THE BIOLOGY AND HISTOPATHOLOGY OF
‘Proteocephalus ambloplitis LEIDY, 1887
(CESTODA: PROTEOCEPHALIDAE)
INFECTING WALLEYE ( Stizostedion vitreum vitreum )
AND YELLOW PERCH ( Perca flavescens )
IN LAKE OF THE WOODS, ONTARIO

A Thesis
presented to
The Faculty of Graduate Studies
of
Lakehead University

by

KIMBERLY BLYTHE ARMSTRONG(::)

In partial fulfilment of the requirements
for the degree of
Master of Science
March 1985



ProQuest Number: 10611713

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10611713
Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

Allrights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the film.

The author (copyright owner)
has reserved other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

I1SBN

L'autorisation a @té& accordée
a la Biblioth&gue nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exemplaires du
film.

L'auteur (titulaire du droit
d'auteur) se réserve les
autres droits de publication;
ni la thése ni de 1longs
extraits de celle-ci ne
doivent @&tre imprim&s ou
autrement reproduits sans son
autorisation &crite.

g-315-31681-0



ABSTRACT

Walleye ( Stizostedion vitreum vitreum ) and yellow

perch ( Perca flavescens ) from Lake of the Woods were

examined for parenteral Proteocephalus ambloplitis £from

May to November, 1982 and 1983. One hundred percent of the
age 1 and older walleye and 74% of the age 1 and older
yellow perch harboured plerocercoids. In corresponding age
classes, walleye were generally 10 times more heavily
infected than yellow perch. Mean intemnsity of live
plerocercoids increased with age of‘walleye until age class
5 then declined significantly in older fish. Intensity
increased from a mean of 23 (in age class 0) to a maximum of
171 in age class 5 and was only 58 in the 7+ age class. Mean
intensity of plerocercoids increased continuously with the
age of yellow perch from 2 (age class 0) to a maximum of 20
in the 5+ age class.

All age classes of walleye (0 to 7+) became infected by
preying on yellow perch, particularly the young-of-the-year
(YOY). Small yellow perch became infected by eating copepods
but older perch obtained plerocercoids by cannibalism. The
transmission of plerocercoids to walleye and yellow perch
was greatest during 1late summer. Young-of-the-year walleye
and YOY yellow perch first harboured plerocercoids in early
August,

The liver was the first organ of walleye and yellow

perch to be invaded by migrating plerocercoids. However, in



walleye, the mesenteries ultimately contained the greatest
proportion of plerocercoids in age 1 and older fish. The
liver remained a relatively important site for plerocercoids
in all age classes of yellow perch. Relatively few
plerocercoids were found in the gonads of walleye or yellow
perch. Walleye fecundity was not correlated with
plerocercoid intensity.

Ninespine sticklebacks ( Pungitius pungitius ) and

logperch ( Percina <caprodes ) were found to harbour P.

ambloplitis plerocercoids. These are new host records.

Migrating plerocercoids caused the greatest
pathological change in the liver of walleye and yellow
perch. Zones of compressed and necrotic hepatocytes were
evident adjacent to live, unencapsulated plerocercoids. The
mesenteries of walleye were often fibrosed in response to
large numbers of invading plerocercoids. The
gastro-intestinal tract, posterior gonads and associated
mesenteries were often compacted with fibrous tissue.
Obstruction of the passage of gametes is possible.
Constriction of the oviduct may result from the fibrous
reaction. Also, encapsulated plerocercoids were found in the
lumen of the oviduct creating a physical barrier. The wall
of capsules encompassing plerocercoids in walleye was
relatively thin (maximum of 90 microns) while in yellow

perch, it was up to 290 micromns thick.
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INTRODUCTION

Smallmouth bass ( Micropterus dolomieui ), and

presumably Proteocephalus ambloplitis Leidy, 1887, were

not known in Lake of the Woods prior to 1920. An initial
survey of fishes from Lake of the Woods did not find
smallmouth bass in these waters (Evermann and Latimer 1910).
Smallmouth bass were first intoduced into Lake of the Woods
during the early 1920's and they were probably infected with

P. ambloplitis . Since the initial introductions, the fish

and parasite both, have flourished. In fact, many non-bass

species in Lake of the Woods now harbour the larvae of P.

ambloplitis (Dechtiar 1972). The presence of P.

ambloplitis larvae in the body cavity of walleye (

Stizostedion vitreum vitreum ), the most economically

important species in Lake of the Woods, has become a concern
in recent years (V. Macins pers. comm.).

The accepted life history of P. ambloplitis , which

includes an obligate parenteral stage in the viscera of its
definitive host, was determined by Fischer (1972). Eggs shed
into the water column are consumed by copepods (Hunter 1928;
Hunter and Hunter 1929; Fischer 1972). In the haemocoel of
copepods the oncosphere develops to a plerocercoid I
(terminology of Freeman 1964). Infected copepods are then
eaten by many species of fish, including young bass, where
the plerocercoid penetrates into the body cavity, is

encapsulated and grows to a plerocercoid II. The life cycle

-1-



is completed when a large bass consumes an infected small
fish. If a large bass eats an infected small bass the
pPlerocercoid II may mature directly in the intestine or it
may enter the viscera of the férge bass. But, if a large
bass eats'an infected non-bass fish them the plerocercoid II
must enter the viscera of the definitive host. It can not
mature directly in the intestine. Fischer and Freeman (1973)

determined that P. ambloplitis plerocercoids have an

obligate parenteral development in bass before they can
mature.

The plerocercoids in the viscera of large bass are not
at a dead end as was originally believed by Cooper (1915)
and Hunter (1928). Parenteral plerocercoids can be
stimulated to leave their parenteral sites and migrate back
to the intestine. Fischer and Freeman (1969) determinea that
an increase in water temperature from 4 to 7°C was the
required stimulus in the laboratory as well as in smallmouth
bass from Lake Opeongo. However, the migratiom of
parenteral plerocercoids into the intestine was noted to
occur only in mature bass suggesting the hormonal state of
the host may enhance the effect of temperature (Fischer and
Freeman 1969). Esch et al. (1975) also found that
plerocercoid migration only occurred in mature bass from
Michigan, however, the migration was stimulated at higher
temperatures (14°C or greater) than reported by Fischer and
Freeman (1969). Esch et al. (1975) then stressed the

possibility that the migratory stimulus was hormonal, and



not temperature dependent. At present, the controversy
remains unresolved.

Apparently, P. ambloplitis «can survive only where

smallmouth and/or largemouth bass ( Micropterus salmoides )

reside (Fisher and Freeman 1973; Eure 1976; Freeman pers.
comm.), Therefore, smallmouth and largemouth bass which are
probably the only definitve hosts, will be referred to as
'natural' hosts. Other fish species in which there is no
development further than the plerocercoid II stage and in
which, the parasite is unlikely to be transferred to a
suitable host are herein termed 'accidental' hosts. In this

sense walleye and large yellow perch ( Perca flavescens )

are referred to as accidental hosts.
The terms plerocércoid I and plerocercoid II were
proposed by Freeman (1964) to describe the life stages of

P. parallacticus . Apparently, the plerocercoids in

copepods and fish differed only in size with the
plerocercoid II being 10 times as large as the plerocercoid
I. Fischer and Freeman (1969) found the developmental stages

of P. ambloplitis to be similar to P. parallacticus

and proposed the same terminology for the former species.
Throughout this study, 'plerocercoid' refers to the
parenteral stage in fish, unless stated otherwise,.

When plerocercoids invade the body cavity of fish
pathological change may be incurred by the host, especially
in heavy infections. Pathological damage to fish,

particularly smallmouth bass, as a result of heavy



plerocercoid infections has been well documented (Moore
1925; Bangham 1927a; Bangham 1927b; Langlois 1936; Esch and
Huffines 1973; Hoffman 1975). It is not known if heavy
plerocercoid infections will e}fect pathological change in
accidental hosts, such as walleye and large yellow perch.

The biology of P. ambloplitis has been studied

intensively, however, the fate of plerocercoids infecting
accidental hosts has not.
The present study was initiated to examine the biology

and histopathology of P. ambloplitis plerocercoids in two

percid accidental hosts, the walleye and yellow perch. The
main objectives of this study were to:

1) determine the prevalence and intensity of
plerocercoid infections in walleye and
yellow perch with respect to age, size and sex;

2) determine which visceral areas harboured
plerocercoids;

3) identify the source of plerocercoids infecting
walleye and yellow perch;

4) describe the pathological changes associated
with a plerocercoid infection in walleye and
yellow perch and

5) assess the effect of a plerocercoid infection

on walleye fecundity.



MATERIALS AND METHODS

Study area

Lake of the Woods (49°20" N; 94°40' W) is located
approximately 500 km west of Thunder Bay, Ontario. The lake
has a total area of 387,151 ha, of which 64% (246,718 ha) is
in Ontario (Ontario Ministry of Natural Resources, Kenora;
unpubl.), 33% in Minnesota, U.S.A. (Carlander 1949), and the
remainder in Manitoba, Canada. The portiom in Ontario has a
mean and maximum depth of 7.9 m and 68.8 m respectively.
Lake of the Woods is part of the Hudson Bay drainage area
(Carlander 1949) with Rainy River as its major tributary and
the Winnipeg River the outlet.

This study was restricted to the southwest section of
the lake within Ontario. This portion of the lake is
bordered by French Portage Narrows, the International
border, Rainy River and Sabaskong Bay to the north, west,

south and east, respectively (Fig. 1).

Examination of fish for parenteral P. ambloplitis

Age one and older walleye and yellow perch

Age 1 and older walleye and yellow perch were sampled
monthly from May to September 1983 and examined for P.

ambloplitis plerocercoids. Walleye data were supplemented

with preliminary collections made from June to August and

November 1982.

Walleye and yellow perch were collected using gill nets
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Fig. 1. Map of Lake of the Woods showing the borders
of the study area. Inset shows geographical location
of Lake of the Woods.
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(1.9 to 12.7 cm, in 1.3 cm increments, stretched mesh) set
overnight. Total length (nearest 1 mm), weight (nearest 10 g
if greater than 100 g and nearest 1 g if less than 100 g)
and sex were recorded for each fish. The left opercular
bone, second dorsal spine and scales were removed for age
determination.

Walleye and yellow perch were selected according to
predetermined length classes to ensure equal sampling over
most of the available size range. Walleye were separated
into 7 length classes from 10 to 40+ cm in 5 cm increments.
Yellow perch were separated into 6 length classes from 5 to
20+ cm in 3 cm increments. Thirty-five walleye and 30 yellow
perch (5 from each length class) were sampled each month.
Walleye age classes 7 and older and yellow perch age classes
5 and older were grouped for statistical analyses. The
grouped walleye and yellow perch age classes are referred to
as 7+ and 5+, respectively.

Fish were examined by carefully removing the lateral
musculature to expose the intact viscera. The viscera were
washed with fresh water to collect plerocercoids free in the
peritoneal cavity. The wash was poured into a Baermann
funnel and left to settle for a minimum of three hours.
Contents were drained from the bottom and examined for P.

ambloplitis plerocercoids.

The gastro-intestinal tract was severed at the
esophagus and rectum and the viscera were removed from the

peritoneal cavity. The gonads, spleen, gallbladder, liver



and kidney were removed and examined individually. Each
organ was pressed between two glass plates and scanned for
plerocercoids using a Bausch & Lomb dissecting microscope at
20-30X. If the organ was larg;, it was sectioned into
manageable pieces prior to pressing.

Stomach contents were removed (see feeding analyses)
and the gastro-intestinal tract and mesenteries placed in a
plastic bag with approximately 250 mL of pepsin digest
solution (Meyer and Olsen 1971). When the mesenteries were
digested the solution was poured into a Baermann funnel,
diluted with fresh water and left to settle for a minimum of
three hours. Contents were drained from the bottom and

examined for P. ambloplitis plerocercoids. The entire

viscera of small fish, less than 15 cm, were pressed between
glass plates instead of being digested.

Proteocephalus ambloplitis was recognized by the

presence of four distinct suckers, a prominent end organ,
many calcium corpuscles and no acetabular glands (Befus and
Freeman 1973; R. Freeman pers. comm.). These criteria apply
only to live plerocercoids.

Preliminary analyses of walleye in 1982 indicated that
although some infections appeared severe with large numbers
of cysts visible in the viscera, few plerocercoids were
obtained on digestion of the tissues. In these fish, many
plerocercoids may have been dead. Only live plerocercoids
were recovered using the digest technique. For this reason,

walleye sampled in 1983 were assigned an index relative



intensity upon visual examination. This assessment was based
on the apparent number of live and dead plerocercoids
visible in the viscera and peritoneal cavity. Each fish was
assigned an intensity index of light (number of cysts
visible estimated to be from 1 to 50), medium (51 to 200) or
heavy (201+). The number of live plerocercoids from indexed
fish was later determined by pressing and digesting the
tissues. Also, in this manner, an index of intensity was
recorded for 280 walleye sampled during July and August,
1982 to determine if apparent plerocercoid intensity was
related to the size of fish.

Statistical analyses followed Daniel (1978) and Sokal
and Rohlf (1981). The criterion for significance of all
analyses was at the 957 level. Differences between sexes
were tested with a Mann-Whitney U analysis. Age and season
variations in plerocercoid intensity were examined using the
Kruskal-Wallis ANOVA with multiple comparisons analysis.
Tests of association were accomplished using Kendall's Tau
rank correlation unless otherwise specified. Statistics were
performed with the aid of a Vax 11/780 mainframe computer
using the Statistical Package for the Social Sciences (SPSS)

(Nie et al. 1975).

Young-of-the-year walleye and yellow perch

Young-of-the-year (YOY) walleye and yellow perch were
captured from June to September, 1983 using a 30 m bag seine

and a small (1.9 c¢cm stretched mesh) monofilament gill net.
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YOY walleye data were supplemented with preliminary
collections made during July and August, 1982. YOY walleye
were differentiated from YOY sauger ( S. canadense )
according to the criteria of Nelson (1968). Total length
(nearest 1 mm) was recorded for each fish, the peritoneal
cavity opened and the viscera extracted.

The organs were separated from the mesenteries where
possible and examined for parenteral plerocercoids by
pressing each viscus between two glass plates or two
microscope slides. The viscera of YOY yellow perch less than
40 mm long were examined with the aid of a Leitz/Wetzlar
compound microscope at 100X. The viscera of YOY fish greater
than 40 mm were examined using a Bausch & Lomb dissecting

microscope at 20-30X.

Forage fish

Fishes considered to be potential prey items of walleye

and yellow perch were examined for parenteral P.

ambloplitis by inspecting the peritoneal cavity and

pressing the viscera between glass plates. Fish were
collected using seine, trawl or gill nets during July and
August, 1982 and 1983 and identified to species according to
Scott and Crossman (1973).

All fish examined during this study were identified
according to Scott and Crossman (1973) but scientific and

common names used herein follow Robins et al. (1980).
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Feeding analyses

The stomach contents of walleye and yellow perch were
collected and preserved in 10% formalin. The buccal cavity
was examined for regurgitated food items and the intestine
flushed with water with the aid of a 50 mL syringe and a 5
mm diameter plastic tube. All items recovered were included
as stomach contents. Invertebrate food items were identified
according to Pennak (1978) and Merritt and Cummins (1978).
Amphipods were identified to genus where possible; all otherxr
invertebrates were classified to order. Fish prey items were
identified to species, where possible, according to Scott
and Crossman (1973). Body shape, colouration, bone
structure, number of pyloric caecae and scales were criteria
used to identify partially digested fish.

Volume (nearest 0.1 mL) and number of each prey item
were determined for each stomach sample. Individual samples
were combined to obtain a monthly total. The relative
importance of each prey item was determined by comparing
percentage frequency of occurrence and percentage total
volume. Only the frequency of occurrence of each prey item

was calculated for YOY walleye and YOY yellow perch.

Enteral cestodes

Walleye, yellow perch, smallmouth bass, black crappies

( Pomoxis mnigromaculatus ), rock bass ( Ambloplites

rupestris ) and pumpkinseeds ( Lepomis gibbosus ) were

collected by gillnetting, trapnetting and angling from May
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to September, 1982 and 1983 and examined for adult P.

ambloplitis . As it had been noted previously that some

enteral cestodes of walleye were evacuated after the death
of the host, only those fish that were alive when removed

from the nets were examined for enteral P. amblopltis .

Fish were sacrificed by cervical dislocation and the
peritoneal cavity opened. The esophagus and rectum were
severed and the gastro-intestinal tract removed. The stomach
was opened and the gastro-intestinal tract placed in a
plastic bag with fresh water for a minimum of two hours
which facilitated the release of cestodes. When removed from
the plastic bag, more water was flushed through the
intestine with theuse of a 50 mL syringe and a 5 mm plastic
tube to dislodge any cestodes still attached. After a number
of such washings, the intestine and pyloric caecae were
opened and examined visually for any remaining tapeworms.

All tapeworms were saved and placed imn a 12 cm diameter
Petri plate with fresh water. To enhance the relaxation of
the strobilae, the tapeworms were refrigerated in a
fresh-water bath for a minimum of 12 hours. When the
strobilae were relaxed, the scolex of each tapeworm was
examined using a Bausch & Lomb dissecting microscope at
20-30X. The number of individuals of each genus was
recorded. Representative specimens were preserved in hot 107%
AFA. Cestodes greater than 10 cm in length were stretched on
dry paper towelling and the fixative poured over them.

Smaller tapeworms were placed directly in the fixative (R.
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Appy pers. comm.). For long term storage of the cestodes the
10% AFA was replaced with 707% EtOH. All cestodes were
stained with Semichon's aceto-carmine (Meyer and Olsen

1971), cleared in 0il of Cedarwood and mounted in Permount.

Fecundity

Twenty mature female walleye were collected in early
November, 1982 for fecundity analyses. Fish were obtained
from commercial fishermen at Windy Point (on Lake of the
Woods), Ontario. The ovaries were separated from the
remaining viscera, patted dry, weighed to the nearest 0.0001
g with a Sauter balance and preserved in 107% buffered
formalin. The remaining viscera were examined for parenteral

P. ambloplitis in the manner previously described for age

1 and older walleye and yellow perch. The 20 walleye
examined here comprise the total number of fish sampled for
plerocercoids during this month and alone, represent the
November sample.

Fecundity was estimated by the gravimetric method
(Bagenal and Braum 1978; Serns 1982). Preserved ovaries were
weighed to the nearest 0.0001 g with a Mettlexr AC 100
balance. The tunica albuginea was removed so that the weight
of the eggs could be determined. A minimum 5% subsample of
eggs was excised from the mid-section of the left ovary and
counted. The total number of eggs was obtained by direct

proportion.
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Histopathology

Fifty walleye and 20 yellow perch were collected for
histopathological examination from June to September, 1982
and 1983, from Lake of the Woods. Fish were collected by
gill netting, trap netting and seining. Only the fish that
were alive when removed from the nets were kept for this
study. Fish were sacrificed by cervical dislocation and then
the peritoneal cavity was opened. Selected sections of the
liver, spleen, gonads, gastro-intestinal tract and
mesenteries were excised and preserved in 10% phosphate
buffered formalin. Tissues were embedded in paraffin,
sectioned at 6 to 10 microns, stained in Lillie's A & B
(Lillie 1954) or Gomori's triple stain (Humason 1979).
Photomicrographs were produced using a Zeiss C 35 camera

mounted on a Zeiss compound microscope.



RESULTS

Parenteral P. ambloplitis

Walleye - One hundred percent of the age 1 and older

walleye sampled were infected with parenteral P.

ambloplitis (Table 1). There was no difference in intemnsity

of infection between sexes (U = 3915; 79,95 df.). However,
male and female walleye did differ with respect to gonadal
infections. Only 46.8% (37 of 79) of the males examined had
plerocercoids in the testes with a mean of 3.3 per fish,
whereas 84.2% (80 of 95) of the ovaries contained
plerocercoids (mean = 7.5). However, gonadal infections
constituted a relatively small proportion of the total
number of plerocercoids recovered and therefore, males and
females were combined for statistical analyses.

Mean intensity of parenteral ©P. ambloplitis in

walleye increased significantly from 41.5 at age 1 to a
maximum of 170.9 by age 5 (Table 1; Fig. 2). Mean intensity
was significantly lower in older fish (36.8 and 57.6 in age
classes 6 and 7+ respectively) (K-W ANOVA; X2 = 28.8: 6

df.). The intensity of parenteral P. ambloplitis

infection was positively correlated with length (Tau =
0.26), weight (Tau = 0.27) and age (Tau = 0.21) of walleye
in age classes 1 to 5. Since length and weight were not
correlated over the entire size range of walleye, further
statistical analyses were performed only with respect to

age. The mean number of parenteral P. ambloplitis

-15-
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Fig. 2. Mean intensity (+/- S.E.) of parenteral P.
ambloplitis infecting age 1 and older walleye sampled

May to November, 1982 and 1983. Sample sizes are
indicated above each point.
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recovered from all age classes of walleye remained
relatively constant from May to November (mean = 60), except
for the month of September (mean = 154) (Fig. 3).

The importance of some visceral organs as sites for

harbouring parenteral ©P. ambloplitis wvaried with age

(Fig. 4). The mesenteries harboured the largest percentage

(42.5%) of all parenteral ©P. ambloplitis present in age 1

walleye. The proportion of plerocercoids recovered from the
mesenteries increased to 80% by age 5 and remained at
approximately 80% in age classes 6 and 7+. As walleye aged,
the percentage of all parenteral plerocercoids found in the
liver and free in the peritoneal cavity varied inversely
with that found in the mesenteries. In YOY walleye, 47% of

all parenteral ©P. ambloplitis occurred in the liver. By

age 3, and continuing to age 7+, less than 10% of the total
infection was found in the liver. Similarly, 53% of all
plerocercoid in YOY walleye were free in the peritoneal
cavity during August, but one month later only 35% of all
plerocercoids were free and by age 4 just 12% of all

parenteral P, ambloplitis were free. Approximately 10% of

all plercercoids were free in the peritoneal cavity of
walleye in age classes 5 to 7+.

The proportion of parenteral P. ambloplitis

infecting the gonads and spleen remained constant from
September of the walleye's first year of life to age 7+
(Fig. 4). The gonads contained approximately 5% of the total

plerocercoid burden and the spleen approximately 2.0%. The
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Fig. 3. Mean intensity (+/- S.E.) of parenteral P.
ambloplitis infecting age 1 and older walleye
in relation to month of sampling. Sample sizes are
indicated above each point.
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4. Percent of total parenteral P. ambloplitis
invading each visceral organ of walleye sampled
May to November, 1982 and 1983. Young-of-the-year
data is for August and September. Mesenteries (m);
Free (A); Liver (@); Gonads (O); Spleen (0O).
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kidney and gallbladder of age one and older walleye each

harboured less than 1% of the total parenteral P.

ambloplitis infection.

Little monthly variation\éccurred with respect to the
proportion of plerocercoids found in each visceral organ
(Fig. 5). The percentage recovered from the mesenteries
remained relatively constant at about 607% from May to
September but increased to 897% by November. The percentage
of all plerocercoids recovered from the liver declined from
197 in May to 5% by November. However, the November sample
was comprised exclusively of age 5 to 7+ walleye that were
obtained for the fecundity estimate. The percentages of
total plerocercoids found in the gonads and spleen changed
little from May to November. The percentage free in the
peritoneal cavity increased from 5% in May to 18% by June
and remained at approximately 187% until September. However,
the percentage free in walleye was only 5% by November.

The mean number of parenteral P. ambloplitis

recovered from some visceral organs varied with age (Table
2). The mean number of plerocercoids infecting the liver was
significantly higher in age 1 and 2 walleye (11.6 and 12.7)
than in fish older than age 5 (means less than 5) (X2 =
55.5; 6 df.). The mean number of plerocercoids free in the
viscera of walleye ages 1 to 5 was significantly greater
than in age 6, but not age 7+ fish (X% = 25.2; 6 df.). The
mean number of parenteral plerocercoids in the mesenteries

demonstrated the greatest magnitude of change with age. The
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Fig. 5. Percent of total parenteral P. ambloplitis
invading each visceral organ of walleye in relation
to month of sampling. Mesenteries (M); Free (A);
Liver (@®); Gonads (O); Spleen (0O).
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mean number found in the mesenteries more than doubled (17.6
to 47.8) from ages 1 to 2 and increased significantly to
137.9 by age 5. The mean numbers of plerocercoids found in
the mesenteries of age 6 and 7; walleye were significantly
lower than age 5 fish (X2 = 35.9; 6 df.). Mean numbers of
plerocercoids recovered from the gonads, spleen, gallbladder
and kidney were relatively low and demonstrated little
change with age.

The mean number of plerocercoids free in the peritoneal
cavity increased significantly from a low of 3.3 per fish in
May to approximately 10 per fish during June, July and
August with another significant increase to 26.8 per fish by
September (X2 = 55.7; 6 df.) (Table 3). The mean number of
plerocercoids free in the peritoneal cavity was
significantly lower in November (5.2 per fish) than in
September. The mean number of plerocercoids recovered from
the mesenteries was significantly greater in September than
any other month (X2 = 55,7; 6 df.). The mean num<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>