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ABSTRACT

rnt.ensity, prevalence and dominance of parasites,
as well as the diversity and simirarity of the panasito-
fauna of the lake whitefish (c orLegonu^ c.tt+pøa(1onmí,s

Mit.chill), the lake herring or cisco (c. a-ntødiL Leseur)

and the northern pike (E,sox Lueíu,s t. ) \^/ere studied at
Southern Indian Lake (S¡I.L.), Manitoba. Amphipod

vectored parasites hrere less important and copepod

vectored parasites \^/ere more important in s. T. L. than
reported for other systems. Abundance of parasite
species'i.io"= altered by host age and season. Geographical

location affected the ranking of parasite abundance

but no differences in parasitelabundance was observed

in different sexed fish. plerocercoid.s of Tnia¿noythonu,s

clLa"^^ul Forel in whitefish and cisco, and \íythqX-Lobotltníum

,sfr, in pike exhibited. nonrandom distribution in host
musculatu.re and could not be explained entirely by

relative muscle mass or asymmetry of fish :int,estinal

tracts. condition of cisco and whitefish was modified
by presence of T. crla^^u^ plerocercoid.s. This study
presents data prior to impound.ment and diversion of
current, and predicts changes in the parasitofauna of
these fish species.
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I. INTRODUCTION

Considerable information is available on the
parasite fauna of a variety of freshwater fish species

(Hoffman Lg67 '. Usually these reports deal with one

species of host br one species of parasite in complex

ecological systems. Leong (1975) is the first to
attempt a comprehensive overview of t,he interaction of a

community of fish and their parasitês¡ The system which

he chose was a large, d.eep tå¡<e with a large scale

introduction of an exotic fish species. Although this
system illustrated parasite flow, modificat,ion of
parasite'abundance by host âge, host sex and season, the

system $¡as probabry unstabre bgcause of the short assoc'-

iation of the introd.uced host species

Southern Ind.ian Lake (S.f .L. ), in northern Manitoba

is a relatively stable, shallow, mesotrophic freshwater

lake. ït has a well estabtished commercial fishery
and.'for this reason three economically important fish.
species were chosen for study; namell¡ the lake whitefish,
Conøgonu,s cLuytøctdonmí¿ (Mitchil1); lake herring or cisco,

C. a-ntødi-L Lesueur and. the northern pike, EÁox Lucíu¿ L.

These species are hosts for two stages of the life cycle

of the economically important cestode, Tnia"ønoytlrtonu,s crLa^^u^

Forel, 1868. Furthermore, because impoundment and d.iversion,

major ecological changesr'were about to occur in s.ï.L.



this was a unique opportunity t,o establish base-rine
data for long term comparisons. Recent work (peLersson

r97La) suggested. that these changes would resurÈ in an

increase in ï . crLa.^^u^ and a decrease in the value of
white.f ish catches.

In order to develop a comprehensive overview of
parasites in a large rake one must know the parasitofauna,
fish ê9e, sex, diet and water temperature. Arr of these
factors are extremery important. in pred.icting adequate

sampre size to evaluat.e if sample size is ad.equate to
give an acceptable representation of the lake

Finally, few comprehensive studies of fish
pafasite-s have been undertaken in Manitoba. fn fact
most parasite record.s come fronr a study by Dechtiar
(L972) of Lake of the vüoodsr êrrr atypical aquatic environ-
ment for Manítoba. The objectives of the present study were:
1. To determine the parasitofauna of these three fish

specl_es, percentage of ,hosts infec.ted, number of
parasitesinaninfection,sÍzeofÈheparasite

popu1ation,dominanceofparasitespecies,and

d.iversity and similarity of parasites.

2. To determine the effects of the following modifying
factors on these parasites: (a) age (b) season

,(c) 
. 
food habits (d) sex (e) location

3. To determine what constituted the sample size

necessary for an adequate representation of the

parasitofauna of the host species



4. To d.etermine how representative our sampling \^ras,

particularly with ¡eference to T. crLt,,s^u^.

5. To d.etermine the distribution of T, ctLz,^^u^ and

0íythqL!-obotl+nium tyt. plerocèrcoids in the muscula-

ture of their respective intermediate hosts.

G. To determine if T . ctLa.t^u^ plerocercoid.s signif i-
cantly alter fish condition.

7. To predict changes in the parasitofauna of these

fish species with lake impoundment and diversion
of current



II. LTTERå.TURE REV]EW

a) PARASÏTE SURVEYS

Although the north temperate region of North

America including Manitoba has been incompJ--etetry sur-

veyed for fish parasites, several surveys of Ontario,

British Columbia and the maritimes have been completed.

Fish of the Goregoninae and Esoqidae have been surveyed

in other continents and have a parasite fauna not unlike

that of comparable North America fishes. Most intensive

studies on coregonid parasit,es other than tha-t of,'''.
Tnia¿no¡thonud c/Lz"^^u^ \t/ere done in the U.S.S.R. and in.
the Scandinavian countries. Fgr convenience these

surveys are included in Appendix I.

b) GENUS TRTAENOPfIORUS

The genus TnLa¿noytl,torcu,s is circumpolar in d.istri-
bution. Cooper (1918) first repo::t,ed it from North

America and. subsequently Hjorttand l1'g27) reported it
from Minnesot.a. Nicholson (1928 ) reported Tttíae.noytl+onu,s

from Manitoban cisco though little of its biology was

known. Lawler and Scott (I954) reviewed the geographic

distribution of the genus in North America. Distribution
in Eurasia was ÈtudieA by Uzmunn and Hesselhost (1957)



and Michajlow (1ge z). Tníaenoythottu,s specìes were studied
in Norway (vik, 1959) and. Lake Märaren, sweden (Lawler,

re6eb)

Three. species; I. crLcL/'^u,s, T. nodu.(-o¿uá pal1as,

1760 and T. ¿tizo¿t¿d.íoni.r Mirrer , !g45 were known when

Kuperman (1968) described three ot,hers; T. anunøn¿i¿,

I. oní¿ntaLí¿ and r. merLid"rLona"x.i¿ from f ish of the .Amur

basin and southern reservoirs of the U.S.S.R. These

latter three species are unreported from North America

and are not includ.ed in this Literature review.

Review of the biology and control of the North

American species of Tttíttenoythonuá were prepared by Doan

(1950ar'-J-O5Ob¡, Kenned.y (I95lb), Mil1er (LgS2, L}SA) and

Lawler (I955; 1956; 1959a, 1959b; l96O i L96La; 1965).

Kuperman (1973) produced. the most recent review of the
taxonomy and bionomics of the genus.

Procercoid larva of T. ctLa"^^u^ inf ect copepods

(primarily Cqcl-op^). These are eaten by.plankton feed.ing

fish, ciseo (C. a"nt¿díi) and to a lesser extent whitefish
(c. c'Luytøadonmít) and the prerocercoid larvae d.everops

in host musculature. vühen infected cisco and whitefish
are eaten by the definitive host, pike (8. LucLu¿)

mature worms develop in the plke inteàtine.
' T. nod,.uL.o¿ut also infects copepods and becomes a

plerocercoid in plankton 'f eeding intermed.iate, usuarrlr

burbot (Lota .Lot a L. ) or perch (? øn ea . (Lav Q.^ c¿n,s

t{itchill). plerocercoids develop in the visceralorgans



and mesentaries. Pike are the definitive host and the

last link in ti¡e cycIe.

T. ¿tizo¿tedíoni¿ infect copepods which are eaten

by trout-perch (Pencop,sía omí¿coma-qcu^ (Vtalbaum) ) and

clevelcps in the visceralorgians and mesentaries.

Walleye (StLzo¿tødion vítn¿um (Mirchill) ) are Èhe

definit.ive host

AII three species of Tniaenopltonu,s mature in the

spring and. deposit eggs which hatch releasing a ciliat.ed.

coracidia which are in turn eaten by copepods.

. Plerocercoids of T . crLl,/s^u^ u¡ere aLso found in
the sea and arctic lamprey (lÍcl,ain, 1951; Guilford LgS4,

and Buchwald. and. Nursall, L969) and tì:e sockeye salmon

(Margo1is 1963). Besid.es the burbot and the yellow perch,

plerocercoid.s of T. noduLo¿u¿ were reported. from the

white perch, Roccuá amørLLcr.nu^ (Gmelin) (Ted.la and

Fernand.o 1969a) , and the European perch (Penea (Luvia-tíLía

t. (cr¡uUU L964).

Many authors have studied the biology of these

three cestode species. Procercoid.s of these cestodes

in their copepod hosts were stud.ied aL Heming Lake

(Watson, 1963; Lawler, 1961b; Watson and Lawler 1961,

1963, 1965; Lawler and lrlatson 1963; and Vtatson and price

L960). Miller (1945a, 1945b, 1945c) studied the biology

of these species in their vertebrate hosÈs in Lesser

Slave Lake, Alberta. Lawler (1950b, 1950c ¡ L952; 1953;



1968 ì L969a) studied the biology of T. noduLotuá in its
intermed.iate hosts (perch and burbot) and its definitive
host. (pike) (l-,awler 1955). Chubb (1963) also studied

the bionomics of T. nodulo¿uÁ in pike.

In L932, Nichofson established that Trtia.ønaytl+on-u,s

tníeutpLdctÍu,s Bloch, L77 9 (= crLa-^^u^) was non-pathogenic

to man. Newton (1932) initiated studies of its biotogy

inwestern Canada. . He described the effect, of host age

and of season on the numbers and dist,ribution of

plerocercoids in the musculature of whitefish. in the

lg50rsinspectors of the U.S. Food and Drug Administ.ration

began to refuse heavily infected fish at the Canada/U.S.A.

border.'"1Adverse economic effects on the canadian

fisheries promoted much of the, subsequent research on

T , ctl&^^u,s . Ekbaum (1936, Lg37 ) f irst described the

hatching of eggs of this cestode. Surveys of cisco and

whitefish in Lake Winnipegosis, Lake Manitoba (Doan I945a,

1945b), Nesslin Lake' (Wheaten and Rawson 1949a), Southern

Ind.ian Lake (Sunde 1963, 1965) and many other commercial

lakes were initiated to locate lakes with low infection

levels of T. ctLt"^¿t¿¿ and thus avoid American rejection

of fish exports

Atthough candling and selection of fish from lakes

and regions of lakes with low infections reduced rejection

of fish shipments¡ methods were sought to reduce

T. ctL6"^^u^ infections. Control was attempted by removing



the pike from Heming Lake (Doan L94g; Kennedy and Doan

l-949; Lawler 1950a, 1950d; I95la; I959a; I96la).,
Lake Winnipeg (Kennedy and Doan Lglg) and Square Lake,

Alberta (uitler 1950). Removal of the pike significantry
reduced T. ctL(L^^uá infection in whitefish but the method

was,expensive. similarry cisco, thought to be important
in maintaining heavy infestions in whitefish, were

serectively removed from Lesser srave r,ake (Miller Lg4g) |

Mosher Lake (vüheaton and Rawson 1949b), and Lake winnipeg
(Kennedy (1950, 1951a). Results were positÍve but not

economically feasibre. Experiments to contror coracidia
were unsuccessful (¡,litler and vüatkins Lg46; Miller L949¡

-ìLibin 1950a, 1950b, 1951).

Other work on T. ctLa"^^u^ by Kennedy (fg¿g) and

oakland (L949) established statisticarly sound methods

of classifying T. cÌLcl.¡i^u^ infection levels in rakes.

Keleher (1950) studied differences in T. uLa^^u^

parasitism of different spêcies of cisco in Lake winnipeg.

Miller :(1945b) examined. the effect of this cestode on

the gro.wth of cisco and whitefish. Vüelch (1950, 1951,

Lg52) investigated Èhe rerationship between rimnologicar
factors and f . clLa;i,u^ infections in lakes in the

Thund.er Bay district. Lawler (1951d) stocked Wapum Lake

with whitefish in an attempt to observe the estabrish-
ment of T. ctLcL^^u,s but stocking. wâs:.not successful.



Taxonomic studi.es of cisco reveal.ed differences
in the r. crLl'^^u^ infections of dif ferent species
(Law1er 1951b, Keleher 1952). Keleher' (19S3) sÈudied

the factors resulting in d.ifferentiar infections of
Lake !üinnipeg cisco.

Arthough interest in r . uLcL^^u^ d.eclined since
the 196 0' s, research continues. Margoris , (t 963 , 1967')

successfully used this species as a biologicar tag to
ning st,ocks ol salmon.separate spawning st,ocks of the sockeye

Research was conducted into the detection (gudde 1965,

Freese Lg7O) and the nutritional effects (Crampton

1960) of plerocercoids in whitefish fillets. peÈersson

(r'971a)r;found that lake impoundment in sweden raised
T. erL(L^^u^ infection levels in,coregonid.s

c) MODIFYING FACTORS

i) Host Age

Many authsrs stud.ied changes of parasite fauna

with host age. This effect wás observed in T, ctLa.^^u^

infections (Newton Ig32, Welch Ig52, MiIIer 1952).

Hine and Kennedy 11974) found Pomytl'tonhqncl+ua 'La¿ví¿

(zoega) ¡¿ütter , L776 accumulated in aging dace,

L¿uoi'scu¿ Løucí¿cu,s L. while changes in, this parasite's

distribution within t,he host also occurred. Bibby

(L972) found the acanthocephalan N øo¿chLnonhqncl+ut nutiLí
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(ttüIler, 1780) d,ecreased in abund.ance with age of
PltoxLnu,s ythoxínut L. The copepod, EngadíLu,s c¿ntna"ú+idanun

l,lright, tended !o increase in abund.ance with bass age for
three years than declined (Cloutmann and Becker Lg77).

Awachie (1966 ) found cqatho cøytha..(-ud tnuncatuá (palras ,
j

1781) peaked in prevalence in three year ol-d trout
though incidence did not change. parasites,within the

same host reacted. d.ifferently to changing host age.

Shotter (1973) found some parasites of whiting
()dontogadu¿ mÜLLangu^ L.) like the cestode GníLX-otía

t¡tinac¿uá Guiart, L924, the monogiean 7icx.ídoythona mQ.,LLa"ngí

(xuhn in Nordm., L832) | the digeneans , HømLunu,s commonuy

Odhner,'.1905 and Oønog¿nQ.,s va,tLLcu^ (Muelter , L7g4)

tooss, 190I and nematode Contnqcaøcum øLava"tum Raillet
et Henry , Lgrz increased in j-ncidence and intensity v¡ith
host age while the digeneans St.øytltano,sÍ.omum ytnírtit
(oeslongchamps, L824) and Løcíth"ct¿tøn glcbbo¿u,s (Rud.,

1802) Lüke, 1901, metacercäria of CnqytÍ.ocotql-ø .Língua

(CreþI. | 1825) Fischoed.er, 1903 and the copepod CLav¿I-X-a

uncínata Müller decreased. with host age.

MiIler (1952) found th¿it cisco ac.cumulate

T. uLa,s^ul plerocercoids and whitef ish d.o not. He

suggested that this stemmed from dietary differences
affecting uptake rates of infected copepods. pet,ersson "

(197Ia) thought this explained why whitefish \^rith high
gilI raker counts and not those with lower counts

accumulated plerocercoids of T. crLa..^^u^ with age.
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Change of diet with age of brown trout resulted in
reduced infections of Cnøytído,stomum m¿t.oøcut (Braun,

19o9)andC.(anionir(o.¡'.Mü11er,L7B4)Nico11,]-9o9
(Awachie, 1968). Bauer and Nikol'skaya (1957) and :

Rumyantsev (f973) found that differences in fistr
diet and fish dist,ribution in a lake courd account for
parasite changes in fish of different ages.

More .Di¿eocotqLe ,sctgítÍa-ta (Leukart , L842)

Diesing, 1g5O vrere found in older trout (Thomas Lg64ì

Paling 1965), Paling (1965) found. two generations of
monogenea on older t.rout (on the basis of size) and

suggested. this accounted for the higher numbers on

these fish

Leong (1975) pointed out that age affects
parasitq species differently in different hosts or in
different geographi-cal locations. Complexity of whitefish
and coho parasite faunas, decreased wíth age while that
of cisco peaked in middle-aged. fish (l,eong 1975).

Changes in host diet, host physiology (resistance)

anð/or host. geographical location are the priimary ex-

planations for changes in parasite abundance with age.
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ii) Season

Seasonal changes in abundance r¡Iere observed. in

many species of fish parasites. Midsummer increase of

T. ctL&^^trl plerocercoids in the intermediate host

following a decrease of mature \^Iorms in pike in the

spring were observed by many authors (Ekbaum L937 |

Newton L945, Miller I945b and Welch 1952). Connor

(1953) found Pnat¿ocephlz"Lu^ ¿tLzo¿thøtLti Hunter and

Bangham 1933 from walleye followed a seasonal cycle

of incidence.

Timing of maximum and minimum abundances

differed greatly among parasite studies. Many parasites
'1'. . : -

had autirmnal peaks. Bauer and Nikoi'skaya (1957)

found OL¿co coÍ.q.Lø, Pnot.øo ceytl,to,X-ua 
^pp, 

and Cl+Lonmgxum

corLQ-goní Pelrushevski and Shulman, 1958 infected

whitefish more in autumn. Hopkins (1959) found. that

nu¡nbers of PnotøocøythaLu,s dLlico.LX-L,s Rudolphi in

Ga¿tøno¿t¿u,s a.cu.(,øa,tu,5 L, increased in Ju1y.' rhi"

increase peaked in autumn and was followed by a stable

period. caused by conditions favourable to parasites.

By midwinter, conditions were less favourable and

the numbers declined untit the spring reinfection
(Hopkins 1959) . Ä,wachie (1966) found C. tnuncatu¿

becam.e established in brown trout in lat,e autumn,

matured in late winter and early spring, and dis-

appeared. by late summer. Other parasites exhibit,ed
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Iate sunrmer or autumnal minima. Brown trout were

heavily infected by cnø,¡tid"o¡'tomum metoecu^ and c. danionit
in February, incid.ences fell throughout. Ecl+ínonhqnc!,tu,s

,sa.LmonL¿ }4uller, r7B4 in perch peaked. in rate winter and

f eII to zero by fall (Tedla and Fernando I969b) . Kenned.y

(1968 ) f ound. Ca"nqo¡ch.qLI-øu,s La.líeøpr (pal1as, ITBl)

infected. dace d.uring December, incidènce rose untit mid-

winter, remained constant. until spring, then declined

and disappeared in August.. Other parasi-tes had peaks of
abundance in the spring or summer. paling (1965) found

that 0. ,sa"gítta"t.a" invaded. trout from April to November

with peaks in JuIy or August. (somewhat earlier than the

autumn ,p-eak of this species ín the U.S.S.R., Bauer and

Nikol'skaya Lg57). Burreson and Olson (L9t74) found t\¡ro

henir.lirds increased. in incid.ence and intensity d.uring

the spring and sumrner the.n decreased in July or August,.

Lg peaked. in
suinmer and. early autumn wiÈh juvenile digeneans being

most apparent at this time. Kennedy and Hine (f969)

found. infection of dace by Pnot¿ocøythcrLu,s tonuL-otu,s

(eatsch) vüas initiated in winter, increased to steady

levels in late spring, then declined and terminated

in summer. Not all parasiLes have demonstrated seasonal

cyc19s. Although Kennedy and Hine (1969) and l(ennedy

(1969) demonstrated t.he seasonality of some dace

parasites such as P . tonuLct¿ut and C. X.aticøpt , Hine
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and Kennedy (1974) were unable to do so with Pomytl+onhqnchud

I.a¿vi¿. They suggested. this resulted from pirysiological

differences of these parasites.

Many explanations for seasonal cycles have been

proposed. Hopkins (f959) suggested that these cycles

resulted from the net influx and outflux of parasites.

Temperature is the variable most frequenLly used to
'

explain these fluctuations. Rawson and Rogers lL972l

Lg73)attributed the seasonal abundance of monogenea on

largemouth bass and bluegi[ to water temperature changes.

Cloutman and Becker (Lg77) found the abundance of the

copepod, Ettgl.^i-Lu^ ce.nttLarLchídctnum, declined sharply

with deôreasing te¡nperature and eEg production ceased

below l7oc. Eure (1976a) found that decreased water

temperature in southern latitud.es stimulated migration

of ?not¿oeøytlnaLud ambLoytLítí,s (Leidy, 1887) within

largemouth bass while increased water temperature. in

northern latitudes caused the same eff,ect. Temperature

may have affected individual parasite species differently.

The lif e cycles of P. {1i'LicoL'Li,s reported by Hopkins

(f959) in stickleback and that of P. tonu,Lo¿u¿ in d.ace

differ and Kennedy and Hine (1969) suggested that the

latter is better able to establish and to grow at colder

temperatures. Tedla and Fernando (1969b) observed

seasonal changes in several parasites of perch and sus-

pected that water temperature was the sti-mutus. They



15

felt that within the host, parasites were ress affected
by low winter temperatulîes. Inf luence of diet ori

breeding cycle of the perch could. not be detect,ed (tedla
and Fernando 1969b). Awachie (1968) observed the timing
of parasite cycles of cnøytidodtomum in its intermediate
host lGa-mma"ttut ) and in the trout and speculated that
water temperature was the controlling stimulus,
stromberg and'crites (1975) found the growth of the

nematode ca"mar.Lanu¿ oxqcøythax.u,s v[ard and Magath, 1916

in the white bass increased as water .temperature rose.
seasonal timing was important in maximizing the effic-
iency with which the copepod intermediate was infected
(Strombêrg and Crites 1975).

Some a.uthors thought teqperature modified. host

activity (feed.ing and diet). Bibby (Ig7Z) attempted t.o

explain seasonar parasite changes of minnows phoxinu,s

ytl+oxinur by temperature ùnduced changes in host act.ivity.
Coldr "hibernating," winter' minnows consumed relat,ively
few parasites compared. with actively feeding summer

hosts (Bibby I972). Temperature coul_d not explain
seasonal changes in the parasite fauna of CotL¿gonu^

a\bun-a L, in the U. S. S. R. (Rumyantsev 1973 ) . Kenned.y

(L972) explained this phenomenon by a study of tempera-

ture, effects on Pomythonl'tqncl+u,s L-aevi¿ in gold.f ish. He

suspected that temperature exercised a nrajor control in
the flow of parasites through both non-seasonal and
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seasonal endoparasitic fish,host systems but in different
ways and to varying d.egrees: A quantitative rnechanism

might explain why parasites exhibited a seasonal cycle

in one locality and not in another (Kennedy 1972)

Anderson (1976) used. mathematical modelling to show

that seasonal variation of C. X-a-tice-yt,s \^/as due to the

combined. êffects of a temperature dependent mortalJ-ty

rate and fl-uctuations in host-feeding activity. .

Moravec (1970) explained. the seasonal cycle of the

nematode Raythída,scarLi^ aeu^ (sloch, L77'g) in brown trout
by changes in Ìrost diet. He could not rutre out, other

factors such as temperature. Eure (1976b) felt that
séasonatr. abundance of N¿o ¿eltínoLl+ttrnchu,s ettrLi-ndnatu¿

(Van Cleave, 1913) Van Cleave, 1919 was due to changes
j

in the fish feeding behavior and annual t.emperature

regimes. Bauer and. Nikol'skaya (LgS7) attributed
greater seasonal changes in younger whitefi'sh to the

seasonal variability of th.eir plankton food source

compared to the uniform amphipod diet of older fish.
Still other authors felt that temperature changes

acted on parasites via host hormones or the host

immunol-ogical system. Cushing (Lg42) demonstrated

reduced fish antibody production at lower water

temperatures. Maturation cycles of C. Latíceyt,s in d.ace

did not appear to be initiated by water temperature

changes but possibly by host hormone levets (Kennêdy

1968). Kennedy (1969) observed. that if dace spawned
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a month earlier than normal, the seasonal cycle of
C. Laticeyt,s \das shif ted by the same period of time.
Kenned.y and. Hine (1969) suggested that water temperature

mod.ified host resistance and mighÈ exprain the seasonal

cycle of P. tonu\olu¿ in dace. Leong (I975) found

whitefish and cisco parasite communities had maxinrum

diversity in January and d.ecreased. to April. Fie

exprained greater abundance of several parasite species

in winter by temperature reduced host resistance.

iii) Food Habits

Many authors suggested dietary differences
explained. changes in the parasite fauna of fish with
season, host, age and sex. (see corresponding sections)

ii
Rumyantsev (1973) found infection of C. a"X-but4 \^¡as

influenced by its plankton diet which contained the

intermediate hosts of itg dominant cestode parasites.
older fish began to feed on benthic amphipods (?ontoytottøía"

addLnit Lindström, 1855) and were then infected with
parasites vectored. through them. Hine and Kennedy

(1974) found that qrarmer sunrmer water. temperatures

increased consumption of the intermediate amphipod host

of the acanthocephalan Pomytl,tonl+qnc!,tu,s La.¿vit by dace,

and resulted in higher leveIs of parasitism. DechÈ¿ar

and Loftus (1965) found CqathoeøphaX-ut infections of
perch and cisco in winter resulted from the increased

consumption of infected amphipod.s (?ontoponeLal aL this
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time. Cannon (1973) demonstrated our present lack of
knowledge of the relationships between fish diet and

herminth incidence by showing that sexual d.ifferences in
parasite incidences might be explained by host size

dif¡s¡.rces which affected food intake. Leong (1975)

found correlations between d.iet and parasite fauna

were obscured because I) the importance of food items as

intermediate hosts varied, 2) d.igestion rates varied
3) host çpecificity and 4') parasites modified intermediate

host behavior (increased susceptibility to ¡rred.ators).
Parasites may be used as indicators of diet.

Lawler (t970) reported that Bauer (Lg48) found a

simitarity in the ectoparasites of plankton and benthic

feeding forms of coregonids. Benthic feeding hosts had

more trematodes and fewer cestodes unlike plankton

f eeding forrns, which suggest,ed the possibility of
parasites as indicators of diet.

t P"tersson (1971a, 1971b) showed that the number

of gillrakers in coregonid.s can result in different
diets and hence different levels of par'asitism. Lake

impoundment modified. the diet of some coregonids alter-
ing their cestode fauna (e.g. T. ctLl,^^u^ levels)
(Petersson L97La)
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iv) Host Sex

l4any parasite studies (Leong L975, Rumyantsev

].g73 and. others) have not ind.icated differences in the

parasite fauna of fish due to host sex. Welch (1952)

fections ofobserved no dif f erences in f . ctLa"^^r¿¿ in
different sexed whitefish. Bibby (1g72) found sex

had no apparent effect on the \^¡orm burden of the minnow

P lrto x Lnu^ ytho xínu,s

These differences, nevertheless, could be

observed in some studies. Hicks and Threlfall (1973)

found sexual differences in the parasite fauna of

eighty-one Atlantic salmon (Sa.Lmo ¿a".WcL.). ' Females

had. a higher prevalence of ßunodøn-a Lucioþartca¿

(l¿ü1Ier , 1776) and 0iytLo'stomu\wm 'syta"tha"cøum, (Rudolphi,

1819) Braun, 1893 and a lower prevalence of Eubot.l+níutn

ctLcL^^um (gloch, L779) than ma1es. They observed no

sugh differences with these parasites in four other

species of f ish stud.ied. 'Shooter (1973) found male

and female whiting i,.rere equally ínfected with most

parasite species but the copepod L¿nnaøocetLa occurred

only in females. Kennedy (1968) found female dace

acquired and lost Ca.nqo'¡tl,tt1.L.La.zut .La"ticeyt's beforer ênd

generally had. heavier \^/orm burdens than male d.ace.

hormone and size differences. Paling (1965) found male



20

brown trout harbour twice as many 0. ¿agLtÍat.a" as female

trout and more were infected. He speculated that
infective oncomiracidia may have a sex preference and

that because sexual bias occurred only during the

years when the host is fertile this may indicate that
sex ho::mones vTere involved. Eure (1976b) found no

sexual d.ifferences in the number of Neo¿eltinonht¡nchu.r

cr¡I-índ"na"tu,s harboured by either se>< of bass except

during the spring (females preferred). Cannon (1973)

found that sexual size d.ifferences in perch caused

diff,ering diets which might account for t.he greater

number of ?notøoeeythaLut ytøa-n,søL La Rue, 1914 and

Løyttonhg.ltcâu.s t.Lte.ca.tu* (t inton, 1891) in the larger
f emal-es

v)

l"lost locational differences in the parasite fauna

of fish 't^rere discovered in' an effort to find biologiôaI
tags for marine fish stocks. Margolis (1963 , Lg67)

found sufficient differences in the internal parasites

of Pacific. salmon to trace the origin of stocks in the

I{orth Pacific. SuccessfuL separation of fish stocks by

parasitological indicators has been achieved with

flounders (eibson Lgl2) | the swordfish (ïs1es 1971),

the smelt (Kilambi and Delacy 1 967) , the Atlantic salmon

(Pippy 1969a, 1969b) and other species.
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shotter (r973) tried to explain different, infections
of whíting at different geographical }ocations by

satinity differences that might suppress some parasites

and not, others. Hicks and Threlfall (1973) attributed
geographical d,ifferences in the parasite fauna of the

Atlantic salmon¡' the brook trout and t,he lake trout to
differing habit,ats such as landlocked habit,ats and those

habitats accessible to the marine environment or to slight
differences in the behavior; feeding and./or migrations of

the hosts in the different areas sampled. They added

that differing availability of intermed.iate host,s may

also have affected parasite distribution.
1, {4uch of the research to separate freshwater fish

stocks has involved. T. crla.^^u^. Lawler (1970) reported
j

that Petersson (1969) could separate spring from autumn

spawning ciscoes living sympatrically in Lake Oren by

dif ferent degrees of T. crLa"^^u^ infection. Petersson

(1969) demonstrated that infections differed between

whitefishspawninginriversandthosespawningfrom

the Baltic coast though both lived sympatrically in
the Baltic. Welch (1952) found headwater trakes d.rained

by rapids or falls vüere protected by these barriers from

the entry of fish infected with TttLaenoytl'tonud and as

result \i\rere infection free. Lawler (f969) found pike

from shallower areas .had lower incidences of ï. crLa-^^u^

in Lake Mäl.aren, Sweden. Oakland. (1949) found that a



22

distance of 9 miles ltielded samples of whitefish with

signif icantly dif f ering levels of T . crLa"^^u^ inf ections.

Sunde (1963 ) f ound such dif f erences Ìn S. I. L. j-n areas

differing by less than 2 miles. Vüelch (1952) found

whitefish from open areas of Lake Nipigon, onÈario

has lower intensity inf ections of T , c,nat,su¿ t,han those

whitefish from sheltered. bays.

d) PLE R,OCERCOTD DTSTRTBUTTON

Few studies, have examined the distribution of

pleroeercoids within the musculature of fish.

' 
'b.istribution of ïLytl+qLLobofthníum 

^pp. 
in the

musculature of pike has not been studied. Several

authors have studied the distribution of T . clL(r^'u'

in the musculature of whitefish and cisco in an effort

to reduce the amount of musculature needed to inspect
:

fish efficiently. i

Newton (1932) found the orientation of plero-

cercoids \^/as random but their distribution was not.

He found 803.were in the anterior epaxial muscle,

lOA in the posterior epaxial and the remaining

plerocercoid.s Ìt/ere in the hypæria1 musculature. He

did,not separate plerocercoids on the right from
:

those on the left of the fish. Welch (1952) also

found an anterior preference. He found 542 of

Plerocercoids vsere on the right of the fish and
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suggested as did }4iller (1945, L9S2) that as the stomach

was to the right of the midline, larvae emerge here.

Miller (L952) found cysts were rare distal t.o the anus

and heavy in the flesh bordering the body cavity from

which they migrate. He found that the right/left cyst
ratios for T,esser Slave Lake (1.30) and Square Lake

(L.23)weresomewhathigher'thanthatfoundbyVte1ch

(1952). Freese (1970) used ultrasonic detectors to
f ind the exact location of muscle cyst,s of T , crLt,^^u.^.

He found. that epaxial muscle was more infected near the

surface which he attributed to the migrat.ion of cysts
to the surface. Based. on three 1akes his right,/left
cyst ratlo was 1.5.

e) CONDITION

; Condition or fish'hea1t.h has usually been assumed

to be best when a fish has'a hígh weight to length ratio.
Many str,rd.ies of the condition of palasite infected fish
involved. tho:se d.ead, dying or severly striessed

Several studies hTere undertaken on parasitized.

fish that superficially seemed normal. Meakj-ns and

Vlalkey (Ji975) and Lester (197I) found that during

routine and maximum activity infected fish consumed.

more oxygen than uninfected fish. They postulated

the respiratory rate of infected fish might explain
their surface swimming behavior. Arme and Owen (1970)
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observed a host response to 'plerocercoids of LiguLa

Lnte.¿tina"X-í,s (1., 1758) in t,he body cavity. SweeÈing

(L977 ) showed implanted LiguLa caused atrophy of fish
musculature and resulted in red.uced swimming performanee

which increased predation. He also observed. dist.ension

of the àbdomen, inhibition of gonadal development,

decreased liver. size, proliferation of connective tissu.e,

changes in the blood. ceIl spectrum, and levels of serum

proteins. Bauer and Nikol rska)¡ê (1957) found that the

acanthocephalan Ecltinonhqnel+u,s | = lrtrøÍ.¿cl,tinonhqnehu,s I

,saLmonL,s caused mucosal damage and inflammation in the

whitefish. They found heavy infections reduced the

nutritio¡al state of the fish. Results of parasite

infection can be more subtle. Klein, Olsen and Bowden

(f969) failed. to establish physiological differences

except lower hemoglobin and hemocrit levels between

uninfeicted. Rainbow trout and. those infected with

Ctt'øytído,stctmum danioni¿, Mil1er (1945d) found that
cysts of T. c)La.^^u^ caused a slight decrease in the

growth rate of whitefish and cisco. This effect was

reduced in older fish which had acquired a resistance.

Growth decreased wit,h increased infection and was

more suppressed in whitefish than cisco which wêre

the natural host (t¡liller 1945d).

The effect of fish parasites on fish have been

reviewed. several times. Vik (1963) reviewed the effects

of OíythqLI-obothníum dendníticum (Nitzoch, L824) ,
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C . tnunca.tu¿ and T niaøno ytho nu.,s to b u¿ tut ( = cna¿ ¿ u's I

olsson, 1892 on the production and utilization of

host species. Hoffman (f973) described how effects of

parasites on f ish productivity ca.n be d.emonstrated..

He found that one of these efrfects is the reduction

of the growth rat,e and the condition factor (weight

over length cubed) of parasitized fish. Chubb (1973)-

reviewed the effects of parasites on freshwater fish
'

in Britain.
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IIT. STUDY AREA

southern rndian Lake (s.r.L.) (ggooo' r56o45')
'tis a large (surface area, 225OKmo) shallow (mean depth,

9.2 m), riverine lake located about IOO i<m (60 miles)

north'west of Thompson, in Northern Manitoba. (Fig. I)
With a maximum length of L40 Km (85 míles) and maximum

wid.th of: 30 Km (20 miles) it is the largest lake on the

Churchill River System (Hechy, Harper and Kling Lg74).

During the ice free period from late May (mid June in the

extreme north) to early October, the lake remains
' +i

isothermâl.and well oxygenated. As the Barrj-ngton River

supplies only 103 of inflowing¡\^/ater, the lake can be

considered an extende,il portion of the Churchill River

passing to Hudson Bay. Hecky (1975) :d.escribed the

morphometry and chemistry of S.I.L. in greater detail.
Hecky et al. (Lg74) outlined the major taxonomic

phytoplankton groups in order of importance as:

Diatomeaer. Cyanophyta, and Chrysophlceae. The diatom

M¿Lo¿Lna domínated. the lake in the spring and autumn,

while small surface blooms of Anabøna and Aytha"nizomenon

also occurred in midsummer. Hecky et al- Q974) found the

increase and decr:ease of diatoms controlled the relative
abund.ance of all alcrae;
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Figure 1. Map of northern Manitoba showing

location of Southern Indian.Lake and
| ,..ì -.r sampling areas.
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Patalas and. Salki (Lg74) found a diverse fauna

of zoop'l.ankton. Fifteen copepod. species and 15

cladocerans \,vere id.entified of which 25 were true pelagic

species and 5 were littoraI.
Hamilton (Lg74) found that the average density

of benthi-c macroinvertebrates was substantially greater

than densities in most shield lakes of the region.

Benthic'fauna in order of importance \,vere: the amphipod

Pontopotte-ia aú[ini,s, Chironomidae or midges, and

Sphaeriirlae (fingernail clams). Gastropods were rare

except in the extreme south of the lake (6, Figure 1).

Fish species present included the lake whitefish,
northern'pike, yellow walleye, sauger, perçh, cisco,
goldeye, burbot, two suc,kers aqd several cyprinids
(eyles and Koshinsky Lg74) (App. ïï). They found that
whitefish were abundant in t,he central and northeastern

areas of the lake and suggested that the population

was underexploited. Saugeî was abundant only in the

southern areas, out of the main current. Other species

rlrere more uniformly distributed throughout the lake.
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ÏV. HOST SPECTES

This section is composed. of biological observat,ions

from the literature and wherever possible from my

general observations of whitefj-sh, cisco and pike in
S.I.L

Whítefish are opportunistic feeders and change

food size and. type with the increase of t,heir intergill-
raker distance. As fry, they feed on plankton (Hart

1931). Diet of fry in the present study was primarily
ïiayttomu¿ and Cqeloyt,s. Kliewer (1970) found that the

r -...

si'ze of'"food j-ncreased asgilI raker spacing increased.

In this study, the diet of whiÈefish of age three years

or more was primarily amphipods, sphaeiriids, gastropods,

chironomid.s and ephemeropter¿.larvae (Append. X) .

It has been often observed that whitefish move

to deeper water in JuIy and August in response to

warming water (Scott and Crossman 7967). In contrast,

whitefish were often caught in shallow water during

this period in the present study. These whitefish had.

eaten large quantities of amphipods which possibly

indicated' food, not temperature may be the major factor

which determined. their distribu.tion. Euring spawning

water temperature was important and stimulated spawning

sometime in october when temperatures dropped:from 30



to 2og (vüeagle and Baxter lg73). They also found. that
whitefish spawned in,S.I.L. at depths from I.5 Èo 6.8

meters over rocks and. bould.ers

Diets of young and. adult cisco were similar in
S.I.L. Young cisco consumed large quantities of
Cqe.Lopd., Líayttonuá and. other zooplankton. Larger,
mature cisco also fed on insect larvae and fry of
percid. físhes. cued. by declining water t,emperatures,

cisco spa\,irn in the autumn in shalrow areas (scott and.

Crossman 1973).
: Pike were voracious, opportunistic predators

and fed. mainly on cisco, whitefish, white sucker

and. burþot in S.I.L. They were partiqularly abundant

in shallow areas and spawned in May in the shallow

weedy bays and streams around S.I.L.
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V. MATERIALS AND METHODS

Gillnets were used to obtain samples except

during the spring of Lg76. At this time seining and

spawning traps \,vere used t,o supplement samples. Seven

sizes of gillnet mesh 2 Uu, L4", 2u, Z V+", 34,", 4\u

and 5\" were used to catch fish

Sampling commenced June, Lg75 and continued until
mid September, L975 and focused on areas 2 and 6 (Fig. 1).

Collection of fish from these areas u/as continuous during

these months except when samples were being collected from

the ext,tr'eme norther.n areas (¿ and 5, Fig. 1) or other

Iakes in the d.iversion system. Samples hTere rarely
.j

taken from the same geographic location during this first

strtnmer and a variety of depths were sampled.

Further samples i,.rere obtained from site A (see

figure 1) in October; from. sites B and D in January;

and from sites A, B and D in March of L976. During

May, Lg76 sampling sites \^rere si.tuated on a stream to

the east öf area 6. By the end of May regular sampling

of sit,es A through D had begun. Each site was sampled

at least once weekly using gillnets. Most fish were

necropsied within 5 hours of rernoval from nets and

some were stored frozen and examined later immediately

uporì thawing
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Figure 2. Map of the southern portion of
.i. ,

Southern Indian Lake showinq

sampling sites. i
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Round weight, fork lengthr sex and maturity were

determined for eaeh fish. Scales and pelvic fin rays
'were taken f or aging. External surf aces were examined

macroscopically for ectoparasites, All organs \¡rere

removed, separated, and studied immediately.

Cestodes were relaxed. in cold water and killed
with hot F.A.A. Trematodes were relaxed, flattened.

under coverslips and. killed with F.A.A. Other parasites

were relaxed, and kÌlled as folLows: acanthocephalans

with refrigerated tap wat.er; nematodes using hot glacial
acetic acid; Crustacea and leeches in 7AZ ethanol-. All
parasites \¡rere Stored in 7 0Z ethanol prior to stai¡i¡g
and onl.y Crustacea were not, previously fixed in F.A.A.

Trematod.es \^rere stained. with hemotoxylin or

acetocarmine (Humaso n .L972) . Cestodes 'and acanthocephalans

were flattened and stained in. acetocarmine. Nematodes

and smaller crustaceans ,were cleared in glycerine and

ethanol then examined in Lemporary mounts.

Stomachs of specimens \^rere examined for f ood items.

These were id.entified. and. the most dominant food i-tems

noted. Percentage of host stomachs containing a food

item was used to determine its dietary impontance.

Terminology of analysis is defined as follows;

abundance or parasite population size was calculated as

the product of prevalence (percent of sample infected)

and the intensity (mean number per infected fish, Ñ)

(Leong I97 5) .
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Abundance of a parasite species in a host species,

d.ivided by the sum of abundances of all parasite species

in that host species, is Pi, t,he proportion of parasite i.

This proportion of parasite i expressed as a percentage

is the dorninance of that parasite in the host.

Dominance indices for each species of parasite j-n

the "community" of the three host. species \^lere also

calculated. ïn addition, a weighted dominance index

for each species of parasite was calculat,ed'using

weighting factors assigred by the ratio of their host

species in cat.ch.records (append. TII).

ïntensiÈy values \,\Ietre transformed by taking their

natural':;'-logarithm to reduce the effect of sample size

on sample variation and the transf,ormed values are used
j

graphically in sections 2 C i and ii.

To compare parasite fauna diversity, the. Shannon-

Weaver (Lg4g) index of d.iversity, the reciprocal of

Simpson's (1949) index, and Hurlburts' (1971) index of

evenness were calculated (see appendixr.r).

ïndices of similarity of parasite fauna in

differ'ent hosts were calculated by summing the lesser

of the two abundances for parasites occurring in both

host species and expressing thj-s as a percentage of the

abundance of all parasites in these two species.

Comparison of parasite fauna in different

geographical- locations involved nonparametric test,s of



ranking differences using KendaII's tau. (Siegel 1956).

Stat,istical analysis employe'il. an ïBM 360/70

computer using A.P.L. and S.P.S.S. programs available
through the University of Manitoba computer center.
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VI. PARASITE FAUNA

Autopsies of 3 ì202 fish of the three species ì

whitefish, cisco and pike \^rere done to reveal parasites.
Host autopsies included. 571 whitefish , 446 cisco and

444 plke which were autopsied completely, and in
addition, 985 whiLefish and 756 cisco whích \¡¡.ere

examined only for the muscle plerocercoids of T . cna.l,su¿.

Autopsy of these three species revealed 29 species

of parasites; 2 monogeneans, 4 trematodes, 9 cestodes,

4 nematodes, 3 acanthocephalans, 1 annelid, I mollusc

and 5 crustaceans

IdhÍtefish had a wj-de rang'e of parasites (Table I).
Of the t9 species of whitefish parasites found, only

those with prevalences of over 10? were considered

important. Vühitefish parasites based on prevalence

arè listed in Table I in dpcreasing order.

Tetnacotql-ø ínt¿ttm¿d.La" Hughes, l92B was the most

prevalent parasite and had the most intense infections
(average of 37.7 metacercaria per infected fish) .

Other parasites which exhibited high intensities were:

C. Í.ttuncatuÁ (30.1) , PnoÍ.øoeeythaTua øxíguu,s LaRue, Igll
(22.6) , Sytínit ectut gna.cíX-í¿ Vüard and t4agath, LgL6 (19. 0 ),

CtL. da-nLonia (fZ.g¡, 0. ,sytatl+acøum (13.3) and M. 
^a,Lmonít

(L2.7 ) (rab1e 1) ,
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prevalence and its intensj-ty. High prevalence and

intensity resulted in the high dominance values of
T. inÍ.¿nm¿dia (39.18 of all whitefish parasites. were

this species), P. øxLguu^ (23.3qà), 0. sfrt"t[Laceurn (10.38),

C. tnuncatu,s (9.6S) and M. ¿aLmoní,s (6.62) (Table I).
Cisco harboured 18 specj-es of parasites, many

shared with whitefish. Table 2 lists the parasites in
descending order of prevalence. Generally intensity of
parasite infectiorl \tras less than whítefish '(Table 1 and 2).

Proteocephalid species , P, (liLico.LLi,s and P. qxiguu^,

had a combined intensj-ty of 36.6 per infected cisco.

Other parasites with trigh intensities were: S. gttctcí.Li,s

(I0.2), 0. t¡cctthace¿nr (8.I), T¡ ínt¿.nm¿día (5.5),

Enga,silu¿ nùLL¿cL¿ Roberts, .1963 (5.0) and C , ttuncatu¿

(4.0) (table 2').

Cestodes, P. díX.ícon-Lí,s and P. exíguu,s, \trere the

most numerous parasites of'cisco and represented 47.g2

and- 31.9? respectively of the total numbers of parasites

in cisco. Of lesser importance based. on dominance values

were D. aytathctcøum (5.49) , T. int¿nmedia" (4.L2) and

T. cna^^u^ (s.oe) (Table 2).

Based on prevalence values only eight of the 18

species of pike parasites were present in over 108 of

pike autopsied (Table 3). The two most prevalent

parasites were Pnot.øocøytl,ta.Lut ytíngui,s LaRrre, 191I (gG.2Z)

and. Tøtnaonchu¿ monønÍ.øLon (Wagener, 1857) oiesing, lB58.
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Pike parasites are listed in order of prevalence in Table 3.

T. mon¿nt.¿nov¡ exhibited high intensity of infections
with a mean of Lzg.2 monogeneans per infected pike

Intensity r^zas also high in t,he following parasites:
P, ytíngui,s (70.4) , Contna"caøcum bnacl,ttlunum (Vüard. and

Magath I ]}LT ) (16. O) , T. noduLo,su,s (15.5) , T. ctLa.^^u^

(L4.6) and c¿ntnovcLtLium r.obote¿ (Maccallum, 1895) (12.9).

Larva1 clams (glochidia) occurred on the gills of only
one of the 444 pike surveyed but had an intensity of
25.0 (tab1e 3).

Pike parasites with the highest d.ominance values

\^rere T. mon¿nl¿non and P. pingu¿¿ which were respectíveIy
54.38 aàd 30.03 of the total numbers of arr pike para.sites.

Lower dominance values \^¡ere found for T. crLa.^^u^ (4.72)

and. C. bna-cl+qunum (4. øz) (Tabte 3 ) .

vühen the three host species and aIl their parasit,es

were considered., two pike parasites dominateä tfre

"communityT These were the' monogenean, ï. mone,nt.ørLon,

and the cestode, P. ytingui,t , with unweighted. dominance

values of 36.3 and 2O.I respectj-vely (Table 4).
Parasites of whitefish and cisco also with high dominance

values were z P. øxíguu,s '(8.8) T. inÍ.¿nm¿día (8.9) and

P . (íLícoLLi,s (5. 6) . The cestode, ï. crLa.^,su¿ (3. 9 ) ,

conunon to both the coregonids (as a plerocercoid) and

pike (as an adult) was also important based on dominance

values (Table 4).
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Parasite
T øtna"o ncLtu¿ mo nønÍ.¿no n

Pno t.¿o ez,¡tl+aLu,s ,¡tíngui,s

Pno teo cøythctlu,s exíguuÀ
* T ¿tttaco tq i ø Lnt enm ¿d"ia

Pno tøo eeytha.Lu,s (si.Lico LLí¿
T niaeno ytho nu^ crLa"^,s u^

* 
T nia.eno pho nul crLcL^ 

^ 
u^

C o nÍ.na.ca"øcum bnaehqunum
* 0 iytLo t t o muLum,s ytath.ae øun

C qatl+o cøythalul tnunca.tu¿
Raythída,s ca"rLí^ 

^ 
fr .

T nícce-no yt l,to nu,s no duX-o ¿ u¿

lvl dÍ¿ chino nhtl nchut a a.Xm o ni¿
Cn øytíd o,s to mum (¡ anio ni,s
C ¿ntno v a-rLium I-o b o lø,s
C q d tídido La' d anío nit

*0íythq,LLo bo tl'tnium,s fr. II
Eng a,s il-u¿ ne.rLl¿a.ø

* Sytinit øctu,s gna.ci.(-Lt
0 i,s co eo tq X-e. t ag itta.t.a
Sa"Lminco La" øxtume^ cQ.n^

' Angulul eana"dQ.n^i^

Snn-míncoLa øxt¿n^u¿
PítcícoX-a míLnøní

*Oiytl+qLX-o bo thnium,s ¡t. I
* 

G Lo cid,La (P øLøeq yto da.l

GLa"nídacrLí,5 caÍ.0 ¿ t omi
N eo.øcl'tíno n h q n.chu,s eq Líndnat um

Eng a-,s iL.u,s Lucict fJ Q.,L c(LlLum

P omythonhq neltu,s buLb o co LLi

* larval forms

Tab1e 4. "Community"parasites

Unweighted
dominance

Weighted
dominance
(for Sitê A, Fig.2)

49.03
27.LI
2.57
2.49
r.64
4.22.,
o .23!+ ' as

4.Lg
0. B4

0. s6

2.14
2. 07

0.43
0.21
0.85
o.18
0¡ 75

0.16
0.10
o.oo
0. 00

0.00

:_:

--;

36.29
20.07
8.7 6

I .92
5.56
3.131

0.74J3'e1
3.11
2.86
1. B9

1. B7

I.52
L.47
0.73

:.0.62

0. 61

o. s5

0. 54

0 .37

0 .26
0.05
0. 04

0.02
o. 0o

0.00
0. 00

0. oo

o. o0

0. o0

0. 00

'-a

OF AIANTTOBA

100. 00 t_00. 00
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To obtain weighted dominance varues of Tabre 4.

the catch records available for site A (.Fig. 2,) \^rere

examined.- The ratio of pike/cisco/whitefish caught in
this area was 4.6/L/L. As net selectivity of one species
over another was unknown this ratio was used without. further
adjustment to produce the weighted dominances. parasite
dominances $rere weighted in favour of pike parasites and
caused no major changes as pike parasites, T, monentøtton
(4 g . OA of all parasite numbers ). and p . ytínguid (27 .L? )
continued to have the highest dominance values (rabre +):
coregonid parasites p. øxiguu,s , T . íntenmødia and

P. (:íI-ícoLLi,s, lost most. of their relaËive dominance to
pike pafasites. rnstead higher dominance varues were
recorded for : T . crLa,^Au^ (4. 4Z) and C. bnacht|unum (4.2s,)
(Table 4 ) .

Although each host species yielded approximately
the same number of parasit,e species, their indices of
d.iversity differed (Table 5). As the indices of diver-
sity indicate, whitefish had the most d.iverse fauna
(S.f . = 4..4), cisco intermediate (S.-I. = 3.0), and pike
the least (S.T. = 2.G\. Although pike parasite fauna
contained as many species as those of cisco and whitefish,
two of its parasites, T. monzntønoh. a,,Ld. p. ytinguí,s

together contained over B0B of all parasites found in
this host (fabIe 3), The great dominance of these two
species in the totar fauna reduced diversit,y (Table 5).
Although the dominance varues-of, cisco parasites were
more equal than those of pike, their diversity vfas 10wer



44

Tab1e 5. Diversity and simiLarity of parasite fauna

Indices of

HOST

diversity

No. of
Species

Shannon-Weaver
(H')

Reciprocal
Simpsonts Evenness

(ST) (E)

Whitefish

Cisco

Pike

Indices of similarity (g)

l' .. .'

Vühitef ish

I9

18

t8

L.7 3

L. 44

L.24

Pike

4 .44

2.96

2.56

0. 58

0. 50

0.42
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than whitefish. This is d.ue to the high dominance

values for the two proteocephalid species P. díLieoX-Lít

and P, øxígttrt,s, which together made up 80? of aII
cisco parasites (Table 2'). ïn contrast, the two most

dominant species of whitef ish parasj-tes, T , intønn¿dia-

and P. øxíguu,s made up only 61% of whitefish parasites

(Tab1e 1).

Parasite fauna of the two coregonid fishes were

more similar than either were with pike (Table 5).
This strong similarity was due to the high dominance

values for P . ø.xLguu,s in bot,h hosts. Greater abundance

values of the nematode C. bna"ehqunam and the cestode

T.' ena"^'!t¿¿ in cisco than in whitef ish (tables 1 and. 2')

accounted for the greater similarity of píke fauna

with cisco, than whitefish (rable 5).

Based. on dominance values the major parasites

in this host"community't\^rere mature forms (Table 6).

Cestodes \^lere the most domir:ant type of paras-ite,

including 7 species and 41.13 of the total numbers

Although there.were 5 species of crustaceans and one

species of larval clam included in t.he"others'åategory,

their numbers and hence their dominance index \^ras very

low (table 6).
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Table 6. Breakdown of parasite fauna into crasses

Sum of No.
d.ominance indices Spp.

Adult parasites 86.9 23

Monogleneans 36.7 2

Trematodes L.4 z

Cestodes 41.1 7

Nematodes 5.6 3

Acanthocephalans .I. 5 3

Others 0.6 6

of Percent
of total

79

7

7

24

10

IO

2I

Larval stages

To fish

To birds

Others

13.1

i.z
11. 9

0.0

2

4

1

24

7

L4

3
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Discussion

Amphipod vectored parasites hrere not, prevalent
and numerous whitefish parasites in this study, unlike
the literature (Table 7'). Bauer and NÍkol'skaya (1957)

f ound. Ecl,tínonltq nel,tuà ( = Møt.øchinonhttr nchuá | ,s a\mo ni,s was

Èhe most,numerous parasite of whitefish. Leong (1975)

found that this parasite made up Boa of aIr the numbers

of whitefish parasites. Bangham (1955) and Dechtiar
(1972) found it to be the second most prevalent parasite
of whitefish (Table 7) . Cq at.lt.oeøythaTu,s tttuncatul,

r also a major

parasite of whitefish in the literature (tabfe 7).
Deôhtia;: :.j-gl2) found it the most prevalent whitefish
parasite. Leong (1975) found. this cestode had the

second highest dominance value. This cestod.e wa,s also
prevalent in surveys by Bauer and Nikol'skaya (1957)

and. Bangham (f955). Another amphipod vectored parasit,e,

the nematode Ct¡,sti.d.ieoLa ,s'tígma"tuna. l= C. {¡aníoni¿)

\tras also one of the major Þarasites in many studies
(Table 7'). It was prevalent in studíes by Bangham

(1955), Bauer and. Nikol'skaya (1957), Dechtiar (Lg72)

as well as having the third highest dominance value in
Cold Lake whitefish (Leong 1975). By cont.rast, these

amphipod vectored parasit,es, though major parasites,
did not play such a major role in the parasite fauna

of whitefish in the present stùdy (Table l).
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Based. on relative dominance values, metacercaria

of trematod.es f . Lnt.ønm¿día and ? . dytatltac¿um and the 
:

cestode P. øxíguu,S were the most important parasites of

whitefish in this study. These three were the most

numerous parasites after the two amphipod vectored

parasites E. (=M) da.Lmoní,5 and C . 6a"ni.oni's (based on my

calculated abundance values)from¿ study of Russian

whitefish (Bauer and Nikol'skaya (1957). CI. ,syta"thacøum

was the most prevalent and abundant parasite though

T , ínt¿nm¿d"íct anð, ?. øxíguu^ \4¡ere noÈ reported by Hicks

and. Thelfall (1973). Similarly Diyt,LattomuX-um 
^fr. 

and

P.. exíg.uu,s Ìvere reported. by Bangham (1955) , but are t.he

first and third most prevalent parasites ¿¡ SIL. Tøtna.eotqle

int¿nmødLa, P, øxiguu^ anð, 0Lyt|o¿to'ntu.(,um ,sfr. are major

parasites of Lake of the Vüoods whitefish, but ranked

after the amphipod vectored and other parasítes in
preval-ence and intensity (Dechtiar L972J. By contrast

i

with the present stud.y¡ only P. Q.xiguu¿ and. 0. ,sytatl'La"eøum

and not ï. intønmødia are reported from Cold r,,ake whitefish
and these have'Iow dominance values (Leong , Lg75).

Bangham and llunter (1939) only reported P. exíguu,s

from Lake Erie whitefish. Bangham (1940) di-d not f ind.

the three major parasites from the present study or the

three amphipod vectored parasites from Algonquin Park

whitefish.
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T. crLl"^^uÁ was a major patasite of whitef ish in
this study and in t,he studies of Bangham (1955) and

Dechtiar (Lg72), but was conspicuousry absent from those

of Bauer and Nikol'skaya (1957 ) , Hicks and Threlfall
(1973) , and Leong (1975) . The monogenean Oi,scoeotqX-ø

,so,gíttata was a major whit.efish parasite in this study

and those by Bauer and Nikol'skaya (1957), Hicks and

Thre1fell (1973), Dechtiar (Lg|2) and Leong (I975).

In contrast, Bangham (1940, 1955) and Bangham and.

Hunter (1939) failed to report this parasite.

Other inajor parasites from my study are in order
of dominance values Rctythida^ca"rLi^ Ãp., Cttøytid"o,sÍ.omum

(anio ril, Enga,síÎ.u¿ ne.tLl¿t,¿: and SaL,míncoLa. ¿ntum¿¿ cQ.n^

(Table 1). OnIy CrLQ,frido^tomum danioní,s v¡as ur¡reported

by Bauer and Nikol'skayer (1957) although they found

Enga,siTu,s .,siøbodi Nordmann , Lg32, not E. ne.tLl¿u-Q., or
Russian whitefish. of these four, Hicks and Threlfarl
(1973) found. only Crc. (a"ní,oní,s. parasites of the genus

Enga,sLLu¿ and Cnøytído,stomum were reported from

Algonquin Parlc whitefish by Bangham (1940), but the

latter parasite was represented by C. eooytøni Hopkins,

1931 and not C. da-níonil. Dechtiar (Lg72) reported

Acl+Í.hQ.rLa-^ corLfruL-Q-nti^ Kellicott, lBB2 from Lake of the

Woods whitefish which has subsequently been placed in
the genus Sctn-ntíncola by Kabata (1969). AtI but

Raytl'tidcttca"ÌLí^ 
^rJ. 

lvere reported from cold Lake whitefish
though the other three were relativery minor parasites
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based on their dominance values (l,eong 1975). In
contrast to the present study, Bangham and Hunter (1939)

and. Bangn* (a955) d.id. not report any of these four
(Table 7 ) .

The whitefish parasite fauna of S.I.L. differs
from that reported. from whitefish elsewhere in the

literature, by the greater relative importance on the
basis of prevalence and intensity of the copepod

vectored parasites (PnoÍ.¿o ee-ytl,tal_u,s Ápp: and T , c,10.^^u^ |

and the trematod.e metacerearia (p. ,syta.t!,taceøm and

T. intønm¿día) than the amphipo.d vectored parasites
(M. ta.X-moni,s, C. tnuncatu¿ and C14. (anioni¿l . Al1

studiesr":reported. frpm the literature except those of
Hicks and Threlfarl (1973), Bangham and Hunter (1939)

j

and. Bangham (1970) (trre latter two are inconcrusive
because of low sample size) found the amphipod vect,ored.

parasites were generally the most prevatrent and of
sity (table 7.highest intensity (table 7,) .

copepod vectored cestodes ¡ T. c,La"^^u^, pnol¿oce'ytl+=,

ctLut dí.LieoLLíd: ¿¡t6 7. exíguu,s are the most im¡rortant

parasites of cisco in this stud^y on the basis of pre-
valence and intensity (raule 2). speéies of pnoÍ.øoe¿-

¡cha.(-u,s \^zere within the three most important parasites in
stu-dies by Bangham (1940, 1955), Bangham and. Hunter

(1939) , Dechtiar (L972) and r,eong (1975) (Tabte B ) .

More than one species of Pnotøoee-¡tl+a\u,s \,vere reported
from cÌsco by each of Èhe above studies except Bangham

(1940) who had a small sample. Although l. ctLa^^u^
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was the most prevalent cj-sco parasite in this study,

it was the second. in Lake Huron cisco (nangham 1955) '
third most in Lake of the Woods cisco (Dechtiar Lg72)

and was unreported by Bangham and Hunter (1939),

Bangham (1940) or Leong (1975) (Table 8). As with

whitefish, metacercaria of. T. inf.øttm¿dLa" and 0 . ,sytatha"c¿um

\^/ere major cisco parasites in the present study. From

the literature DLp,(-o,stomuX-um ,syt. is reported from

Lake Iluron cisco (Bangham 1955) and T. int.ønmødLa only

from Lake of the Woods'cisco (Dechtiar L972) , the latter

with low prevalence

Other major parasites of cisco from the present

stndy Wfre E. nettlzctø, Ra"ytLtida,sca"fti^ 
^p, 

anð. 0, 
^agLttata..:

of these, only OL¿cocotttrX-ø 'saLmoní¿ l=D, ,sa.gLtta"taJ was
I

reported from Lake Huron cisco' (Bangham f955). OnIy

the genus EngadiLut was represented in Algonquin Park

cisco (8. ca¿ttuLeua Vrlilsor¡ 1911) (Bangham 1940) .

0,' 
^agít.taíct 

was a major parasite of cisco reported. by

Dechtiar (1973) and T,eong (1975). E. n¿nl¿a¿ v/as reported

by the latter as the cisco parasite with the second

highest dominance value, whereas, in the forrner it was

reported as a minor parasite. Bangham and Hunter (1939)

report, none of the tlrree (Table B ) .

C. Tnuncatu,s, played minor roles, and Cq,sÍ.id"íeoL-a- {1a-níoní,s

was not found in cisco from my study though, they \47ere

relatively major parasites in other studìes
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Ecl,tinonLtqnchud ,sa.X.moni¿ (=M. ¿aLmoni¿l and. C q,stidieoLa,

t Í.igmcttuna. ( = C . (¡anío ní,s I were reported. by Bangham

(1955), the former as a major cisco .parasite based. on

prevalence. All three amphipod. vectored species r^rere
:

major cisco parasites in Lake of the lrloods (Dechtiar

Lg72), but white Leong (f975) reported all three ,

only M. da"X-monL¿ could be considered a major parasite

based. on dominance values

It appears that the major d.ifferences between

the parasite fauna of cisco from S.I.L. and that of

the literature is the relatively minor role played by

the amphipod. vectored. M. ,saLmoní,s, C. tttunca-Í.uÁ and

CU': dctnl,oní,s, while copepod vecLored cestodes f . uLt"^^u^

and, Pnot.øocøytl,ta..Lud 
^fJ. 

play a relatively major role
in this study

P.' ytinguit and T. mon¿nt¿,Lon are the two most

important parasites of pike from this study based on

prèvalence and intensity (Iable 3). These r^rere commonly

maj-o¡ parasites of pike in other surveys. (fable 9)

Dechtiar (Lg72\ and Threlfatl and Hanek (1970) found.

that T. monønt.ønon was the major parasite of pike on

the basis of intensity. This monogenean v¡as also

found by llunter and. Rankin (1939) and. Arai and Cheín

(1973). fn contrast, it was unreported by Bangham and

Hunter (f939) or Bangham and Adams (1954) who reported

only P, ytLngui¿, Leong (1975) reported P. ytLnguia

but as a minor parasite based on its dominance value.
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This cestode was a major parasite for Hunter and Rankin

(I939), Bangham (1955), Threlfall and Hanek (1970)

and Dechtiar (Lg72 (Tab1e 9).

T . crLa.^^tl^, a prevalent andabundant parasite of
pike in this study, \^/as reported as a prevalent parasite

from only studies by Bangham (1955) and Dechtiar (Lg72).

Leong reported it had a low dominance value in Cold Lake,

Alberta (rable 9).

Next in ord.er of prevalence in the present study

was contna"cccøcum bnacl,tqunum. This nematode was reported

only as prevalent by Dechtiar (L972) and Bangham (1955)

(Tab1e 9).

QipLtqLL-obot\tnum ayc, II which has high prevalence

and intensity in pike in this qtudy, was'not reported in
any of the above studies of pike parasites. Other

major pike parasÌtes in this study, based on prevalence

and intensity, were Ra"pl,tída^ ca"Lí^ 
^fr, 

T nía"eno ythonu,s

noduLo,sud and Cøntnova"rLíum,!-obof.e.,s (TaJcle 3). of these

T. nod.uTodu¿ was reported. as a major parasite only by

Dechtiar (Ig72) and r,eong Jg75) while the tatter and

Threlfall and. Hanek (Lg70) reported Raytltída.,scl.rLi^ 
^p.

as a rare parasite. Cøntnova"nium Lobol¿t, a prevalent

parasite in the present study, was only reported by

Hunter and Rankin (1939) but no quantit,ative measure

vüas presented
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Major differences between reports of pike fauna

from the present, study and. that of the literat,ure are

the relatively high dominance values of T . c,La.^^u^,

C. bnachqunt¿n and Rctytl+Lda'scattí,s 
^fr. 

in the i-iterature and

not inttris study. Based on dominance values from this
study these parasites are minor parasites compared to
P. ytínguLt and. T , mon¿nte.rLon which were commontry major

pike parasites in other studies

!{hen weighted. dominance varues are considererl,

the parasites of pike dominate the parasite communiÈy of
these three hosts species not simpty because of the

relative import.ance of pike in the catch records

(weighting the weighted dominances varues in favour of
pike), but because of their h+gh prevalences and

intensities (tab1e 4). Had weighting factors for the

weighted. dominance calculations been available from

catch records for other areas of the lake, the results
might have been slightly different. pike are dis-
proportionately abundant in Area 1 (Fig. I) when

compared with the lake as a whole. If catch ratios had

been available for the lake, the weightecl dominance

values would be croser to those of the unweighted values.

No attempt is made to use the weight,ed dominance values

to represent the whole laker but simply to indicate
relative d.ominance of parasites of these three host

species in Area I based on apparent host ratiosi
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It should be sÈressed that dominance values used

in this study, and by Leong (1975) are based solely on

the estimated. size of the parasite population and'do not

attempt to weight the importance of parasites using their

biomass or their potentiatr effect. on the host species.

In contrast to the parasite community of Cold;

Lake (Leong Lg75) , the acanthocephalan, M. ¿ctLmonL¿

hras not the dominant parasite species in the present

study. In this regar,il his study was more like those

of Bangham (1955) and Ðechtiar. (L972). Insteadr in the

present stud.y, the pike monogean T. mon¿ntønon and

several Pttotøocøythal-u,s species made up 7IZ of the

numbers^bf parasites of whitefish, cisco, and pike

combined (Table 4). This malz he due to a relatively

smaller population of the amphipod intermediate hosts

(Pontoporløil" a(1(íní,s ) of M. ¿aL-moni¿ ín the more northern,

shallowelS. I. L. environment. Abundance of this

acanthocephalan in Cold Lake might result from the

availability of many sal-monid definitive hosts 
,

(whitefish, cisco, coho and trout). This could explain

why amphipod vectored.parasites \^rere more major parasites

of whitefish and in S.I.L. cisco than in other systems

reported in the literature.
t1^n-\Unlike the stud.y by Leong (1975) indices of

parasite diversity could not be correlated t,o the number

of each host species examined. Diversity as measured
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by these ind.ices was-not significantÏy increasing with

the add.ition of more samples indicating it is unlikely

that even rare parasitic species of these hosts remained

undiscovered. Ranking of the diversity of fish species

was the same for each of the three indices indicating

that only one type may be necessary for evaluation.
-i r 

-i --Parasite d.iversity of S . I . L. cisco ' \^Ias lower

than that of the same species from Cold Lake, Alberta

(Table 10). Vlhitefish parasite fauna on the other hand,

was more d.iverse as measured by the indices in AppendixlÏI,

than that of Cold Lake. Pike parasite fauna from this

study \^ras more diverse by the Simpson's and Evenness

indices¿- but less d'iverse when the Shannon Vrleaver

indices \^¡ere compared with those of Cold Lake (fable 10).

M. ¿aLmoni¿ dominated Lhe whitefish fauna of Cold Lake

to the point that it limited. diversity and this

may explain why d.iversity vìIas less than the present study.

¡omination'ofs.I.L.ciscofaunabyspecj.esof

PnoÍ.¿ocøpha|u,s explai-ns the lesser diversity when

compared with Cold Lake cisco.

When ,parasites are assigned to major classes in

this study (fable 6), and compared with those of Leong

(1975) (Table 11) some basic dífferences emerge. Adult

parasites, particularly monogeneans and cestodes' v/ere

morê dominant in the present study. Cestodes and

monogeneans amount to 77.82 of aI1 parasites at S.Ï.L.

(Tab1e 6) and only 13.9% of Cold Lake parasites (Tab1e 11).

Acanthocephans which amount to 53.1% of Cold''Lake
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TabIe 10. fndices of diversity from Leong

Shannon-lVeaver

[e75)

Evenness

Fish species

Whitefish

Cisco

Pike

- ì.
*

SIL -Southern

CL -CoId Lake

*sIL g!

L.73 0.83

Indian Lake (present study)

(l,eong Lg7 5) '

Simpsonsrs
*

E-I!.

4.44 I.5s

*STL CL

0.58 0.30

L.44 L.52 2.96 3.24 0. 50 0. 5s

L.24 1.08 2.56 2.75 0.42 0.52
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Table l-1. Breakdown of

into classes

parasite fauna from Leong (1975)

Sunr of
dominance
indices lio. spp.

Percent
of total

Adult parasites

Monogeneans

Trematodes

Cestodes

Nematod.es
.rì

AcanÈhocephalans

Others

LarvaI

To

To

stages

fish

bird s

78.44

4..1

0.12

9.8

2 .87

53.14

8.41

21.56

L6.07

5 .49

32

2

4

L2

5

3

6

7Q

4

9

26

I1

7

l3

30

19

11

L4

9

5



67

parasites amounted to only 1.5% in the present stud.y.

Larval parasites of CoId lake fish ut,ilize fish (16.1%)

and birds (5.54) to cornplete t.heir life cycles. Larval

paraeiEes S.I.L. f ish pass mostly (11.9g) to bird.s and

much less so to fish (L.22) (Tables 6 and 11). This

suggests that birds, primarily gulls are most

important in the completion of larva1 parasite tife
cycles than fish in S.I.L. j-n contrast, to Cold Lake

Iarval parasites.
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VIÏ. MODIFYING FACTORS

A) HOST AGE

Parasites show patterns of abundance with host

age. Dogiel (1961) recognized three patterns; namely I

abundance independent of ager ân increasing function of

âgêr and a decreasing function of age. Leongr (1975)

identified a fourth pattern that of a peak of abundance

in middle age. Observations in the present study

indicates two add.itional patterns exist, relatively
independent of age. One in which abundance is constant

from fish less than one year o1d to the oldest, and.
j

another pattern in which an increase in abundance from

O to I year old. fish is followed by a constant abundance

level. Patterns shown by the common parasites of

whitefish, cisco and pike ,are summarized in Table 12,

only P. díLícoLLít from cisco and P. ytLnguí,s

from pike \^rere independent of age wh-en fish J.ess than

one year of age were considered. The crustacean,

E. nQ-rLl¿l"Q-, f rom whitef ish was the only parasite that

d.ecreased in abund.ance with host â9e, though it peaked

in abund in middle-aged cisco (Table l2). The rest

of the abundant species were independe.nt of age once

established. in young fish, increased with host age or
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reached a maximum (s) during the mid.dle of the host's
life. Maior trematode parasites of whitefish and cisco,
T, intønmødía and 2 , ,sytcttha"c¿um increased with host age

(Fig. 3). Dominant cestodes from whitefish peaked in
abundance in middle aged fish in contrast to abundance

of cestodes of ci-sco and. pike, p. (iLieoLL¿¿ and

>lete1y independent,

of host agie. Abund.ance of the cestode T, crLa.^ÁuÁ u/as .

independent of host, age once eàtablished in whitefish
increased with host age in cisco and peaked in abundance

in middle-aged pike (3 to 5 yrs).I. nodulo,su¿ peaked in
abundance in young 'pike (O to 3 years of age).

j. ,^Prerocercoids of oíytht4.L.(-obothnum ,syt. rr increased
in abund.ance with pike age (rig. 3iii,Appenc1.ïr) . Abundance

Ra"pl+idaaca,ní,s Lrr. while ind.ependent of host ag€r once

established in whitefish and pike, peaked in midd.le-aged

cisco (Fig. B). While ?. ,sagíttaia also peaked in
abundance in mÍddle-aged. cisco, abundance was independent

of whitefÍsh agie once established (Fig- 3ii, iii).
rncreased abundance of T. ínl¿nm¿d,ía, o. ,sytaÍ.haceum and

oíythqLx-obotltttíum ,syt. rr with host age resulted in both
increased intensity and preval-ence (nig. 3). Major

increase in abundance of T. íntenmød.ía. in whitef ish
occurred between 2 and 3 years of age (Fig. 3i). Increase
in abundance of this species in cisco vras more gradual

and constant (Append.. V) .

of
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Figure 3 (irii,

intens ity

\,ùíth host

and iii). prevalence and 1og

of. some major larval parasites

age. (Append. rv, v, and Vf )

O--------O prevalence

@--_--a log intensity
(+ standard error)
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The trernatode ?. ,spat,l+a"'eeum increased constantly

in abund.ance in cisco (r'ig. 3ii), but decreased in

7 year old whitefish before continuing. to increase

(Append. IV). plerocercoids of 0ípl+qL.(.obotl,tnum ,syt. II

increased i.n abundance from the initiation of infection

at age 1 year but, slowed. its increase after 5 years

(Fis. 3 iii) .

All three of the amphipod vectored whitefish

parasites (Ca. {¡anioni^, l,tl, ¿a"LmonLt and C, tnunea"tu¿

increased with host "age (Fig. 4), ïncreasing abundance

of CA.óa"níoní¿ resulted from both increased prevalence

and intensity whereas that, of M. taLmoní¿ resulted

pr,imarily from increased intensities while prevalence

began to fluctuate after 3 years of age (Fig. 4i, ii).
l

Increased abundance of the cestode C , tnunca.tu,s resulted.

from increased prevalence while intensity was stable

after 5 years (r'ig. 4iii).

T. erLt.^,su^ responded, differently to increasing

age of whitefish, cisco and pj-ke (F'ig. 5) after an

in prevalence from 31? to 54? betweeninitial rise in prevalence

whitefish of their 2nd and 3rd years, prevalence

stabilized. Intensitv of this cestode in whitefish is

constant throughout the fish's life (Fig. 5i). Resulting

abundance of T , ctLa"^^u^ in whitef ish is constant after

initial establishnent (Append. IV). Increased

abundances of this parasite in cisco results from

increased_intensity (nig. 4ii) as prevalence values
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Figure 4 (i, ii, and iii). prevalence and log

, intensity of amphipod vectored whitefish

o

O-{ log intensity
(f slandard error)
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Figure 5 (i, ii, iii, and. iv). prevalence and.

log intensity ,of T¡tL.aønophonuá with
' lios! age. (Append. IV, V, ana Vf)

o--------o prevalence

O---l log intensitv
(+ standafd error)
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'

remain constant after a rise of 242 between the ciscots

first and second year. Peak of abundance of T. clLt",s^u^

in pike resulted from the constant levels of pnevalence

after the fish's 2nd year (followíng a rise of 60?

during the pike's first year) while intensity leve1s 
:

i
rose to a maximum at 3 and 5 years of age and then dropped. 

.

(rig. siii). Maximal abundance ocóurred åt 5 years of

age (Append. VI).

Abundance of l. nod.uX-otu¿ in pike peaked' at
I ir-r 

---^---1^--^ -! *^--:-'.ñ ãJ-2 years (eppend. VI) i prevalence was at maximum at 
,

I year of âgê, following an increase of 50g and intensity ,

r,'ras at its trighest at, 2* and 6+ years (rig. Siv). ),

.i

'' ''D,iffering responses of proteocephalid species to 
;

'l

host age are shown in Figure 6. Abundance of ?. Q.xiguu^ j
il

in whitefish peaked at 3 y"U=='due to ìncreased intensity i'i

¡ declined andand prevalence. After 3 years intensitl j

stabilized while prevalence continued to decline ,

resu1tinginmaxima1abundanceat3years(rig:6i,
:

Append. IV) 
|

P. dí.LicoLL.i,s (with a component of P. exLguu^ )

in cisco and ?. ytinguíl in pike were independent of host

age. In cisco this resulted from a rise in iutensity

to a peak in fish of 5 years while prevalence cor-

respondingly dropped durÍng this period (Fig. 6ii) '

The product of intensity and prevalence or abundance

remained relatively stable except for somewhat lower

values for cisco of I and 2 years of age which resulted

from low intensity (Append. v). constant values of
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Figure 6 (i-, ii, and iii). prevalence and 1og

3S

with host age. (Append. IV, V, and VI) .j

O------:_O prevalence

O-*¡ log intensity' l

(r standard error)
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? ' ytíngui's abundance resulted from relatively constant
intensity and prevarences (rig. 6iii and Append. vï).

The t'rematodes C, Lobot¿¿ from pike and CrL. óa-rLíoni,s
from whitefish maintained their abundance independent of

tablishment. Maximal prevalence of
'l c. Lobot¿¿ (2gz) occurred in 2 year o1d pike after which

prevarence declined, then subsequently rose (rig. 7i).
ïntensity fluctuated and abundance t.hat resulted was

r ponding to 10w values in the fluctuating intensity
'

I (Append. vr).. Although only prevalence values are avail-

: abre for cn. .(ctníoni,s these varues become rerativery

i coristant''af ter establishment of the parasite at 5 years

i of age .(ris. 7ii).
!.l

i; Abund.ances of Ra4thída.^cuLLs 
^p, 

in whitefish and

pike \,vere independ.ent of host ag€ r but once estabrished
this value peaked in cisco of 3 years (fig. B).
Prevalence of Raythída",scanirswas constant, after an increase
of 2oz from whitefish of 2 to 3 years of age. rntensity
was relatively consÈant though fluctuating abundance

values d.id. not show a d.iscernable pattern with age

(Append. rV). The same \tras true for Rapltid"arcwLt from
pike though initial increase of prevalence \^ras 60å during
the .f irst year aft,er which values exhibited ress fluctua-
tion than wíth cisco (rig. g jjj- and Append. vï). Abundance

of Rnphíd.ad cctn í¿ from cisco exhibited. three peaks at 3, 5
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Figure 7 (i and ii). prevalence and 1og

. intensity of some major trematodes

with host age. (append. IV and VI)

O--------O pfevalence

O-a 1og intensity
(+ standard error)
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and 7 years of ager. alr of which resulted from increased.

prevalence and. intensity at these ages (Fig. g ii).
Greatest peak of abundance occurred in fish of 7

:

years of age and older (eppend. V).

Trematodes which showed p.eaks of abundance \,vere

T. monent¿non from pike and ? . ,sagítto"ta from cisco.
AJ-though intensity of T. mon¿.ntønon conlinues to rise,
prevalence peaked, at 4 years (Fig. 9i, ii), a resultant.
peak of abundance occurred at 6 years of age (Append. VI).
Prevalence and intensity of 0. na"gLttaÍ.a peak in cisco at
5 and 6 years of age (¡'ig, giii). In contrast, ?. ,sagítta.t.ct

in whitefish has no apparent pattern of abundance once
,f

establi5hed (Fig. 9ii ). Changes in abund.ance resulted.

from greatly fluctuating preval-ence values while

intensity remained relatively constant (eppend. IV).
The gill crustacean, E. n¿nl¿a¿ from cisco peaked

'

in abundance at 3 years of age as a result of péaked

prevalence, while intensity values peaked in fish of 4

years of age (Fig. 10i). Although only prevalenie values

are available for this parasite from whitefish these

values d.ecreased. with host age,from a maximum at 1 year

(272) to the absence of the parasite in fish of 9 years

of age and older (fig. 10 ii). In contrast,

S. ¿xt.ume^cQ.n^ another whitefish gill copepod peaked

ín prevalence at I years of age and is absent to age

4 years (Fig. f oiii).



Figure 9 (i, ii, and iii). prevalence and 1og
intensity of monogenean trematodes

With host age. (Append. ïV; V, and VI)

O--------O prlevalence

a----{ Iog intensity
(+ standard error)

1
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Figure 10 (i, ii,
:

intensity
with host

and iii), prevalence and 1og

of major giII copepods

age. (Append,, IV and V)

O-------:O prevalence

a-=¡ log intensity
(+ standand error)
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Discussion

Changes in the abundance of parasite species have

been explained by host diet, (Míller Lg52, Awaihie 1968,

and others) r host distribution (Bauer and Nikol'skaya

Lg57, Rumyantsev Ig73), host surface area (Dogiel 1961),

host behavior (oogiel 1961) ' or by combinat'ions of these

factors. The effect of host agie on parasite species

was different in different hostd or in different

geographical locations (Leong 1975) .

Cisco in the present study accumulated I . c'Ll-^^u^

whitefish did not. Millerwith increasing age while

(Lg52) suggested that this resulted from dietary changes

in whiLèfish which decreased the uptake rate of the

infected copepods. Petersson (f97f) found coregonids

with high giII raken counts (like císco) and not those

with lower counts (whitefish) accumulated T . cfLL,^Lu^

with age due to their greater intake of plankton. In

this study plankton formed a substantially greater

.portion of t.he, diet, of young cisco (633) then of

whitefish (15å). As these species a9êr plankton

decreased in their diets but plankton continued to

form a higher proportion of cisco's di'et (2LZ) than

whitefish (22) (Table L4 Sec. 2 ciii). Great,er ingestion

of plankton including Lhe intermediate host Crtrc.Loyt,S

wouLd explain the accumulatíon of plerocercoids in cisco

and not. in whitefish. Miller (f952) suggested that these



84

muscle cysts rÂay survive 3 to 4 years. Intake of infected

copepods must simply replace dying Pleroceroids in

whitefish while adding to their numbers in cisco.

Paling (1965) found that older trout harboured. more

D. tctgitta-ta because they carried two rather than one

generation of the monogeneans. Thomas (fg64) found

increased. in : )rorvn trout until0. tagíttat.a" increased in intensity in brown trout un

the oldest fish studied. (5 years old). Leong (1975)

found that this pattern wittr 0. ,sctgíttato, in Cold Lake

cisco: Paling (1965) found. that numbers reached a

maximum in trout of 6 years and decreased through to

fish of 9 years of age. The pattern of 0, 'sagilta,ta
abundanëe shown by my data was similar to the latter, but

peaked..in cisco of age 5. Leong (1975) found a similar

pattern Ëo Paling (1965) with whitefish and not with cisco.

Abund.ance of 0.: tagíftatct in whitef ish in my study re-

mained independent of age once established. Leong (1975)

proposed that lower numbers of 0. ,sagítf.ata ín older

whitefish may have been d.ue to 1.) stronger gilI ventila-

ting currents, 2) larger gill filaments and 3) behavioral

changes associated wíth aging. Leong (1975) suggested

that the adaptation of clamp size to a growing host is

finite and resulted in the ultimate loss of the monogenean.

Constant intensity levels at S.I.L. suggested that though

Ioss of monogenean may occur, reinfection maintains

intensity levels.

I
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Leong (1975) found that the abundance of Cn, da"nionín

increased with. coho age and reached a maximum in middre-

aged. cisco. He did. not report age effects for this
parasite in whitefish or explain the patterns of its
abundance in other sarmonids. This parasite maintained

constant levers of abundance once established in s.r.L
whitef ish (Fig. 7 ji) . In contrast, Awachie (196g)

found. that as brown trout êgêr d.iet,ary changes reduced

infections of Cn.{anio\ío. The insect portion of
whitefish diet in this study remained constant with age

(35 to 393) and as the infective metacercaria were found

in mayfly larvae (¡toffman ]-967'), the intake of infected
intermed.iates remained constant. This explains the

independence of abundance and host age once the whitefish
is o1d and large enough to eat, mayfly larvae (about 2

years of age).

, Leong (1975) found. an increased abund.ance of
C. tnuncatu¿ with whitefish and cÍsco age: My data

suggest an increase in whitefish which can be explained

by increased ingestion of benthic foods (amÞhipod

intermediates). PercenÈage of whitefish eating amphipod.s

increased by 16 to 18å after 4 years of age at S.I.L.
(Table 14 ) . Observations in this stud.y agree with those

of Halvorsen and McDonald (I97 2). and Leong. (1975) tf¡at
this cestode occurs most, often in the rnore anterior
caeca (longer and closer to the bile duct opening).
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In larger whitefish where the caeca are larger, more worms

may occupy each caeca. Caecal size may be a factor which

det,ermined,abundanceofthecest'ode.Leong(1975)Su9:
gèÉ&ed ühat caeeat nr¡lnber malr also be imBdfË,ant, btrt I
have no evidence that this varíed. with host age.

Abundance of M. ,sa\moni,s anð. CA. {:a"nioni,s was

probably related to increased consumption of amphipods

by whitefish. Caecal size may have been a factor
influencing the increased abundance of the caeca inhabit-
ing M. ,saLmoníÃ, but not the swimbradder nematod.e ca.óaníoni,t"

Hine and Kennedy lLg74) found t,hat like M. ,sa..Lnonít, the
acanthocephalan Pomytl+onltqnchu,s La,¿uí¿ accumulated with age

in dace-though Bibblz (Lg72) found that,the acanthocephalan,

Nøoøchínonht¡ncl+u¿ nutiL.i, .d.ecreased with host age.

Leong (I975) found t.hat E. na.rLl¿z"¿ decreased in
abundance with the age of whitefish, "i".o and coho, while
E. 

,a.unitul 
peaked in abundance in mid.dle-aged cisco and

increased. with coho age. 'He exptained these different
patterns of abund.ance as different immune responses to ,

different species. Ergasilids were more abundant in
older cisco than older whitef:ish probabty because dietary
changes occurred. in whitefish (plankton to benthos) which

located ,them orrrt of the infected surface waters (l,eong

1.975). Observat.ions in this study indicat,ed E. nøtLl¿t.¿

decreased with whitefish age and peaked in abundance in
cisco of midd.le-age at S.T.L. Decreases in whitefish
might be explained by dietary changes o,r by increased

gill- ventilation or by increased gill size. Cisco may
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be able to accumulate E. ne.rLha.Q- only as long as they

were below a crj-tical size (reached at 3 years of age)

while they fed. in the surface waters where nauplii are

located.. After gill fiLament diameter or gill current
becctrne too great, accumulation ceased as nehr E. nQ-rLl¿L"Q.

no longer established. and. established ones die. 
:

Peak'of abundance of the monogean, T, monøntøtton, 
,

onpikegi1}smight'a1sohaveresu1tedfromgiI1size

and ventilating cdrrents which prevent,ed establishment

once the fish reached a critical size. ït is ¡rossibre :

that by 6 years of age declining prevalence reduced

abundance d.ue to the death of original monoffeneans
:

wi'thout''recruitment 
;
,ì

PeakofabundanceofS.øxt'um¿¿cøn^foundinthe
I

inner opercular face of whitefish in this study may be ì

explained by the failure of new naupl-ii t,o establish
'1

themselves once'a critical giIl current is reached and/or l

changes in feeding location. Once this happens (age B) i,

iabundance no longer increases but decreases. Leong

(1975) found S. øxtøn¿u¿ had a peaked abundance but

offered no explanation.

ïn this study the abundance of P, ¿xiguu^ peaked

in whitefish at 3 years of age while Leong (1975) found
ì' a peak in middle age hosts. My observat,ions indicate :

this corresponded to the old.est whitefish which are

eating appreciable amounts of plankton, incLud.ing CqcLoyt,s
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the intermediate host. Subsequent change of diet to a

benthic mode explains Èhe drop in prevalence. In

contrast, I found the abundances of P. (5iLícoLLi,s and

P. ytínguít were independent of cisco and pike age

respectively; This may be explained in part by Èhe

continued planktonic feeding of cisco. However, both

older cisco and pike consumed plankton rarely once

there was too great a separation between their gilt

rakers At this point the continued abundance of

Pnotøocøytl+a,(-u,s in these species probably resulted from

ingestion of plerocercoids contained in tire int,estines

of,fish eaten. Cisco reduced. their ptankton consumption

by: 403 ,a.s Lhey age but increased their f ish diet by

7.5e. at the same time (tabIe !4, Sec. 2ci.ii). Many

plerocercoids mÍght be ingest,ed with a fish, thus

maintaining abund.ance levels

The ind.ependence of abundance of Ra.ythid.a",5ca-rLi^' 
^fJ.

wi'th age of whit,ef ish and .pike once inf ections are

initiated may be explained by hosL diet. Whitefish

began to acquire Ra-ythída'scavi,s at 3 years of age, when

they began to feed on mayfly larvae (an intermediate).

The nematode larvae which whitefish pick up are enclosed

in cysts on their gut surface. As the insect (mayfly)

portion of whitefish diet remained constant with age

and'the encysted nematodes did not survive long (40? of

cysts contained dead larvae), the abundance remained con-

stant as a result. At one year of age pike reached a size

i.
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which enabled them to ingest infected. mayfly nlzmphs.

These nematode larvae apparently matured in the pike

intestine. As the pike grew its intake of infected
whitefish and cisco increased and of infected mayfly

Iarvae d.ecreased correspondingly. The net result v¡a.s 
l

ia relatively stable abundance of this nematode in pike. 
'

The three peaks of abundance of Raythíd,atcalLi^ ,slJ,

occurred in cisco and corresponded to: (l) a period of
optimalfishsizefortheingestionofinfectedmayf1y

Iarvae(3yearSo1d)(z)aperiodwhenbot'hmayfly
larvae and some infected fish were consumed (5 years ol-d) r

:

and (3) a period. when cisco cou1d. begj-n to
'j i a.ingest înfected fish but eat less mayfly larvae (7 years ì

of .age and. older). j j

Abundance of C. I-obotø,s in this study rlras ind.ependent
1

o,f agle once e-stablished in pike. When'pike are large 
'
:

enough to eat trout-perch containing metacercaria (2 years 
,

of age), the rate of intakelmust be almost equal to the

year,ly loss of this tremat,ode resulting in consLant 
.

abundance leve1s

Pletacercaria of î . íntønmedia- (pericardium) and
i

D. 'spall,ta"cøum (in eye) had increasing abundances after 
,

their init.ial appearance in whitefish and cisco. 
:

T. Ínt¿ttmødía. had, become established by 2 years of age '

in whitefish and a year later in cisco. This was true
l

of 0. apa-t.ha"c¿um in 2 year old whitef ish and cisco :
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Metacercaria of these species are long lived. and dead.

specimens were never found in this study. This longevity

combined with continued exposure resulted in incrêasing

abundances. Exposure is apparently increased in o'Ider

whitefish when they begin to feed on benthic fauna

Significantly more whitefish 1p < .05) feeding on benthos

and in close proximity to the bottom were infected. wit,h

these two species õf trematode. This explains the faster

increase of abundance of these species in whitefish

than in cisðo, which apparently do not feed near the

bottom. This agrees with observatíons by Lester and

Huizinga (Lg76) of cercaria of Díyt.(-o,stomum a.d.a"m'sí

Lester'and Huizinga | !976 which settle to the bottom

but swim rapidly upwards when light intensity decreases.

It is possible cercaria would penetrate benthic

feeding fish tike whitefish in the area

Longevity and continued infection resulted in the

increasing abundance of Dí¡thu.L.Lobotl+nium 
^p. 

71. once

established in 2 year old pike. Plerocercoids are

apparently long tived and the possibility of infection

through accidental ingestion of plankton must be great

enough to slowly increase abundance.

Cestodes , T. crLa"^^u^ and T. noduLo^u^, peaked in

abundance in pÍke at S.ï.L. Miller (1943) found

T, nodulo¿cra predominantly in pike less than 3 pounds

whereas T. crLt.^^u^ was pred.ominantly in larger pike.
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Although T. noduL-o¿¿¿Á \^ras always less abundant in pike

in S.I.L. it vüas nearly equal to T. crLa^áu^ in f ish of
2 years of age when the peak of abundance of the latter
occurs. By age 5 years, when the peak of T. ctLa.L^u^

abundance occurred f . noduLo^.LL^, was much less abundant.

This can be explained by the pike's consumption of the

intermed.iate hosts involved. From my observations small

pike eat many trout-perch and perch (intermediates for
T. nod"ul-o,sutl but less whitefish and cisco (intermed.iates

f or T. crL1"L^u^l. As a result I. nodulo¿u¿ is more

abundant, in pike less than 3 years of'age. As the pike

gre\¡r they consumed. more and more coregonids and the

abünd.ancte of T, crLcL^Ár¿,S increased when'Lhe pike reached

a large size (7 years of age and older) it was beginning
j

to eat larger whitefish and cisco, but ate less often.

As a result abundances of T.. cncLt,s¿¿Á again decreased.

Ðietarlr changes probably are the primary reason

for changes in endoparasite abundance with age while

host location in the lake (as a result of feeding) and/or

factors; physiological (host resistance) r morphological

(gifl size, gill current, surface area) may explain

changes.in the abundance of exoparasites.
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b) SEASON

Parasites show patterns of seasonal abundance;

Thêse patterns are represented here by five general
.

patterne¡ namely, those índ.ependent of season, and those 
l

reaching maximum abundance in each of the four seasons. i'

Parasite species may have more than one month or season

with a peak of abundance but are categorized here based 
:

on their period. of maximum abundance. patterns shown by ,

the major parasites of whitefish, cisco and pike are :

summarized in Table 13.

on1yoíylhqI'.LoboÍ,|+num,syl.IIinpikeshowsno
I ,.;,seàsonal'changes in abundance. Five of the 4ajor parasite 

I

species were most abundant in winter. An equal number of 
:

..1

species were most abundant. in sunmer. Of the major ,

i

parasi.te species si¡< reached maximal abundance in the i

spring and three in the autumn (fable 13).;ì
Of the major parasites of whit,efj-sh and cisco, ',

P. øxíguu,s and. P. $íLLc.oLLLs peaked in abundance in the ,,

spring. T . erLcL^^{rÁ peaked in abundance in the spring 
,

in whitefish and in the summer in cisco . T. ínt¿nm¿día

had its hiqhest abundance values in winter while the

metacercariaof0.,sylctthctcu{,mwaSatitsmaximumin
l

I

surnmer. Major pike parasites P. ytínguí,s and T. monøntetLon ì ,

reached maximum abundances in the winter ,and summer ,

respectivety :
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Although intensì-t.y and prevalence of 0iytl+qLI-obotl'tnum

^rJ.IIf1uctuated'month1y,theirproduct.wasre1ativeIy
stable which indicated that the number of these plerocer-
coidswasnotaffectedbyseason(rig.Il,Appe¡d.]X)

Seasonal ef f ects on abund.ance of T. ctLa"^Au^ \^/as I

i

observed in all its vertebrate hosts. As this cestode 
i

accumulated with cisco agêr the results were divided into
two age groups (t.hose under 5 years of age and those 5

years and older) for the purposes of seasonal study. 
:

Peak abundance of T: clLa,^^u^ in whitef ish occurred in May :

whi1ethoseofyoungerand.o1derciscooccurredinAugust

and July respect,ively (rig. L2 i-iii¡ Append. Vrï & VIII)
'l

r_
At'these times, peaks sf prevalence and intensity pro- 

j
ll

duced maximal abundance valuesI By September to October, i
j

T. ena,stu¿ abundances were much reduced as a result of 
i.' :

decreased prevalence and intensity values (Fig. L2 i-iii). 
,

In.contrast,;thiscestodereachedmaximumabundancein

its definite host, the pike, in January after which the

net effect of changes in prevalence and intensity 
''

resulted in a constant reduced value (Fig. L2 iv, Append, 
:

TX) .

Abundance of proteocephalid species in whitefish

and cisco reached maxima in }4ay and June respectively

fotlowed by a slow decrease in abundance ás summer .

progressed (rig. I3i) . In contrast, P. ytinguLt in pike ,

reached maximal abundance in January (nig. l3ii,Append.IX)then, ;
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Figure 11 (i, ii, and iii). prevalence and log
.obotltnium 

^p. 
ïr in

pike with month. (Append. IX)
l

O--------o prevalence

O--{ log íntensity
(+ standard error)
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Figure 12 (i, ii, iii, and iv). prevalence and log

intensity of T,niaønopl¿onu¿ crLa",s^u^ in its
host with month. (Append. VïI, VIïI and fX)

O--------O prevalence- r---

O O log intensitlz
(+ standard error)
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Figure 13 (i and ii). prevalence and log
'-intensity of proteocephalid species

in its hosts with s.eason. (Append.. VIII and
I

rx)
o--------o prevalence

o___4 log íntensity:
ì

. (l standard error)
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as \,üith P. e.xíguu^ and P. (íLícoLLL,s abundance declined

until September and then increased. again

Differences in the seasonal cycle of Ra.ytl+Lda"tca.nit

^fr, 
from whitefish and. pike are apparent, in Figure L4.

Encysted nematodes of this genus from whit,efish reached

maximal abundance in autumn as prevalence and intensity
increased. from minimal spring values (Fig. 14i).
Ra.ythid,a.,s culLi^ free in the gut öf pike reached maximal

abundance in March as a result of peaks of íntensity and

prevalence. Another small-er peak in the abundance of

thís nematode in pike occurred in July (Eig. l4irAppend..IX) .

Similãrities in the seasonal abundances of ,

L ,.whit.efiËh parasites vectored by amphipod intermediate

hosts can be observed in Figure 15. Maximal abundance

in M. ¿almonít and C. tnuneaÍ.u¿ in whít,efish occurred

in the autumn, while minimal values for these two

species occurred in the suilrmer (Fig. 15 i 6' ii,.ABpend.VII).

Throughout the year changes in the prevalence of these

species was paralleled by changes in parasite intensÍty.

The amphipod vectored nematode t C,j . ' 
(anío¡¿¿¿ reached.

maximal abundance in winter (fig. 15 iii,Append.VII). Abundance

was lowest in the summer as with M. ,san-moni,s

C. tnuncatu,s, but resulted. almost exclusively from a

decrease in prevalence (Append. VII).

Differences exist between the seasonal cycles of

abundance for the major parasites of whitefish and

cisco, the metacercaria of T. intønmødía and 0. ,sytatha-

ca-ecum. Although these two species of treratodes rtrere at I
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Figure 14 (i and ii). prevalence and fog

intensity of Rapl+ida"tca.rLí^ 
^fr. 

in its
hosts with season. (Append. VII and IX)

o

a log intensity
(+ standard error)

'i

.
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Figure 15 (i, ii, and iii). prevalence and log
i tntensity of amphipod vectored whitefish

parasites with season. (Append. VII)
.j

.o
|H log intensity

(+ standard error)
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minimal abundance in both host species in July, the
maximal abundance of T. intønmød"La occurred in March

, 
while that af o, ,spathaca"e.um took prace in June in both
cisco and whitefish (rig. 16, Append. VII and VIïI).

ia 1The girl monogenean, 0. aagítt.ata" from whitefish
and cisco; and the monogenean ï. mon¿ntønon tro pike i
reached maximal abundances in Jury (rig. L.7, Append. vrr and
rx). Abundances of both these parasites dropped to

md following this midsummer peak.
Another gírl parasite , E. nent¿ae reached maximal

abundances in summer (August). when increasl_ng prevalence
values and decreasing int,ensities resulted in maximar
parasite 'population size (f ig. Ig, Append. VII) .
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Figure 16 (i, and ii). prevalence and log
iltensity of trematode metacercaria

with month. (eppend.. VII and VïII)
O--------O prevalence

O--{ log intensity
(+ standard error)
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Fi.øure ,rU (i and ii). prevalence and. log

intensity of monogenean'gill parasites

with month. (Append. VI and IX)

O--------O prevalence

O--{ log intensíty,
(+ stand.ard error)
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Figure 18. prevalence and log intensity
, af. EngatiX.u,s ne.rLbaQ. with month. (Append, VïïI)

o--------O prevalence

O:---a log intensity
(+ standard error)
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Discussion

Seasonal changes in water temperature have been

used to explain the seasonal cycle of. abundance in fish

parasites (Awachie 1968; Rawson and Rogers, Lg72, L973¡
;

Cloutnian and Becker 1,977; Hopkins 1959; Tedla and

Fernando lgTO and others). Seasonal timing stimulated

by water temperature \^¡as shown to be effective in

maximizing the efficiency wíth which the intermed.iate

host is infected (Stromberg and Crites 1975). Other

authors showed that water t.emperature acts t'o affect

parasite abundances by modifying host activity such as

feeding (Bibby Lg72, Anderson 1 976\ . Changes in host

diet \^ras' used to explain seasonal cycles (Moravec L9701

Eure 1976b). Temperature h/as eliminat.ed as a causal

agent by RumyanLsev (1"973). Other workers believed

that water temperature may act only secondarily on

parasite abundance by controlling host:breeding cycles

(hormones) (xennedy L969) 'and host immune response

(Kennedy and Hine , L969, Legng 1975) -

It is generally accepted that water temperature,

host diet, host activity and host immunology control

seasonal cycles of parasite abundance but these factors

may act jn different ways and to varying degrees on

diff,erent parasite species and on. t.he same parasite in

different hosts
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Leong (1975) found Cq,stídicoLa" $a,LLonLa f.rom

Cotd Lake whitefish attained maximal abundance values in

the winter and minimal values in late srunmer with

maturation occurring in the spring and summer. In this

study, maximal values of abundance also occurred in the

springwhenmanysma1l1arvaeofthesespeciesare
present in the swimbladd.ers of whitefish. Minimal

abundance values also occurred during the summer. Leong

(1975) explained wintef abundance peaks by a decrease

in the activity of the host immune system d.ue to low

water temperatures. This cor.lld also explain abundance peaks

at S.I.L
' Acanthocephalan M. ¿almoní¿ (vectored by amphipod

hosts) had a winter abundance peak in perch and dropped

to zero by autumn (ted.la and Fernando 1970). Leong (1975)

demonstraLed that a peak of abundance in this parasite ín
'Deçember in young whitefish and in July and December in

older whitefish but observed little seasonaf variation in

cisco. He used temperature controlled changes in host

immunity to explain winter peaks in abundar¡ce. In this

study maxjmal abundance of this species in whitefish was

in late fall. Lower water temperatures at this time

could have resulted in lower host immune responses.

- . Awachie (1966) found that the amphipod vectored

cestode C. tnunccrtuá established. in brown trout in late

autumn; matured in late winter and early spring; and

disappeared by late summer. Leong (1975) found that

the abundance of C, ttuneatu¿ peaked in whitefish in
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early winter and in summer, and used temperature con-

trotted host resistance as an explanatÍon. A similar

interpretation may explain the late fall peak in abund.ance

of C. Ínwnealuá in S.I.L. althouqh an obvious summer

peak of abundance \^Ias not observed as reporÈed by Leong

(re7s).

Seasonal changes in T . crLcL^^u^ hrere reported by

several authors. A period exísted in the late spring or

early summer when whit,efish and cisco begin to feed on

infected. Cqeloyt,s. Approximately one month later the

number of plerocercoids in the musculature of these

fishincreaseddramatica11y(tui11erL945,L952;Law1er'
.;f95l). lFollowing this increment period some authors

did not detect a d.ecrease j-n cestode numbers (¡,tilter
:

1945t L952; Lawler, I95I) but, Newton (1932) found an

autumnal d.ecrease which he suggest,ed was due to the

host's immunological system. Peaks of. T. clLa.,s^u^

abundance occurred in spring in whitefish and in late

sumrner in cisco aq S.I.L. The earlier peak of abundance

in whitefish may be d.ue to a faster rate of encystment of

plerocercoid, perhaps, due to a greater immune response

in the whitefish than in cisco (ttre natural host). Such

encystment would. a1low. earlier detection of new

plerocercoid.s in the musculature. Reduction of T. crLcL^^u^

abundance in the autumn in whitefish and cisco corroborates

Newtonrs (L932) findings and may be explained by a strong

host immunological response. By early faIl water tempera-
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tures (f6oC) were only slightly lower than those of

summer maximums (tgoc) and. consequently temperatures

probably had not. affected fish immunity.

Ekbaum (1932) reported that f . c,Le^Á{¿Á maÈured in

the intestine of the pike in February. Miller (1 g52')

found maximal numbers in the late autumn and winter and

following release of eggs in early May he found the

mature \^/orms vüere lost without replacement from mid May

to mid June. Maximal abundance of T. crLt"^^uó in the

present str:d.y occurred in pike in ,January, and though

minimal abundance occurred after release of eggs by

gravid. \^rorms in early May, the period of "relatively
T.' cnal4aa f,ree pike" reported by Miller (1952) did not

occur. Not all of these cestodes are lost but destrobil-
i

ization might account for tt¡-e effect observed by Mil1er

(1952) and others. Spawning pike do not feed, and

without the influx of T.. cna,s,su¿ plerocercoids from

infected whitefish and cisco, replacement would. be

delayed until after the spawning period when active

feed.ing is resumed

Bauer and NikoIrskaya (1957) found Pnot¿ocøytl,tal-u.,s

numbers in whitefish increased in autumn. Hopkins (1959)

found numbers of P. dí.(-icoI-n-i¿ peaked in Ga¿teno'støu,s

a"cuL¿.a.tr¿ó in autumn. Proteocephalid numbers'often

peaked in abundance in the spring. Connor (1953) found

P. ,stízo¿øtlti in walleye and Kennedy and Hine (Lg67)

found P. Í.onuLo,su,s in dace peaked in numbers in the spring.
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Abundance of P. (¡í.LícoL.Ll.a ¡reaked. in Cold Lake cisco

in August vrith minimal vaLues in winter (Leong 1975).

He also found ?not.øoeepha"Lu,s 
^f), 

plerocercoids reached'

maximal abundance in January in whitefish and April
in cisco. Leong (1975) found'abundance of P. exíguu,s

in whitefish in Cold Lake wa's highest in May then d.eclined.

through until t.he winter. Pnotøoeeytha.Lut from whitef ish

and cisco from the present study reached.maximal abund-

ances in May and June respectively which indicates the

component of P. øxiguu,s present with P. $iLícoLLLd in

cisco appears to obscure their reported autumn abundance

peak. Peak of abundance of P, øxiguu,s from whitefish and

ci'sco irr the spring resulted from a diet of infected

copepods in the proceedirig months, though most Pnotøocø-

ythaLud i.n these fish matured quickly and were gravid by

spring. This suggests that a spring peak \^Ias due to

gradual accumulation, fo,llowing a loss of many gravid
:

cestodes which occurred in early summer. Peak abundance

of ?. ytingui,s from pike in JuIy may be relat.ed to water

temperature and host response

Bro\^rn trout \tlere found most heavily infected by

Cn. .[aníoni,s in Februâry, then incidences felI through

summer to their minimaL values in September (Ar¡sachie

1968). He speculated that water temperature synchronize.d.

the cycLe of this parasite in trout and its intermediate

host (Ga-mma"jLu,s). Spring abundances ín S.r.L. were many

times those of winter suggesting that if such coordination
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of life'cycles is maintained, the biotrogy of trout and

Gamma"ttu¿ in Awac¡rLie's study (1968) must differ from the

biology of whitefish and, Gammt.rLu^ in the present study

or thaË seaso¡ial availability of the mollusc hosts

may be important. Diet of whitefish during the early
spring consisted mainly oìf. GammarLu^, The resultant

'peak of abundance could. then be explained by seasonal

changes in d.iet

Bauer and Nikol I skaya (1957) found 3. ,sagítÍ.a"to,

numbers \^rere higher on whitefiéh gills in autumn.

Pa1ing (1965) found invasion in April to November and

a late summer pqak. Leong (Ig75) found peaks of abundance

from lale summer to early winter in whitefish and cisco

respectively. An early winter, abund.ance peak in cisco '

\^tas explained by low water temperatures reducing host

resistance. The midsummer (,fuly) peak of abundance of

this monogenea in whitefish and cisco found in the

pr.esent study is difficulL to explâin on the basis of

host resistance as it occurred duringt warmer water

temperatures. Perhaps, host activity or host distribution
within the lake varies. Movement of fish might have

resulted in a different population of fish being sampled.

Gill monogenean, T. mon¿ntenon of pike also peaks

in ábundance in the süfiunêE¡ A temperature induced

immunological response would be strong at this time and

explanation of the sulnmer abundance maximum necessitates

other factors: It is possible that following spring spawning,
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pike had a reduced resistance which allowed. monogenea

to increase in abundance

Becker (Ig77') found numbers of E. cenÍ.tLaÌLchid"anum

declined sharply with decreased temperature. Leong (I975)

found that E. nznbaø peaked in abund.ance in late summer

while another cisco giI1 crustacean, E:ttS0",SiLu,s cLulLitu|

Markevich, 1940 | peaked in April and May and to a lesser

extent in:september and October. These two species ap-

parentty had. seasonal cycles which reduced interspecifíc
competition. Tn the present study E. n¿rLhl"¿ also

peaked. in abundance in late sunrmer (August) , though the

explanation of interspecific competiLion can not be

aiceptéö. as only one of these species infects cisco at

S.I.L. Host activity must allow accumulation of the

copepods until d.ropping water temperatures somehow red.uce

the establishment ôf nauplii anð./or cause the death of

established. crustaceans

The peak of abundance of Ra"pl+Lda",scattia ,syt. in

whitefish in t.he autumn and in cisco, and pike in t,he

winter in the present study, could be related Èo low

water temperatures during these periods or by changes

in host diet. Moravec (1970) explained t.he seasonal

cycle of Raythíd.aa eani¿ a"cu^ in brown trout by changes in
host diet. He failed to rule out other factors such as

water temperature. Raythíd,adca"rLi^ 
^p, 

occurring in cisco

and pike originate from encysted larvae in fish such as

whitefish. Peak abundance in piscivorous species
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as whitefish and a period of time for the increase in

numbers to move up the food chain

occur with plerocercoids of \íythqL-I-obothnum ,syt. II

from pike as it did wíth those of T. crLa"^tu^ in whitef ish.

There is no autumnal decline as with T. ctLa"^^u^.

Ingestion of infected copepods apparently occur for most

of the year without any immunological control when water

temperatures increase. Definitive host of this parasite

is probabty the her:ring gull , Lanu,s a"ngønta-tu's and this

might remove at least part of the Iif,e cycle f,rom control

of water, temperature though complete seasonal stability

cannot be explained

t{etacercaria of T. íntøttmødía in whitefish and cisco

peaked. in abundance in the winter (Iqarch) possibly

indicating Lhat host immunity probably plays a role in the

seasonal cycle. In contras!, metacercaria of 0. aytat.hacøum

which occur in the immunologicalJ-y more tolerent eye of

these hosts peaked in ,June indicating that proximity of

the host to the source of cercaria (snail) may be more

important than the reduction of host response when water

temperatures are Iow.

Pike parasites C. Lobotø,s and f . noduLo,sut both

had. maximal abundances in t,he spring. Both are vectored

by minnows.and smaller fish species. Diet of post,

spawning pike consisted mainly of shiners (intermediates
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for C, L.obot.¿tl and perch (intermediates for T. nodulo,su,ll ,

both of which were found in shallow areas, in the vicinity

of spawning sites. Diet. must be the major factor that

controltred these_ spring abundance peaks

Although reduced. host resistance may explain the

peaks of abundance of parasite species during late fall'

winter and earl1r spring (periods of low water temp-erature) ;

it does not explain peaks at other seasons. Effect of

temperature as a st,imrrlus affecting host diet, activity

and distribution in the lake can not be overlooked and

appears to be the main explanation for peaks of abundance

during warm water periods.. Although such factors as

interme{J-ate host or definitive host availability rnay be

the.only cause of spring or summer peaks of abundance,

these factors canno! escape the modifying effects of

water temperature.
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C) FOOD HABTTS

Changes in t,he abundanc" of, parasite species with
season, host age and sex can often be explained by changes

in host diet (sec. vfï a, b and d). Host diet was studied
in order to exprain differences in the abundance of
parasite species.

Major food items of whitefish hrere pelecypods,

gastropods, chironomid larvae, amphipods and ephems¡gptera

larvae (.A,ppend. X) . Cisco fed mainly upon zooplankton
(mainly Cqcloyt,s and, Oía.¡ttomu,s) epheneroptera larvae, tric4rgptera
larvae, chironomid larvae and small fish (Append. XI).
Major pike food. items are fish (mostly percidae) and

trichoptera larvae (Append. XTI).

v'Ihitefish diet was studied here within restricted
age groups when diet changed significantly (p. .01) with
host age. Major foods of young whitefish were chironornid

larvae which made up 202 of all identi,fiabre food. items,
zooplankton (principally c q c.(,0 yt,s, D íaytto nu¿ and o a"ytl+nLaJ

which make up 15?, gastropods (I5?), pelecypod.a and

hydrachellidae each with LAz of identifiabre food items
(Append.. X). ïn mature whitefish (S to 7 years of age) |

however, pelecypoda made up 2OZ, gastropods 18?,

chironomid l-arvae 12? and trictroptera larvae Il? of
identifiable food items (Append. x). otder whitefish
(g years and older) had a diet similar to that of mature

whitefish with 203 pelecypods, IBB amphipods, 15?
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gastropod.s and chironomid rarvae each and 9? ephemeroptera

larvae (append. X).

Diet of cisco also significantly changed with age

1p<.01) . The identifiable diet of younger cisco (0 to 4 years

of age) consisted of 63? plankton, 9% trichoptera larva,
88 ephemeroptera larvae, 8z chíronomid larvae and 3z fish
(Append. xI). older cisco (S years old and old,er) had a

diet which consisted of 252 ephemeroptera rarvae, zLz plank-

ton,2oztrichopteraIarsvaeand113fish(Append.xI)

Diet of pike did not change with age. ïd.entifiable
food. items were 6lz various fish species , 9"ø trichoptera
larvae, 8å ephemeroptera rarvae and 58 odonata rarvae and

amphipods each (Append. XII).
Changes in whitefish d.iet, with age are summarized

in Tabte 14. Although insects had a consistent role in
the diet (35 to 39?), plankton decreased in importance

(15:to 2so), and benthic fat¡na increased from 35 Lo 522

of their diet. As their intake of CqeLoyt,s , Oíaptomu^ 
.,

and other plankton decreased; anphipods such as Pontoponøía,

gastropods, and pelecypods became more important. Basd-calry 
:

it was a change from a planktonic feéding mode to one in
which benthic feeding predominates.

, Cisco dietary changes are summarized in Table 14.

As cisco increase in age the insect component of diet
incresed from 32.8 to 60.62., fish from 3.4 to 10.9?

while the plankton portion of the diet decreased from 62.6

Eo 2r.22. Although plankton continued to play a major role ,
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Iable I4. Summary of changes in diet, diet similarity
and diversity with age.

WHITEFISH 0-4 yrs 5-7 yrs. J.8' yrs.

Insecta

Plankton

Benthic

Simpson's
Index

CISCO

*
35.2

r5. 3

34 .2

8. 14

36.9

1.2

s0.0

10. 07

38.8

2.9

52.5

10. 34

0-4 yrs. 5- yrs.

Insecta

Plankton
: ,,, j,

Fish

Simpsonl s
Index

PIKE

32.0

62.6

3.4

3.82

0-4 yrs.

60. 6

21.2

10.9

, 4.r4

+5' yrs.

Anthropods

Fish

Simpson's
Index

29.8

66. 3

3. sl

26.3 .

47 .0

4.LL

Whitefish Similarity of Diet

Pike

*percent of stomachs corrtaíning food item
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in the diet of cisco as they age (unlike whitefish),
fish and insects become the major food. of older fish.
Cisco continue to feed on plankton but, when o1der, fed

mainly on food items too large for young cisco to catch.

t little with age. Arthropods

(principally insects) remained constant (26 to 30%)

did the fish component (SZ to 662 of recognizable food

items).

As these three fish species age their diet became

more diverse as reflected by increasing values for
Simpson's index (Tab1e 14). Vühitefish diet lvas more

diverse than that of cisco which was slightly more

diverse"than that of pike.

lVhen similarity of dietiìwas calculated the diet

of whitefish was more similar to that, of cisco (48.8%) l

tha4 to that of pike (27.7%) . Cisco were more similar

in diet to pike (34.14) than whitefish were (Table 14).
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Discussion

Diet of whitefish in this study was similar to
that reported by other authors (Forbes 1BBB r Hart 1931,

Reckahn 1970 and others). It is generally accepted that
the mode of whitefish feeding changes from a planktonic to
a benthic form. Kliewer (1970) found,that as gillraker
spacing increased as the fish aged, larger food. items

hrere taken. This change in size d.id not preclude consump-

tion of planktonic food. (Kliewer 1970). By three years

of age the diet of whitefish in this study was essentj-al1y

the same as those over ten years old. Reckahn (1970)

found that within a year of hatching whitefish had. begun

to feed.'bn foods characteristic of adu1t.s. Amphipod.s \¡rere

Iess important,in the diet of F:I.r,. whitefish then

gastropods and pelecypods. This,\,vas more similar to the

feeding of whitefish reported by Bajkov (1930) from

Lake Manitoba and Lake Winnipegosis than from Lake lfinnipeg.
Entomostracans were the prj-ncipal food taken by

cisco (pfesent study).: Cisco unlike whitefish .fed on

plankton to a large degree at all ages. Dobie (1966)

:re principally pelagic f eed.ers. Diet of

cisco f:iom other lakes as reported by Nelson and Has1er

(Lg42) , Rimsky-Korsakoff (1930), Fry (1937), Langford

(1938) and others was similar. None of these authors

suggested a significant portion of the diet of older

cisco consisted of fish'as the present study indicated..

Scott and Crossman (L973) suggested that cisco may eat

their olvn egg's and have occassi.onally eaten small minnows.
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Pike when young fed on aquatic insects but by

50 millimeters in length, fish became the.predomínant food

item (Scot.t and Crossman 1973). They report pike will
eat virtualllr any livingi vertebrate available to Èhem

within the size range they can engulf. Lawler (f965)

found that fish and insects formed the butk of pike d.iet

at Heming Lake, Manitoba. Most studies tike the present

have concluded that changes in the diet of pike with age

was mostly in the silze of fish ionsumed. Thus younger

pike would live on fry and minnows while older pike

could consume larger fish such as suckers, perch and

coregonid.s.

Changing d.iets of these fish species may have

prod.uced many of the changes in parasite abundance with
age (Sec. IfIa), Rumyantsev (.1973) found. age differences
in diet explained changing parasite prevalences. Lawler

(f970) reported that Bauer (fg¿g) found benthic feeding

coregonids had more trematodes and fewer cestodes than

en older whitefish in theplankton eating forms. Wh

present study began to feed on benthic amphipods

lPontopotLei(L a((5ini's ), the abundance of M. ¿a,Lmoní,5,

C. tnuneatu¿ and Cq, da.ttioní,s vectored through these

increased.. Differences in diet explain why younger pike

have higher abundances of T, nodulo,su,s (vectored by

minnows and. smaller fish) and smaller abundances of

T, crLa"^^u^ (vectored by comparatively larger coregonids)
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then they d.o when they were older and could consume

larger fish.
Prolonged. plankton diet of cisco (compared with

whitefish) explained. why they accumulated plerocercoid.s

of the copepod vectored. T. ctLa-^¿u¿ while the latter does

not.

The order of decreasing parasite fauna diversity
(Table 5) was whitefish, cisco and pike. This was Èhe

similar to decreasing diversity of diet (Tab1e 14). It
appearSthaLwithamored.iversedietanexpected

increase in parasite diversíty occurs. Vühitefish feed on

plankton and. benthic food.s, cisco plankton and fish, and

pike feed only on fish. These different types of foods

vectored different parasites. As whitefish become benthic

feeders they stayed in close proximity to the bottom and

\,vere possibly exposed to 'trematode cercaria released by

molluscs. Addition of several trematodes (T. ínt¿nmødía,

0, lytathaeøum etc. ) to thetr f auna increases their
diversity. Leong (I975) found no correlat.ion between the

diversity of foods and of parasites. He exptained it by

four factors 1) importance of food items as intermediate

hosts varied 2) digesti.on rates varied 3) host

specificity of parasites varied and 4) parasites modified

intermediate host behavior (increased. susceptibility to
predatíon). :
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In the present study there also existed a

relationship between the similarity of diet (fabte L4)

and similarity of parasite fauna (fable 5). Similarity
of diet between the coregonids, cisco and whitefish,
resulted in simirar parasite fauna. parasites exhibited
very little host spe-cificity between these two species

of fish, and. as a resuLt when their diets were similar
the resulting parasite fauna was similar. Consumption

of the amphipod. intermed.iate host by both hosts make it
hard to posÈul¿rte tLre reason fo.r the presence of
Cq. daníoni,s in whitefish and its totaL absence in cisco.
The amphd-pod Gammanu¿ may prove to be the intermed.iate

for this nematode for unlike Pontoyton-ø.ia" which vectors

r14. ¿ctLmoni¿ and. C. .tnuneatut to both fish hosts , Ganma-rtu.s

is eaten only in quantities by whitefish.
Although many authors used diet to explain

seasonal changes in parasite abund.ances, food analysis

on a seasonal basis in t,his study was not possible. As

water temperature increased fish fed more and digestion
rate, like other biochemical processes i-n poikilother¡nic

animals, increasêd.. As a result food items rarely
eaten may be id.entifiable at.lower water temperatures,

but commonly eaten food items may be digested. so quickly

at srunmer temperatures that they are unrecognizable soon

after consumption. seasonal differences in digestion rate_s

are apparent inrtemperate lakes and prevents accurate
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:

seasonal analysis.

Differences in d.iet with season and fish age

may explain the changes in the abundances of parasites

that are eaten in intermediates hosts. Changes. in
the mode of 'feeding (planktonic to benthic) may also

change the abundance of external parasites or parasit,es

which pass the fish surface (trematode cercaria)
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d) FJOST SEX

Abundance of major parasites of whitefish, cisco
and pike:was studied to observe if differences existed.

between dj-fferent sexes of host. No parasites exhibited
a sexual bias

Discussion

Differences in the abundance of parasite species

in male and femare hosts appears to be the exception and

not the rul-e. Although Paling (1965) Kennedy (t9GB) ,

shooter (1973) and others have reported. sexuar differences
,'. .:.

other authors such as Vüelch (Lg52), Bibby (Lg72), Rumyantsev

(1973) and Leong (I975) have not.

No one seems to have been able to explain why one

parasite in a host can show sexual differences and not,

others t ot why a parasite exhibits a sexual preference

in one host species 
"rr¿ 

,rot another

Although major parasites were studied during every

udy, no sexual

differences in abund,ance occurred ind.icating that these

parasites (in these hosts) did not have a sexual bias.
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e) GEOGRAPIIICAL LOCATIOI,]

In an effort to establish sampling locations that
could separate future effects of lake impoundment from

those of impoundment and current diversion, four sj-tes

ustrates. Sites B and Dwere chosen as figure 2 illustrates. Si

would be exposed to changing water currents in add.ition

to water level increases, while sites A and C were

narror{r-neckqd bays which would not be influenced by

current diversion. In ord.er to test the similarities
of parasites found at these sit.es the abundances of

the major parasites \Àrere ranked and tested for signíficant
, .1

differences using Kend.all's T nonparametric correlation.
Values for T , ctLa^^u^ and T . Lnte,nm¿dia i-n whitef ish and

cisco from areas 4 and. 5 (Fig. 1) were included for
comparison with the four southerly sites. Thi-s was

undertaken to evaluate the degree of representation of

these sites of the whole lake parasite community {Append,.

XIIT and XIV)

Abundances of major whitefish parasites and t,heir

ranking at each site appear in Append. XTII. The

three most abundant parasites T. int¿ttm¿dict, P. Q.xLguu^

and. 0. 
^¡rcLtha"cØum 

d.id not change in ranking. Major

differences. in ranking resulted from the high abundance

value for M, 
^a"Lmoní^ 

in sÌte B giving it a rank of 4,

whíIe it r.anked 9, 10.5 and 9 at sit,es A, C and. D

respectively. Although E. nQ.)Ll¿cL¿ ranked 4th in sites
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A and C (areas of restricted current) it ranked.9.5 and 11

at B and C respectively (fig. 2). Abundance of

Cnøytídodtomum (aníonit \^/as low in site C and ranks 10.5

while it ranked, 5 and 4 in A, B and D respectively.

Ranking of the four sites, however, were not significantly
different. Correlations of ranking appear in Tab1e 15.

The most simil-ar ranking was between B and D while the

Ieast similar was B and C which Ìdere less than two miles

apart (rig. 2) .

Ranking of abundances of major cisco parasites

appear in Append. XIV. Although the mo.st abundant

parasite P- díI-íeoLli,s and the least abundant 0. ,sagíttala.

had iderltical rankings, other parasites had slightly
differing rankings. Noticeable differences in ranking

$¡as the abundance of E. nønl¿a,ø in site A with a rank of

2, while at sites B, C and D (fig. 2) it ranked 6, 4 and 5

respectively . 0. 
^fra"tht"cøum 

ranked 2 and 3 at sites B

and D while it ranked only'4 and 5 at sites A and C.

Differences of ranking v/as significantly differenL

between sités A and B (Table 15). Farasite ranking of,

site C was. equally sirnilar with site A and B and the

parasíte ranking of site D was equally simitar with

A, B and C.

Ranking of major pike parasites was similar and

therankingofthethreemostabundantparasiteS
T. monQ.ntQ.tton, P. ytínguía and T ; crLcl^^u^ at each of

the four sites was identical (append. XV). The most

noticeable difference was the ranking of 4 for T. noduL-o'su¿
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Tab1e 15. Kend.all's nonparametric correlation of
parasiÈe ranking at sampling locat.ions

Whitefish:
BCD

co .68 .56

B .44 .83

c .47

BCD
Cisco:

*
,43 .62 .7L

B .62 .7r

c .77

Pike:
BCD

.90 .90 .52

B .81 .62

c
*

.43

*Ranking Significantly Different, p< .05.

A

A

A

AIB

c#D
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at site D while it ranked 7th at A, B and C. In contrast,

C. !-obotøt ranked 7th at site D while it ranked 5,6 and 4

at sites A, B and C respectively. Differences in r:anking

was significant between C gnd D which \ÂIere less than one

mile apart (Table 15). Ir{ost similar were sites A and B

and sites A and. C.

Abundance of T, üta-â,lt¿Á in whitef ish and cisco

at areás 4 and 5 was compar:able to that in sites A, B, C

and. D. Although abundance of T. ínt¿nm¿día- in cisco \^/as

comparable to these southern sites, that of whitefish \^ras

considerably higher.
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Discussion

Although much research has been done on the sep-

aration of marine fish stocks using parasite indicators

by many authors (Margolis 1963 , L967,. Gibson l-9:72;

Isles J,g7I; Pippy I969a, 1969b; and others) Iittle work

has been done with freshwater species. Differences in
parasite infections were explained by salinity (Shotter

I973), differing habitats which resulte.d in slightly
dif f erent host behavior, f eeding and or mig,rations

(Hicks and Threlfall 1973). The latter authors a-lso

explained differences by unequal dist,ribut,ion of inter-
mediate hosts. Law1er (1970) reported. that Petersson

(1969) separated stocks of cisco by degrees of T. c/10"^^u^

infection. Lawler (1g49) founð shallower areas of Lake

Malaren, Sweden had lower incidences of T. cna",s^u's.

Oakland (Ig4g) and Sunde (1963) found. differing levels

of. Í . c,LcL^^u^ inf ections in areas separated. by less than

9 and 2 miles respectively. T. crLa^^u^ larvae are long

lived and should. be a more sensitive biological tag than

parasites that appear and disappear seasonally.

No areas \^rere d.ifferent when the ranking of major

whitefish parasites were analysed. This was as expected

because of the close proximity of the sampling: sites
(rig. Z) and the similarj-ty of whitefish age distribution

at the four sites
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Differences in the parasite fauna of cisco aL

sites A ând B resulted from the greater abundance of

E. ne.lLl¿a"Q. aL site A. Site A does not have a current

unlike site B. Other basic ecological differençes

undoubtedly also exist. Cis.co at'site A also tended.

t.o be younger than at site B and as E . na-)Lt¿a"Q. tended to 
'

decrease in abundance with host age this explains most.

of the difference

Major differences in ranking of pike parasites

between sites C and D resulted. from higher abundances

of T, nod.uL-ci,su,s at C and lower abundances of C. Lobotø's

at. site C. Cyprinids which vector the metacercaria of

C. Lctboi¿,s were in much greater abundance at site C

and explains the greater abund.ance of the mature trernatodes

in pike here. Plerocercoj-ds of T. noduTo,su^ are vectored

by perch and young burbot (l,awler 1968, 1969a). Burbot

were most abundant in site D but perch \¡¡ere almost absent

from both locations. It is possibl-e that differences in

the avaitability of intermediate hosts might explain the
:

greater abundance of T. noduLo,su¿ at ,site D.

It appears that though some parasites such as

T. etta",s¿u¿ may have similar abundances in widely separated

parts of the lake, abundances of other parasÍtes like

T. int¿nrnødia-t¿ in whiÈefish may be more representative

of a smaller area. Such differences may result from an

unequal d.Ístribution of intermediate host for some
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parasites (such as snails) and not others (copepods) or

the relative abundance of host fish species. Although

not a complete comparison of these two parts of the lake,

it does draw attention tothe danger of generializing from

sampling site (s) to a large lake

Generally most differences in sampling sites which

d.id not differ great-ly in proximity or depth can only be

explained by differences in intermediate hosts or by

differences in the age class structure of host'species.
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VIII. MUSCULAR DISTRIBUTTON OF PLÉROCERCOTD CESTODES

plerocercoids of r. c,10.^'!u^ anð. DiythqLlohothníum

^rr. 
rr are located in the muscurature of their intermediate

hosts (whitefish or císco) and the pike respectively.
These plerocercoíd.s were not evenry distributed. in the

musculature and a comparison \^tas made between their
distributíons.

Prevalence of plerocercoids of T, crLa^,su6 was

highest in the right anterior epaxial muscre of whitefish.
ces-todes hrere much more prevarent in the right side, the

uppermusc1eandtheanteriorendof,thewhitefish.In

intensity vras significantly higher (p.0.01). Ratio of
T. etLa^^u^ plerocercoids on the rîghL/Left side was r.3l
(Table 16).

Similar1y plerocercoids of T. crLa^6u^ also had

higher intensity in the right anterior epaxial muscurature

of cisco, howeverr'unlike the corresponding higher
prevalences of plerocercoids in the anterj-or and

epaxial muscle, the plerocercoids tr,rere more prevalent

on the left side and not the right. Although ratio of
inteqsity of plerocercoids on the rígl:rt-/Ieft. sid.e of
ciscd was 1.24 and was significant (p.0.05), cestode abun-

dance was actuarry higher on the reft side (rabre 16).
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Distribution of plerocercoid.s of OLphqLLobotl+níum

^p, 
II in pike exhibited. no anterior/posterior bias.

rntensit.y and prevalence was greater in epaxiar and left
musculature of pike (tab1e 16). Ratio of plerocercoid.

intensity LefL/right was 1.40
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Discussion

Although sev-eraI studies of the distribution of

T. crLcL^^u^ plerocercoids are reported (Newton L932¡

Welch L952; Miller 1945 , Lg52) no such study has been

done on the d.istribution of plerocercoids .of 0LythqLloboth-

,tium. Newton (L932) found the orientation of f . clLa"^^u^

plerocercoids in whitefish \^¡as random but their distri-
bution was not. He found BOE of plerocercoids in the

anterior muscle, l0å in the posterior epaxial and remaini-ng

plerocercoids in the hypaxial musculature, He did not

studlz a right/LefL bias. lrlelch (1952) found an anterior
and right prefêrence in whitefish. He found 54ã of cysts

found wele on the right side and suggested as did. Miller
(f945, Lg52) that as the stomaÇh was to the right of the

midline, cestode larvae emerged and were encysted. here

Miller (1952) found the majority of ple.rocercoids

anterior to the anus and around the body cavíty (their

point of origin). His right/l-eÍl L ratios for r,esser Slave

and. Square Lake were I.30 and f.23 respectively. These

r¡rere somewhat higher than those of lVelch (1952). Freese

(I970) used..ultrasonic detectors to accurately locate

plerocercoids of T. ctla^^aÁ in whitefish. His right/

left ratio was 1.5. He also found epaxial muscle was

more infected near the surface which he at,tributed. to

migration of cysts und.er muscle pressure
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Ratio of the abundance' of T ., crLz"^^u^ pleriocercoids

in Èhe right/left of whitefish from this study was most

simi1artothatofSquareLake.A1thoughnoexp1anation
for the variability of this lateral bias in the distribu-

tion of this cestode in whitefish has been ptoposed, it

may be that these values are characteristic for stocks of

whitefish. Differences could be based on host physiology
'

or anatomy or on some difference in the parasite itself at

these d.ifferent locations. It is less difficult to explain

anterior and epaxial biases, merely on the basis of

rel-ative muscle mass. Anterior and epaxial musculature

are more extensive then are their counterparts and could

be, expeöte¿ merely on a chance basis to contain more

ple rocercoid.s
1

Lateral distribuÈion of T. c,La"^^t¿Á in cisco was

unusual because of the significantly dj-fferent (p. :05)

burL oenosite biasis of cestode intensity and prevalence.

It may be that for some inexplicable. reason stomach and./or

pyloric regíon positioning is such that more plerocer-

coids enter the left side of the host (in contrast to

whitefish), but somehow survivat rate on this side is

less than that of the right.

The elongate shape of pike explains the lack of

any anterior bias in the distribution of DiythqLLobothníum.

With anterior and posterior muscle masses nearly equal,

change infection results in an equal distribution. The

greater epaxial muscle mass explains the significantly

higher abundances here then in the hypaxial muscle.
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It was not possible to distinguish a left/right asymmetry

of the position of the pike stomach¡ Buckle (]g7L) '

did not describe such asymmetry though he worked. on the

anatomy of the pike alimentary system. Intestinal
asymmetry may exist and have produced. right/left. abundance

differences.

Little explanation can be offered for the unequal

distribution of cestode plerocercoids in the musculature

of fish other than unequal muscle mass and asymmetrical

positioning of the stomach/intestine from which the

plerocercoids leave



137

TX. TRTAENOPHORIJS CRASSUS AND HOST CONDITTON

Plerocercoids of T. crLcL^^u^ were approximately

they occur encyst,ed 'in the

musculature of whitefish and cisco. vlith such a large

parasitesizere1ativetohosts.izeparticu1ar1yin

young fish, and with several plerocercoj-ds usually

occurring within the musculature of an infected host,r some

type of adverse effect on the host would be expected

To investigate the ef f ect of T ¿ c,ta|Àu,S upon

infected whitefish and cisco, the ratio of host weight to

host lelgth and to host length cubed were calculated as

ind.ices of host condition. The latter value was less
j

sensitive to changes in host condition and wi.ll not be

discussed further. Condition values representing the

weight/length ratio for different aged whitefish and

cisco appear in Tab1e 17.

Whitefish infected with plerocercoids of

T. ctLa.^^u^ were generally shorter and weight,ed less

except fish younger than one year old. These changes

\dere not pnoportional and infected whitefish were

generally thinner or tighter for theïr lengths than

uninfected whiËefish. This was true for all but the

0 and 2 year old fish. These differences in condition

r^rere significant in fish B and 9 years and older (p. -10

and .05 respectively) (Table L7) .
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Table L7 . Ef fect of Tníaønoythonu^ cna"^^u^

on host condition
plerocercoid s

condiÈion = weiEhtr/length

CiscoWhitefish

uninfected infected uninfected infected

1. 010 1.00

t 1.88

2 3.L7

3 5.52

4 8.13

5 L2.I2

6" ,;16.gg
/¡ \

7 \-t 20.90

8 24.35
/r\9 ''/ 27.2L

t. 05

1. B4

3. 38

'5.00

7 .64

11. 9B

16. 04

20.10

22 .58 *:k

25.69 *

L.27

2.28

3. 93

5.52

7. BB

9 .25

10.7I

0. 91

r. 31

2.3L

4 .09

5.75

8.09

9 .64

t2.75

Significant < .10

** Significant < .05
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Irn contrast, infected cisco were heavier and

longer. These changes hrere not. proportional and. infected

fish generally had heavier bodies for their length.

Àgain the fish aged.0 were an exception and were signi-
ficantly lighter per unit body weight (p. .IO) than

their uninfected counterparts. ïn contrast, infected

cisco of 7 years and older had. signifi-cantly more body

weight per unit length (p. .10) and were in better
condition than uninfected fish of the same age (Table L7\.
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Discussion

Several authors showed changes in the physiological

condition of infected fish such as increased oxygen con-

sumpt.ion (Lester 1971, Meakins and Vüalkey I975). Sweeting

(Lg7 4) found that impi-anting the plerocercoid.s' of LíguLa

into fish caused changes in swimming behavior, atrophy of
organs and an j-mmunological response. Besides mucosal

damage Bauer and Nikol'skaya (1957) found. M. ¿a"LmonL¿

reduced the nutritional state of the fish. Petersson

(1971a) was unable to d.emonstrate changes in the weight/

length ratio of, infected whitefish at:various ages. Miller
(1945b) found that t,he presence of f . cta.¿¿u¿ in whitefish
and cisco caused slight decreases in the growth rate
(more so in weight than lengthJ. FIe found less of an

effect in what he termed the resistant older fish. This

condition change was increased with increased infect.ion

and was more pronounced in whitefish (incid.ental hosts)

than cisco (natural .host) (I,liller 1945b).

Cond.ition of infected whitefish decreased with

respect to uninfected whitefísh until by I years of age

t.heir condition \Á/as signif icantly \^rorse (Fig. 2L).

Ef fect of T. c)LCL^/su^ in the muscle would appear to slow

the weight, gain of whitefish relative to their growth in

length. The longer th.is retardation of weight gai.n is
in effect, the greater the resultant effect. Whether

this is competition for nutrients between the plerocer-
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Figure 19. Ef f ect of Tniaønoytl,Lonu¿ crLq"^^u^

. ''.. :ì:', ', . plerocercoid.s on host condition.

tr uninfeeted

I infected

ftsignif icant dif f erence p < .I
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coid and host tissues or simply an adverse effect due

to a more active immune response to the parasite cannot

be answered. Plerocercoids whj-ch are fu1ly encysted

and walled off probably do not have much of a biochemical

exchange. with the surrounding host tissue though this
cannot be easily tested.. Young of the year whitefish
and. cisco that eat more plankton could be expected to
gain weight more quickly nourished by this rich food

source. If the extra .plerocercoids t,hey consume as a

result do not have an immed.iate adverse effect they can

be expected to. be in better condition. Such an

immediate effect might explai-n the greater weight/length

ratio of infected young of the year whitefish. In
contrast, cisco of the same age appeared to be adversely

affected by plerocercoids consumed. with pl-ankton and

their condition is red.uced. Older cisco, however, did

not appear to be adversely affected by T. crLa,,s^u,s.

Feeding on plankton, cisco grovr more quickly and their
growth does not appear to be retardecl by plerocercoids.

As a result infected cisco of 7 years of age and older

are significantly better condition. Effect of þlerocer-
coids on young cisco and not older year classes could.

have two explanations. The plerocercoid are larger

in relation to fish size in younger cisco and as

plerocercoids were only recently picked up they are

frequently not encysted. Non-encysted plerocercoids

might stimulate a greater immune response or take up
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more nourishment from the host. As the fish grows most

plerocercoids are found encysted and walted off and

the eff,ect of increased. plankton in the diet might

become more posit,ive than negative

It is possible that if infection levels in S.T.L.

ndition of
whitefish and possibly cisco would be more adversely

affected by the cestode presence
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X. GENERA,L DTSCUSSTON

The parasite fauna of whitefish, cisco and pike

have been qualitatively and quantitatively describe¿ as

they exist before impoundment and current diversion of

S.Ï.L'Theparasitefaunaofthishost,,community''is

d.ominated by pike parasítes and not amphipod vectored

salmonid parasites as Leong (1975) and others found

nid specieselsewhere. In addition within t.he satrmo

surveyed, amphipod vectored parasites \4rere second to

trematode metacercaria and copepod vectored cestodes.

,,lhe various patterns of abundance caused by

age and season are influenced by host diet. It is the
l

single mo.st important factor affecting changes in

abundance of parasites with different host âge, season'

host sex and location. Water temperature is poss,ibly

also an important causal qgent of changes in parasite

abundance with season and age

P4ra'site diversity of the host species in this

study was not related to increasing sample size and thj-s

indicated an adequate sample size had been taken.

Changes of parasite abundance with host age and abundance

can,cause samples taken aÈ one period in time or those

which include only limited age groups of fish to be un-

representative of the parasitofauna of the lake. Samples

should preferably be taken on at least a rnonthly basi-s
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includ.ing all age groups. The present study suggest,s

that such monthly samples should include at 1east

15 specimens from each study species per location.
Stations used in the present study \¡¡ere similar and

could be combined. to provide an adequaÈe sample size of
greater than 60 per month of each species

Although the parasite fauna of the four samplj-ng

sites'were similar the data cannot be unconditionally used
:

to extrapolate to the whole lake. It is evident that
parasites like T. ctLa.8^u^ did. not vary much in abundance

oveï large distances while T. inlenm¿d,ia".didt even though

these \^/ere both larval parasites with a long life span

and thus were good biological tags.

Distribution of cestode; plerocercoids in the

muscul-ature of their hosts revealed. that the patterns

could not be explained simply on the basis of relative
muscle mass or intestinal asyrnrnetry

Plerocercoids significantly reduced host condition

in older whitefish and young cisco and the explanation

must be the relative consumption of plankton and adaptation

to the encysted parasite

S.I.L., is a unique opportunity to study the

parasite fauna of several fish species as their environ-

menb becomes modified by lake impoundment and current,

diversion.
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Many aspects of lake chemistry and biology have been

studied concurrently by workers at s.r.L. and the changes

Lhey have predicted are already occurrin,g. The 1ake

level will be raised over 3 meters through contror of the

lake's principal outlet at Missi Falls (Fig. 2) and a

diversion 'channer will be created from south Bay (area 6,

Fig. 2) to the: Rat River system to the south. Effects on

lake biology will be due to both current diversion and

laké impoundment.

Lubinsky (Ig73) reported Smirnova (1955) and

several other Russian authors found that flooding and

subsequent dilution of fish stocks caused a reduction in
abund.an'ö-e of parasític protozoa, monogenetic trsnatodes

and parasitic copepods as the chance of contact with thej.

appropriate host d.eclined.. This was followed by a period..

of rapid increase and. these parasites may exceed original
levels. Smirnova (1955) and other authors report patho-

genic effects on fish as a'result. They found. that para-

sites such as digenetic trematodes and cestodes which

have invertebrate hosts increase in abuniiance'as their
invertebrate host do and are often slow to return to
original levels.

Hecky et al. (Lg74) predicted a reduction in
primary productivity in the north end of the S.ï.L. in
response to reduced Churchill River flow through that
area. In contrastr productivity of the south-eastern
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area (Area 6, Fig. 1) is expected. to increase with the

influx of diverted Churchill River water ''
Patalas and Salki (L974) expect zooplankton

productivity to decrease in the central and nort.hern

part of the lake (Areas 3, 4¡ Fig. 1). It is expected

overall benthic prod.uction will be reduced 1.5-303, post

diversion (Hamilton I974). While northern areas. might

decrease 25-50? in productivity the extreme south of

the lake should improve.

Ayles and Koshinsklz (Lgl4) expect whitefish and

cisco populalions to increase initialllr, but over the

long term'their population sizes will be decreased.

They eipect pike to increase in size, condition and

number with impound.ment.

In surnmary, patterns of primary and zôoplankton

production wil-l change, benthic production wilt decrease

and pike w:iII become more abundant. With such drastic

changes oceurring in the lake, including changes in the

abundance of intermédiate and definite hosts, changes in

the parasite fauna is expected. One of these T. ctLe^^u^,

is of potential economic importance. Whitefish are an

important commercial fish in this lake. Diet has been

shown to consist of plankton j-n younger fish which

changes t.o benthos in older fish. The former consísts

of 
,CqeX-oyt's 

and other copepods which vector fhe cestodes

Pnot¿ocøphaLut and TnLaønoytl+onua and the later Ga,mmanu,s

and Pontoytottøía. which vector M. Áct.LmoníL, C. tnuncatu¿

and Cttr. (a.ttionit, coflrmon salmonid parasites in other
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studies. If as predicted by liamilton (L974) benthic

(amphipod) populations decrease Lhen a similar situation
to that stud.ied by Petersson (1971a) will develop. He

found that with decreased amphipod populations coregonids

with variaT¡Ie giII raker numbers (whitefish and cisco)

were forced to feed to a greater extent on cestod.e

vectorj-ng copepod.s. Cestodes such as T. crLq."^^u^ and

Pnot¿oeeytl+alu,s increased in abundance while amphipod.

vectored. parasites like M. ¿ctLnc)níd, C. trtunca"t.u¿ and

Cq. daníoni,s declined. sharply (Petersson 1971a) . The

same resutrt is pred.ictable at S.I.L. 'This alone would

be expected. to increase the number of plerocercoids of
T.',. cttat'âu¿ in whitef ish. Vüith increased consumption of

cestode carrying copepods, the number of T. crLl.^^u^
I

plerocercoids in whitefish could no longer be inde-

pendent of age but, as work by Miller (1952) pred.icts

will begin as with cisco (which have a higher intake rate

of i^nf ected copepod.s than ,whitef ish) , to accumulate with

age. This process will result in a substantially
increased number of plerocercoids by t,he time the fish is
of marketable size and. age. Until now S.f.L. has been

below the rejection level of 40 plerocercoids per 100

pounds of dressed fish but an increase in infection level
may'.cause rejection of whitefish. This would. result j-n a

loss of income to fisherman in the area who wiII already

have to cope with other flooding effects such as

submerged trees:
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r)

2)

3)

4\

5)

6)

7)

f n swnmary:

Parasitofauna of whitefish, cisco and. pike are

ev4luated; the species are listed with their intensi-
ties, prevalences, abundances, dominances, d.iver-

sities and similarities
Parasite.abundance is modified by five factors:
(a) host age (b) season (c) food. habits

(d) geographical location.
Adequate sample size to represent the parasitofauna

of these host species was found to be approximately

15 físh of varying ages per month per station, if
stations d.o notdiffer significantl.y in parasitofauna.

Although samples taken were probably representative

of the whole lake for T. c,La"^^u^ they may not be for
other species and erroneous extraþolations must be

avoid ed

Distribution of T. ctL&^^u^ and, DíytltqLLobotttníum ,syt,

plerocercoids within 'the musculature of their hosts

\^/as non random and. could. not be explained by muscle

mass ór stomach position in all cases.

T. crLa"^tu^ plerocercoids siEnif icantly reduced host

condj-tion in some age groups and not in others

suggesting that host j-mmunity and diet are involved.

With lake diversion and impoundment cestodes vectored

by copepods Í. crLa-^^ul and ?note-ocephaLur) wilt
increase j-n abundance while those vectored by

amphipods (M. 'salmoní's, e. tnuncatu's and. Cq. do,nioní,sl

will- be reduced as decreased intermediate host avail-
ability changes host diet and behavior.
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Appendix t, Parasite Surveys of the Salmonid.ae and

Esocidae

Codes of species
comparable to
present studyAuthor and Date. Location

Petersson 1971b Sweden I, g, I0, 11

Bauer L970 U.S.S.R. lf_ B, I0, 11 and
other European spp.

Rumyantsev Lg73 U.S.S..R. I
Bauer and Nikol 'skaya y'S ' S ' R; ' B

rfiË; ""-*r: L. Ladosa

Hoffman l-967 North America *alL except
European spp.

T,awler Lg70 North America *a11 non European
anraæan ì,{.

Miller LIAL Canada 28, 33*
i*xSmed1y 1933 Canada ^ 4, 24 t 33'

Price and Lg67 Canada (neview) *r, U, 15, L6, 29,
Arai 33*, 34

CogperLg2l'CanadianArctíc*n,27,2g,,3o
Van Cleave 1921 Canadian Arctic 29, 30

Ward1e 1933 sask. to eue., 
*r. *4, 3L, 32,

and N.Í{.T. 33-, 39
*

Fantham and Que. and N.S. 28, 33 , 35
Porter L94B

Bangham and Mainland B.C. L6, 27, 28, 30, 31,
Adarns L954 33*, 35

*Araí and L973 Alberta 33
Chien

**Lubinsky Lg76 lrfanitoba 3^, 4', 30, 33*, 34

wardre Ls32 #"å":fnÎ:îî1:1 re t 20 ' 2r

*species included. in this study
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Author and Date

Lyster 1939

Sandeman L967
and Pippy

Thre1fall. 1970a
and. Hanek

Hicks and L973
Threlfall

Choquette 1951

Bangham' L940

MacLulich l-g43

Hare and L975
Burt

Thre1fall 1970b
and Hanek

.

Hunter IIf 1939
and Rankin' Jr.

L76

Codes of specj,.es
cornparable to
present study

Ottawa, .';

St. Lawrence
Rivers ,
L. St. Louis

*
33 ,, 34

rnsular, NfId. 4* , 24, 25, 26, 28

Location

Labrador
*

33

Coastal Labrador 4- ,'L5, 25, 26,
28, 30 l

St. Lawrence 34
Vüatershed

**
Algonquin Park 3 , 4 , L5, 28

Algonquin Park 26, 28

Miramichi River,. 25
N. B.

Avalon Peninsula, 4*, 25, 26, 28
Nf1d.

,Connecticut Lake 32, 33*, 35

Lyster L940 Lake Commandant, 28, 30
Que.

Richard.son 1942 Lake Wakonicki, 4*, 28,33*
Que.

Hanek and Lg74 Matemek River, 25, 27, 2B
Molnar Que.

:***
Bangham 1939 Lake Eire 3 , 4 , 32, 33
and Hunter
ÏTT

'**
, 
Bangham 

: 
1e55 

ffili.:tïî?I'r= ? 3'n ,t ,â ,n, ¿;t3il, ,*
*species included in this study
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Appendix I. Continuêd

Author and. Date

Hanek and L972
Fernando

Leong L975

Location
*

Bay of Quinte, 33
Ontario

Cold. Lake, A1ta.

Lake of the Vloods,
Ontario

Heming Lake, Man.

Southern Indian
Lake

Linnaeus
l

(xoelz )

Lesueur

(MitchiIl )

(ci11)

(Vüagner )

(Koel z )

Linnaeus

Bean

Gmelin

GmeIin

(Koelz )

(Jordan and
Svermann)

(Pa11as )

(Pa11as )

(Girard)

Codes of species
comparable to
present stud)¡

L97 2

L954

1952

*3,
30,

?*
34

..*J1

*3,

4*,
*

4,

*4 , Lg, 24,
31, 33* ;

**4 , 30., 33 ,Dechtiar

Lawler

MacTavish

*
33

*
33

Sub Family Coregoninae

El Conøgonu^

(vfhit.efishes, Ciscoes, and Round
i{hitef ish)

1.

2.

3.

4.

3.

6.

7.

B.

9.

t0.

11.

L2.

13.

L4:

15.

16.

c.

o

P

11

c.

c.

(1

¡¡

c.

c.

c.

Pry o píum cqlindnacøum

P . wíLX-ía"mto ní

cisco

longjaw cisco

cisco

lake whitefish
bloater cisco

deepwat,er cisco

kiyi cisco
'

whitefish

humpback whitefish

cisco

whitefish

shortnose cisco

shortjaw cisco

broad whit,efish
round whitefish

mountain whitefish

t
*

a"LbuLa

aLytønaø

ctnt,ødiL

c.Luyt 8.a(\ o rLmi's

l+o qi (

j oha.nnaø

lziu i
La,v cLnøtu,s

høL¿o ní

pe.Lød

ytid's cl,tia"n

tLQ.ighandí

z¿nithícu¿

ncL^u^

E

EI

E
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Appendix I-. Continued

Sub Family Salmoninae (Salmons, Trouts and Chars)

L7. 0neonhgncLtu¿

r8. 0.

19. 0.

20. 0.

2L. 0.

22. SaLrno

23. S.

24. S.

25. S.

26. S.

27 .' SaLv'øL.inul

28. S.

29. S.

30. s.

go)Lbu^ chcL

l¿¿to"

t¿í¿utclt

ne-rLl¿a.

Í.'s hawq Í.,s cl+a

ac¿ua"bo nLÍ.a.

cLanbi

gnLndnøni

tsa.Lan

f.nutt.a.

ctLytínar

do ntínaX.it

m(LLma-

nd"mI"q eu^ þL

(tüalbaum)

(Watbaum)

(walbaum)

(Vüalbaum)

(Walbaum)

Jor.dan

Richardson

Richard son

Linnaeus

Linnaeus'

(Linnaeus )

(Mitchirl_)

(Walbauqr)

(Walbaum)

pink salmon

chum salmon

ioho salmon

sockeye salmon

chinook salmon

golden trout

cuthroad trout

rainbow trout

Atlantic salmon

brown trout

arctic char

brook trout

Dol1y Varden

Iake trout

Sub Family ThlnrralLinae (Grayling)

31, 'Tl+qna,LLu's ctnetLcu¿ (pallas)

Family Esocidae (Pikes

32. E,s o x cLmørLicclnu^
*

33. E. .Lucíul
:

34 . . E .. mo.^ quino ng q

ÄÉ35. t. nLgQ.tL

and Pickerels)

arctic grayling

redfin pickerel

northern pike

muskellunge

chain pickerel

GmeIin

Linnaeus

Mitchitrl

Lesueur-

El non North American
* species of present

Taxonomy after Scott

species
sttloy

and Crossman (1973)
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Appendix II. Species of fishes

Manitoba. (af ter

in Southern Indian Lake,

Scott and Crossmar¡ 1973)

Fish Species

Salmonidae

C o ttøg o nu^ cluyt ea"(o nmí¿

C. ant¿dii
Esocidae

tr/S 0X LUC,LU^

Percidae

E tl,t øo,s t om.a- níg rlum

P ¿nca (.La"v ø^ ce-n^
' 

Stíz"aa Í.¿dion vitnøum

S. canade.n^ Q.

Catostomidae

CaÍ.0,s Í.onu,s comm ¿n^ o ní

C. cato¿tomu,s

Percopsidae

P øncq ytt í,s omi^ comaA cu^

Gadidae

Lota .(.0 ttt

Cottidae

Cottu¿ cognøtu,s

Gaste'roteid.ae

PungiÍ.íut ytungitíul 
.,

Cu,(-aøa incctn^Ía-n^

(Walbaum) Trout-perch

(LeSueur ) Burbot

Richardson Slimy sculpj-n

Common Name

Lake whitefish
Cisco

Northern pike

Johnny darter

Yellow perch

V,Ial1eye

Sauger

Whitesucker

Longnose sucker

Ninespined
stickieback

(Mitchil1)

LeSueur

Linnaeus

Rafinesque

(Mitchill)

(Mitchill )

(smith)

(Lacepede)

(Forester )

(Linnaeus )

(Kirtland.)



Appe"ndix II. Continúed.

Fish Species
--__+

180

Common Name

Hiodontidae

Hiodon (LLo¿oíd¿t (nafinesque) eoldeye

Cyprinid.ae

Notttoytí,s hud¿oníu,s (clinton) spot.tail shiner
IV. cttltøn-inoid.ø¿ Rafinesque Emerald shiner



Appendix III. Calculation of diversity measures

(.f tur Leong Lgl 5)

1. The number (S) of parasites recovered.

2. The total number of individuals of all species of

parasites (N) in the sample ,

3. The Shannon-Weaver index of diversity (H') (Shannon

and !{eaver Lglg) calculated as:

Hi= 
È 

PiLnPi

í=1

where Pi : the proportíonal abundance of parasite i
' and'-. Ln = natural logarithm

4. The reciprocal of Simpson'q index (SI) (Simpson Lg4g)

calculated as:

Sï=

(ei ¡

5. An index of evenness (E) (Hurlburb, L97L)

calculated as:
--,fl tt mJ-n

tr_ú-
¡t' ¡¡u-max--rnin

where H'-ì- = LnN - N-S + I lr¿(N-S + 1)
¡TI.'L¡¡

n

and Hr = LnSmax-'---
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Appendix X. Abundance of whitefish food. items with age

V'Ihitef ish
.E'OOcl.

Empty
Digest. (unid)

Insecta (unid)
Coleoptera
Ephemeroptera
Hemiptera (Corixidae)
T r i chopte ra' ( H e xa g ¿ nícL I

Plecoptera
Odonata .,

Neuropteúa
Diptera (unid)
Chironomid adult
Chironomid. larvae
fnsect egg

Phytoplankton
Zooplankton (unid)
C q cL-o yt,s 

^ 
fr .

Other sp.

Vegetation (macroaqua-
tics)

Hirudinae
Mollusca (unid)
Pelecopoda
Gastropoda

Food
Age -Groups

570-4
s. oo (14 )

25. oo (70 )

* 0.36(r)
(0)

s. 00 (14 )

0.36(1)
3.21 (e)

(0)

(0)

0.7r(2)
(0)

0.71(2)
13. 93 (3e )

0.36(1)

0.36 (r)
1.43 (4 )

2.86(8)
6 .07 (r7 )

0. 36 (1)

0.36
0. 71

9.64
10.36

(1)
(2)
(27 )

(2e)

2. s7 (r0)
13. t1 (51)

1.s4 (6)
(0)

5;66 (22)

1.80(7)
e.2s (36)

0.26 (1)

0.26 (1)

0.26(1)
1.03(4)

(0)

10.02 (39)

1.03(4)

0.26 (1)

0.sI (2)

(0)'
0. 26 (r)

2.83(11)

0 .26
L6.97
15. l7

(0)

(1)
(66)

(se )

r-.78 (5)

L2.50 (3s)

1.07 (3)

0.71 (2)

7 .86 (22)

2,L4 (6)

5; 71 (16 )

(0)
(0)

1.07(3)
1. 07 (3 )

(0)

12.86 (36)

o.'7r (2)

(0)

1.07(3)
(0)

L .43 (4)

r.78 (s)

0.71 (2 )

(0)

L6.78 (47 )

L2.86 (36)

g+



Whitefish
Food

Amphipoda (unid)
H q a.!-Løl,a

Gq"mmo"rLu^

P o nto yto nøía

Hydrachellidae
Ostracoda
Nematomorpha

Fish (unid)
Walleye
Fish egg

r 'l'

0-4

Food
Age Grgups

5 -'7

I89

g+

s.3 6 (15)

1.43 (4)

1.78 (s)

6.78 (19)

2.L4 (6)
(o)
(0)

0.36 (1)
(0)

(0)

2.L4 (6)
(0)
(o)

1.07 (3)

e . 64 (21)
(o)

(0)

0.36(1)
(o)
(0)

4.37 (r7.)

r. s4 (6)

0.77 (3)

3. 08 (12 )

s.40 (21)

0.26 (1)

0.26(1)

(0)

0. 5r, (2 )

0.77 (3)

a (b)
a, percentage with food item
b, number with food item
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Append,ix XI. Abundance of cisco food items with age

Cisco
Food

IInpty
Digest (unid)

ïnsect,a (unid)
Coleoptera
Ephemeroptera
Hemiptera (Corixidae)
Trictroptera (H øxagønia\
Plecoptera
Od.onat.a

Neuroptera
Diptera (unid)

Chironomid adult
ChironomÌd larvae

Insect egg

Phytoplankt,on
Zooplankton
CqcX-op^ 

^p.Other sp.

Vegetation (macroaquatics)

Pelecopoda
Gastropoda

Amphipoda (unid)
ll q a"X-LøLa

Hydrachnellidae

Food

Age Groups

O - 4 y,r:.

45.64 (246)
t6.7 0 (90)

0.37(2)
0,18 (1)

3.1s (17 )

0.37 (2)

3. 34 (18 )

(0)
(0)

0. 37 (2')

0.7 4 (4)
i (o)

2. e7 (L6)
0.s6(3)

0.37 (2)

3. s2 (r9 )

6.68 (36)

L2.99 (7 0)

(0)

(0)

(0)

0.s6(3)
(0)

0.18 (1)

.L
5

44.7r(148)
13. 90 (46)

2.42 (Bl
(0)

LO .27 (34)
(0)

I .L6 (27 )

0.30(1)
0.30(1)
0.30(1)
1.sl (s)

0. 30 (1)

L.2L.(4)
0.30(1)

0.60(2)
1.81 (6)

2.rL (7',)

s.14 (14 )

0.30 (1)

0. 30 (r)
o-30 (r)

0.60(2)
0.60(2)
o.e1 (3)
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Cisco
Food

F ish (egg)

Fish (unid)
Percidae (unid)
Walleye
Stickleback
Shiner
Other fish

'. t

Key as Appendix X

. Food

Age Groups

q-s+
(o)
(0)

0 .37 (2)

0.18 (1)

0.74(4)
(o)
(0)

5+

o.6o(2)
1.81 (6 )

(0)

0. eI (3)
(0)

0.er(3)
0;30(I)
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Append.ix xïr. Abundance of pike food items wiÈh aqe

Pike
Food

Empty
D-igest

Insect (unid)
Coleoptera

. Ephemegoptera
Tríchcptera (H øxctg ønía.l
Odonata
Diptera (Chironomid

Iarvae)-

Zooplankton

Hirudinae
Gastropoda

Amphipod.a (unid)
Gammarus

Decapoda (O,co nøctl+¿¿ )

Fish (unid)

Percidae (unid)
Perch
üÍa11eye

Sauger

Stickleback
Troutperch
Shiner

Food
Age Groups

0-4vrs.
47 .46 (1s9 )

2L.49 (7 2)

(0)
(0)

0.e0(3)
3.58 (12)

2.0e (7 )

(0)

o.3o (r)

0.60 (r2)

o.6o (2)

o.eo(3)
0.60(2)

0.e0(3) :

10.1s (34)

2.0e (7)

(0)

o.eo(3)
o.6o (2)

1.4e(s)
1.7e (6)

1.le (4)

N,/S
-+5

43.7 s (182)

18.7s (78)

0.48 (2)

0.24 (L)

4.33 (la ¡

2.8,8 (Lzl.

x.68(7)
0 .24 (L)

(0)

r.e2(B)
0.24 (L)

r.20 (s)

0.e6(4)

r.e2(8)

10.10(42)

3.60(1s)
0.e6(4)

(0)
(o)

(0)

L.44 (6',)

L. 44 (6)



Appendix XII. Continued

Pike
Food

Coregonid (unid)
wnl_ter]-Sn

Ci-sco

Other fish

Key as Appendix X

Food
l\ge Groups

0-4yrs.

0.e0(3)
0. 30 (1)

0.30(1)

o.eo(3)

193

N/s
+

3

0.e6(4)
0.24 (r)
2.16 (e)

0.48 (2)

:,¡a
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Appendix XIII. Abundance of major whitefish. parasites
of sampling sj-tes

Parasites
STTES

B

T øtnaoo t q Le ínt ønm¿dLa

0 í yt X-o,s to m u.Lum 
1ruTrf^ ".

Ra.ytl,tida",s co".rLi's 
^ 

f) .

Pno t¿o cøyt haLul exiguu,s

C t4 ctÍ.h"0 e øyt lta!-u,s tnunca-
tut

M¿t øclqínonhq nchua

^ 
a"Lmo ní,s

C qr tidico [-a (¡anio nia

S a.(,mineo.(,a øxÍum ¿^ cøn^

E ng ct,s i.Lu,s n ørLt¿(L Q.

D i's co co tq Lø d a"g itlctt.a

Cnøytído,s tomum { a"nio nL,s

T niaøno ytl'to nut crLa.8 
^ 

u^

3.r7 (. 6s)

[15. s] I
2.40(.s6)

16 .2) 3

o.s8 (.38)
t0.71 I

2.24(.80)
t7. sl 2

.1.15(.06)

lo. zl 11

l

1.12 (. 21)

lo.61 9

L.46 (.22)
to.el 7

0. 30 (. 11)

t0.11 t2

1. 61 (.26]'

11.31 4

0.15(.23)
I0.31 10

r.49 (.23)
[1. o] 6

0.67 (.s6)
11.11 s

3.32(.s9)
[16.4] 1

2.08 (. s3)

14 ,2J

0;81 ( .19 )

to.4l e.s

r.80(.az¡
t4. el 2

L.7L (.r2)
[0;6] I

1.33 (.43)
tr.6l 4.

1.36(.30)
t1.21 6

0.25(.12)
t0.21 L2

0.86(,17)
10.41 e.s

0.41 (.23)
t0.31 11

2.LL(.16)
tr.3l s

0.58(.4e)
t0.el 7

3.12 (.63 )

t14.31 I
L.96(.s8)
t4.11 3

0.80(,31)
t0.71 I

2.43(.e2)
tl0.41 2

2.L5(.rr)
lr.0l 5

0.5s (.2r)
lo.4l 10.5

7.r7 (.26)
lo.el 7

0.08 (.14)

[0.21 L2

1. 61 ( .26)

lr.3l 4

0.60(.3s)
10.61 e

0:95 (. r5)
[0.4] 10.5

0.s8 (.4e)
t0. el 6

3.24 (.81)

l2o.6l I
1.89(.S¿)
t3.61 3

0.78 (.le)
to. a1 1o

2.86(.sA)
lrs.4I 2

r.B9(.13)
t0.81 7.s

r.25 1.16)
to.sl e

1 . oe (.32)
.It. o] . 5

o.os(.18)
t0.21 L2

0. e3 (.14 )

10.31 11

0.6s1.40)
10.81 7.s

2.L2(.16)
,t1.41

0.49(.s4)
Io.el 6
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Appendix X IIT. Continued.

T qtna.co tu.Lø ínt øtLm ¿dio"

T níaøno ytho nu,s crLo,L 
^ 

u^

a (b) a, log intensity; b, prevalence

[c]d c, abundancet d, rank

AREA 4 and 5

3.73 (.e4)

t3e .21 (aa ¡

(

0.62 (. s0)

to;el (198)
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Append.ix XIV. Abund.ance of
sites

major cisco parasites at sampling

Parasites
STTES

B

T¿tnacotqLø intenm¿dia" 0.68 (.15) 1.28 (.38) 1.21 (.33) 1.33 (.28)
to.¡l s [1.4] 3 [1.1] 2 t1.11 4

Di,¡tLoatomuL-um ,s^y{hae- L.29 (.13) L.7g (.31) 0.s6 (.30) 1 .43(.28)
øum to. sl 4 [1. B] 2 to.sl 5 tr.2l 3

A

Raytl'Lídad ca"rLí^ 
^ 

p.

P n o t ¿o c øyt l+a"Lu,s : flico 
L

Enga,sLX-u^ n¿rll¿eQ.

0 í,s eo co t q Le,s a,g itLa"ta

T nia"eno ytl+o nu's ctLa"^ L u^

T øtnaco t.q.Lø int ettm ¿dí0,

T nía-øno p[to nu,s

0.36 (.r0)
to.ll 6

2.34(.90)
ís .41 1

r.52 (. 32 )

[1.5] 2

0.22(0.2)
t0.11 7

o.s4(.4r)
[0.7] ' 3

0..s5(..23)
lo.¿l s

3.34(.e6)
f27.Ll L

1.34 1.23)
t0. el 6

0.52 (. r7 )

10.31 7

0.61 (.70)
tl. 31 4

0.s7 (.16)
to.¡l 6

3.22(.es)
123 .71 r

o.B6(.28)
10.71 4

0.30 (.16)
lo.2l 7

o.4B (.64',)

tr. 0l 3

0. 48 ,(.tzl
to.el 6

2.97(.81)
113. ol 1

0.96 (.18 )

to. sl 5

0.491.10)
10.21 7

a.s2 (.69)

t1.21 2

AREA 4 and 5

L.54 (.r6)

to.7 ) (zz¡

o.so (.64)

Þy as Appendix X III.

CrL0-/5 
^ 

U^

I1. 0l (1e )
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Appendix XV. Abundahce of
sites

major pike parasites of sampling

Parasites DcA

TTE-S
B

r øtn ao nct'tu,s mo nøntøoo ", 
r2rl; l. 

ttì

D íytlrtq L.Lo b o t hníum's yt . 0. 6o (.43)

10.81 6

Ra"ytl,tida.,s cani¿ 
^ 

fr .

T nLa"e-no rl,ro (.?Á

?no t.¿o ce.,¡t!+aLu,S

4.4.6(.99)
t8s.3l I

o.84(.s6)
tl. 31 s

3.6? (.es) ! 3.26(.97)
l3B.1l 2 t2s.3l 2

1. 00 (.25) r.2L (.26)
to.7l 7 to.el 7

4.45(.es)
I81.01 I

1.01(.0¿)
tl.Bl 6

4.43(.9¡)
177 .s1 1

0.e4(.66)
t1.7I s

1.7s(.se) 2.0r(.ss) L.22(.60) r.43(.39)
13.41 4 t4 .11 4 t2 . ol 5 tl. 61 6

crLa.^^u^ 1.87(.64') 2.35(.90) I.B0(.69) 2.39(.70)
14.11 3 t9.51 3 t4. ol 3 17 .77 3

ytLnguít 3.s4 (.96)
[33.1J 2

L.L2(.4s)
t1.4I 7

3.7,+(.98)
14r.1l 2

2.70(.40)
ts.el 4

T nLct øno ytl+o nu¿ no duLo's u,s

C øntnov a"rLLum X.o bo t ¿,s

Key as Appendix XIIÏ

1

L.94(.re) 1.68(.23) 2.3L(.21) 1.70(.13)
lr.2l 5 [1.2] 6 t2.11 4 to.7l 7




