Observations were muds
on specimeny from sixteen fakes on three dilferent river systens,
Later, more extensive observations were made on five diforen
types of lakes where the parasites of all available species of fishes
were studied. '

In studying fishes for parssites they were always examined
while fresh, as it was found that results frem old or preserved
fishes were of little value. The skin, finy, mouth and gilly were
first serutinized ; then the specimen was opened from vent to throat,
and the visceral organs were examined. The contents of the ali-
mentary canal were stripped out on a glass plate and the canul
itself was opened from end to end with seissors. The Food and
faccal matter were carefully teased seross under a& hinoculnr wmiero-
seope. The number and location of all parasites was entered on g
form sheet, one sheet being used for cach fish examined. Parasites
were placed in corrosive sublimate solution and aleohol. Later
they were stained and mounted. In this paper all measurements
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of fishes are given in millimeters and do not inelude the tail fin,
In the tables * 7" indicates less than 0.05,

The work conld never have been completed without the cheerful
and exesllont assistance rendered by Drs. George R, LaRue and
Ho . Van Cleave, who identified Proteccephalidae and Acanthoce.
phali, respectively.  Others who deserve thanks for identifications
are Dro A, R. Cooper, tapeworms; Prof. 11, S, Davis, Sparozos
Dro AL DL Howard, gloehidia; Prof, J. 0. Moore, lecches; and Prof.
C.o B Wilson, copepods.  Mr. Leslie Tasehe assisted the writer
in the fleld; Misses Henrietta Achtenberg and Marion E. TLamont,
and Mr, J. O Stucki mounted slides.

Before all the factors which influence parasitism in fishes are
known, if they ever are, parasitologists and ecologists will have to
Iibor for several generations.  This paper is, of course, enly a
beginning in the ecology of fish parasites and is concerned par-
ticularly with eertain Wisconsin lakes.

PARASITES OF THE YELLOW PERCH

From June, 1917, to May, 1918, the vellow pereh from the deep
waters of Lake Mendota were examined each month, exeept dur-
ing December.  During the summer and at intervals throughout
the year perch from four other lakes on the Yahara River and
from the shallow waters of Lake Mendota were also examined,
The results of these studies are given in table 1. The parasites
found in the perck in these lakes were as follows:

TREMATODA

Iiplostomum cuticole Van Nordmann

This trematode was common, occurring in small eysts in the
skin and fins, and sometimes on the gills. The cysts are easily
seent on account of the black pigment that surrounds them and
gives infected fishes a speekled appearance. Their distribution
on the bodies of 335 perch from all the lakes studied averaged as
follows: pectoral fins 1; pelvie fins 0.9; anal fin 0.5; caudal fin 1.3;
dorsal fins 1; anterior dorsal 0.4; posterior dorsal 0.5; gills ~-;
opereles 1.3; ventrom 1.4; tail ~+; dorsum 2.4; sides 3.3.
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Bunodera luciopercae O. T, Miiller

A parasite that was found only in the intestine and the in
testinal eaeea.

Clinostomum sp.t

Large white eysts enclosing this parasite occurred in the flesh

Just beneath the skin; sometimes on the gills and in the eye sockots,

ACANTHOCEPIALA
Eehinorhynchus thecatus Linton

This hook-headed worm oceurred as an intestinal parasite and
in cysts in the peritoneum.

Neoechinorhynchus eylindratus (Van Cleave)
An intestinal parasite.

Acanthocephalan cysts

These eysts were mostly those of Echinorhynchus thecatus
ton, but as it is not certain that the

they are not definitely assigned to i

Lin-
¥y all belonged to that species,
t.

NEMATOIDEA

Dacnitoides cotylophora Ward and Magath
This nematode was an intestinal parasite in the perch,
Icthyonema eylindracenm Ward and Magath
A filarial worm that occurred in eysts in the peritoneum and
liver,
Crsromea
Proteccephalus sp.t

Most of the intestinal proteocephalids were P. pearser La Rue,
Perhaps all belonged to this species,

Proteoeephalid eysts

Eneysted proteoeephalids were commonly encountered; usually

in the liver, but often in the peritoncum, Those identified were
the cysts of Proteocephalus ambloplitis {Leidy).
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Bothriocephalus cuspidatus Cooper

This tapeworm was found in the intestine of the perch.

GLocHIDIA-

Irobably all the glochidia observed were Lampsilis luteola
Lemark, which is the most abundant species in the lakes along
the Yahara River,

Piscieolaria sp. ¢

This leech was usually attached about the bases of the fins,

Unknown cysts

Very often evsts were encountered among the viseera that could
net be ddenfified.

The four lakes along the Yahara River decrease in size and
depth downstream and come thus in the following order: Men-
dotr, Mouana, Wauhesa, Kegonsa {Table 3). Lake Wingra is
smnll, shatlow, and is connected with Lake Monona through a nar-
row, swampy stresm. In general the perch increase in size down-
alream, but average smaller in Lake Wingra than in Lake Men-
dota (Pearse and Achtenberg, 19209,

The results from the five Yahara lakes may properly be com-
pared for the months of July, August, and September, when col-
leations were made in all of them., During that time the total av-
erage parasitism® for each lake was: Mendota, deep 66.7 (60.7);
Mendeta, shallow 120.9 (67.7) ; Monona 84.8 (18.8) ; Wingra 38.8
CI8.6) 3 Wanhesa 24.9 (16.4); Kegonsa 409 (13.4). The figures
in parenthesis represent the total average infection without the
averages for Diplostomum culicole, which, when it oceurs in very
targe numbers on even one fish, may change the total very much.
The flgures In parenthesis are probably better as a basis for com-
parison, In any case it is apparent that a decrease in infection
i generally correlated with larger size in these lakes. Before the
writer had studied lakes along other rivers he thought that a
greater infeetion might oecur in deeper lakes, or in those nearer
the hendwaters of a stream.

The different kinds of parasites varied greatly in abundance
1 the lales. Table 1 shows that the perch in the shallow water

*Average total number of parasites per fish.
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of Lake Mendota have more parasites than those at greater depths
and that Liake Mendota has a higher percentage of infection {han
any of the other lakes. 1f the highest percentage of infection with

a particuldr parasite makes a lake “‘first.”’ the lakes rank abouw
as follows:

Mendota, shallow: 6 firsts; 6 seconds; 2 thirds; all species pree
ent.

Mendota, deep: 5 firsts; 1 second; 2 thirde; 4 species absent.

Wingra: 3 firsts; 1 third; 1 fourth;.1 fifth; 2 sixths; 6 specis
absent.

Waubesa : 1 first; 2 weconds; 3 thirds; 2 fourths; 2 fifths; 4 spe
cies absent,

Kegonsa: 1 first; 2 seconds; 2 thirds; 1 fourth; 3 fifths; 3 8pes
cles absent,

Monona: 1 first; 2 seconds; 1 third; 1 fourth; 2 sixths; € spe.
eies absent.

That Monona ranks last is probably explained by the fact that
it is heavily contaminated with organie matter from the eity of
Madison. It is on the whole the most barren of the lakes and
contains fewest fishes, .

Glochidia, leeches, infestinal proteocephalids, and nennthoeeph-
alans are apparently wore abundant in shallow water,  All en
eysted parasites are somewhat more abundant in deep water, Like
Kegonsa has a mueh higher infection with bothriscephalids thuy
any other lake, and also has many Dacnitoides.

The data in table 1 are rearranged in table 3 to show the av.
erage infection of the perch in the Yahara lakes by months, Tt
will be noted that the maximum infections were in spring. This
was due largely to the increase of acanthoeephaluns st that season,
Winter eame next, autumn was third, and summer showed the
lowest infection.  The different parasites reached their seasons
of greatest numbers as follows:

Spring:  acanthocephalans; Bunodera.
Summer: glochidia—which were found at no other season.

Autumn: bothriocephalids, Diplostomum, Clinostomum, Iethy.
onema, and proteocephalid cysts.
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Winter: Dacnitoides; intestinal proteocephalids; unknown vis-
seral eysts,

b order to compare other lakes with deep, fertile lakes along
the Yuhara, eleven lakes on the Oeonomowoe .and Fox Rivers ware
vieited during August, 1917, The gencral charaeteristies of these
tkek nre given in 1able 3. Those on the Oconomowoe were deep,
with sandy and pebbly shores, Those on the Fox {exeept Green
ke, which was much like those on the Oeonomowoe River) were
shallow with swampy shores,

Table 3 shows that the average infection was about equal on
the Gronomowoe {1525 and Fox {144 Rivers; the latter perhaps
baving w slight excess because eight parasites showed the highest
mfection average on it—to five on the former,  The Yahara lakes
slowed nbout fwo-thirds the infection (9.3) of those on the other
two rivers, and the infection average of only two parasites ex.
cecded those of the same parasites in the lakes on the other rivers.
In table 4 the lakes of each river gystem are arranged in order,
with that nearest the headwaters on the left. It will be seen
that only on the Yahara was infeetion greater toward the head-
witers,

During August infection with all trematodes, intestinal pro-
feocephalids, glochidia, and lecehes was greater in the Fox River
likes; in the Oconomowoe lakes acanthocephalans, Icthyonema
wysty, protescephalid eysts, and unknown eysts were most abund-
ant. The Yahara lakes showed the highest infections with acan-
thieephalan eysts and Bothriocephalus.

Exeept for Diplostomum, the trematodes were most abundant in
tue khallow Jakes.  Acanthocephala oecurred in largest numbers in
the deep, winndy, and rather barren Qeonomowoe lakes; but acantho-
ephalan cysts reached their greatest nwmbers in the deep, fertile
Valinra lnkes. Dacnitoides was somewhat more abundant in the
shallow lakes than in the sandy, barren, deep lakes and was absent
from the deep, fertile lakes. Iethyonema eysts reached their maxi.
@um in Lake Poygan (shallow, swampy) but on the whole were
syhtly mere abundant in the deep, sandy, Oconomowoe lakes.
frtestinal proteocephalids (P. pearsei La Rue) also were prevalent
4 the shallow, swampy lakes, but encysted proteocephalids, mostly
£ umbloplitis (Leidy), reached their maximum in the sandy, deep
#es, Bothriocephalids were most abundant in the deep fertile
#kes, Glochidia and leeches reached thejr maxima in the shallow,
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swampy lakes. Unknown visceral cysts were most eommon in th
sandy, deep lakes.

According to their degree of average infection the sixteen fnke
rank in the following order: Green 5%.1; Mononn 42.1; Bonye
32.7; Poyzan 32.2; Mendota shallow 31. 1, North 30, la Belle 30
Oconomowoe 25.5; Butte des Morts 18.2; Pine 17, Muminm dloep
15.3; Okauchee 14.5; Puckaway 14.1; Wingra 9.5; Waubesa 63,
Winnebago 3; Kegonsa 0.5. If Diplostomum eysts are disregarie
the order is as follows: Beaver 32.1; Poygan 30.7; North 26 M
dota, shallow 23.3; Butte des Morts 19.1; Mendota, deep 147,
Oconomowoe 14.2; Puckaway 14; Pine 10.8; Wingra 9.4 ; Monons
7.1; Green 7.1; la Belle 6.5; Okauchee 2.9; Waubesa 2.5: Winne
bago 1; Kegonsa 0.2. There is no apparent relation between river
systems, depth, fertility, charaeter of shore and the general shund
ance of parasites. This appears to indicate that all parasitis g
not influenced by the sarme fartory.  There

abudy nf aparent rel
1360 belwesn the size of 1he pereh i

VAL L SRR BrL i

of parasitic infection, but when thrrt* are more fishes per upn
area there is a heavmr infection,

Apgiar

i

Phyllodistomum superbum Stafford was found in the urinar
bladders of many perch in the lakes along the Fox River,
was never observed in any of the two thousand perch that the
writer has examined in the lakes on the Mississippi drainage, Ths
parasite is apparently eonfined to the St. Lawrence drainage sysfon

The food of the perch examined was carefully reeorded durin
August, 1917. For the three river systems it may be summarizd
as follows; the figures after the foods indicating the averags per.
centage caten:

Yaharn CGeonomowor  Par
Number examined . 5B 30

.......................... .. 5 3
Average length........... e Lo. 187 16G e
Inscct egay. . ... Cre e, Veree et e 0
Fish remains........... et 10.3 327 g
Chirenomid larvae...... e E i aaaaens 42, 10 1i
Caddis-fly Jarvae. oo i i 1.8 2.3 i
Unidentified inseet larvae... oo eneeniins, {4
Chironombd pupre, oo oo i, —_— 0.2 1t
o e e .1 it
GriovshoPPers Lo it i i
Bialie larvao. ... i it e HE
Mo o e e e e - [N
Crayfishes .., .00 .., e, 0.7 220 14
Amphipods, unidentifled............. ... ..., 71 &




Pearse—The Parosites of Lake Fishes. 169

Yahara Qeonomowos Fox

Hyalelbe oo, e, - 1.9
Ustomewds oo 00,00, P 0.2

Pyalaps Lo et e, esiiaa.

beptentorn L0000 L v, 2.0 24
Paphnia oo e e, cee. 214 0.4
Qadocern, unidentified..., .. ... ... Vene e 11

Shwerblae oo P

el b, e 300 20,9 2.9
Lecelies |, ., . e et e e 1 16.6 0.6
Revoron L, 0., ., .. et e, e 1.5

Phants oo e e e 4.1 1.9

SilEand sediment. .. .., e e . 3.3
Vridentiied o000 R B | 21 4.0

Froue these figures it appears that a diet of fishes, insects, cray-
slies, wnails, and leeches is associated with parasitic infection
more than ehironomid larvae and cladocerans, but the observations
vover too limited a period to be of much significance,

COMPARISON OF THE FISH PARASITES OF FIVE
WISCONSIN LAKES

As the study of the yellow pereh in sixteen lakes had not given
resitln of partieniar iue, iowas decided to study the parasites
oF all the fishes availuble in soveral different types of lakes. Ae-
vordings 1o this plan five Wisconsin lakes were studied intensively

during the summers of 1919 and 1920.  Aeeounts of the food and

distribution of the fishes in these lakes have already been pub-
fshed (Pearse, 1921, 1921a). AN the lagkes were of considerable
wre and depth,  Their general characteristicy are given in table 5.
fake eneva s deep, clear, and ity deepest parts are without
muygen in summer,  Mendota is deep, turbid and the water below
=t 12 meters is without oxygen for three months during summer
ane early autumn.  Pepin is the shallowest of the lakes, but it has
the greatest arca of any lake except Michigan., Its temperature is
searly uniform from top to bettom and it forms a part of the
Hisisnippl River,  QGreen Lake is deep and has & small surface
srens 0t is sharply stratified thermally but hag plenty of oxygen at
B bottom at all seasons,  Take Michigan is clear, eool, and of
wurse, huw o very large volume of water compared to the other
iehes, In regard to “fertility,”” as judged by the probable amount
£ food for fishes per unit of area, the lakes rank in about the
Slfowing order: Mendota, Green, Geneva, Michigan, Pepin (Pearse,
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1921, pp. 19, 58). Detailed accounts of the general characteristics
of these lukes and of routine eatches in them have been published
(Pearse, 1921, 302lal.

(reen Lake and Lake Mendota were studied during Angust,
16919, The Jukes investigated in 1820 were studied as follows:
Pepin: June 20 to July 25; Lake Michigan: July 27 to Auvgust 7;
Geneva: August 8§ to 23,

Attention will now be directed to a detailed consideration of
the parasites that were found to infest ‘Wisconsin lake fishes and
the parts of fishes’ bodics that they frequented. Although un-
identificd parasites of various groups oceurred inm a number of
fishes, they are not given in the following lists.

PROTOZOA

Myxobolus eysts were found once in Lake Mendota on the gills
of a yctlow perch. Doubtless other protozoan parasites occurred,
but were not observed.

TREMATODA

Acetodextre amiuri Pearse

Found in the swim bladders of the yellow, black, and speckled
bullheads in Lake Pepin; in the black and speckied bullheads i
Liake Michigan.

Acrolechomus petalosa (Lander)

Common in the sand sturgeon in Lake Pepin.

Allocanthocasmus varius Van Cleave

Occurred in the white bass in Lake Pepin; free in the intestine
and eneysted in the liver.

Allocreadium armatum (MaeCallum)

Found in intestine of the sheepshead in Lake Pepin and Laks
Michigan.

Alloereadium boleosomi Pearse

In intestines of the Johnny darter and log-perch in Lake Pepnt
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Piscicola punctate (Verrill)

Lecches, identified by the writer, occurred as follows: Lake
Mendola: carp, bluegill, largemouth biack bass; Green Lake:
pumpkingeed.

Piscicola milneri (Verrill)

Peund in Lake Michigan on a cisco—Leucichthys hoyt (Gill),
and the lota.

Piscicolaria ap.?

Professor J. P. Moore identified specimens from the following
sourees: Lake Geneva: rock bass, yellow perch; Lake Pepin: black
and yellow bullheads, channel cat; Lake Michizgan: rock bass,
smallmouth black bass, :

Placobdella montifere Moore

(ceurrence : Liake (Jeneva: smallmouth black bass; Lake Pepin:
earp and hackleback sturgeon.

Plgeobdella parasitice (Say)

Oceurrence: Lake Mendota: bluegill; (reen Liake: pickerel,
tap minnow,

Placobdella picta (Verrill)

Oeewrred in Lake Michigan on the sucker and perch.

LAMELLIBRANCIIIATA

Buring all the studies described in this paper glochidia were
never found on any part of fishes exeept the gills. In Lake Men-
dotn the yellow perch was infected with Lampsilis luteola {La-
mark), In Lake Pepin the yellow perch was infected with Lamp-
alis luteola (Lamark) and Quadrule plicate {Say); the sauger,
sith Quadrule melanewra (Say) (‘‘probably’’), Lampsilis recta
{Lamark), L. lgamenting {Lamark) ; the mud eat, with unidenti-
fad glochidia. ' :
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Coreropa
Achtheres ambloplitis Kellicott
In Lake Michigan on the gills of a eiseco—Deucichthys harengus
{Richardson), the lots, and smallmouth biack bass.
Achtheres coregont (Smith)

On the gills of the lake trout in Lake Michigan.

Achtheres corpulenius Kellicott

On the gills of a eisco—Leucichihys johannae {Wagner), in Lake
Michigan.

Achtheres micropters Wright
On the gills of the smallmouth black bass in Lake Geneva,

Achtheres pimelodi Kroyer
On the gills of the channel eat in Lake Pepin.

Argulus sp,?
An unidentified Argulus was found on & carp in Lake Mendota,

Argulus appendiculosus Wilson

Found in Lake Pepin on the mud cat.

Argulus catostoms Dana and Herrick

Under the opercula and on the gills of suckers in Lake Genew
and Lake Mendota.

Argulus maculosus Wilson

On the yellow bullhead in Lake Pepin.

Ergoasilus caerulens Wilson

On the gills of fishes: Lake Mendota: yellow perch; Lake Michi-
gan: rock bass, sucker, a cisco—Leucichthys harengus {Richard:
son ), and yellow perch.
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Ergasilus centharchidium Wright
In Lake Michigan on the gills of the rock bass.

Pisces
Iethyomyzon concolor {Kirtland)

This lamprey was taken in Lake Pepin on a spoonbill.

Discussion anp CoNcLusions

A summary of the parasites found in the five lakes studied ig
given in table 4, The writer had expected to publish six additional
fables giving the number of fishey infected and total average in-
feetion for cach parasite but the space available will not permit
this, Those interested in sueh detailed information may obtain
it by letter. Tiake Mendota in all respeets contained the smallest
sumber of parasites-—the average number in cach fish being 2.0,
the wverage number of species of fishes each parasite mfected, 4.7;
and the average number of individual fishes infected by each para-
ste, 14, Lake Pepin had the la rgest average number of parasites
per fish (5.0); Green Lake the largest average number of species
of fishes infeeted by cach species of parasite (8.1) ; and Lake Gen-
evi the largest average number of irdividuals infeeted by each
parusite (2,23,

The lakes with the widest range of territory and opportunity
for fishes to invade the greatest variety of habitats have the high-
et average infeetion per fish (Pepin, 5.0; Michigan, 3.9). How-
rver, the fishes in Pepin, with its shifting, sandy bettom and lack
of thermal stratification, have 22 per cent more parasites than
Michigan, with its soft mud bottom and cold deeper water. The
two lakes with the largest average number of species of fishes in.
feeted per species of parasite include the one with & large number
of wpecies of fishes and habitats (Pepin, 8.1) and the one with the
smallest number of speeies of fishes and the least variety of habi.
tafs (Geneva, 6.6). The lakes having the largest number of in-
dividuals infected by each parasite inclnde one with the least range
and variety of habitats (Geneva, 2.2), one with wide range and
variety of habitats (Michigan, 2.1), and one in which there was
little variety in the shere habitats and a sharp distinetion between
deep and shallow water habitats (Green, 2.1) -

.
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The 1ake in which there was the least infecfion by parasites
(Mendota) had the largest number of fishes per uwnit of ares
{Pearse, 1421, p. 24), the most abundant food supply, the greatest
degree of stagnation in the deeper water during summer. Tabls
4 shows, however, that this Inke had the second largest number of
species of parasites which showed the largest number of highest
infection averages; and that it was excelled in this enly by Tuake
Pepin, which had nearly twice as many speeies of fshes, the

scantiest food supply, and the greatest paresitic infection. Taking |
the number of species of parasites that showed the highest avernge |

infeetions as a eriterion, the lakes rank in the following order:
Pepin, Mendota, Michipan, Green, Geneva.

of infection.

Taking the total number of species of fish parasites present as

a criterion the lakes rank in the following order: Pepin 76, Michi
gan 60, Mendota and Green 44, Geneva 35,

parasites (and fishes) as well as a large amount of infection.
other words the lgke with the largest variety of habitats has the
greatest variety of fishes and parasites.

Arranged in order of average infection the fishes in each of |
the five lakes in which extensive observations were made rank s

follows:

Liagwe GEngva: Rock bass 9.4, pumpkinseed 5.0, smallmont:
black bass 4.0, sucker 2.2, cisco 1.0, largemouth black bass 0.8, wall
eyed pike 0.6, pickerel 0.5, bluegill 0.5, perch 0.5, brook trout 0
shiner (Notropis hudsonius) Q.

Laxme MznpoTa: White bass 13.2, wali-eyed pike 127, dug
fish 8.3, smallmouth black bass 6.6, sucker 4.0, long-billed gar 4%
tadpole eat 2.8, pumpkinseed 2.6, speckled bullhead 2.4, largemons
black bass 2.4, Johnny darter 2.0, bluegill 1.6, pereh 1.4, yellow
bullhead 1.3, rock bass 1.1, piekerel 1.1, cisco 0.8, black erapph
0.7, top minnow 0.3, shiner (Notropis heterodon) 0.2, silversid-
0.1, carp 0.1, blunt-nosed minnow -, bream 0, buffalo 0, miller:
thumb 0,

Liaxkr Prrmv:

13.2, river carp 5, sucker 4.7, black bullhead 3.7, skipjack 3:

This order indicatss
that there is a direct relation between variety of habitat and amoeunt

This indicates thar |
variety of habitat is corvelated with a large number of speeies of |

Mud cat 462, lake carp 116.6, eel 40, dogi: =
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pickerel 3.1, speckled bullhead 2.9, white bass 2.9 channel eat
L5, tdpole cat 2.5, mongrel buffalo 2, hackleback stwreeon 1.8
miger L7, wall-eyed pike 1.6, pumpkinsced 1.3, white erappie 1,
yeltow perch 1.9, shiner (Notropis hetersdon) 0.8, short-headed
rdborse 0.7, long-billed gar 0.6, largemouth blaek bass 0.5, bluegill
Ah, mooneye 0.4, white-nosed sucker 0.4, black crappic 0.4, J ohnny
durter 0.2, shiner (Notropis atherinoides) 0.2, log perch 0.2, earp
i, shiners (Notropis jejunus and N. hudsonius) 0.1, pirate perch
+, gizzard shad 0, lamprey 0.

Gerey Laxe:  Pumpkinseed 297, blunt-nosed minnow 22.5,
sicker 21.4, rock bass 8.9, bluegill 4.2, yellow bullhead 2.5, small-
mouth black bass 2.5, eiseo 2.4, carp 2, speckled bullhead 1.9, top
minnow L1, largemouth black bass 0.8, yellow perch 0.4, pickerel
04, Johnny darter 0.1, shiner (Notropis atherinoides) 0.

Luxe Mrcnigan: Whitefish 31.1, smallmouth black hass 28.9,
Wackfin 27.8, pumpkinseed 18.9, earp 15, rock bass 12.6, lake
traut 9.2, speckled bullhead 6.5, ehub 5.8, mud puppy 5, black bull.
head 4.1, bloater (Lewcichthys harengus) 3.9, lota 3.9, bloater
{Levcichthys hoyt) 2, log perch 1.5, pickerel 1.4, cottid 1.3, sucker
LI top minnow 1, Towa darter 0.9, long-nosed sucker 0.8, Johnny
dorter 0.8, yellow perch 0.5, bream -, shiners { Notropis atherin-
wides and N. hudsonius) -+, hlunt-nosed minnow 0, yellow bull-
hend 6.

It would not be proper to ndd the average infections in different
likes in order to eompare infection in different species of fishes,
for the total infeetion in different lakes varies greatly. Hach spe-
¢irs shonld be given a rating which will compare it with all others
i each lake. The writer has therefore used the following formula
i order to give to each fish a relative percentage (P),

—100—100
P=100—=XR

N ig the number of fishes examined in the lake; R, the rank of
the particular species of fish in the lake according to its average
mfection.  For example twelve species were examined in Lake

100 100

{Iemeva (——i-‘-j). ‘The largemouth black bass ranks sixth ('uﬁmxﬁ).
For this speeies P=100~—11020>< 6==50, Using this method for each

ke and averaging the relative percentages for all species of fishes
that occurred in two or more lakes, the fishes rank in the follow-
ing order: dogrfish 90, smallmouth black bass 78, white bass 78,
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rock bass T3, pumpkinseed 71, sucker 63, block bullthead 66, tal
pole r'?il' G4, wall-eyed pie 81, speckicd bullhead 60, long-billed
gnr S bluegill 53, vellow builhewd 55, all species of elseoes O

larye momh black bass 45, prekerel 42, carp 40, budtale (fefrafin
1

eyprincio} 36, log pereh 35, blunt-nesed minnow 320 top minnow
32, }l low pereh 31, shiner (Naofropis heterodaun) 30, Jobnny davter
36, k: o 27, shiner (Nolropis a’2ﬂh.!f’r"l"rh)i('g(?&) 14, bream 11,
siumzr (hutropéx hurfsomw) 11.

In general the fishes that freguent vegetation show the highes
infeetion with parasites, those that frequent the bottom and open
water are infermediate, and the smnall fishes that live in shallow
water have fewest parasites, Doubtless aany  factors nfhuene
the prevalence of fish parasites, and yuueh s yet to be Jearned
before general laws that will enable one to predict the degree of
infection that will be probable in & particular lecality are for
mulated.

There are many waye in which parasites may infect fishes, The
mast impertant means of infeetion sre: {1} food {2 the acfue
migration of the parasite to s host, (3) and aceidental contami
nitinn from bottom mud, vegetntion, or other material.  Vau
Cleave (19200 and Mriazek (1891) have found parasites eneysted
in amphipods. The observations deseribed in this paper show tha
the fishes in Lake Michigan that feed largely on amphipods ar
heavily infected with the parasites these erustaceans are knows
to carry. Several types of parasites are found encysted in fishe
and fish-eaters often have a heavy infection. Iauemann (1897
helieved that fishes aequired parasites chiefly through their food
and he was doubtless right, as intestinal parasites are most sbund
ant, In general the fishes that eat the greatest variety of fowl
have the most parasites, but there are some notable exceptions t
this. The dogfish, wall-eyed pike, and gar, for example, subsis
largely on fishes (Pearse 1918) and are heavily infected.

Little is known of the active migration of fish parasites to their
hosts. The distribution of the cuticular cysts of Diplostomum i
dicates that infection may oceur in such a way. Faust (101s
notes that Bunodera has been known to wander ouf of dead fishe
Perhaps parasites may infect a second host after leaving the fiss

The aequiring of parasites from the accidental ingestion «f
eps or other stages may be characteristie of certain parasites the
are erratic in their occurrence-—like intestinal nematodes,

i i+

Prarge-

The suseeptibitity ¢
Bining the (‘lv;rrm‘.ml
cephieldus pineaes was
sraly £ mnb!’mfeli.x wit
bas studie] g Pty
sumbers, but will not
FEORLY edtes similup
Gy show cotsideralle
s R varving deg
ovample appears o |
athiey Contrarelyidne
are clusely reduted, by
shways wrriod  mgre
more heavily infeetod
orenees are Jue 1o
doubtediy due to cuse
sinilavity between e
cidie which Tewds g
at least in part by eyl
ioar absent from the b
Surber (1913) has
ae of fishes that caper
Hlenve (1919) showed
Michigan Tnke were jnf
Aepends on so many {ac
geeted that parasitee wil
Most fish parasite. o
atated that nematode s gy
e lenst harm, Whie |
sited of certain marine
seve they are renerally
Puited States, The. m
frotozoa, which the wr
Brval tapeworms, whiel,
which eause uleers iy t
=hich suek blood from th
are usnally too few in ny
and trematodes ofton ceen
troddo myeh injury. The
d not contain *nmmneroy

exul eondition.




“fs, and Letlers.

biuek bullhead 66, tud-
nihend 60, long-billed
O spreeles of eiscoes 54,
i A0, bulfale (fedivhus
srenow 32, tep minnow
dony 30, Jehnny darier
rotosdes ) 14, bream 11,

tation shew the highest
it the botfom and open
es that live in shallow
nany factors influence
h is yet to be learned
v prediet the degree of
iwnlar locality are for.

nay infeet fishes, The
y food, (2) the aetive
crd aeeidental contami-
other material.  Van
imdd parasites encystid
0 this paper show that
rely on amphipods ave
crustaccang ave . known
sind eneysted in fishes
11 IHausmann (1897)
f.y through their food,
rasifes are most abuml.
<sutest variety of foud

: notable exceptions 4o

¢ for example, subsist
vily infeeted,

i fish parasites to thelr
du of IHplostomumn in
a way. Faust (1918}
wler oud of dead fishes,
after leaving the first.
ceidental  ingestion of
¥ eertain parasites that
nal nematodes,

&
&
=
i

Pearse—The Parasites of Lake Fishes, ‘ 187

The susceptibility of the host i$ an important factor in deter-
mining the degree and frequency of parasitic infeetion. Proteo-
cephalus pinguis was never found by the writer except in the pick-
erals P ambloplitis was found in a number of hosts, Fasten {1515
kas studied a parasitic eopepod which kills hrook trout in great
mimbers, but will not live on the German brown trout. Toward
{1914) cites similar instances among glochidia. Fish parasites
muy show considerable specificity for certain hosts and hosts may
esess @ varying degree of immunity, The black erappie, for
swimple, appears to be immune to many parasites that attack
other Centrarehidae. The largemouth and smallmouth black bass
arv elosely related, but during the present investigations the latter
slways carried more parasites. The pumpkinseced was always
more heavily infected than the bluegill, Perhaps some of these
differences are due to differences in habitats, but some are un-
doubtedly due to susceptibility., Furthermore, there is general
amilarity between the parasites of the Siluridae and certain Per-
cilae which leads one to believe that infeetion may be limited
at feaxt in part by certain ehemical substances which are present
ut or absent from the bodies of fishes.

Surber {1913) has remarked on the remarkably smali percent-
sge of fishes that carry glochidian, parasites in nature, Van
Cleave (1919) showed that only half the species of fishes in a
Michigan lake were infected with ancanthocephalans,  Infeetion
depends on so many factors and opportunities that it is to be ex-
pected that parasites will frequently fail to reach their hosts.

Most fish parasites do little harm to their hosts. Pratt (1919
states that nematodes are most injurious and that trematodes do
the lenst harm. While his generalizations may apply'to the pard-
sled of certain marine fishes, like the cod, the writer does not be-
tieve they are generally applicable to the fresh-water fishes in the
Pnited States. The most injurious parasites (leaving out the
Protozoa, which the writer has not studied) appear to be the
larval tapeworms, which destroy liver tissue; acanthoeephalans,
which cause unleers in the wall of the intestine; and copepods,
#hich suek blood from the gills. (Hochidia, nematodes, and leeches
sre nsually too few in numbers to do serious damage. Tapeworms
and trematodes often oceur in enormous numbers but do not appear
tdo much injury. The writer has never examined a dogfish that
4id not eontain*numerous tapeworms; yet all appeared to be in
good condition.
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The migrations of f resh-water fishes doubtless afford them op-
portunity to scquire and shed parasites (Ward 1909): The fishes
that travel most and invade the greatest variety of habitats in
general have the most parasites.

Seasonal changes doubtless bave a marked effect on certain fish
parasites. It was found that perch have most parasites in spring,
although some species of parasites were more abundant at other
goasons, Ward (1500}, Marshall and Gilbert (1805) and Van
Cleave (19163 have also made observations on the abundance of
paragites at various seasons, but such information is a¢ yet oo
limited for pgeneralization,

Ifausmann (1897) thought that perch had few parasites when
little food was eaten on account of low temperature. In the
writer’s experience perch have not been found to refrain from
eating during winter and they have more parasites in winter than
in autumn or summer, Pratt (1909) says that epidemies of
trematodes are likely to occur when the water is warm. The writer
has found no evidence that this is the case, af least in fresh-waler
fishes.

Some parasites are apparently limited to particular drainage
systems. -Phyllodistomum superbum Stafford was quite commen
in the nrinary bladder of pereh in several lakes on the St. Law-
rence drainage but was never observed in a single one of the sev
eral thousand perch examined from the lakes on the Mississippi
drainage. Perhaps this trematode entered the St. Lawrence drain-
age after the Mississippi separated from it. Other cases. of this
kind probably oceur but too few specimens have yet been examinei
to demonstrate therm.

Contrary to Pratt’s (1919) assertion, the size of & lake does nat
appear to be correlated with the degree of parasitic infeetion of
its fishes. The density of the population may sometimes be of in-
portanee. However, the fishes of Lake Mendota, which has the
densest population of any of the five lakes studied extengively by
the writer, has the fewest parasites and the fishes in the depth of
Liake Michigan, where the population is scanty, have many: There
is, in general, no direet relation between number of fishes and num:
ber of parasites.

The habitats of fishes are of course important in their relation
to parasitic infection. While a variety of habitats is desirable for
the growth of fishes, it gives opportunity for sequiring more pare
gites. A wide range also gives more opportunities for aequiring
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Pavisites than a restricted one, Ward (1910} has pointed out that
“the parasitie fauna of any animal is primarily a funetion of its
habitat”.  The observations reported in this paper indicate that
the fishes in comparatively barren lakes have an unususl number
of visceral eysts and acanthocephalans—perhaps heeause they
wander about more in searel of food, Viseeral evits appear to be
more abundant in deep water fishes than in those frem shallow
water.  Linton (1910} found that marine fishes ia shallow water
had fewer parasites than those at greater deptha, He helioved
this was because the former had less opportunity to wander ahout
and become infeeted.  In freshowater the writer has fonnd infection
to be greater on the whole in shallow water—probably hecause
there is a greater viriety of hahitats and secondary hosts there.

The ecologieal factors that appear to be portant in relation to
parasitie infection have now been diseussed.  Perhaps only one
thing has been made clear—that, ‘“‘now we see through a glass
darkly”".  The writer makes no apology for this final conclusion.
There is great need for more information in regard to the ecology
of parasitism, not only among fishes but among all animals., It is
hoped that this paper may help to interest fishermen, parasitole-
Kists, geographers, and ecologists in the opportunities that are open
for rescarch on the parasites of fishes, The fisherman must in the
future learn to inerease his cateh by the control of parasites. There
ire many undeseribed speeies and life histories that await discov-
ery by the parasitologist. The zoogeographer has unusual oppor-
tunities for study—parasites depend on one or more hosts for their
distribution and are hence conservative in their migrations. The
eeologist may disclose the most intricate and interesting relations
to be found in nature.
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TapLE 1, Total average infection of the yellow perch in the lakes along the
Yakara River durinyg July, August, Beptember, 1917,

Parasite Mgle%([))ta’ ‘%ﬁgﬁg?' Moncnz | Wingra Waubess | Kegonsa
Ruwaber oxamined. ..., .. .. a0 44 30 ) 36 26
Diglostomum cuticaba. ..., ., ... . 4.0 53.2 686.0 0.2 85 27.5
Yuncders luciopercas. ..., . . 0.3 [EC I IR TP FOUUCR N FOUUTORETNY NS
Clinostomum ..., ..., 0.t 01 b
Febinorhynchue theeatus. ., ... 1 0.8 0.3 0.1
Nesschinorhynchuy cylindratus. ... ... 3.1 |15 20 P
Aeandhocepholan cysts. ... 3.8 5.0 i.2 2.4
Dacnitaides cotylophora. .., ... .. 3.8 2.1 1.0 3.6
bbhpomema cymte. ..., 181 8.6 2.8 6.7
Proteocephalus, éntestinal., ..., ... ... .6 2.5 04 Lo
Protsocophatus, oyeta, .., L, 32.4 26.1 1.4 1.0
Nolhrioeaphatug cuapidatus, ..., ..., . ahoen 0.1 0.1 4.4
Gloskidia ...y 0.2 M8 | 08 ...,
Bisctoloria. .., o 01 . B % 2 0.1
Unknoun eyeta, ..., ... ... 3.2 3.2 1.8 0.7 2.8 1.1
Total a7 1208 4.8 38.8 24.0 40.9
Tota without Diplostomum. , . 8.7 87.7 8.8 38.0 16.4 13.4
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Tante 2,

Avpust, ...

September, | |
October.. . ...
Navember. ..
January. ...

February . ., .

PG Gf sercnR spe

Wisconsin Aeadomy of Sciences, Aris, and Letters,

Showing average infeetion by months in the. Yahara River lalis,
ABIT-1918.  After Oeotober, pereh were nol eramined from any lake cxcept

Mrendota, with the coee smeas from Kegonsa ta November,
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TapLe 4. Summary of the average infectinn with Jish parasites in. five Wis-

congin lakes during summer. -k indicates less than 0.01 per cent,

Geneva, | Mendota : Pepin Green Michigun
Tremadodes, .o ...ooi i 0.31 0.09 0.51 0.0 0.28
Frematodes, encymted . .\, ooy ins 1.23 [ 1] 0,10 1.7 0.1
Tapeworms .,........... e e e .39 6.23 G.87 0.45 .50
Tapewcrma, enoysted ....... ... e v ¢.12 0.28 11 0.60 0.0¢
Nemotodes. . ..., ..., . 0.04 0.0 0.07 0.01 027
Nemalodes, eneynted. ..o iivineorisirseesrons. 9.02 0.13 -}~ 4 0
Acanthocephalans. ... oo 0.34 0.12 0.18 0.41 1.7
Aconthocephatone, eneyated. .............. e 0.04 | 012 | o010 | o012 | oo
Unknown eysls, ., ................ P 0.06 0,40 .36 09.12 i
Leeches, . ........ e RPN 0.01 6.02 .02 0.02 0.0
Glockidia. ..., ... e e — 4+ 0.80 — a4t
Copepoda, ..., ., Caiee e Ve, -+ + -+ e 0.42
Prototoan eysta, . ........ IR T T TN — 3 - — -
Paroritic fighen. .. .. ,,,. ... eveies T v — - + - -
Tetal average tnfootions; parasites per fish... .., .. z.3 2.0 5.0 3.0 3.9
o e (Posn of fab inforiad by | 5.0 8.1 83
N rugten.er o nfeions by all peies of | 14 R IR
13
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