THE UNIVERSITY OF MANITOBA

METAZOAN PARASITES FROM WHITEFISH, CISCO AND
' PIKE FROM SOUTHERN INDIAN LAKE, MANITOBA: .

A PREIMPOUNDMENT AND DIVERSION ANALYSIS
by
REGINALD ALAN WATSON

A THESIS
SUBMITTED TO THE' FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THE DEGREE OF MASTER .OF SCIENCE
DEPARTMENT OF ZOOLOGY

WINNIPEG, MANITOBA

SUMMER, 1977




METAZOAN PARASITES FROM WHITEFISH, CISCO AND PIKE FROM
SOUTHERN INDIAN LAKE, MANITOBA: A PREIMPOUNDMENT AND DIVERSION
ANALYSIS. '

by

REGINALD "ALAN WATSON

A dissertation submitted to the Faculty of Graduate Studies of
the University of Manitoba in partial fulfillment of the requirements

of the degree of

©-1977

| Permi.ssion has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this dissertation, to
the NATIONAL LIBRARY OF CANADA to microfilm this

- dissertation and to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstruct of this dissertation.

The author reserves other publication rights, and neither the
dissertation nor extensive extracts from it may be printed or other-

wise reproduced without the author’s written permission.




ABSTRACT

Iﬁtehsity, preValenée and dominanqe of'parasites,
as well as the diversity and similarity of the parasito—
fauna of the lake whitefish.(CQnggonué'QKQpéaﬁonmié
_Mitéhill), the lake herring or cisco (C.:aniedii Leseur)
and the northern pike (Esox Lucius L.) wére studiéd.at
-Southerh Indian Lake (S:I.L.), Manitoba. 'Amphipqd
'  Vectdred parasites were less important and copeﬁod"
vectored parasites were more important in_S,I.L..than
reported'for ofher,systems; Abuhdance of parasite
‘spécieSfWas-altered by‘hOSt age and se$éoﬁ, Geographical‘
location affected.the ranking of pafasite'abundancé |
‘._but no differenées'in paraéitefabundande was observed
in différent.sexed fish. "Pleroéeréoids of Trniaenophorus
L crabsus Férél in whitefish and ciséo, and Diphyﬁﬂqbothnium
4pf in)pike exhibited nonrandom»distributioh'in host .
musculatu;e and,Could‘nqt be explained éntirely by
relaﬁivé.muséle mass or asymmetry of fish:intestinal
tracts. Condition of cisco,and whitefish was mOdifiéd
- by presence of T. cnaééub. plerocercoidé. This study
presents’data prior to impoundment and divefsion of
curfent, ahd predicts changes in the parésitofauna of

o thesé fish species.
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I. INTRODUCTION

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

(Hoffman 1967). Usually these reports deal with one,

species of host or one species of parasite in complex

ecological systems. Leong (1975) is the first to .

attempt .a comprehensive overview of the interaction of a

- community of.fish and their parasites;' The system which

he chose was a large,‘deep'lake with a large scale
introduction of an: exotlc fish spe01es. 'Although thisv-
system 1llustrated para51te flow, modlflcatlon of
para51te abundance by host age,vhost sex and season, the

system was probably unstable because of_the short assoc-

vlatlon of the introduced host spe01es.

Southern Indian Lake (S. I L.), in northern Manitoba.
1s a relatlvely stable, shallow, mesotrophlc freshwater

lake. It has a well establlshed commercial flshery

‘and ‘for this reason three economically important fish’

_species were chosen for study; namely the lake whitefish,

Coregonus cKupedﬁonMLA (Mitchill);»lake'herring or cisco, .

C. artedii LeSueur and the northern pike, Esox Lucius L.

These species are hosts'for two stages of the life cycle
of the economlcally 1mportant cestode, T&ld@ﬂdphonué crassiLh

Forel 1868. Furthermore, because 1mpoundment and dlver51on,

major ecological changes, were about to occur in S.I.L.



" this Wasda unique'opﬁcrtunity'to establishrbaSe—line'
.data for long term comparisons. Recent work (Petersson
l97la) suggested that these .changes would result in an
increase in T. c&aééué and a decrease in the value of»
‘whitefish catches. |

| .In crder to develop a-comprehensive overVieW'of
parasites.ih a large lake one,must'know the'parasitofauna,
fish age, sex, diet»and water temperature. All of'these
factcrs are extremely importaht in_predicting adeguate
sample 'size to evaluate-if sample size is adequate_to
give an acceptable representation of the lake.-

Finally, few comprehen51ve'stﬁdies of fish
para51tes have been undertaken in Manitoba. Invfact
}most para51te records come from a. stﬁdy by Dechtiar'd
(1972) of Lake of the Woods, an atyplcal aquatic env1ron—
ment for Manitoba. The objectives of the present study were.
d'l._‘To determine the para31tofauna,of these three fish

H-species,lﬁercentage cffhosts infected, number of -
parasites in an infecticn, size~of'the’parasite
popdiation, dominance of‘parasite_species,:and :
diversity and similarity of parasites. i

2. To determine the effects of the follow1ng modifying
.factors on these parasites: (a) age (b) season
kc)' food habits (d) - sex (e) lccation.
. 3. “To determine whatrccnstituted the sample size
necessary,fcr an adeguate‘repreSentation of the

parasitofauna of the host species.




To determine how representative our sampling was,

vparticularly with reference to T. crassus.

To detérmine the distribution of T. crassus and

Diphytlobothiium sp. plerocercoids in the muscula-
ture of their respective intermediate hosts.

To determine ifvT.vcnaAéu5. plerocercoids signifi-

cantly alter fish condition.

To predictlchahges in the parasitofauha<of these
fish épecies withwlake'impoundmentvahd'diversion.

of current.




II. LITERATURE REVIEW

‘a) PARASITE SURVEYS

‘Although the nortﬁ témperate'regi¢n.of Northf
America ihcluding Mahitoba_hasvbeen incompletely sur—
veyed fdr'fish parasites, several surveys. of Qntario,
‘British Columbia and.fhevmaritimesfhave’been compléted.'
Fish of ‘the Coreéoninaeiand ESocidae.have.beén surveyed
in.othér continents and have a parasite fauna nét unlike
that of comparable'North America_fishés; vMosﬁ inténsiVe
studiés on_§oregonid parasites other than fhatﬁof_
Tilaen&%haﬁub crassus Were“donezin_the.U.S.SfR..énd in.

. the Scandinévian countries. For convénience these

- surveys are included in Appendix I.

' b)  GENUS TRIAENOPHORUS -

The.Qenus'Tﬁiaenophqnué is.citcﬁmpolar_in'disiri—'
' bution. Cooper (l9l8j_firs£>reported it from Norfh
‘America apd subsequentlyquortland (1927) reported it

'vfrom Minnesofa;_ Nicholson (1928) reportediT&Laenophqnué

~from Manitoban cisco thbugh‘little ofvitsbbioldgy was
kno&n. Lawler and'Scotti(l954) reviewed the geographic
distribution of the genus in North America. Distribution

- in Eurasia was studied by Uzmunn'and'Hesselhost (1957)




and Michajlow'(l962). Tniaenophohug.species wereostudied
| in Norway (Vik,V1959) and Lake Malaren,.Sweden (Lawler,
1969b). | |

Three species-’T. cnaAAuA T. noduLOAuA Pallas,
1760 and T. stizostedionis Miller, 1945 were known when
Kuperman (1968) described three others;'T._amunenéLA, ‘
:JT.ionientaZZA and T. meridronalis from fish of the'Amur
basin and southern reservoirs of the U. S.S.R. bTheSe
Alatter three spec1es are unreported from North America
and are not included in thlS literature rev1ew.'

‘Review of the biology and control-of the North |
American spe01es of Tntaenophonué were prepared by Doan
(1950a, lOSOb), Kennedy (1951b), Miller (1952 1954) and
dLawler (l955° 1956- l959a, l959b 1960 196la; l965)u

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

Procercoid larva of T. cnaégué_infect copepods
(primarily'CyQZGpA). These are eaten by!plankton feeding
.fish,vcisco (C. antedii)-and to:a lesser extent.whitefish'
'(C. czupeaﬁaniA).and the *plerocercoid larvae develops
'in host musculature. When 1nfected cisco and whitefish
" are eaten by the definitive host, pike (E Lucius)
mature worms develop in-the-pike intestine.
| T. nodulosus also infects copepods and becomes a
fplerocercoid_in plankton:feeding intermediate, usually
burbot (Lota fLota L.) Or;perch7(Pe&aalﬁﬂaueécena

"Mitchill). fPlerocercoids'develop in the visceralorgans




and mesentaries. Pike are the definitive host and the
last link in the cycle.
T. stizostedionis infect copepods which are eaten

by trout-perch (Percopsis omiscomaycus (Walbaum)) and

develops in the viscCeralorgans and mesentaries. ' oo

" Walleye (Stizostedion vitrneum (Mitchill)) are the %
definitive host.

All three species of Tadlaenophorus mature in the
spring and deposit eggs which hatch releasing a ciliated
coracidia which are in turn eaten by copepods.

. Plerocercoids of T. crassus were also found in
the sea and arctic lamprey (McLain, 1951; Guilford 1954,
and Buchwald and Nursall, 1969) and the sockeye salmon
(Margolis 1963). Besides the burbot and the yellow perch,
__plérocerdoids of T. nodulosus were reported from the
white perch, Roccus amendicanus (Gmelin) (Tedla and
Fernando 1969a), and the European perch (Perca {Luviatilis
L. (Chubb 1964).

Many authors have studied the biology of these
three cestode species. Procercoids of these cestodes
in their copepod hosts were studied at Heming Lake
(Watson, 1963; Lawler, 196lb; Watson and Lawler 1961,
1963, 1965; Lawler and Watson 1963; and Watson and Price
1960). Miller (1945a, 1945b, 1945c) studied the biology
of these species in their vertebrate hosts in Lesser

Slave Lake, Alberta. Lawler (1950b, 1950c; 1952; 1953;



1968'.1969a) studied the biology-of T. haduﬂoéué'in its -
'1ntermed1ate hosts (perch and burbot) and its deflnltlve
host (plke) (Lawler 1955). ‘Chubb (1963) also studled |
‘ the bionomics of T. nadutabu& in.pike. |
| ‘In 1932, Nicholson established that T&Laenophonué
t&icuéprdatué Bloch,~l779 (= crassus) was non—pathogenlc'
to man. Newton'(1932)‘initiated studies of its biologf-.
~inwestern Canada. He described the effect of host age
and of season on the numbers and distribution of
.plerocerc01ds in the musculature of whlteflsh.. In'the
1950°" slnspectors of the U.S. Food and Drug Administration. ,
began to refuse heavily 1nfected flSh at the Canada/U S A.
border.‘ Adverse economlc effects on the canadlan
'fishér;es promoted much of»the!subsequent‘research on
sT. crassus. kabaum'(1936, l937)vfirst described the
hatching of eggs of this cestode. Surveys of cisco-and
' thtefish in‘Lake Winnipegosis, Lake Manitobav(Doan 1945a;
l945b),_Nesslin Lake'(Wheaten'and-Rawson 1949a), Southern
'Indian_Lake (Sunde = 1963, 1965) and many other commerCiai'
lakes were initiated'to locate lakes_With lOw infection
: levels.of T. crassus and;thus auoid American rejection
’vof fish exports. | .
Although candllng and selectlon of fish from lakes
andjregions of lakes with low infections reduced rejection
of fish shipments, methods were sought to reduce

T. cnaééué,infections;~'Control was attempted by removing



“the pikenfxem;Heming_Lake (Doan 1949; Kennedy and Doan
1949; Lawler 1950a, 1950d; 195la; 1959a; 196la),

Lake Winnipeg (Kennedy and Doan 1949).and Square Lake,

Alberta (Miller'l950)- Removal of the pike s1gn1f1cant1y

reduced T. crassus 1nfectlon in whitefish but the method
was expen51ve; Slmllarly c1sco, thought to be 1mportant

in malntalnlng heavy 1nfect10ns 1n whlteflsh, were

selectlvely removed from Lesser Slave Lake (Mlller 1948),.

-,Mosher Lake (Wheaton and Rawson’ 1949b), and Lake Winnipeg
‘(Kennedy (1950, l951a) - Results were positive but not
, economlcally fea81ble. Experlments to control corac1d1a
ewere unsuccessful (Miller and Watklns 1946 Mlller 1949
leln l950a, 1950b, 1951). o
Other work on T. c&aééué by Kennedy (1948) and

“Oakland (1949) established statlstlcally sound methods
OvalaSSlfylng T. cradsus infection levels in lakes.
Kelener (1950) studied differences in T. cnaAAuAv
‘parasitism of differentkspeeies of cisco in Lake Winnipeg.
Miller (1945b) examined the effect Of this Cestede onb
_the growth of cisco and whitefish. Welch (1950,>i951,
1952) investigated the relationship.between ;imnological'
factors and TL crassus infections in lakes in the

Thunder Bay district. Lawler (1951d) stocked Wapum Lake
w1th whlteflsh in an attempt to observe the establish-

ment of T. c&aAAuA but stocklngiwas;not,successful.




Taxonoﬁic studies of-cisco revealed differences
in the T. crassus infections of diffetent species
(Lawler lQSlb; Keleher 1952). Keleher (1953) studied
the factors resulting‘in differentiai infections of
Lake Winnipeg cisco. | |

| Although interest in T..c&aééux declined sinCe
the 1960 s,.research contlnues. Margolls (1963 1967)
successfully used this species as a biological tag to
separate spawnlng stocks of the sockeye salmon.
'Research was conducted into the detectlon (Budde l965,.
}Freese 1970) and the nutrltlonal effects (Crampton .
1960) of plerocer001ds in whlteflsh flllets. Peterssonf'
(l97la) found that lake 1mpoundment 1n Sweden ralsed

- T. crassus 1nfectlon levels in coregonlds.

¢) MODIFYING FACTORS

i)‘ Host Age
B Many authors studied changes Of parasite fauna

\With host age. This effect'wes observed in'T chaééué
1nfectlons (Newton 1932, Welch 1952 Mlller 1952)

Hine and Kennedy -(1974) found Pomphothynchaé Kaevéb
(Zoega) Mﬁller, 1776 accumulated in aging dace,
Leucibcué KéuciécuAvL; while changes in this parasite's'
distribution within the host also occurred. Bibby

(1972)'found the acanthocephalan Neoechinorhynchus rutili
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V'(Muller;il780)'decreased in abundancefwith age of
Phoxinus phbkinué L. The copepod, E&gab&ﬂué cent&ach&danum
_erght tended to increase in abundance w1th bass age for
three years than declined (Cloutmann and Becker 1977).
Awachle (1966) found Cyathacephaﬂué I&uncaiué (Pallas,»
1781) peaked in prevalence in three year old trout
:though 1nc1dence did not change. -Parasites within the“
same host reacted differently to changing-hoSt age;
Shotter (1973)_foundvsome parasites of whiting - '
(0dontogadus merlangus L.) like the cestode GnLZﬁotLd
Ardinaceus Guiart, 1924, the monogean Dtcﬁrdophona merlangi
(Kuhn 1n Nordm., 1832), the dlgeneans,‘HemLunuA commonusd
Odhner, 1905 and Denogeneé de&cué (Mueller, 1784)

.Looss, 1901 and nematode Coninacaecum elavatum Ralllet
‘»et Henry, 1912 1ncreased in 1nc1dence and 1nten51ty w1th
host age- whlle the dlgeneans StephanoAtomum prAS LA
(Deslongchamps, 1824) and Lecithaéien_gibeAaA'(Rud.,a
-1862) Like, 1901, metacercaria of’C&yptocoiyZe Kinéua~
- (Crepl., 1825) Flschoeder, 1903 and ‘the copepod CLavella
.uncrnaia Miller decreased w1th host age.~

Mlller (1952) found that: c1sco accumulate

T. crassus - ‘plerocercoids and whitefish do not. He
suggested that'this stemmed from dietary differences
.affecting uptake rates of infected copepods. Petersson
{1971a) thought this explained why whitefish with high
}glll raker counts and- not those w1th lower counts

accumulated plerocerc01ds of T. cnassus w1th age.




B

'-Changeiof diet with age of brown trout resulted in
reduced infections of Crepidostomum metoecué (Braun,
1900) and C. farionis (0.F. uiller, 1784) Nicoll, 1909
(Awachie,.l968) Bauer and Nikol' skaya (1957) and |
Rumyantsev (1973) found that dlfferences in -h” flsh-
‘diet and © .. fish distribution in a lake could account for
para51te changes in: flSh of dlfferent ages. - .
More,Dibcacotyﬂe sagiittata (Leukart, i842)
Diesing,;lSSO were found in older trout-(ThOmas 1964;
Paling-1965);v Paling’kl965).found‘two generations,of
'monogenea on older trout (on the basis of size)'and‘
suggested thlS accounted for the hlgher numbers on.
these flsh ‘ ,
Leong (1975)'pointed“outvthatfage affects
pafasite species differently in different hosts or in .
_different'geographical 10cations;vvCohplexity.of whitefish
' and'coho parasite faunas decreased with‘age whiie that

of cisco peaked in. mlddle ~aged fish (Leong 1975).

Changes in host diet, host phys1ology (re51stance)
and/or’ host geographical location are the primary ex-

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

Seasonal changes in abundance were observed in

many species of fish parasites. Midsummer increase of

T. cnaééuéVQPlerocercoids_in the intermediate nOSt
_following a decrease of mature'worms‘in pike in the
'sprlng were observed by many authors (Ekbaum - 1937,
Newton 1945 Miller 1945b and Welch 1952) Connor
(1953) found Pnoteocephaﬂué AI&ZOAIhQIh& Hunter and

'Bangham, l933 from walleye followed a seasonal cycle

of incidence.
Tlmlng of maximum and mlnlmum abundances

dlffered .greatly among para51te studles. Many para81tes .

, had autumnal peaks. Bauer and leol_skaya (1957)

found DLAcocotyﬂe, Pnotedcephaﬂué spp. and Chkonmgxum

.'canegonm Petrushevskl and Shulman, 1958 infected.

whlteflsh more in autumn, Hopklns (1959) found that

- numbers of Pnoteacephaﬂué-5L£LQOKZAA Rudolphi in

Gasternosteus acufeatus L. increased in July. This

_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 until the spring reinfection
(Hopkins 1959). Awachie (1966) found C. tnundatué

. became establlshed in brown trout in late autumn,"

matured 1n.late winter and early spring, and dls?

appeared by late summer. Other parasites'exhibited




.late summer or autumnal minima. Brown tfout‘Were
heavily infected by CnepidOAtomum metoecus and C. ﬁanianlb
in.February, incidences fell throughout. Echdnorhynchus |
salmonis Muller, 1784 in nereh-peaked in iate winter and
fell to zerofby fall (Tedla and Fernando 1969b).'Kennedy
(1968)'found»CanyOpﬁyﬂﬂeué Laticeps (Pallas, 1781)
infected dace during_December, incidencevrese until mid~-
winter; remained constant until Spring; then declined
'and diSappeared'in August.  Other parasites~had peaks of
abundance in the'spring or summer. Paling (1965) found
that D. Aag&Iiata invaded trout from Aprll to November
V_with peaks in July_or-August.(somewhat earl;er'than the”
autumn'§eak of this_snecies,in the U.S;S.R;, Bauer and
_ Nikol'skaya 1957) . Burreeon and OleOnv(l974).feund tWo
hemulrds 1ncreased in 1n01dence and 1nten51ty durlng'
the spring and summer then decreased in July or . August._
- Shotter (1973) found’ parasltes of,Whltlng peaked in
dsummer and early,autumn'with juvenile digeneans being
'most apparent at thisﬁtime; Kennedy and Hine (1969)
found 1nfectlon of dace by ?nateocephaﬁué tonuﬁaéué
i(Batsch) was initiated in winter; 1ncreased to steady
ievels in late spring, then'declined and terminated
in summer. Not all parasites have demonstrated seasonal
cyeles. Although Kennedy andiHine (1969)'and Kennedy
(1969) demonsttated.the seasonality Of some dace

parasites such as P. foaulosus and CQvﬁaiLcepé, Hine



. ~\i.4_ P,

'_and Kennedy (1974) were.unable to do so- with PamphonhynchuA:

Laevis. They suggested thlS resulted from phys1ologlcal
dlfferences of these para51tes..
Many‘explanatlons for seasonal cyc;es have been

proposed. Hopkins (1959)'suggeSted‘thatvthese cycles

) resulted’from»the net.influx'and,outflux of parasites.‘

Tempereture'is the variable most.frequently used to

A explaih these fluctuations. Rawson and Rogers (1972,

1973)3ttribUted'the seasonal abundance of monogenea on
largemouth bass énd bluegill to water temperature changes.
Cloutman and Becker (1977) found the abundance of the

copepod, Ergasilus centrarchidarum, declined sharply

with dééieasing temperature and egg produetion ceased

below l7OC.'~Eure (1976a) found‘that decreased water'

.temperature in southern latltudes stimulated migration

of Pnoieoaephaﬂué dmbﬂOpﬂ&iLé (Leldy, 1887) within

'largemouth bass while increased water temperature.ih

northern latitudes caused the same effect. Temperature
may have affected individual paraSite species.differently.

The life cyclesof P 642&c0££¢é reported. by Hopklns

'(1959) 1n stickleback and that of P. torulosus in dace

differ and Kennedy and Hine (1969) suggested that the

latter is better able to establish and to grow at colder

teméeratures. Tedla and Fernando (1969b) observed

seasonal changes in several parasites of perch and sus-

pected that water temperature was the stimulus. . They



felt that within the,host, parasites were‘leSS affected
by low winter temperatures.‘ Influence of diet or
breeding  cycle of the'perch-could not be deteCted‘(Tedla;
and Fernando 1969b). Awachie (1968) observed the timing
of'parasite cycles of Crepidostomum in-its intermediate
host [Gammariis ) and in the ‘trout and speculated ‘that
1lwater temperature was the controlling stimulus.'
Stromberg and- Crites (1975) found the .growth of the
_nematode Camaﬂﬂanué oxycephaﬁué Ward -and Magath 1916

in the white bass increased as water temperature rose.
Seasonal timing was 1mportant in max1mizing the effic—
iency w1th Wthh the copepod 1ntermed1ate was 1nfected ;
(Stromberg and CriteS‘l975).

Some authors thcught temperature modified host
.activityA(feedihg and diet). 'Eibby (1972) attempted to
explainiSeasonal parasite changes of'minhows Phox4nus
" phoxinus by temperature induced changes’in host activity.
hCoid, "hibernating"’winter‘minnOWS consumed relatively
few paras1tes compared with actively feeding summer
" hosts (Bibby 1972). Temperature could not explain

- seasonal changes in the parasite fauna of Conegonué
'dﬁbuﬂa_L. in the U.S.S.R. (RumyantseV‘l973).‘ Rennedy

(1972) explained this phenomenon by a study of tempera-
- ture effects on Pomphorhynchus Laevis in.goldfish. he
suspected that-temperature exercised a major control in

the flow of parasites through bdthvnonQSeasQnal and

15



. seasonal endoparasitic fish;host systems but in different

| -ways and to varying degrees; A quantitative mechanism

'L_might,explain why parasites exhibited a seasonal cYcle

in one locallty and not in another (Kennedy 1972)
Anderson (1976) used mathematlcal modelllng to show
that seasonal variation of C. Katteepé was due to the
 combined effects of a temperature dependent mortality )
rate. and fluctuatlons in host -feeding activity.
Moravec (1970) explalned the seasonal cycle ‘of the
" nematode Raph&daéca&&é acus (Bloch, 1779) in brown trout
by changes in host diet. He could not rule out other
' factors_sucn as temperature. Eure (19765)‘felt thatv“
seasonairabundance of Neaeahino&hynahu5 cyéindnatué
" (Van Cleave, 1913)Vanncleave,IIQlQIWas due to-changes
~ -in the fish feeding'behavior and annual'temperature
regines; Bauer and Nikol'skaya (1957) attributed
- greater seasonal ohangesﬁin>younger whitefish to the
seasonal variability of their plankton food source‘
 compared to the uniform>amphipodb diet ofvolder'fish}
Still othervauthors felt that temperature Changes
acted on parasites via host hormonesAor-the host
immunological system. Cushing (1942) demonstrated
reduced fish antibody.production at lower water
temperatures. Maturation cyoles of C. Laticeps in}dace
didﬁnOt'appear to be initiated by water temperature
ohanges but possibly bylhost hormone.levels (Kennedy

. 1968). ' Kennedy (1969) observedvthat'if dace;spawned

3
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-a month earlier than normal,_the seasonal cycie'of

| C. Laticeps was shifted by'the same period of time.v
Kennedy and Hine (1969) suggested that water tempefature |
modified host resiStanee.and might'explain the seasonal |
cycle of P. Lorulosus in dace. Leqng (1L975). foﬁnd
whitefish and_cisco-parasite-chmunities had maximum_
diversity in January and decreased to April. He

: explaiﬁed éreater abundance of several parasite species

in winter by temperature reduced host resistancer'

iii) Food Habits

Mahy'authors suggested dietary”differences

, explalned changes in the para51te fauna of flsh with

. season, host age and sex. (see correspondlng sectlons)
»Rumyantsev (1973) found . 1nfect10n of C. aZbuZa was
1nfluenced by its plankton dlet whlch contalned the
.1ntermed1ate hosts of its dominant cestode para51tes.
Older fish began to feed on- benthlc amphlpods (Paniopone&a
afginis Llndstrom,-lSSS) and were then infected w1th
parasiteelvectored'through them. Hlne-and,Kennedy
(1974) found that'wafmer summer water:temperatufes’
increased consumption of the intermediate amphipod host
of ﬁhe acanthocephalan Pomphorhynchus Laevis by-dace)v
aﬁd ;esultedein higher levels of'parasitism. Decht{ar
and Loftus»KlQGS) found Cyathocephalus infectionsvof
perchvand cisco in winter resulted ffom'the iacreased .

‘consumption of infected amphipods (antopone{a)'at this

17
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time. Cannon.(l973) demonstrated ourvpresentvlaok of
knowledge of the,relatiOnships between‘fish dietvahd
helminth incidence by showing that seXUal_differences in
parasite incidences might be explaihed by host size
"differences.which affected food intake. ' Leong (1975)_
found correiations between diet and'parasitejfaunas
were obscured because 1) the importance of food items as
intermediate hosts varied, 2) digestion rates varied
3) hostspeoificity'and 4) parasites modified intermediate
hostlbehavior (increased susceptibility to predators).

| Parasites may be used.as indicators of diet;
” Lawler (1970) reported that Bauer (1948)- found a
similarity'in-the~ectoparasites of plahkton and.benthic
feeding forms of ooregonids. Benthlc feedlng hosts had
more trematodes and fewer cestodes unllke plankton
feeding foxrms, which suggested the posslblllty of
- parasites as indicators of diet. |

: Petersson (1971a, 197lb) showed that the number
of glilrakers in coregonlds can result in dlfferent
diets and hence dlfferent levels of para81tlsm. Lake
v’-lmpoundment modlfled the dlet of some,coregonlds alter-
ing their cestode fauna (e.g. T. chassus levels)

(Petersson 1971a)
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iv) Host Sex

l‘ .Manybparasite'studies'(Leong 1975, Rumyantsev
1973 and others) have not indicatea differences in the
parasite fauna of fish dﬁe to host sex. Welch (l952)
obserVed,nb’differendes in T. c&aééubﬂihfeétipns of
difﬁerent sexed whitefish.: Bibby (1972) found sex
. Had no apparent effect on the worm burden of the minnoW
Phokinubvphbxinub, | | |

These‘differénces, neVertheless; could be

, obsefved in some studies,' Hicks and Threlfail fl973)A
vfouhd sexual differénces in‘the para$ité'fauna of h
eighty-one Aﬁlantic salmon (Saﬂmo~éa£amL.); ;Females
hédaa ﬂighe: prevalence of Bunoden¢»£déiopencaa. , |
(Miiller, 1776) aﬁd’DipKOAtomuKQm Apatﬂaceum, (Rudolphi,
‘1819) Braun, 1893 and a lower prevalence.of Eubdthnéum"
crassum (Bloch, 1779) than males. Théonbserved ﬁO‘
such differences with these parasites in.foﬁr othef.
'spedies of‘fish studied;_fShooter (1973)‘fouhd ﬁaié "
and=fémalé whiting-Wéré'equally infeéted with most
- parasite species”but the cppepod Lennaeocend‘occufred
-only in females. Kennedy (1968) féund female dace
‘acquired and lost Ca&yophgﬂiaeué,ﬂaticepé before, and .
generaily had héaViér worm burdens than male dace.

& Some authors explained sexual differences by host

hormone .and size differences. Paling (1965) found male:
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brown trout harbour twice as many D. sagitiata as female
trout'and more were infected. = Ee 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 hormones'were 1nvolved. _Eure (l976b) found no -
sexual'differences‘in the number of Neoechinoﬁhyndha§_~
cgﬂindndiué harboured byieither sex of bass except.
during'the spring (females preferred). Cannon~(1973)
found that sexual sizeldifferences in perch caused
differing dietS‘whichbmightAaccount for the greater.
number of Pioteocephalus pearsei La Rue, l9l4iand

Lepionh#nchus thecatuA (Linton;'1891) in the larger

. females.

v)  Geographical Location

‘Most locational differences in the parasite fauna

of fish were discovered in' an effort to find biological

tags for marine fish stocks. Margolis (1963, 1967) l_,
found sufficient differences,in the’internal'parasites

of Pacific. salmon to trace the'origin of stOcks in the

North Pacific. Successful separation of flSh stocks by

'para51tological indicators has been achieved with

flounders (Gibson l972), the swordfish (Isles l97l),

the smelt (Kilambi and DeLacy 1967), the Atlantic salmon

_(Pippy 1969a, 1969b) and other species.
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Shotter (1973) tried‘to explain differentvinfections
of whiting at different geographical,locations-by4
salinity differehcesfthat might suppress some parasites

and notfothers.. Hicks and Threlfail (1973) attributed
. geographical differences'in the parasite fauna of the
Atlanticdsalmoh{ the hrook trout and the lake trodt'to
differing hahitats suoh as landlocked habitats and‘thoSe
habltats acce551ble to the marine env1ronment or to sllght
dlfferences in the behav1or~ feedlng and/oxr mlgratlons of
the hosts in the dlfferent areas'sampled. They added
that differing a&ailability of intermediate hosts may
"aiso havefaffeoted parasite distributioh

Much of the research to separate freshwater flSh
stocks has 1nvolved T. cnaAAuA Lawler (1970) reported
that Petersson (1969) could separate spring from autumn-
spawning ciscoes llVlng sympatrlcally 1n_Lake Oren by
different degrees of-T..enaééué infection. Petersson
(l§69) demonstrated,thatvinfeCtionsldifferedjhetween.
“whitefish spawning in rivers and those spawning from.
the Baitic coast.thoogh hoth lived.sympatrically in
the Baltic. Welch (1952) found headwater lakes dralned
by rapids or falls were protected by these barrlers from
the entry of fish infected with Trhiaenophorus and as a‘
result were infection free.. Lawler (1969) found plke
from shallower areas ‘had lower 1n01dences of T. cnaééua

. in Lake Malaren, Sweden. Oakland (1949)ffound that a
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distance of 9 miles yielded‘samples of_Whitefishvwith

- significantly‘differihg levels of T. crassus infections.

_Sunde (l963)ffoUnd.such differenceé-in S.I:L. in areas
differing.by'léss than 2 miles. Welch (1952) found

whitefish from open areas of Lake Nipigon, Ontario’.

“has lower intensity infections of T. crassus than those

whitefish from sheltered bays.

d) _PLEROCERCOID DISTRIBUTION

Few studies. have examined the distribution of
plérocercdids within the musculature of fish.

‘Distribution of DLphyKﬂoboihﬁLuM-épp. in the

musculature of pike has not been studied. Several

~authors have studied the distribution of T. crassus

in the musculature of whitefish and cisco in an effort

'to reduce the amount of musculature neéded‘to inspect

fish efficiently.

Newton~(1932) found the orientation of plerof

' cercoids'was'random but their distribution was not.
_He found 80% . were in the anterior epaxial muscle,

. 10% in the posterior epaxial and the remaining

plerocéercoids were in the hypaxial musculature. He

'didindt separate plefocercoids‘on the right from

those on the left of the fish. Welch (19525 also

found an anterior preference. He fouhd.54% of

Plerocercoids were on the right of_the fish and"



- suggested as did Miller (1945, l952)-thét-as'the stomach

was to the right of the midline, larvae emerge here.
Miller (1952) found'cysts,were'rare distal to the anus
and heavy in'the flesh bordering'the body cavity from

which theyAmigfate. He found that the right/left'cyst

‘ratios for Lesser Slave Lake (1.30) and Square Lake

(1.23) Were'somewhat higher'than that found by Welch
(1952). ‘Freese (1970) used ultrasdnic-detéctors to
find the exact location of muscle cysts of T. crassus.

He fouhd that epaxial muscle was more infected near the.

‘surface which he attributed to the migration of Cysts

to the surface. Based on three lakes his right/left

cyst ratib was 1.5.
e) CONDITION»

Condition or fish health has usually been assumed

to be best when a fish has a high weight to_ledgth ratio.

- Many studies of the condition of\paiésite infected fish

involved. those dead, dyingA or severly stressed.

Several studies were undertaken on parasitized

“fish that‘superficialiy‘seemed normal. Meakins and

Waikéy (:975) and Lester_(l97l) found that during-
routine and maximum activity infected -fish consumed

more oxygeh than unihfected fish. _They postuiated

: 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 cplerocercoids'of Lﬁguka :
Lnieéiinaﬂié (L., 1758) in the body cavity. Sweeting
(19775 showed-implanted Ligdﬁa-caused'atrophf'of-fish'
musculature and resulted in reduced sw1mm1ng performance
which rncreased.predatlon. He also observed distension
of the“abdomen,.inhibition of'gonadal'development,
'decreased'liﬁerssize; proliferation of connective'tissue)
changeS'in'the blood cell spectrum, and levels of serum
proteins. Bauer andeikolfskaya (1957)-found tnat the
acanthocephalan Echinohhynahué_(tvMeiéathbnhynahué) |
éaﬁmonié_caused.nucosal damage and inflammation;invthe
whitefish.v They found-héaVy.infections'reducedlrhe
nutrltlonal state of the fish. Resnlts of parasite'-
1nfect10n can be more subtle.. Klein, Olsen and Bowden
(1969) failed to establish physiological differences
except lower hemoglobin and hemocrit levels bétween
; uninfected Rainbow trout and those infected with '
CneprdOAiamum 5ah&0n4é..bMiller_(1945d).found,that-
cysts of T. crassus caused a slight decrease in the:
'growth rate of whitefish and cisco. This effect was
reduced in older fish wnich had acquired avresistance.'
Growth decreased with increased infecnion and was |
' more suppressed in whitefish than cisco which were
theanatnral host (Miller 1945d4d). o

- The effect-of fish’parasites on.fish have been
_ revieWed several times. Vlk (1963) rev1ewed the effects

<of D&phyﬂzabothnrum dendnrtrcum (NltZOCh 1824),v
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C. tndﬁgdtuAAand Triaenophorus robustus (= crassus)
'vOléson,‘1892 on the production and'utilization of
hdst species. - Hoffman (1973)‘descfibed how effects of
_parasites on fish productivity can be.demonstrated.
Hevfound that one ofwtheée effects is the reduction

- of the growth téte and ﬁhe condition faétbr (weight'
vl_over.length cubed) of parasitiéed fish. .Chubb‘(l973x
reviewed‘thé_efﬁects of parasites on freshwater fiéh

in Britain.



III. STUDY AREA

Southern Indian Lake (S{I.L.) (99000'156?45')
is a large (surface area, 2250Km2) shallow (mean depth,
9.2 m), rlverineilake located about lOQ-Kﬁ (60 mileS)
north—west of Thompson; invNorthern Manitoba. (Flg;rlj
Wlth a maximum length of l40 Km (85 miles) and maxlmum‘
w1dthﬁof 30 Km (20 mlles) it is the largest lake on the
“Churchill River System (Hecky, Harper and~Kling 1974)

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

_ extreme north) to early October, the lake remains |
1sothermal and well oxygenated _ Ae.the Barrlngton River
supplles.only 10% of 1nflow1ng5water, the.lake can be
-ooneidered,an extended portion of the Churchill River
‘passingito Hudson Bay. '’ Hecky (1975) ‘described the
:'morphometry and chemistry of S. I L. in greater'detall.

Hecky et al.(l974) outlined the majorftaxonomic
phytoplankton groups'in‘order of‘importance as:-b
. Diatomeae,. Cyanophyta, and:ChrySOPHWEae.vThe.diatom"
MQKOALﬁd}dominated‘the lake in the spring-and‘autumn,

while small surface blooms of Anabena and Aphanizomenon

 also occurred in midsummer. Hecky et al (1974) found the

increase and decrease of diatoms controlled the relative

abundance of all algae:

26



- Figure 1. Map of northern Manitoba showing
location of Southern Indian Lake and

. sampling areas.
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Patalas and Salki (1974) found a diverse fauna
 of zooplankton. Fifteen copepod species and 15
vcladocerans Were‘identified ofvwhioh 25 were true pelagic
speqies and 5 were littoral. |

Hamilton (l974) found that the average density
'nof benthlc macr01nvertebrates was substantlally greater
than dens1t1es in most shleld lakes of the reglon. |
'Benthlc fauna in order of 1mportance were: the amphlpod
Panioponera aﬁﬁ&n&é Chlronomldae or mldges, and
- Sphaeriidae (fingernaii clams). Gastropods were.rare
except in the extreme south of the lake (6, Figure 1).

Flsh spe01es present 1ncluded the lake whlteflsh,
northern pike, yellow walleye, sauger, perch _c1sco, o
goldeye, burbot, two suckers and several cyprlnlds |
(Ayles and Koshlnsky 1974) (App. II). They found that
whitefish were abundant in the central and northeastern
"areaS'of the lake and suggested that the populatlon
Was underexploited. Saugeruwas’abundant only in the'
southern areas, out of the main current. Other species

were more uniformly distributed throughout the lake.



IV. HOST SPECIES

This section is composed of biological observations

from the literature and wherever possible from my
generai observations of whitefish, cisco'and éike'in
S.I.L. | | |
WhitefiSh are opportunistic feeders and ¢hahgé
food size and type with thé increase of their intérgill—
raker distance. 'As fry, they feed on plankton (Hart
1931).- Diet of fry in thevprésent stﬁdy was primarily
D@aptamué'ahd;Cycﬂopé. Kliewer (1976)_foundvthat thé
size offfood increased'asgill'raker spacing increaéed.

In this'studY} the diet of whitefish of age three years

or more was primarily amphipods, sphaeirﬁds, gastropods,-

chironomids and ephemeroptera larvae (Append. X).
. It has beeh‘often observed'that whitefish move

to deeper water in July and"August-in responée to

warming water (Scott and Crossman 1967). In contrast,

‘ whitefish were oftenfCaught'in shallow water-durihg
this period in the presentistudy. These whitefish had
eaten‘large quantities of améhipods which possibly
indicated/food; not temperature may be the major factor
whiéh determined their distribution. During spawning
water temperature was importaﬁt and Stimulated spaWning

sometime in Odtober when temperatures dropped'from‘3o'




to 2°C" (Weagle and Baxter 1973). They also found that
whitefish spawned in S.I.L.. at depths from 1.5 to 6.8
meteré over rocks and boulders. |

| Diefs of youhg and adult éiéco were similar in
S.I.L; Yoﬁng cisco consumed large quantities df
Cycﬂopb# Diaptomus and other zoopiankﬁon."Larger,
mature cisco also fed on insect larvae and fry of.
percid fishes. Cued by declining water temperatﬁres;
cisco spawn in the autumn in;shallow'areas (ScOtt-and
Crossman 1973).. ‘

Pike were VOracious, oppoftunistic predators

‘and fed mainly on cisco, whitefish; white sucker
and burbbt.in S.I.L. They were particularly abundant‘
in shailow‘areas énd spawned iq 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 sampies except
during the spring of 1976. At this time seining and
 spawning traps were used to sﬁpplemeht'sampies. Seven
sizes of‘gillnet mesh:_'%", 1", 2", 2 }4";.3%", ay"

‘and 5%" were used to catch fish:

Sémpling Cbmmenced‘June,‘1975;and continuediuntii
mid Séptembér,vl975 andvfocused on areas 2 and 6 (Fig. 1).
Collection of fish from these areas was continuous during -
these months except when samples'were being collected fromvv
the extreme northe:n'areas (4 and 5,'Fig, 1) or other

lakes in the diversion system. Samples were rarely -

' 'taken from the same geographicﬁlocéﬁidn‘durihg this first
summer and-a~vafiety of deptthwéré sampled.

Further Samples wéré.obfained fromvsiteiA (see
figure 1) in'Octobér; from}sites B and D iﬁ Janﬁary;f
and:froﬁ sites A, Band D in March of 1976,' During
May, 1976 sampliné sites'Wefé situated on a,sﬁream tb
the‘east of Area 6. Byithe end . of Méy regﬁlarvsampiing o
of sites A through D had bégun. Each site was sampled
at léast once weekly using gillnets. Most fish were
hecropsied within,5 hours of removal from nets and
SOmé were stored frozen and examined lafer immediately

upon thawing.




Figure 2.. Map of the southern_portidh‘of
' Southern Indian Lake"showing

sampling sites.
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Round weight,:fork length, sex and maturity were
‘determined for each fish. Scales and pelvic fin rays
.wére téken for aging. External surfaces were examined
macroscopically fof ectopérasites}. All organs were-
removed, éeparated, and éfudied‘immediately.

Cestodes were relaxed in cold water and killed
with hot F.A.A. Trematodes were,felaxed, flattened
under coﬁerslips and killed with F.A.A. Other pétasitési
were rélaxed; ana killed as follows: acéhthdcephalahs
with refrigerated tap Water; nematodes using hot glacial
acetic’acid;'Crustacea and 1eeches in-70% ethanbl.-.All
- parasites were stored in 70% ethahélfprior:to staining,
and onliﬁCrustacea were not préviéuély fixed in F.A.A.

Tréﬁatodes'wereVStained with'hemotoxylinvor
acetocarmine'(Humasonf1972).  éestodeé”éhd acanthocephalans
:were flattened and stained in acétocarmine. Nemétbdes |
and smaller crustaceans were cleared in_glycerine and
_etﬁanol then-examined'injtemporéry mduhts;

o N Stomachsloﬁ specimehs were examined for foqd'itemé.
1 These QefeAidéntified and fhe most dominant.foodAitems
noted. Percentagevof host‘stomachs éontaining-a food
item was used to determine ité dietary importance.

| Terminology of analysis ié 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, ﬁ)'j

(Leong 1975). 
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Abundance of é parasite_speciés-in‘é"hostfspecies,
divided by-the'sum of'abundanées of all parasite species
in that host species, is Pi, the prbportion of parasite i.

" This proportion of parasite i expréssed as a.percentage o
is the dominance of that parasité in the host.

Dominance indices for-eadh.species of parasite in
the>"community" of fhe-three'hostyspecies were aléo
calcﬁlated. In addition,.é weighted-domihance index

vvfor each speciesvof parasite was calculated using
weighting factors aséiémaiby theiratio of their host
species in catch .records (Append. III).

Iﬁtehsity values were transformed by taking their
ndturalflogarithm to reduce the'effecf Qf.sample‘size‘
on sample variation and the.trgﬁsfdimedVQalues are used
graphically'in sections 2 Cd.aﬁd ii. H

To compare parasite faﬁna diversity, tﬁeﬁShannon—‘
Weaver (1949) index of-diverSity, the reciprocal'of
:Siﬁpsbﬁ'sA(l949) index, and Hurlburts' (1971) index of

. evenness were calculétéd‘(seefappendixII)."

Indices of,éimilarity of paraéitgifauna.in
different hosts were caiCuiated bf summing the 1esser‘
of the two abundahcés for parasites occurring in both

-host species and expressing this as a percentage'bf the
abundance of all parasites in these tWoispecies.
ﬁ ‘CQmpérison of parasite faﬁna in different

geographical locations involved‘nonparametric tests of
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ranking differences using Kendall's tau (Siegeli1956).
Statistical analysis employed an IBM 360/70
computer using A.P.L. and S.P.S.S. programs available

through the University of»Manifoba computer center.



VI. PARASITE FAUNA .

‘Autopsies of 3,202 fish ofjthe three species;

‘ whitefish cisco and pike were done to reveal paraeltes
Host autopsies 1ncluded 571 whlteflsh 446 01sco and

S 444 p;ke which were autopsied completely,.endvin__ev
addition, 985 whitefish aﬁd 756 cisco which were
examined only for the muscle plerocercoidsief T. crdssus.

.Autopsy of_thesedthree species revealed 29 species
of'parasites; 2 mohogeneans,'4 trematbdes, 9 Cestodes;

-4 nematodes, 3'acanthocephalans,;l'annelid, 1 molluec
band 5'crpstaceans._ .

Whitefish had a wide_rangerqf'parasites (Table 1).
Of the 19 species of whitefishgparasites fodnd, only
those with prevalences of ever'ld% were corsidered
 important. Whitefish paras1tes based -on prevalence
Zare llsted in Table 1 in decrea51ng order.

Teinacoiyﬂe &nte&med&a Hughes, 1928 was the most
prevalent paras1te and had’ the most 1ntense 1nfectlons
(average of_37.7_metacercar1a per infected flsh)f
”vOther parasites which exhibited high intensities were:
C. tnuneatué (30.1), Proteocephalus. eXiguuA LaRue, 1911
(22;6), Spinitectus g@aciﬂ{é Ward and Magath,.1916.(l9.q),
Cn.wﬁaﬁianié (17.0), D. Apaihaceum (i3.3)'and M. salmondis

(L2.7) (Table 1).

36
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Dominance of a_parasite species depended on its
prevalence and itS'intensity.' High prevalence and
intensity resulted'in the high dominance values of
T; intermedia (39.1% of all whitefish paras1tes were
this species), P. exdiguus (23.3%), 0. épaihaceum (lO 3%)
C. tnuncatuév(8.6%).and M. safmonis (6.6%) (Table .

| Cisco harboured 18 spe01es of paraSites, many

shared w1th whitefish. Table 2 lists the para51tes 1n

' descending order of»prevalence- Generallyiintens1ty of

’parasite infection waS'less,than whitefish ‘(Table 1 and 2).

'Proteocepnalid‘species, P..ﬁiﬂicdﬂkié and.P; exLguus,
had a combined:intensity-of 36.6v§ervinfected cisco.v |
Other parasites‘with high intensities were: S. g&aCLﬂ&A
(10.2), D. 5pathaceum (8.1), T, &nienmedia (5. 5),

Ergasifus nerkae Roberts, 1963 (5.0)'and.C. truncatus

1(4,0)>(Table 2).

Cestodes, P. §ilicollis and P. exiguus, were the

‘most humerous parasitesvof“oiSCO'and.represented 47.9%
A and -31.9% respectively of the total numbers of parasites

in cisco. Of lesser importance based on dominance values

were D. spathaceum (5.4%), T. dintermedia (4.1%) and

T. crassus (3.6%) (Tabi-e’2). .
"Based_on prevalence values onlyieight of the i8

speoies of pike parasites were present in over 10% of -

pike autopsied (Table 3). The two most prevalent |

' parasites were'Pnotepcephatué-pinguiéVLaRue, 1911 (96.2%)

'and Téinaonchuéhmonenieaon (Wagener,11857) Diesing, 1858.
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- Pike parasites-are 1istedvin‘0rder;of prevalence'ih Table 3.
- T. monenteron exhibited high intensity of infections
. with a mean of 129.2 ﬁonogeneans_per infected pike.
Intensity’Was also high ih the following parasites:

P, pAinguis (70.4),'C0ntnaeaecam bhachyunum (Ward and
Magath, 1917) (16.0X, T. nodufosus (15.55, T. cnaééu5 _
(14.6) and Centrnovanium Lobotes (MaeCallum, 1895)'(12.9)1
‘Larval clams (glochidia) oceurred on.the gills of only

.‘one of the 444 pike surveyed but had an 1nten51ty of
.25.0 (Table 3).

Pike parasites with the highest dominanceivalues
were T. ‘monentenon and P. pingudis whlch ‘were respectlvely
_54 3% and 30.0% of the total numberseof,all pike parasites.
Lower dominance values were found for T. chaébué (4.7%)
“and C. bhachydnum (4.6%)'(Table 3),

B Wheh the three host Speeiesvandlail their,parasites

,were considered,_two pike parasites dominated the

“community? These were thefﬁonegehean, T. manentendn'
and ‘the cestode, P. angu&A, with unwelghted domlnance
.values of 36.3 and 20.1 respectlvely (Table 4).

ParaSites of whitefish andeiSCO also with high deminance

~values were: P, exiguué (8.8) T. Lniénmedla (8.9) and
P. §ilicoklis (5.6). The cestode, T. crassus (3.9),
common to both the coregonids (as a plerocercoid) and

.plke (as an adult) was also 1mportant based on domlnance

vvalues (Table 4)
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Table 4. ' Communlty parasites

Welghted
- Unweighted dominance
~Parasite ' : ~dominance (for Site A, Fig.2)
Tetraonchus monenteron -~ 36.29 . . 49.03
Proteocephalus pingudis : 20.07 ' 27.11
Proteocephalus. exiguus '8.76 . . 2.57
*Tetnacaigﬂe intermedia - 8.92 2.49
Proteocephalus gilicollis = 5.56- v _ 1.64
Triaenophorus crassus 3.13, 4.22
*Triaenophonus crassus 0. 74}3 91 - 0. 23}4 45
Contracaecum bﬁachyunum 3.1 4.19
*DLpKOAIomuKum Apathaceum o 2;86 S : 0.84
Cyathocephalus inuncatué ©1.89 o 0.56
Raphidascaris sp. - .1.87 - 2.14
- Triaenophorus nodulosus - 1.52 _ - 2.07 -
Meiechihbnhgnchué'Aazmonié 1.47 0 0.43
ICnepLdOAtomum farntonis 0.73 | >0}21
Centrovarium Lobotes - 10.62 o . 0.85
:CyAtLdLgoﬁa farionis | 0.61 ’ _'  0.18
*Diphyllobothrium sp. 11 ~ 0.5 0.75
Engasilus nerkae 0.54 0.16
*Spinitectus gracilis 0.37 © ~0.10
Discocotyle sagittata e 0.26 ©0.00
Safmincola extumescens - 0.05 . 0.00
 A&gu£u4.éanadénALA 0.04 0 0.00
Salmincola extensus 0.02 e
Piscicola milneni . 0.00 ———
*Diphyllobothnium sp. 1 0.00 —

- *Glocidia (Pelecypoda) " - 0.00 S -

. GzanLdaanA catostomd 0.00 -—-
Neaech&nonhynchub cyﬁ&ndnatum 0.00. . o -
Erngasilus Luciopercarum 0.00 - ' -
Pomphorhynchus bulbocolli 0.00 N -

100.00 © ~  100.00

* larval forms.

OF MANITOBS
A e y 4
N /BRARIES &
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To-obtainhweighted dominance values of Table 4 .
- the catch records available for site A (Fig. 2) were
dexaminedl The ratio of plke/01sco/wh1teflsh caught rn
thlS area was 4.6/1/1. As net. select1v1ty of one species
over another was unknown this ratio was used w1thout further
adjustment to produce the weighted domlnances.. Paras1te
domlnances were weighted in favour of pike para51tes and
.caused no major changes as plke parasites, T monentenon
(49 0% of 'all paras1te numbers) and,P.-p¢nguLA (27. l/)
continued to have the highest doﬁinance values (Table 4)
Coregonid parasites P. exiguué, T. Lntenmedra and
P. §ilicollis, lost most of their‘relative'dominance to
pike pafasites. Instead higher_dominanoe values were.
- recorded for: T. crassus (4.4%)‘andVC, bhachyuhum:(4;2%)
(Table 4). - - |

Although each host species ylelded approx1mately
'the same number of para51te species, thelr indices of
vdlvers1ty differed (Table 5). As the indices of dlver—
s1ty 1ndlcate, whlteflsh had the most dlverse fauna
(s.I. = 4.4), cisco intermediate (S.I. =.3,0), and pike
the least (S.I. = 2.6). Aithough pike‘parasite fauna
contained as many species as those of cisco and,whitefish,

two of its parasites, T. monenteron and P. pingui&

E together contained over 80% of all para51tes found in

thls host (Table 3). 'The great domlnance of these two
species in the total fauna reduced dlvers1ty (Table 5)
‘Although the domlnance values of 01sco para31tes ‘were

more equal than those of pike, their d1vers1ty was lower
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Table 5. Diversity and similarity of parasite fauna

' Indiceé of diversity
E Reciprocal

o No. of Shannon-Weaver - Simpson's. Evenness

. HOST Species - (H7) : ' (S1) - {E)

Whitefish =~ 19 - 1.73 . 4.44 0.58
Cisco. 18, . l.44 - 2,96 0.50

Pike = 18 ‘ 1.24 4 2.56 . - 0.42
‘Indices of similarity (%)

Whitefish

39.0 | cisco

2.7 | 5.0 | pike




‘than whitefish. This is due.to_thé‘high.dominénce
values for”the‘two prOtéocephalid_species P. 6L£Ld0££LA
-and P. enguuA,>which'together made up 80% of éll
cisco paraéites'(Table 2). 1In contfast, thé_two most
dominant species of whifefish parasites, T. Lnténmedia
and P. ex{iguus made up only-Gl% of whitefish-parasites
(Table 1). . | | |
Parasite fauna of fhe two coregonid fishes.were.
.mdrebsimilar,than either were with,ﬁike (Table 5).
This strong similarity-was'duevtd the-high dominance.
values for P. ékiguub in both hosts. Greater abundénce
‘Vaiues of the nématode C. bndchgdﬁum.énd the cestode'
_T.ﬂgnaézﬂg‘in cisco than in whitefish (Tables.i:and 2)
acqountéd.for the.greater simi%ari£y of pikevfauha
with cisco,:than‘whitefish (TaglefS);
| Based on dominance values the major parasites
“in fhislhost"communitY"were mature forms (Table_6).
Ceéﬁddes Wefé the ﬁdst dominant type of parasite,
4including 7 species and.4i.1% of the<total numbets.
. Although there were 5 spécies of crustaceans and one
_Speéies of larval claﬁ included in»the“othersgategory,v
their numbers'anduhenée their dominance index Was very

n, low (Table 6).
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Table 6. Breakdown of parasite fauna into classes

- Sum of No. of Percent
dominance indices Spp. of total

Adult parasifes ' ‘ 86.9 - 23 79
" 'Ménoéeneansvf 36.7 2 o 7
Trematodes 1.4 2 .‘_ .'_ 7
Cestodes S aa 7 24

: Nematodes o 5.6' R 3 10
 Acanthocephalans 1.5 I 3 10

Others B N 62
La;val‘éfages z'_ 13 __  72
To fish . 1.2 2 7
Tc'birdéj | - 11.9 4 14
OthersA ' i | 0.0 1 S ' 3




" Discussion

Amohipod vectored parasites were not prevalent
and numerous whitefish parasiteslin this study, unlike
the 1iterature (Table 7). Bauer”and Nikol'skaya (1957)
found Echinorhynchus (= Métech&nonhynchué) éaﬁmonié.was

the most;numerous paraSite of whitefish Leong (1975)

found that this paras1te made up 80% of all the numbers ;

of whlteflsh parasites. Bangham (1955) and Dechtlar
(1972) found it to be the second most prevalent para31te-
of whitefish (Table 7). Cyathocephalus truncatus,

vectored by the same amphipod hosts, was also a major

| para51te of whitefish in the literature (Table 7).

Dechtlar (1972) found it the most - prevalent whlteflsh

parasite. Leong (1975) found thls_cestode'had the
second highest dominance value. This cestodeVWasvalso

prevalent in surveys by Bauer and NikollSkaya (1957)

"and;Bangham (L955). Another amphlpod vectored paras1te,
~ the nematode Cyéiidrcozqvéilgmaiu&a (= C. 6&%40%&5)

was also one of the major»parasites in-many studles
b(Table 7). ‘Ituwas prevalent in studies:hy Bangham
'(1955) Bauer and Nikol'skaya (1957), Dechtlar (1972)

-as well as having the third hlghest dominance value 1n

Cold Lake whlteflsh (Leong 1975). By contrast, these
amphlpod vectored parasites, though major_paraSites,A

did not play such a major'role in thevparasite fauna

0f whitefish in the present study (Table 1).
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Based on relative dominance values, metacercaria

of trematodes T. {inteamedia and D. spathaceum and the

‘cestode P.  ex{guus were the most important parasites of

whitefish in' this study. ' These three were the most

numerous parasites after the two amphipod vectored

Aparasites E. (=M) AaZmonLé and C. fariondis (based‘on'my

calculated abundance:values)fromalstudy of Russian_ 4
whitefish (Bauer'and‘Nikolfskayav(1957).‘>ﬁ. spathaceum
was the most prevalent‘and abundantparasite thongh

T. intermedia and P. exigdué were not reported'by Hicks
and .Thelfall (1973) Slmllarly D&pKOAtomuﬂum A1 and‘
PW exrguub were reported by Bangham (1955), but are the
flrst and thlrd most prevalent para51tes at SIL Tetnacotyzev
4ntenmed4a, P. ex¢guué and D&pKOAiomuﬂum Ap are major

parasites of Lake of the Woods whitefish but ranked

_'after the amphipod vectored and other para51tes in -

prevalence and 1nten51ty (Dechtlar 1972). By contrast

with the present study, only P. exrguué ‘and 7. Apathacéum

‘and not T. Lntenmedla are reported from Cold Lake whitefish

and these have low dominance values (Leong, 1975)

- Bangham and Hunter (1939) only reported P. exLguus

from Lake Erie whitefish. Bangham (1940) did not find

the three major parasites from the present study or the

thrée amphipod vectored parasites from Algonquin Park

vwhitefish.




.,rrséf,,__,

‘Tt chaééué ‘was a major parasite of whitefish in
this study and in the studies.of Bangham (1955) and
Dechtiar (l972), but.was.consplcuously absent from those
of Bauer and Nikol'skaya (1957), Hicks and Threlfall
(1973), and Leong (1975) .. The monogenean Discocotyle
Aagittdta was a major whitefisn parasite in tbis study’
and those by Bauer and NikOl'skaya.(1957), Hicks and
~ Threlfell (1973), Dechtiar (1972) and Leong (1975).

In contrast Bangham (1940, 1955) and Bangham and
dHunter (1939) failed to report this paras1te.

Other major parasites from my study are in Order
ef.dominance values'RaphLdaAcaniA'Ap;;-C&epLdaéiqmum
_6aaionL§;rEngaAL£ué-nehkaeiand Sakmincola entumescens
(Table 1). Only C&eprdabtomum 5a&¢0n44 was unreported
by Bauer and leol skayer (1957) although they found
Engasilus siebodi Nordmann, 1832; notiE. nerkae, on
"Russian whitefish. Of tbese.four, Hicks and Threlfall
~(l973) found only Cr. fardionis. ParaSites'ofithe genus
E&gabiﬂué and CnepidOAiomum were'reported from
Algonquln Park whitefish by ‘Bangham (1940), but the
latter para51te was represented by C. coopenr Hopklns,
1931 and not C. 5an¢0n45. Dechtlar (1972)‘rep0rted
Achthe&eélconpuﬁentéé Kellicott, 1882 from Lake of the
Woods Whitefish which has subsequently been placed in'.
.dthekgenus Salmincola bvaabatab(l969). All but |
vRaphidaéca&ié 4p. were reported fromvCold'Lake.whitefish‘

~though the other three were reiatively minor parasites
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based on their dominance values (Leong 1975). In

contrast to the present study, Bangham and'Hunter (l§39)_

and Bangham (1955) did not report any of these four
(Table 7)

_The whitefish parasite fauna of S.I.L. differs
from thatjreported from whitefish'elsewhere in the -
literature,‘by‘the greater relative importance‘onjthe
basis of‘preualence'and intensity of the copepodv
.vectored parasites (PnoteocephdZuA App. and T. c&désué)
~and the trematode metacercaria {D. Aputhaaeum and
T. Lntenmedia) than the amphipod vectored para31tes
(M. salmontis, C. t&unaaiué and Cy. 5a&40n44) aAll
studies: reported from the literature except those of
Hicks and Threlfall (1973), Bangham and Hunter (1939)
| ~and Bangham (1970) (the latter two are 1nconclu51ve
because of low sample 31ze) found'the:amphipod vectored
- parasites were generally the most prevalent and of

highest 1nten51ty (Table 79.

‘Copepod vectored cestodes; T.-c&aééué, Proteoceph-

alus éiﬁicd@ﬁi&’and P. exiguus are the most important
parasites of cisco in this‘study on the basis of pree.
‘valence and intensity (Tahle 2). Species of Proteocce-
phalus were within the threevmost important parasites in_
studies by Bangham (1940; 1955),VBangham and Hunter
(1939), Dechtiar (1972) and Leong (1975) (Table 8).

More than one species of P&oteocephakuAZWere ‘reported
'from cisco by each of the above studies except Bangham

(1940) who had a small sample. Although T. crassus
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Was‘the most nrevalent cisco paresite.in this,study,-
" it was the second in Lake Huron cisco (Bangham 1955),
third most in Lake of the Woods cisco (Dechtiar 1972)
and was unreported by Bangham and Hunter (1939),
Bangham (1940) or Leong (1975) (Table 8). As with
whitefish; metacercaria of T. intermedia andvD. spathaceum
‘were major cisco parasites in the present study. From.
the literature DLpKOAtomdﬂum_ép;'is reported fron',
Lake Huron;cisco (Bangham 1955) and T. Znie&media-Only
from Lake'of the Wbods*cisoo (Dechtiar:l972), the latter
with low preValence; | | | |
Other major parasites of cisco fromdthe present_f
study were E ne&kae, Raphidaécanié Ap; and 7. Aagiitata.”
Of these, only Discocotyle salmonis- (=D. sagittata) Was
_reported from Lake Huron cisc0'(Banghem 1955). - Only
'the'genus.EngdAiKubdwas represented in Algonguin Park
cisco (E{ caeﬁuzeué Wilson 1911) (Bangham'1940).
D. sagittata was. a major oarasite of cisco reported by .
Dechtiar (1973) and Leong (1975) E;“nehkaé was reportedd
'by the latter as the c1sco para31te w1th the second
hlghest domlnance value, whereas,ln the former it was
" reported as a minor para51te. Bangham and ‘Hunter (1939)
report none of the: three (Table 8).
‘The amphipod vectored para81tes; M.‘éaﬂmonié, and
C. thuncatus, played minor roles, and Cyétidicoﬂa farnionis

was not found in cisco from my study though, they were

-relatively major -parasites in other. studies.




Echinonhynchus Adﬂmonié (=M.,5a£mdn£é) and Cyétidicoza
stigmatura (=C. 6anion£4) were reported_by Bangham.
,(l9555’ the'former:as‘a major cisco.parasite'based'on
prevalencé."All three amphipod vedtored'species were
major-ci$¢o‘parasites in Lake of the Woods (Dechtiarv,
1972), but while Leong'(l975) reportéd'all three,
only_M..AaKmOnLA éduld be CQnsidered a major paraSite
baséd on dominance values.
| It appearsvthat‘the.major differences between
the,ﬁarasite fauna of cisco from S.I.L. and that of
thevliterafure is the relatively minor role played'by
. the amphipod vectéred_M; Aakmqnéé; C. truncatus and
Cy. ﬁa&i@néé, while copepod vectored céstodes T. crassus
and-PnoieocéphaﬂuA Ap.bplay a rélatiVely majof role
in this study. | o

o P. pinguis and T. monenteron are the.tWo’most
impOrtant.parasites of pike from this study-based bn
prévalenée ahd ihtehéity (Table 3). These wereicommonly
manrlparasites Qf pike in other sufveys. (Table 9)
' Dechtié£ (l972) aﬁdIThrelfall and Hanek (1970) found.
that‘T;vmonenienon was fhe'major parésiteaof pike on
~the basis of intensity. This.monogenean was'also
.fOund by Hunter and Rankin (1939) and_Arai and Chein'>
11973). ‘Iﬁjcoﬁtrast,.it.was unrepdrted by Bangham and 1
Hunéer (1939) or Bangham and Adams (1954) who reportedv
only P. pinguis. Leong (1975) reported P. pinguis

~but as a minor parasite based on its dominance value.
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_Thls cestode was a major para31te for Hunter and Rankln
(1939), Bangham (1955), Threlfall and Hanek (1970)
'~ and Dechtlar (1972 (Table 9).

T3 crassus, a prevalent andabundant parasite of
plke 1n this study, was. reported as a prevalent paras1te

from only studles by Bangham (1955) and Dechtlar (1972)

'Leong reported it had a low‘domlnance value 1n_Cold Lake,'

Alberta (Table 9).
* Next in order'of prevalenoe.in the present.study”
.was Coninaoaecum b&achgunum. Thie nematode wae'reported
only as prevalent by Dechtiar - (1972) and Bangham  (1955)
(Table 9).

"blphykﬂobothnum 4p. 11 which has high prevalence

and intensity in pike in this study,:was:not reported in

any of the above studies of pikeiparasites} Other
major pike parasites in this study,-based on prevalenoe
and intensity, were Raphidascaris sp. Tntaenophonub
‘noduZOAuA and Ceninovaatum<£oboteb (Table  3). Of these
T. nadu£0Au4 was reported as a major'parasite only by
Dechtiar (1972) and Leong 11975).while the'latter and
Threlfall and Hanek'(1970).reported Raphidascanis Ap}
as a'rare parasite._ Centrovarium Lobofes, a prevalent
'para51te in the present study, was only reported by .
'Hunter and Rankin (1939) but no quantitative measure'

was presented.
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Major differences between reports of plke fauna
from the” present study and that of the llterature are
the relatlvely high domlnance values of T. c&aAAuA,
C. brachyurum and Raphidascarnis sp. in the literature and |
not inthiSstudy.- Based on domlnance values from this |
study these para51tes are minor parasites compared to
P. pinguis and T. monenteron which were commonly major
pike'parasites in other studies. | | |

When weighted dominance:values‘are considered,
the parasites of pike dominate the parasitevcommunity of
ethese three hosts species not simély because of the
relatlve.importance of pike in the.catch records
"(Weightlncvthe weighted dominances-values'in favour of
pike), but because of their'hrgh prevalences and |
intensities (Table 4). .Had'weighting factors for the
weightéd,aominanceﬂcalculations beenjavailable'from
catch reccrds fcr ctherrareas of the lake; the resultsv

'mlght have been sllghtly different. Pike are dis-

'-proportlonately abundant in Area l (Fig. l) when

compared w1th the lake~as a whole. If éatch ratios had
"been avallable for the lake, ‘the welghted domlnance
;values.would be closer to those of the.unwelghted_values.
' No attempt is made to use the weighted dominance Values
to represent the.Whole lake,,but simply to indicate
'relatlve dcminance of parasites of these three host

species in Area 1 based on apparent host ratios;
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'It;shéuld be'sﬁressed'that domin$nce Values used
in this study, ahd by'Leong'(l975) are baéed solely on
the estimated size of the parasite_population andfdovnot.
attempt tojweight'the importahcerf parasités using their
‘biomass or their pdtehtial effect on thejhost species.

| 'In confrast to the parasite commﬁnity_éf Cold:
.Lake (Leong 1975),.the_acanthocephalap,M. salmonds
wés not thé dominant parasite species iﬁ-thé preseht'
»study; .Invthié regard\his'study was‘more like those.
of Bangham (1955) and Dechtiar (1972). Instead, in the
»_present'study, the piké mohogean T. monenteron and
several Pnoiaocephaﬂug'spécieS'made up_7l%'of the
nﬁmberéibf parasites of whitefish, ciséo, and pike
combined (Table 4). This ﬁay be due.to,a relatively-‘
b-smaller population of the_améhipod intefmediate hosts
(Ponioﬁoneia-agﬁinié) of M. 4a£mon£4lin the more northern;
'_shailower'S.I.L. environment. Abundanée of this‘ |
aCanthocephaiqn in Colddeké mighf.result from the
availabiliﬁyfof.many salmonid definitive hosts
(whitefish,’cisco,.éoho anattrout). This could explain
why amphipodvvectored-paraéites‘wére'more,major pafasitésf
- of whitefiéh énd in S.I;L. cisco than in other.systems
, reportéd in the literature.

| Unlike thé.study by Leong (1975) indices of
paraéite»divérsity couid not be correlated‘to the number

of each host species examined. Diversity as measured




by thesé indices was- not significantly’increasing Qith
the addition of more-samﬁles‘indi¢ating it is unlikely.
-that even raré parasitic species‘of thesé hosts remained
- undiscovered. Ranking of the diversity of fish épecies |
was the same for each_ofAthe three indices‘iﬂdiCating
that only oné type may be neceSsaiy for evaluation.
-Parasite diversity of S.I.L. cisco—was‘lbwér
than fhat of the same Speéieé from Cold Lake, Aiberta
:A(Table_lO)} Whitefish parasite fauna on the other hahd,
was more diverse as meésured by the indices in.APPendigiiI,
than that of Cold Lake. Pike_parasite fauna from this
study was more diverse by the Simﬁson's and Evenness
indiceéfJbvaleSS divérse when the Shaﬁnon Weaver
indices were compared with those of'CQld'Laké (Tablé'lO);
M. Aakmonié dominated the'whit;fish'fauna_of Cold Lake
to the point that it . 'limited‘diVersity'and'this
may'égplain why divérsity was less thanvthevpresenf study.
Dominaﬁion.of S.I.L. ciscq‘fauna'by species_ofAy. |
Phoieocepha£u§ explains the lesser diversity when
'comparédiwith Cold Lake ciéco. J |
. When parasites are assigned.to majdr classes in
this study (Table 6);‘and compared Qith those of‘Léong
(1975) (Table 11) soﬁe basic differences emerge. Adult
‘parasites, particularly monogeneans and cestodes, were
moré dominant in the presentvstudy.’ Ceétqdes and
monogeneans amount to 77.8% of all parasites at S.I.L.
(Table 6) and'only 13.9% of Cold Lake parasites (Table 11),

Acanfhocephans»whidh amount to 53.1% Qf Cold ‘Lake

_, 64fLW,_,“.u
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Table 10. Indices of diversity. from Leong (L975)

Shannon-Weaver -~ Simpsons's ~Evenness
Fish species ‘ . S8IL CL - SIL CL SIL CL
Whitefish -  1.73  0.83 4.44  1.55 0.58 0.30
Cisco ©1.44  1.52 - 2,96  3.24 0.50 0.55
Pike | 1.24  1.08 - 2.56 . 2.75 0.42 0.52

* = N ) ’
SIL -Southern Indian Lake (present study)

CL -Cold Lake  (Leong 1975)




Table 11. Breakdown of parasite

into elasses

fauna from Leong (1975)

Sum of
dominance : Percent
indices No. spp. . qf total
Adult parasites V78.44. _ A;32  70
Moﬂogeneans | 4.1 | 2 4
1 Trématodes - 0.12 4 9
' Cestodes B . ‘9.8 v12 26
Nematodes 287 5 11
1Acan%£ocephalans 53.14 3 7.
Others . 8.4l 6 13
.Larvél.stages  21.56 l4 30
To fish | 16.07 9 19
To birds - 5.49 5

‘]_]_V
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parasites amounted té only 1.5% in the present sﬁudy.
Larval parasites of Coid laké fish utilize fish (16.1%)'
and birds (5.5%) to complete their life cyéles.' Larval
parasites §.I.L. fish pass mostly (11.9%) to birds and
much less so to fish (1.2%) (Téblesv6_énd_ll). This
sugéests . thét birds, primarily gdlls are most
impqrtant in the cbmpletion of larval parésite life
‘cyclés‘than fish in S.i.L.‘in cdntrast,ﬁo Cold Lake

‘larval parasites{



VII. MODIFYING FACTORS .
‘a) HOST AGE

Parasites show pattérns”of_ébundance~With-host
age. Dogiel (1961) récognized three patterns} namely,
abundance independenf of age, an increaéing’funptionlof
age, and a decreasingrfunctidn of age. Leong (1975)
identified a fourth paftern‘thatbof;a peak of abundance
.in'middle‘age. Observations in the present study - |

indicates two additional patternélexist, relatively

iﬂdependeﬁt of age. One in which abundance is constant -

from fish less-than,one year old tdlfhe‘oldest,.and

another patterﬁ in which an inérease in abundance from

0 to 1 year old fisﬂ.is folléwedvby a'constant abundance

‘level.‘ Patterns shown by the common parasites of

whitefish, ciscb,and pike are suﬁmarized in Table 12,
Oniy ?..5iﬂic0££46 from cisco- and P. pinguds

‘fromipiké were independent'of age when fish less £han

one.year-of~age_wére considered. Thé cfustaéeén,

E. nerkae, from whitefiéh was the only_paraéite that

decreased in abundance with host age, though it peaked

 in abundance in middle-aged cisco (Table 12) . The rest

of the abundant species were independent of age once

established in young fish, indréased with host age or

68
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reached a maximum (s) during ﬁhe middle of‘the>host's
- life. Major trematode parasites of whibefiSh and cisco,:
T. intermedia and D. spathaceum increased with host age
(Fig. 3). Dominant cestodes from WhitefishApeaked in
abundance in middle aged fish invcontrast to abundance
of cestodes of cisCo and pike,:P. ﬁ&ﬂ&coﬂﬂ&é ‘and
P. pAnguLé respectlvely, whlch ‘were completely 1ndependent
of host age. Abundance of the cestode T. crassus was
independent ofﬂhcst'age onCe'eStabiisbed in whitefish
1ncreased with host age in. c1sco and peaked in abundance
in mlddle -aged plke (3. bofiyrs) T. nodulosus peaked in
abundance in young . plke (0 to 3 years of age).
Plerocerc01ds of. DLphyKKOboth&um sp. 11 increased
in abundance w1th pike age (Fig. 3111,Append II) Abundance of
Raph&daéca&&é Ap whlle 1ndependent of host age, once |
established in whitefish and pike, peaked in middle—aged
cisco (Fig. 8). While D. sagittata also peaked.in
abundance in middle- -aged cisco, abundance was 1ndependent
of Whlteflsh age once established (Fig. 311, 111)
" Increased abundancevof T.-LntenMQdia,'D._Apaihaceum'and‘
Diphyﬁﬂoboihnium sp. 11 with host agevresulted in both
vincreased intensity and prevalence (Fig.>3).' Major
"Z‘inc:ease in‘abundance'OfvT. Lntehmedia in whitefish
- occurred between 2 and 3 years of age (Fig. 3i). Increase )
in abundance of this species in cisco was more gradual

and constant (Append. V).




Figure 3 (i,ii, and iii). Prevalence and log
intensity of. some major 1arval'parasites
with host age. (Append. IV, V, and VI)
O e 0 p;evalence
&—7——9 lég intensity

(+ standard error)
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The trenatode D. Apathateum‘increaSed constantly
in abundance‘inicisco (Fig. 3ii), but decreased in T
7 year”old whitefish before continuing,to increaSe:
(Append. IV). Plefocercoids-ochLphyﬂﬂoboth&um.Ap. 11
increased in abundance from the initiation of infection
at age 1 year but slowed its’increase after 5'yeafs'
(Fig. 3 iii). | | |

All three of the ampnipod vectored whitefish
parasites (Cy. farnionis, M, Aqﬂmonié andVC. tﬁancatub
increased wiﬁh.hostyage (Fig. 4). Increasing abundance
‘of Cygﬁanionib resnlted'fiom both increasedvprevalence
and intensiéy whereae_that of M. salmondis reSulted'v
primarily from increased intenSities.while_prevalence
began to fluctuate after 3 years of age (Fig.”4i, ii).
Increéased abundance of the‘cesiodebc. i&uncatué resulted
from increased prevalencevwhile intensity wae'stable
.after 5 years (Fig. 4iii). |

T. eaaééué responded differently to increasing
agevof whitefish, ciSco.and.pike (Fig. 5) after an
initiai'rise'in prevalence'from 31% to 54% between
‘whitefish of their 2nd and 3rd years;'prevalence
stabilizea} Intensity of this cestode in whitefish is
ccnstant throughout the fish's life (Fig. 5i). Resulting
abundance of T. cnaééeé in whitefish ie conetant after
initial establishment (Append. IV). Increased
‘abundances of this parasite in cisco results from

“increased intensity (Fig. 4ii)ias prevalence values




Figurel4 (i, ii, and iii). PrevalénCe and log
intensity of amphipod vectored Whitéfish
_Qérasites with host‘age.: (Append. IV)
o ' O—-f———?—O»preValenceb
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4F_igurei 5 (i, ii, iii, vand iv). Prevalence and
| 'l}c'>g intehsi-ty ‘of Tni':aenophonws. w‘ith '
host .age. (Append. I:V,- v, .andtVI)
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remain conStant after a rise,of 24% between the cisco's
first and second year. Peak of abundance of T. crassus
in pike resulted from the constant-leyels of preyalence'
after the fish's 2nd year (folloWing"a'rise of 60%
during the pike's first year)'while intensity levels.
rose to 'a maximum at 3 and 5. years of age and then dropped
(Fig. 5111) '~ Maximal abundance occurred at 5 years of

~ age (Append. VI). |

Abundance of T. nodufosus in pike‘peaked at','.

‘ 2 years (Append V1), prevalence was at maximum at

yl year of age, follow1ng an increase of 50% and 1nten31ty
‘'was at_its~highest at 2 and 6 _years (Fig. 51v).

| ?ﬁiffering responses of proteocephalid”species to
‘hoSt_age are‘shoWn in Figure 6.. Abundance of P. exiguuél
" in whitefish peaked at 3 years{due.to_increased intensity
"~ and preyalence. After 3'yearS‘intenSity7declined and
"stabiliZed.while prevalence continued to decline
resulting ln‘maximal abundance at 3 years (Eig; 6i,
Append. IV)ld | |

P 6&[&00££Lé (w1th a component of P. iexiguuél

in 01sco and P. pdinguds 1n pike were 1ndependent of host
d”age. In cisco this resulted from a rise in lnten51ty_

to a peak in fish of 5 years while prevalence cor-
respondlngly dropped durlng this perlod (Fig. 6ii).

The product of intensity and prevalence or abundance
remained relatively stable except for SOmewhat lower
values for cisco of l and 2 years of age which resulted

‘from low intensity (Append V) - Constant values of




Figure 6'(i; ii, and iii)..;Prevalencé and log
intensity of proteocéphélid speciés.
vgith host age. (Append. -IV,.V, and VI)
| O-;e4————0 pﬁé&alence:‘
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P. p@nguié abundance resulted fromvrelatively'constant
intensity and prevalences (Fig. 6iii and Append. VI).
| The trematodes C. Lobotes from pike and Cx. 6&&&0”&4
from whlteflsh malntalned their abundance 1ndependent of
host age after establlshment. Max1mal prevalence of
.'C. Lobotes (29%) occurred in 2 .year old pike after ‘which
prevalence decllned then subsequently rose (Flg. 71)
Inten51ty fluctuated and abundance that resulted was
constant except for drops at 4 and 6 years of age corres-‘
pondlng to low values in the fluctuatlng 1nten31ty
(Append VI) - Although only prevalence values are avail—
able for Cn. farnionis these values become relatlvely
:constant after establlshment of the para31te at 5 years
lof age;(Flg. 7ii).
Abundances of’Raphidabcdnéé 5. incwhitefish and
pike were lndependent of’host'ade,.but‘once established<
this value peaked in cisco of 3\years (Fig; 8).
"Prevalence of Raphida&cd@&éWas constant after an increase_

of 20%'from whitefish of 2 to 3 years of age; Intensity .
‘was relatlvely constant though fluctuatlng abundance

values did not show a dlscernable pattern w1th age

(Append. IV). The same was true for Raphldaécqu from

plke though 1n1t1al 1ncrease of prevalence was 60% . durlng
'the flrst year . ‘after which values exhlblted less fluctua—
,tlon than with cisco (Flg. 8 iii and Append. VI). Abundance fv

of Raphidascaris from cisco“eXhibited'three peaks at 3, 5




' Figure 7 (i and ii). Prevalence‘and'log'

}ntensity.of‘SOmé major trematodes

' Qith host age. (Append. IV and Vi)
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Figure 8 (i, ii, and iii). Prevalence ana log
| _}ptensity of Raphida@ca&éé Ap. with 
Héét age. (Append. IV, V, and VI)
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and 7 years of age; all of'which resulted from increased
prevalence and intensity at these ages (Fig. 8 ii).
Greatest peak of abundance occurred in fish of 7
years of age and older (Append. V).

-Trematodes'which showed peaks of abundance were:
T. monentehon from plke and- D. Aagittdta from cisco.
Although 1ntens1ty of T. monentenon continues to_rise,

prevalence peaked at 4 years (Flg. 9i, ii), a resultant

'peak of abundance occurred at 6 years of age (Append VI).

-Prevalence and 1ntenslty of D. Aagtitaia peak in cisco at
5 and 6 years of<age (Fig. 9iii). In contraSt D. Aag&tiata
1n whlteflsh has no apparent pattern of abundance once

establlshed (Flg. 911-) Changes 1n abundance resulted‘

~from greatly fluctuatlng prevalence Values while

'flnten51ty remalned relatively constant (Append v).

" The glll crustacean, E. nenkae from 01sco peaked
‘in“abundance at 3 years'of age-as'a reSult of peaked4

prevalence, whlle 1ntens1ty values peaked in fish of 4

,years of age (Fig. 101) Although only prevalence~values’
‘are avallable for this parasite from- whlteflsh these

'values decreased with host age from a maximum at 1 year

(27ﬁ) to the absence of the’ para31te in fish of 9 years
of age and older (Flg. lO ii). 1In contrast,

S. extumescens another: Whlteflsh gill copepod peaked

. in prevalence at 8 years of age and 1svabsent to age

4 years (Fig. 10iii).
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Figure 9 (i, ii, and iii). Prevalence and iog
inténsity'of monogenean trematodes

with host égé.v (Append. IV) V;‘and.Vi)-

O prevalence

¢———@ log intensity

(+ standard error)
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Figure 10 (i; ii, and iii). Prevalence and iog

intensity of major gill copepods

with host age. (Append. IV éhd V)

o— o log.ihtehsity

“'(i standard error)
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_ Dlscu551on

Changes in the abundance of parasite spec1es have

- been explalned by host dlet (Mlller l952, Awachie 19068,
‘and others), host distribution (Bauer and Nikolfskaya
vl957'l Rumyantsev.l973), host surface-area (Dogiel 1961) ,.

host behaVior‘(Dogiel 1961),.orbby combinations of these

factors. The effect of host age on parasite species

' was different in different hosts or'in'different-}

'geographlcal locations . (Leong 1975).

ClSCO in the present study accumulated T. crassus .
with 1ncrea51ng age while whitefish dld.not. Mlller _
(1952) suggested that this resulted from dletary changesdi

in whlteflsh which decreased the uptake rate of the

.1nfected'copepods.~ Petersson (1971) found coregonlds
with h1gh glll raker counts (llke c1sco) and not those

w1th lower counts (whlteflsh) ‘accumulated T. Q&aééué

with age due to their greater 1ntake of plankton. In

. this study plankton formed a substantlally greater
.portion of the diet of young cisco (63%) then of
~whitefish (15%). As.these_species'age, plankton

_'decreased in their diets but plankton continued to

form‘a higher.proportion of cisco's diet (21%) than .

~'whitefish (2%) (Table 14 Sec. .2 ciii). Greater ingestion

of plankton including the intermediate host Cyclops

would explain the accumulation of plerocercoids in cisco

. and notAin whitefish. Millerr(l952) suggested that these
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,}ﬁuscle cysts may survive>3 to 4*years; Intake‘of'infected
_ copepods must simply replace dying pleroceroids in
~whitefish while‘adding to their numbers-in cisco.’
Pallng (1965) found that older trout harboured more
D. Aag&ttata because they carried two rather than one
’~generatlon of the monogeneans._ Thomas (1964) found
D. Xagiitata increased in_iptensity'in brown trOut.untii.
| the oldest fish studied (5 years old). Leong (1975) |
found that this pattern with D. sagittata in Cold Lake
cisco;- Pallng (1965) found that. numbers reached a
maximum in trout of 6 years and decreased through to
fish of‘9 years-of.age.v The pattern of D.'Aagritata_yh
abundante shown by my data'nas Similardto the‘latter('but:
bpeakedmin cisco of age 5.‘uLeong (1955) found a similar
pattern to Paling (1965) w1th whlteflsh and not with c1sco.'
_Abundance of D éag&tiaia in whlteflsh in my study re-
‘mained independentbof age-once.establlshed.‘ Leong (l97$)f
proposed that 1ower’numbers'of b._éagiztata in older.
TWhitefishhmay<have been_due_to'l) stronger gill ventila-d

ting-currents; 2) larger gill filaments and ‘3) behavioral

changes associated>with'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
loss of monogenean may occur, reinfection maintains

intensity levels.
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Leong (1975) fbund that the abundance of Cx. 6aﬁionié
increased with. coho age éﬁd reached a maximum in middle-
éged cisco. He did not repbrt age éffects for thié'
'parasite in whitefish or explainbthe patterns of'its
abundance in.other salmonids. This pafasite maintained
constant levels bf_abundahce’oncé éétéblishedvin S.I.L.
whitéfish (Fig. 7 iD. ‘In_géntrast, AWachie (1968)'

fbuhd that as brown trout age,vdietary'changes rédﬁcéd{
infections of Cn.ﬁanionié.J>The‘in5e¢t~portion'qf .
Whitefishvdiet in this study remained consfant With'age
(35>to'39%)”and‘as-the infective métaCercaria Were fdund
in’mayfly'lérvae (Hof fman 1967);.the.intake of infectedhivz
iﬁtermé&iétés remained constant. This'explains:thév 
independence of ébundance and post‘égé once the whitéfish-
- is old and large enough to eat.méyfly’larVae (éboutvz
~years of age); » | | |
‘:-LeOng.(l97S) found ahiincreased ébundance‘of,
vC;‘t&uncatub with whitefish and cisco ége, My data -
suggeSt]ah increase in whitefish which dan be explained
byvincreased ingestioh}of bénthic fonsf(amphipod"
intermediates). Percentagé of‘whitefish eaﬁing amphipods'
increéSed by 16 to lS%_éfter 4 years'éf age at.SQI.LE
(Table 14). ObSérvations-ih this study agree with those
of'galvcrsen and McDonald (1972). and Leong. (1975) that
this cestode occurs most often in the‘mdre anterior

- caeéa (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. Caecalvsize may be a factor which
determined abundance of the cestode. Leong (1975) sugf
éé@’éed"that caecal nisiber may also be important, but I |
have no evidence that this varied with host age.
'Abundance of M. salmonis. and Cy. 6&d&0n&b was’

probably related to increased. consumptlon of amphlpods_
’ by whlteflsh Caecal size may have been a factor»'
1nfluen01ng the 1ncreased abundance of the caeca 1nhab1t—‘
ing M. Aaﬁmonlé,‘but not the sw1mbladder nematode Cg.ﬁa&&onL&
A'Hlne and‘Kennedy.(1974) found that like Mi<éd£munié' the
acanthocephalan Pomphonhynchué ﬂaev&b accumulated w1th age
in dace though Blbby (1972) found that the acanthocephalan,
Neaech&nonhynchué RULLLA, decreased w1th host age.
| Leong‘(1975) found that E. nenkae decreased in
abundance with the age of whitefiSh c1sco and coho, whlle
E. aun&tué peaked in abundance in mlddle ~aged cisco and
1ncreased with coho- age."He_explalned these‘dlfferent -
'patterns'of abundance.as different immune responses to
| different speCies. Erga51llds were more - abundant 1n'
-older cisco than older whlteflsh probably because dletary
changes OCcurred in whitefish (plankton. to benthos)vwhich
' located them,out'of the' infected surface Waters.(Leong
l97$). Observations in this study indicated E. nerkae
: decreased-with whitefish'age and peaked in abundance in
‘cisco of middle-age at S.I. L. Decreases in whitefish
'mlght be explalned by dletary changes or by.lncreased

'glll ventilation or by 1ncreased gill size. Cisco may



‘be able to accumulate E. nerkae only as long as they
Vwere below a critical size‘(reached at 3 years of age)‘
while they fed 1n the surface waters where nauplll are'
_1ocated. After gill fllament dlameter or gill current
became too great,vaccumulatlon ceased as new E. nerkae
no longer establlshed and establlshed ones. dle.

Peak.ofyabundance of the’ monogean, T. monentehon,*‘
on pike gills might aiSo have resuited from gill size
and ventllatlng currents Wthh prevented establlshment‘
.-once the fish- reached a crltlcal size. It is possible -
-that by 6 years of age declln;ng prevalencevreduced:
‘abundance due to the death of4original monogeneans
.‘withoutfrecruitment. |

Peak of abundance of S extuﬁéécené'found in'the
inner opercular face of whlteflsh 1n thlS study may be "’
explalned by the fallure of new nauplll to establlsh
‘lthemse;ves once a critical glll currentr1S'reached and/or
changes°in feeding 1ocationﬂ .énce-this happens (aée.Sf
‘ abundance no longer increases but decreases. .Leonq
(1975) found S. extenAuA had a peaked abundance but
offered no explanatlon. - |

- In this study,the‘abundancefof P. Qxiguué peaked |
'in whitefish at. 3 vears of age while Leong (1975) found
aypeak_in middle age'hosts. kMy observationS'indicate
this corresponded to the oldest uhitefish which are

eating appreciable amounts of plankton, including CchdpA

:8,7 :
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the intermediate-host. ‘SubSequent'change'of diet to a
benthic mode explains_the drop in‘prevaience. In
contrast, I fonnd'the abundances of.P. ﬁiﬁicdkﬂié and
- P. pingnié_were independent of cisco and pike age
respectively. This may‘benexpiained'in part by the
continned planktonie feeding_of cisco. However, both
oider cisco and pike consumed plankton rarely ence.
there wae too great‘a eenaration between_their'qill'
rakers 'At'this-point the continued abnndanee of
',Pnoieocaphatué in these species probably reeulted'from'
ingestionvof vplerocerCoids.contained~in'tne'intestinee :
oflfishneaten.e Cisco.reduced their'plankton COnenmptiontl
byj40%3ae they age but increased tneirefisn.diet by -
T7.5%‘at tne same'time'(Tanie 14,-Se¢;,2ciii); Many .
" plerocercoids might be ingested with a fish,'thus
'maintaining_abundance levels. |
‘Tne'independence of abundance ofeRaphLda$canLA sp.
vwith age of whitefish.ana .pike once infections are
1n1t1ated may be explalned by host- dlet. -Whitefish
began to acqulre Raph&daécané at 3 years of ‘age, when
they began to feed on mayfly larvae'(an 1ntermed1ate).
Thennematode-larvae which whitefish pick up are enclosed
in‘cysts en—their gut surface. As the insect (mayflyi
: portlon of whitefish diet remalned constant w1th age
 and the encysted nematodes did th survive long (40% of
cysts containedfdeaa'iarvae), the.abundance remained con-

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



. which eﬁabled them to ingest:ihféCted mayfly nYﬁphs.

| These nematode larvae apparently matuied in the pike
intéstine.'_As the pike grew its intéke of ihfected
:Whitefish aﬁd-disco increased and éf infected mayfly
larvae decreased correspondingly. . The net resuit was’

a relatively stable.abundanée of this ﬁematodé in pike.
The three peaks of abundénce of Raphidaécaniélép.v
~occurred in cisco and corresponded to:. (1) a peribd.of
.optimal fish size for the ingestion Of‘infectedjméyfiy
‘larvae (3 years Old)"(2)ba periéd‘when'both manly-
'larvae.ahd some infected fish'were'conéumed-(5-years old)
and (3) a péridd when cisqo could begin.to: | |
ihéestihfected~fish_but eat less'mayfly larvae (7 feéré

" of age and older). - -

Abundande of C. Kabdteé'in_this study_was‘independent
of age once established in bike. Wheh’pike‘are_large'

' énough-to*eat trOut—perdh containing metacércaria (2 years
ofjage), the ratevof infakéfmustjbe almost equal to the
yearly loss of this'trematode resUlﬁing-in-ConStant
'abundancé levéls. | |

| Metacercaria of f.-Lhienmediav(pericardium) and‘
_-DQ spathaceum (in eye)‘had;increasing abundancés after
their ihitial;appearénce in whitefish and cisco. |

T. %nienmedid had become established by 2 years_of age

in whitefish and a year later in cisco. _This waé true

of D. Apaihaceum'in 2 year old whitefish and cisco.
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Metacercaria Qf_theée specieé are long lived énd dead
specimens were never found in-this study. ThiéilongeVity
combined with continued exposure feéulted'in increasihg
abundances;_ Exposﬁfe is apparently increased in older
‘whitefish when they begin to feed on benthic féﬁna.
Significantly_mbre whitefish (p< .05) feeding on benthos 
andiin clbse proximity to.the,bottomvwere inféctedIWith
' these two species bf»trematode.' Thisvexpiains the faster
increase of abundance of,theée species in whitéfiSh:'
 than in'ciséo, which aépérentlyldo ﬁotlfeedfnear the'l
bottom. This'agrees with observations by Leéter_and-
Huizinga (1976) of_cercériauofvDLPKOAiomumvadaméi‘
Lééter*@hd'Huizinga, 1976 whichvsettle t§ the bottom

- but swim rapidly ﬁpWards when light.intensityvdeéréaSeS.
It isvpossiblfacercarié:would‘ﬁenetraﬁe'benthic
feeding'fiéh like whitefish in thé érea.

) angeviﬁy and continued infection resulted in the
'inéréaSiﬁg abuhdance of'DiphyEKObdih&ium 4p. 11 once
established in 2 year»Old pike. = Pleroqercoids are
apparentiy long'lived and the possibility'ofbinfectién
"through accidental ingestibnAof plankfon mﬁsﬁ bé great
_enough‘to slowly increase‘abundance; | |

| Cestodes,'T;AcndAAdA'and T. nodutosus, peaked in
abundance in pike at S.I.L. Miller (1943) found
T. Aoduﬂoéubvpredoﬁinantly in pike less £han 3-pounds

whereas T. crassus was prédominantly in ‘larger pike.




Although f. noduKOAuAhwas always‘less abundant in pike
in S.I.L. it was nearly equal'to T. crassus in fish of
2 years of age when the peak of abundance of the latter =
occurs. By age 5 years, when the peak of T. crassus
habundance occurred T. noduﬂoéub, was much'less_abundant.
' This‘can be explained by the‘pikefs consumpticn of the
intermediate hosts involued. VFrOm my:observatiOns.small
'pike'eat many trcut—perch and perch (intermediateS‘fcr
T. nodulosus) but less whitefish andhciSCO (intermediates:
for T. chassus). As a result T. nodulosus is_mqre
,abundant in pike less than-3l§ears of“age;'-As thehpike
grew they consumed more and moreicoregonids'and the
abundancevcf T. chaééu&hincreased‘when}the pike reached
a large size (7 years_of age‘and older)‘it was beginning
.to eat larger whitefish and ciscc, but:ate less often.
As a result abundances of Tuvchaééué_again'decreased5.
Dietary changes probablf'are the:primary reason
forhchanges in endoparasite'abundance>with.age while .
host location in the lake (as a result of feeding) and/ora'
.factors, phy81ologlcal (host re31stance), morphologlcal
(gill s1ze, ‘gill current, surface area) may explaln |

'changes in the abundance of exoparas1tes.'




'b) SEASON

Parasites show patterns of seasonal abundance. .

Thése pattérns are represented heté by five general
patterns; namely, those_independent of season, énd those
' reaching maximum abundance in each of the fouf seasons.
Parasite_spécies,may have more thah one month ér séasoh
with:a peak of abundance but are categorized hérevbaéed’
on their period.of maximum”abundancer.Paﬁtefns showﬁ by

‘the najor parasitesvdf Whitefish; cisco apd.piké are .

- summarized in Table 13. u ‘ “
Onlyﬁviphyzﬁaboihnumiép. 11 iﬁ pike'shows no
»geESOnéi?changes in abundance. “Five of the major parasité
species were ﬁoSt>abundaht,in Wintéf; vAnvequalinumber of

speéies were. most abundant in éummer,:er.the majOr"
parasiﬁe specieslsix‘feAChed maximallébuhdancé in the
 spring‘and three in the autumn (Téble.i3);
| Of the méjor parasites of whitefish and cisdo,_
 P.‘engqq§ and P, 5ikﬁcb££i4 peaked in abundahce in the
spring. T. c&aééd&_peaked‘in abqndance in the spring
in whitefish'andAihithe.suﬁmér in cisco. YT. inie%media
had its higheét abundance values in winter while the
metacercaria of D..Apaihaceum'was at its maximum inv:
f Sumﬁer. Major pike paraéites P. pinguis and T. monenienon"
reéched_maximum ébundénces'in thé wintef,and summer

respectively.
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Although intensity and prevalence of Dlphylzoboihnum
AP, II fluctuated monthly, thelr product was relatlvely
stable‘whlch indicated that the number of these»,plerocer—
coids was not affected.by'season (Fig. 11, Append. IX).
| Seasonal effects on abundance of T. crassus Was
'observed in all its vertehrate'hosts.' As this cestode
.accumulated with cisco age, the results'Were divided into
two age groups (those under 5 years of age and those 5
years and older) for the purposes of seasonal study.
Peak abundance of T: crassus in whitefish occurred rn May -
while those of younger and older cisco‘occurred inbAugust.
-and July respectlvely (Fig. 12 i-iii, Append VII & VIII)
At these times, peaks of prevalence and 1nten51ty pro—'
' duced maximal abundance values, .By@September.to October,
T;'chabéuédabundances were much reduced as a'result of
decreased prevalence and'intensity values_(Fig.'lZ i?iii).
Infcontrast,ithis cestode reached maximum abundance in
its definite host- the.piﬁey in January after which the
net effect of changes in prevalence and lnten31ty
resulted in a constant reduced value (Flg. 12 iv, Append
IX). | |

Abundance of proteocephalid_species_in Whiteflsh
and cisco reached.maxima in May and June respectively
' fdllowed by a slow decrease in abundance as-suﬁmer
progressed (Fig. 13i). In contrast, P. pingudis in pike

o reached max1mal abundance in January (Flg.¢1311,Append.IX)then,




- Figure 11 (i, ii, and iii). Prevalence and log

yiptensity of Diphyﬁzobothniumiép. II in
 fVéikéfwith month. kAppend, IX) |
| o O-——m———— 0 péevalence'.
VQ;__————;O log.intensity”

(+ standard error)
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Flgure 12 (1, ii, iii, and iv). | Prevélence and log
‘1nten51ty of T&&aenophc&uélcaaééué in 1ts
host with month. (Append. VII, VIII and IX)
O==—=m——— 0 prevalenqe |
0——+;f—;—0»log inteﬁSity'

(+ standard error)
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Figure 13 (i and ii). Prevalence and log
*intensity of proteocephalid species
in its hosts with season. (Append.VVIII,and .

IX)

®————— @ log intensity:

.

(+ standard error)
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-as with P. exiguué and P. 5££ic0££iébabundance‘declined
until September and then 1ncreased again.

leferences in the seasonal cycle of Raph&da&ca&&é
4p. from WhlteflSh and pike are apparent in Flgure 14.
_Encysted nematodes of this genus from whlteflsh reached
| max1mal abundance in autumn as: prevalence and 1nten51ty‘
‘1ncreased from mlnlmal_sprlng-values (Fig. 14i).
Raphida#ca&ié free in the gut of pike reachedAmaXimai
’,abundance‘in March_aa a result of_peaks of,intensitytand
;preualence. Another smaller peak in-the.abundance’of |
this nematode in plke occurred 1n July (Flg. 141,Append IX)

Slmllarltles in the seasonal abundances of
whlteflsh para31tes vectored by amphlpod 1ntermed1ate
hosts can be observed in Flgure 15. .Max1mal abundance
in M.,Aaﬁmontb and C. t&uncaiué ;n'whitefish‘occurred
in the’autumn}'whileiﬁinimal values for these two
species occurred in the summer (Fig. 15 i & ii,Append;VII).-’
‘Throughout the year changes‘in the-prevalence of‘these
‘species Was‘paralleled by chanqes in'parasite’intensit?.
‘The amphlpod vectored nematode, Cy ﬁa&&on&A reached
max1mal abundance in winter (Fig. 15 iii Append VII). Abundance
was lowest in the summer as with M. éaﬁmon&A |
C. Iﬁuncaiué, but reSulted almost exclusively from a
decrease in prevalence (Append. VII).

Differences exist between the seaeonal.cycles of
fd.abundance for the major para81tes of whlteflsh and
.c1sco, the metacercaria of T. ,Lntenmedta and D. Apaihaa

caecum., Although these two Species of tremtodes were at-




Flgure 14 (i and 11) Prevalence and log
:1nten51ty of Raph&daéca&&é sp. in its
- hosts w1th season. (Append. VII and IX)
| 0;45—————djp£evalenée' | -
,Q;—;—————O 1og.inteheity

- (+ standard error)
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minimal ahundance in both host»species’in July; the
maximal abundance of T. inte&media'occurred in.March
' While that of D. 4pathacaeum took place in June in both
| cisco and whlteflsh (Fig. 16, Append VII and VIII) |

| The gill monogenean, D. Aag&ttata from whlteflsh
dand c15co, and the monogenean T. monentenon from plke,
reached maximal abundances in July (Flg. 17, Append VII.and
IX). Abundances of both these paras1tes dropped to
' mlnlmum values precedlng and follow1ng this mldsummer.peak

Another glll paraSIte,-E. ne&kae reached maximal

abundances in summer (August) when 1ncreas1ng prevalence
'-values and decreas1ng intensities resulted in max1mal

paras1te populatlon size (Flg. 18 Append VII)




Figure 16 (i, and ii).'_Prévalence'and log .
| ,_éntensity of:trématode_meﬁécercaria
ﬁith month. (Append. VII and VIII)
O————==== 0 pfévalehCe: 
———0 log intensity. 

(+ standard error)
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~Figufeﬂ}] (i énd ii). Prevélence and log
| i£ténsity of mOnogeneanfgili-pérésites'»
:With‘month. (Appénd. VI and IX). |
| | d——é—-;—-o'prevalence

.—f“_f—_f..log intensity

(+ standard error)

€
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Figure 18.  PreValence“and-lo§ ihtensity ‘ ‘
qg'Engaéiﬂué nenkae With month;'-(Append. VIII)
- o J—— 0 preValénce |
O—e——————i'loé intensity

(+ standard error)
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Discussion

Seasonal changes in water temperature have been

used to explaih the seasonal cycle of abundance in f£ish

parasites (Awachie 1968; Rawson and Rogers; 1972, 1973;
Cloutman and Becker 1977?'Hopkins 1959; Tedla and
Fernando 1970 and others) . Seasonal tlmlng stlmulated

. by water temperature was shown to be effectlve in

vbmax1m121ng the eff1c1ency with whlch the 1ntermed1ate p

host is infected (Stromberg and Crltes 1975) Other
authors showed that water temperature acts to affect
parasite abundances by modifying host'act1v1ty suchvas

feedlng (Blbby 1972, Anderson 1976). Changes in host

, dlet was used to explaln seasonal cycles (Moravec 1970,

Eure l976b)., Temperature was ellmlnated as.a causal
agent by Rumyantsev (1973). Other workers believed

- that Water temperature may act only secondarily:on

parasite abundance by controlling hostfbreeding cyclesbl

:(hormones)'(Kennedy 1969)<and hostbimmune reSponse“
‘(Kennedy and Hlne, 1969, Leong 1975)

it is generally accepted that water temperature,
host diet, host act1v1ty and host 1mmunology control

 seasonal cycles of para51te abundance but these factors

- may actJn dlfferent ways and to varying degrees on .

dlfferent paras1te species and on the same para51te in

-dlfferent hosts.




Leong (1975) found Cyéirdrcoﬁa 5an&on¢5 from
.Cold Lake whlteflsh attained max1mal abundance values ‘in
. the winter and minimal values 1n_late ‘summer with
maturation occurring in the_spring and summer.b_In this
;study,’maximal values of abundance also occurredaln the
'spring when many.small-larvae of these speciesvare :
~present in the swimbladders of whitefish. Minimal.
vabundance values also occurred during the'summer.'.Leong
(1975) explained w1nter abundance peaks by a decrease

in the act1v1ty of the host immune system due to low '
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'water temperatures. This could also explaln abundance peaks'

_ at S I. L
Acanthocephalan M. satmonis (vectored by amphipod

hosts) had a winter abundance peak in perch and dropped

to zero-by autumn (Tedla and Fernando 1970). Leong (1975)’

demonstrated that a peakvofjabundance in this parasite in
fDecember in young whitefish and in July and December in
1 older whlteflsh but observed little seasonal varlatlon in
101sco. He used temperature controlled changes in host
immunity to explaln w1nter peaks in abundance. In thls
study max1mal abundance of thlS species in whlteflsh was
in late fall. Lower water temperatures at this time
could have resulted in lower‘host‘immunevresponses.

“ ~Awachie (1966)gfound that the amphipod_vectored
: cestode,C. Inuncatué‘established,in brown trout.ln lateu
autumn; matured in late winter and early spring; and
disappeared by late summer. .Leong (1975) found-that

the abundance of ‘C. inunedtué peaked in'whitefish in
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early winter .and in summer;'and'uséd temperature con-

 tr§lledvhos£ resistance- as anjexplanétion.>.A similar

interpretation may expléin the.late fali ﬁeak.in abundénce

of C. tnuhddtué,in S.I.L; although.an obviouslsumMer

peak of-abundancevwas hot'obserVed as reported by Leong‘_

(1975) . | | | =

- Seasonal changes in T. crassus were reportéd'by'

several authors. A period existed in ﬁhe.iate spring'or _.

Jearly’summér when Whitefish and.ciscb'begin to feéd 5n '

infected Cyclops. ‘Approximately one month later the |

number of plérbcercoids in the musculature of these.

fish increased dramaticaL1y,(Miliér 1945, 1952; Lawler,f'

lQSl).lvFollGWing this increment period some authors

did not detect‘é decrease in c?stode'numbers;(Millér'

'ul945[ 1952; Lawler, 1951) but"Newton (1932)'found'én

autumnal_décréase which hé-suggésted was due ﬁo the

: hosf's immdnological system.j Peaks_of T.:cﬁaAAqA

.abﬁﬁdance occurred in spring in whitefish and in late

,summef”in cisco at S.I.L. The earliervpeak of abundance

in whitefish may be due to a faster:rate'of'encystmént of"
plérocercoid, perhaps, dué to a greater immune respéﬁse

..in.the'whitefish than in ciéco-(the natural hosty.. Sudh:

encystment wouid allow;earlier}detection of new |
plérocerqoias in the muscﬁlatﬁre,» Reductipn of T. crhassus

‘abundance in the aﬁtumn in whitefish and cisconéorroborates 

Newton;s (1932) findings and may bé~explaihed‘by a}strong.

host,imﬁunologiCal response. By early fall~Water tempera—
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’turésf(l6°¢)'Wér¢ only slightly lowér than thOSe.of‘
| summer maximums (190C)'and cbnséquéntly tempegatu:eé
probéblj had not affécted.fish'immunity; |

| _Ekbaum_(1932) reportedvthat.T. crassus matured:inv
the intestine of the pike'in February. Miller:kl952)' 
found maximal numbers in the late aufumn and winter and
g foliowing_release of eggs in eariyﬁMay he fouhd'the

' mature.woims were lost without replacement from mid May
‘to mid June. Maximal abundance of T. crassus in £he'b
 present stuay odcurred~in pike in January, and thdugh'
’minimal abundance occurred after release of eggs by
gravid worms in early May,.the~period of "felativeiy
,Tch&aAZué_free pike" reported by Millér (1952) did not.
‘roccur.’ Not all of thése cestodés aré lost but destrdbil;
.izatioﬁ might éccount'for the'éffect obsefved by Millef
',(1952)_and othérs. Spawniné pike do hot feed; and

' withéut fhe influx of T..cnaééuél éleroceréoids from

‘ infected whitefish'and_Ciscb, replacement would be
delayed until afﬁer the spawning périodiwhen'active
feeaing is resuméd.‘ ‘,

Bauer and Nikol'ska&a (1957) fquhd Pnéieacephdﬁd&

- numbers in whitefish increased in autuﬁﬁ. 'Hopkins (1959)
found numbers of'P._ﬁLﬂicaKﬁiA peaked in:GaAIQMOAZQuA
aculeatus in autumn. ‘Proteocephalid numbefS‘often
peaked in abunaance in the spring. Connor~(1953) fbundv
P. stizosethd in‘walleye‘and Kennedy and Hine (1967)

'fouhd P. torulosusd in dace peaked in nUmbersfin the spring.
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Abundance of Pl 6i£icoﬂﬁiéhpeaked in Cold Lake cisco
in August.with mihimal values in winter (Leong 1975).
ﬁe also found Proteccephalus 4p. plerocercoids reached
' maximal'abundance ln January in_Whitefish and April
in cisco. Leong (1975)-found'abuhdance_ofvP. ekiguué
in‘whitefish ln Cold Lake was highest ln May fhenfdeclined_
_through untll the winter. Pnbtebcephaﬂué from'whltefish.
‘and cisco from the present study reached. max1mal abund—
ances 1n.May and June respectlvely Wthh 1nd1cates the
' compohent of P. ex&guué present w1th P. 642&c0££¢4 in
ciSCo'appears to obscure their reported autumn abundance
peak. ‘.Peakvofvabundance of P. ékiguué from whitefish andv
cisco 1n the sprlng resulted from a dlet of 1nfected |
copepods in the proceeding months, though most Pnoieoce—
phaﬂué 1n‘these>f1sh matured qulckly and were grav1d by
_ spring; hThis suggests that a spring peak'was.due to
"gradual_accumulation,vfollowing a,loss?of many gravid
cestodes which occurred in early summer. - Peak‘abundance .

of P p&ngu&é from plke in July may be related to waterv

’-_temperature and host response.

~Brown trout,were,found most heavily infected-by
n;_ﬁahianié ln February,:theh-ihcidences felldthrough
summer to their minimal values in September (Awachie'
~l968)" He speculated that water temperature synchronlzed
the cycle of thlS para51te in trout and its intermediate _.
host (Gammanué) Sprlng ‘abundances in S.I.L. were many

times those of winter suggestlng that if such coordlnatlon
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. of lifefcyclesvis maintained,pthe biology of‘trout and
Gammasius in'Awachie'svstudy (1.968) must differ from the
.biology.of whitefish and‘GammanuA,in-the present study Ah'
or that seasonal availability of the mollusc.  hosts
may be important. Diet of whitefish.during thevearly
g spring‘consisted'mainly of'GammanuA. .Thelresultant-,
peak of abundance'could then bé explained by‘seasonall
'changes 1n d1et . |

- Bauer and leol'skaya (1957) found D. Aag&ttaia
_numbers were hlgher on whlteflsh gills in autumn.
4 Pallng (1965) found invasion in Aprll to November and -
a late summer. peak Leong (1975) found peaks of abundancev
'from late summer to early w1nter in whlteflsh and cisco
» respectlvely.‘ An early w1nter abundance ‘peak in 01sco‘
- was explalned by low water temperatures reduCLng host
re51stance. The mldsummer (July) peak of abundance of -
this monogenea in whitefish and cisco found in the ,
'pfesent~study is difficult to explain on the‘basiseof
host resistance asvit,occu:red during warmer water |
‘temperatures. ,Perhapsgthost7activity or'host disttibution‘
within the lake varies; Movement of fish might have
resulted in a diffetent population of fish being sampled.

Gill monogenean, T. monentercn of pike also peaks

in abundance in the summer. A’tempetature induced |
immunological response would be strong at this time and
explanationhof the summer abundance maximum neceSSitates

”other'factors, It is possible that‘following spring spawning,




pike had a reduced resistance which allowed monogenea
to 1ncrease in abundance.

Becker (1977) found numbers of E. CQnina&chidaadm_

decllned sharply with decreased temperature. Leong (1975) .

found that E. nerkae peaked in abundance in late summer
while another cisco gill crustacean; Ekgaér@ub aqnitué
MarkeVich,'1940, peaked in April and May and to a.lesser
extent 1n September and October.’ These two spec1es ap—
parently had seasonal cycles which reduced 1nterspec1f1c
competltlon. In the present studyAE. nenhae also
peaked in'abundance in late 'summer (Aﬁgust),'though‘the
explanatlon of 1nterspe01flc competltlon can not be
accepted as only one of these species infects cisco at
" S8.I.L. 'Host,activity must allew accumulation of the
copepods untii dropping'water'temperatures scmehew reduce,
the establlshment of nauplii and/or cause the death of
' establlshed crustaceansL
\ » The peak of abundance of Raph&daAca&&A Ap in.'
whiteflsh 1n'thebautumn andfln cisco, and plke in the
-winter in the present;study;‘could be related-to_low
water temperatures durrnglthese periods-or‘by changes
in'host diet. Moravec_(l970) explainedithe seasonal
cycle of Raphidascaris acus in brown trout by changes in
hostkdiet. He faiied to rule out other_factOrs such as .
water temperature. dehiddbca&iéfép. occurring in cisco
and pike originate from encysted-larvae in fish such as

whitefish. Peak abundance in piscivorous species
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(pike-and cisce) might fellow the peak in spécies Suchv
as whitefish and a peried of.time for the inerease in
‘numbers to move up.the food chain. ‘

An increment period‘or peak:of-abundance does not
occur wirh plerocercoids of D;phyﬂﬂdbothnum‘Apu_II _
from pike.as-it did with those of T. crnassus in whitefish.
There is no‘autumnalideeline.as with T. ahaééué
Ingestlon of infected copepods apparently occur for most"™
of the year without any 1mmunologlcal control when water‘
4temperatures increase. Deflnltlve host of this para51te
is probably the herring gull, Larus angentaiué and this
- might remove at least part ef,the»llfe cycle,from-control'
of water temperature though cemplete seasonal.stability
cannot ﬁe.explained.

) Metacercaria of T. Lnteﬁmédia in whitefishAand cisco
' peakeduih abundance in the'winter'(Marpﬁ).possibly
‘indicating that host immunit§ probably,ﬁlays a role in the
seasonal cycle. In contrast, metacercaria”of'v. spathaceum
which occur in the:immunOngically‘mQre toierent'eye.of
rhese\hdsts peaked in Jﬁne‘indicatihg that proximity of "
 the host to the source of cercaria (Shail)‘may be_mere
important than the-reduction of host.response when Water
temperatures are low}. _ | . . ‘

Pikelparasiteskc. Kaboteé and T. ndduﬁobuéyboth_,
hadgmaximal abuhdances in the Spring. Both are Veetoredb
by minnows and smaller flsh spec1es._ Diet of post“ |

'spawnlng plke con51sted malnly of shiners (1ntermed1ates

112 |
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forhcfvﬂdbaieé) and perch (intermediates for T. nodulosus),
both'of which were found in shallow areas, in the vicinity
of spawnfng sites; Dietvmust be the major factor that
controlled thesehspring abundance peaks. |

- Although reduced.host resistance mayvexplain.the‘
?eaks of‘abundance of parasite species during’late fall,
winter. and early sprlng (perlods of low water temperature),
it does not explaln peaks at other seasons. Effect of o
'temperature as a stimulus affecting- host diet, act1v1ty
and dlstrlbutlon in the lake can'not be.overlooked and _
- appears to be the main explanation for peaks.of abundance
during warm water periods.. Althdugh such factorstas
__1ntermed1ate host or definitive host avallablllty may be
ithe only cause of spring or summer peaks of abundance,
_these factors cannot escape the modlfylng effects of

water temperature.
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c) FOOD HABITS

,Changes in the abundance of‘parasitevspeciee with
season, host age and'sex'can often-be explained by changes'-
in host diet (Sec; VII'a,'b and d) Host diet was studled
- in order to explaln dlfferences in the abundance of : |
paras1te species.

Major food items of whitefish'ﬁere pelecypods,
gastr0pods; ohironomid larvae, amphipods and ephémeroptera-y
: ‘larVae'(Append..X). Cisco fed mainly”upon zoopiankton
(malnly Cyc[opé and DLapiomué) ephemmxpteaalarvae, trlcﬁoptera
larvae, chlronomld larvae and small flSh (Append XI)

Major plke,food 1tems‘are flsh_(mostly_Percidae)vand
trichmﬁEra larvae (Append. XII). | | |

| | Whitefish diet was studied here within restrlcned
age groups when diet changed s1gn1flcantly (p< ,01) with
’host age. Major foods of young whlteflsh were chlronomld
larvae whlch made up 20% of all 1dent1f1able food 1tems,
vzooplankton (pr1nc1pally Cyclops, Draptomué and Daphn&a)
‘whlch make up 15%, gastropods (15%), pelecypoda and
,hydrachellldae each with 14% of 1dent1f1able food items

- (Append. X). In mature whitefish (5 to 7_years of age),
- however, . pelecypoda made up 20%, gastropods 18%, '
_chironomid larvae 12%”anditridx¥tera larvae 11% of
_identifiable food items (Append. X). ‘Older'whitefisn
.(8 years and older) had a diet similarvto'that of mature

'whitefish with 20% pelecypods, 18% amphipods{plS%



gastropods and chironomid larvae each and 9%-ephemeroptera'
larvae (Append X).

Diet of cisco also 31gn1f1cantly changed w1th age

'(p(.Ol) : The 1dent1f1able diet of younger 01sco (0 to 4 years
of age) con51sted of 636 plankton, 9% trlchoptera larva,

- 8% ephemeroptera larvae, 8% chlronomld larvae and 3° frsh g

(Append. XI). Older cisco (5 years_old and older) had a -
diet which consisted of 25% ephemeroptera larvae, 21% plank-.
ton, 20% trichoptera larvae and 11% fish (Append, XI).

Diet of pike did not change with age. Identifiable

~ food items were 61% various fish species, 9% triohoptera

':_larvae,'8 ephemeroptera larvae and 5% odonata 1arvae ‘and

amphlpods each (Append. XII).
Changes in whlteflsh dleﬁ with age are summarized

in Table‘l4. ‘Although insects had a consistent role in

';the diet (35 to 39%), plankton decreased in importance

(15;t012%),»and’benthic fauna increased.from'35 to 52%

¢ .

_of their diet. As their intake of Cycﬂopb, Diaptomué'

and other'plankton»decreased* amphlpOdS such as Pontoporedia,
gastropods, and pelecypods became more 1mportant Basdically

it. was a change from a planktonlc feeding mode to one. in

. Wthh benthic feedlng predomlnates.'

Cisco dletary changes are summarized in’ Table 14

'As cisco increase in. age the rnsect component-of diet

incresed‘from 32.8 to 60.6%., fish from 3,4‘td‘10,9%

‘while the plankton portion_of_the diet decreased from 62;6

to 21.2%. Although plankton COntinued to play a major role




‘Table 14.- Summéry of changés'inidiet, diet similarity
' |  and diversity with age.
WHITEFISH" 0-4 vyrs 5-7 Yrs: - gt yrs.
* _
Insecta :35.2 36.9_ 38.8
Plankton 15.3 1.2 2.9
Benthic 34.2 50.0 52.5
Simpson's 8.14 10.07 10.34
‘Index '
L | - + |
CISCO - 0-4 yrs. 5 yrs.
Insecta 32.0 60.6
Plankton 62.6 21.2
Fish 3.4 10.9
Simpson's 3.82 4.14
Index
, k + :
PIKE 0-4 vyrs. 5 vyrs.
" Anthropods 29.8 26.3 .
Fish 66.3 47.0
~ Simpson's 3.51 4.11
Index. -
Whitefish Similarity of Diet
- 48.8 Cisco
27.7 34.1 | Pike

; *percent of stomachs containing food item
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in the diet of ciséo as they age (unliké‘wﬁifefiSh),
fish aﬁa insects become the méjor food of older fiSh.
" Cisco contiﬁde to-féed on plankton,but, whén blder, fed-:‘
maihiy on food items too large for young'cisco.to éatch.
 Diet of pike changed liﬁﬁle with age. _Arthropods.
(principally insects) remainéd'constantb(ZG to 30%)‘asu E
did thé fish cbmponent‘(57 to 66% of recognizablé'food |
items). | | | B
As these threevfishispecieé éﬁe'their diet became
 more diverse as reflected by increasing vaiﬁes for‘u
Simpson's index (Table 14). Whitefish diet was more
diVerée;than that of cisco which was slightlyvmore
diﬁerseifhan that,of'pike.‘.
A-When similarity of diétfwas calculated thé diet
of whitefish Qas more similaruto-that of'¢ich (48.8%)
fhan to that of pike.(27;7%)..7Ciscblwere more similar

in diet to pike (34.1%) than Whitefish‘Weré (Table.l4).~

1



Discussion

Diet of whitefish 1n thls study was srmllar to
that reported by other authors (Forbes 1888, 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
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were taken. This change in size dld not preclude consump—'

_tion of planktonlc food (Kllewer 1970). By three years_
~of age the dlet of whlteflsh in this study was essentlally
dthe same as those over ten years old Reckahn (1970)-
found that w1th1n a year of hatchlng whlteflsh had begun
to feed ‘on foods characteristic of adults. Amphlpods were
'less 1mportant in the dlet of S I.L. ‘whitefish then
‘vgastropods and pelecypods. This was more 31mllar to the

4feeding of whitefish reported by Bajkov (1930) from.

' Lake Manltoba and Lake Wlnnlpeg031s than from Lake Wlnnlpeg.

Entomostracans were the principal food taken by
d101sco (present study) ClSCO unllke whlteflsh fed_on’
‘plankton to a large degree at all ages. .Dobie (1966)
found cisco were pr1n01pally pelaglc feeders. Diet of-
‘01sco from other lakes as reported by Nelson and'HaSler.
(1942), lesky 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 (1973) suggested that cisco may'eat

their own eggs and have occassionally eaten small minnows.
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Pike when‘yonng fed onfaquatic insects but by
50 millimeters in length, fish became the predominant food
- item (Scott and Crossman 1973) They report'pike will
. eat v1rtually any llVlng vertebrate avallable to them
within the slze_range they can engulf. Lawler (1965)
found‘that fish and insects formed thejbulk of pike diet'f
at ﬁeming Lake, Manitoba.v Most studies like the~present
haveYCOncluded'that changes in the diet of pike Withvage
was moStly in the siZe of fish consumed. “Thus yonnger
'pike would live on fry‘andvminnoWs while older pike
‘COuld consumevlarger~fish.such as suckers,vperchdand
coregonids.' | | | |

Changlng dlets of these flSh spec1es may have

produced many of the changes 1n para51te ‘abundance w1th
'age (Sec. IITa). Rumyantsev (1973) found.agevdlfferences
“in diet ekplained changing barasite prevalences. Laner
(1970) reported that Bauer (1948) found benthic feeding'
‘coregonlds had more trematodes and fewer cestodes than
plankton eating forms. When-older whitefish .in the
rpresent study began to feed on benthic amphlpods ’
(Pontoporeia aﬁﬁrn&b),‘the abundance of M. Aaﬂmon&é,
. C. thuncatus and Cy. fardionis vectored through'these
increased. Differences-in diet explain why younger.pike ,
have higher abundances of T; néduKOAuA (?ectored by
minnows and smaller fish) and smaller abundances of

T. c&aééué (vectored by comparatlvely larger coregonlds)
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'-then‘they do When‘theyawere‘older and could'conaume ,
larger'fish. ‘

Prolonged plankton'diet-of.ciscoo(compared with :
whitefish) explained why they acoumulated plerooerooids
of the,oopepod vectored T. crhassus. while the larter does
not. | | | : |

| The order of decrea51ng para31te fauna dlver51ty B

(Table 5) was whitefish cisco and pike...Thls was the
' similar to.decreasing diversityvof diet:(Table l4l. It
lappears that With a more diverse:diet aﬁ expeotedfiv
increase in parasite‘diversity occurs. Whitefish feed on -
plankton and benthic foods, cisco planktoh'and fish, ahd':_»
pike fééd only on fish. .These differeht'types of foods |
ilvectored different paras1tes. As whitefish become benthic
.feeders they stayed in close prox1m1ty to- the bottom and
-were possibly exposed to trematode cercaria released by
"molluscs. Addition of several tremafodes-lT, intehmedia;
D.;Apaihaceum ete. ) £¢ their fauna increaeesitheir'
.'diversity5° Leong (1975) found no correlation between the
diversity of foods.and'of parasites. Heiexplained it by .
-four factors 1) importance,of food items as intermediate
hosts varied 2) digestion rates varied - 3) host
‘specificiEY-of parasites varied and 4)'lparasites modified
intermediate host behavior {increaeed susceptibility to.

predation).
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In the present study there also existed a
lrelatlonshlp between the 31m11ar1ty of diet (Table 14)
and similarity of parasite fauna (Table 5).‘ Slmllarlty

of diet between the coregonlds, cisco and whlteflsh

resulted 1n s1m11ar para51te fauna. Para51tes exhlblted
very - llttle host specificity between these two species

of f;sh, and as a result when their diets were similar

" the resulting parasite fauna was similar.  Consumption _ L

of the amphipod intermediate host by both hosts make it

hard to postulate the reason fox the presence of

:Cy 6a&40n44 in whlteflsh and 1ts total absence in c1sco.'

, _The amphgpod Gamma&ué may prove to be the intermediate

for‘thie nematode’for'unlike Poniopdhéia which vectodrs

'M. salmondis and C.‘inuncdtué té both fish hosts, Gammenué

is eaten only in quantitieS’by whitefiSh. |
Although many .authors used diet:to explain

Seasonal changes insparaeite,abundancee; foed.analysis

.on a seaeonal basis in this studynwas not possible. As

water temperature'increased fish fed more and digestion

" rate, like other biochemical processes in poikilothermic
animals, increased. As a result food items rarely
eaten may be identifiable at lower water temperatures,

- but :commonly eaten food items may be digested so quickly

at summer temperatures that they are unrecognizable soon
after consumption. Seasonal differences in digestion rates

-are apparent in temperate lakes and prevents accurate
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seasonalvanaIYSis;

Differen¢es in diet with season and fish age
may explaih'the changes in the abundances of parasites
‘that are eaten in intérmediates hosts. Changes in
the mode of feedlng (planktonlc to benthlc) may also
‘change the abundance of external para51tes or paras1tes o

, whlch‘pass the fish surface (trematode cercarla).
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d) . HOST SEX
" Abundance of major parasites of_whitefish, cisco -
and pike was studied to observe if differehces,existedv
between'different sexes of host. No parasites exhibited

a sexual bias.

Discussion

leferences in the abundance of para51te spec1ee
in male and female hosts-appears to be the exceptlon and
not the rule. Although Paling (1965)'Kennedy (1968)/
Shooter (1973) and others have reported sexual dlfferences
other adthors such as Welch (1952), Blbby (1972), Rumyant&af
(1973) and Leong (1275) have not.

' No one seems to ha&e been'able_to explain‘why one
. parasite 'in a host can Show sexualtdifferences and not
‘others;'or'why‘a pérasite,exhibits a sexuel preference.‘
in one host species and not another. |
| | Although major para51tes were’ studled durlng every
season and in hosts of every age in this study," no sexual

dlfferences in abundance occurred 1ndlcat1ng that these

_parasites (1n these hosts) did not have a sexual blas._
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e) GEOGRAPHICAL LOCATION

In an effort to establish sampliﬁgvloéationé that
cquld-separate fﬁtﬁre effects of lake impoundment from o
those of imboundment and.curfent divérsioh, foﬁr sites
Weré chosen as figure 2 illuSﬁrates; Sites B‘andiD‘-
would be.expésed t@-changing water currentsbin,addiﬁioﬁ',;
- to water level increases, while sites A and C Wefe- |
narroW—neéked bays which Wbuld ﬁot'bé influenced,by"
~ current diversion. In order to test the similafitiés
of bparasitesfound at these Sites the abundances.of
the major péraéites were ranked and festednfbr significént
differégbes using-Kéndall'é T_nonbaﬁamétric corrélatiéh;
Values for T. crassus and T. Lnienmedéa in whitefish.ahd 
 cisco from.areas 4‘and 5.(Fig. 1) were.included for

comparison wifh the four southerly siteé., This was-
i\ungertaken‘to evaluate the:degree of représentatioh of
‘these sites of the wholé_Iake'parasite commuhity (Append.
XIII and XIV). R

Abuhdanceé of méjor Whitefishféarasites and‘their
ranking at ééch site appear in Append,‘XIiI.i The
"three'most abundant parasites T. Lnteﬂmedia,_P;‘exiguué
i énd'D.'Apathaceum did not change in rankiné. .Majdrv
‘ dif?erences.in ranking resulted frém the high'abundance-
value for M. salmondis in‘site B giVing it a rank of 4,

- while it ranked 9, 10.5 and 9 at sites A,'C-and‘D

'respéctiVely. Although E. nerkae ranked 4thsin sites



A and C (areas of restrictedvcurrent) it rahked 9.5 and 11
at B and C respectively (Fig.”2). Abundance of
Ciepidoétomum'éaiionib was low in site C and ranks 10.5

while it.fanked, 5 and 4 in A, B and D respectiyely.
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- Ranking of the four sites, however, Were not signifiéantly‘ 

 différent. Correlations of ranking appear?in:Table:lS.
The ﬁost similar rankinngas between B.aﬁd D while.the:'
least similarvwas~B and C whiéh weré?less than £wp‘mile$
_aparﬁ (Fig: 2). | :
:‘Ranking of abupdances.of majof cisco.parASites
. appear. in Append. XIV. - Altﬁough_thé»ﬁqst abundant
pérasite_Pf giLlicollis and the leaét abupdént D. sagittata
‘had idéﬁfical rankings, other paraéifeé had slightly
differing rankings. Noticeable differencés in ranking o
‘was the abundance of E. ne@hqé‘in site A with a rank of
2, while at sites B, C and D (Fig. 2) it ranked 6, 4 and 5
respectively. 7. Zpaihacédm-ranked'z énd 3 at sites B
and D while it ranked dnly(d and 5 at sites A and C.
fDifferences'of.ranking‘was_significahtlyfdifferent
'between sites A and B"(Tabié 15). bParasiteifankihg of
éite C. was. equally Similar with site A and B and the
parasite raﬁking,of site D waS‘Qqually_similar_with
A,‘B and C.’
| - Rénking ofimajqi pike parasites.was.simiiar‘and
.thé-ranking 6f,the thréevmost abundant parasites |
 _7T; monenteron, P. pingudis and T;‘QnQAAuA at each of

the four sites was identical (Append. XV). The most

noticeable difference was the ranking of 4 for T. nodufosus
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.Table 15.> Kendall's nonparametric correlation of

parasite ranking at sampling locations

| B c D
Whitefish: , : —_
A | .59 .68 | .56
B .44 .83
C .47
B c D
Cisco: - -
: "
A .43 .62 .71
B .62 L71
c 71 | agB
‘ B C D
‘Pike: - ‘
Al .90 .90 .52
B .81 .62
: *
¢ .43 C#D

- *Raﬁking Significantly Different; p< .05
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at s1te D while it ranked 7th at A, B and C._ In- contrast,

¢. tobotes ranked Tth at site D while it ranked 5, 6 and 4

at sites A, B and‘C‘respectiVely. Differences in rankind
was 51gn1ficant between C and D Wthh were less than one -
'm;le apart-(Table.lS). Most similar, were 81tes A and B -
and sites A and C; | . |
Abundance of T. chaééué in whitefish and cisco

at areas 4 and 5 was comparable to that in 51tes A, B, c
and D. Although abundance of T Lnienmedta in cisco was .
comparable to these southern 51tes,_that of whlteflsh was

considerably higher.



'Diseussion

| 'Altheugh much research has been done on the sep-.
aration of marine fish stocks nsing parasite indicatorsv'
by many authors (Margolis 1963, 1967; Gibson 1972;
Isles'l97l; Pippy'1969a, 1969b; and others) little work
hasvbeen dorie with freshwater‘speeies; ’Differences-in“
”'parasite infections were eXplained by salinity (Shotter -
‘1973), differing habitats which resulted in sllghtly
'different host behav1or, feeding and or migrations
(HickS-and Threlfa1171973). The latter authors-also.'
explained differences by uheéual-distributien of inter-

mediaterhosts. Lawler (1970) reported that Petersson

(1969)vseparated stocks of ciscovbyvdegrees efvT. crassus

infeetion. Lawler (1969) found shallower areas of Lakep
Malaren, Sweden-had lower incidences of T._c&aAAuA

. Oakland (1949) and Sunde. (1963) found differing levels
4‘of:T. crassub 1nfections 1n areas separated by less than

<

9 and 2 miles respectively. iTg crassus larvae are long

'lived and shouldebe a_more'sensitive blologlcal tag than .

1‘parasites‘that appear and disappear Seasonally.
No areas were different when the ranking of major
whitefish parasites were analysed;' This'was as expected

‘because of the close prox1m1ty of ‘the. sampling sites

(Fig. 2) and the similarity of whlteflsh age. distribution'

at the four 51tes.
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Differences in'the:parasite fauna of ciscc ati
sites A and B resulted from the greater abundance of
E. nerkae at site A. 'Site A does not have a current
unlike site B. Other basic ecological differences.
‘undoubtedly also exist. Cisco at site A also tended
- to be ycungerhthan at site B.and as_E.'ngnkqe-tended'to_:f
N decrease ‘in abundance with host age this expLains_nost-
of the difference. | | o |

| Major differences in rankinghof”pike parasites
'between 81tes C and D resulted from hlgher abundances
of T. noduﬂoéué at C and lower abundances of C. KoboteA
at sitevC. Cyprlnlds which vector ‘the: metacercarla of
C.. Koboieé were in much greater abundance at site C
and explains the greater_abundance of the mature trematodes
- in pike_here. ‘Plerocercoids of T._noduﬂbéuéhare vectored
| by perch and young burbot (Lawler 1968, l969a).‘ Burbot.
were most abundant inbsite D but perch were almost_absent.
from both locations. It>is possible that differences in
" the avallablllty of 1ntermed1ate hosts mlght explain the
‘greater abundance of T. nodulodus at ‘site D.

It appears that though some.parasites such as
' T.’c&aééua may have similar abundances in Widely separated
parts of the lake,'abundances-of other parasites like.
LT éhte&mediaté in whitefish may.be mcre representative
~ of a smaller area. Such differences may'resultlfroﬁ an

' unequal distribution of intermediate host for some
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parasites (such as snails) and not others (copepods) or
the rélative abundance of host fish species. Although

not a complete comparison of these_twd parts of the lake,

‘it does draw attention tothe danger of generalizing from

sampling site(s) to a large lake.

Generally most differences in sampling sites which,

- did not differ greaﬁly in proximity or depth can ohly bé_
'éxplained by differences in intermediate-hosts or by

‘ differences_in the age class structure of hbst~speciés.



' VIII. MUSCULAR DISTRIBUTION OF PLEROCERCOID CESTODES

Plerocercoids of T,-cnaAAuA and DiphyLLobothrium
sp. II are 1bcated in ﬁhe musculature df their intermediate
hosts (whitefish or cisco) and the_piké.respectively;'__
These pierocercoids were not evenly distributed in the
musculature and é comparison was made between their
* distributions. o |
| -ﬁrevalence'of plerode:qoids of:T; cnaAAuA.Was'
higheSt in thé right anterior epaxial:muécle‘of whitefiéhgj‘
Ces;odesbwere much more-prevalént in the right side, the
uppér mué;le and>the anterior énd of the whitefish. - In
intensity wasvsignificahtlybhigﬁefv(p<0.01). Ratio of
T. chaé&dé plerocetcoidS'Qn-the right/léftISide was 1.31:
(Table’l6)._y | '.

| Similarly.plerocefcoids of T. cnaééué also had
higher intensity in the right anterior epaxiai musduléture
of Ciéco;‘however,’unliké the cdrresponding higher
‘vprevalenCés of plerocefcoids‘in the'anterior_énd
eanial'muscle, the plerbcercoidsbwere more prevalent
_on the-ieft side.and not the right; Although'ratio of
» inteqsity'of plerocercdids on the righﬁ/left side of
ciscd‘was‘l;24 and was significant (p<0.05), cesﬁode abuﬁ#

dance was actually higher on the left side: (Table 16);

131
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Diétribution'of ple;ocefcoids dfiﬂiphyﬂﬂobathnium '
sp. 11 in pike exhibited no-anteriof/posterior‘bias.
Iﬁtensity and prevalence was greater in epaxialband left'lx
.musculature'of pike (Table 16). Ratio of pierocercoid

intensity left/right,wés'l.40.
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Discussion

Although several-studiés of the distribution of

T. cnaébdé' Plerocercoids are feportgd'(Newton 1932;

Welch 1952; Miller 1945; 1952) no such study-has been
‘done on the distribution of plerocercdids;of Diphgﬂﬂaboth;

rium. Newton (1932) found the:orientatioﬁ:of‘T. cﬁaééu47 
plerocercéids in whitefish Was random but their distri— 

bution was not.v,He.found 80% of plefocercdidé‘inzthe |

anterior muééle, lO%Vin the posfefiorvepaxial'and reﬁaining
ple:GCercoids in the hypaxial mﬁsculatﬁre. He didan6t

study a right/left‘bias;‘ Welch (l9525 féund an anterior

' and'right pféferenCe in whitéfish.v ﬁe»fouhd 54%,of cysts
‘foﬁnd wgééAon the right side and suggeéted as did Miller
(1945, 1952) that as the stomach was to the right of the

, midline, cestode larvée emerged and wére encysted.hére.

" Miller f1952) found the~majority va plerocercoids

| aﬁteriof to the anus and arQund the body cavityj(theif'

‘point of origin). His fighf/left ratios'forfLesser Slave
and‘Square.Lake were 1.30 and 1.23 téspectively. These o

'WereISOmewhatahighér théﬁ £hose of Welch (1952); 'Freese‘
(1970) uséd-uittasonic'detectors to'acéurately locate
plérocercoids of T. crassus in whitefish. " His right/
leftvrétio was 1.5. He alsd found epaxial muscle was

imoré infecﬁed_near the surface‘which heiéttributed“to

migration of cysts under muscle pressure.
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v ‘Ratio of the abundance of T. cnaaédé vélerocetcoids:
in the right/left of whitefish from thismstudy'mas most
similar to that of Square Lake. " Although no explanation_j
for the. variability of this lateraifbias in the distribu-
tion of this cestode in whitefieh has been'proposed, it.
may be that’these values are characteristic‘for stocks of
-whlteflsh Differences could-be based on host phy51ology
or anatomy or on some dlfference in the paras1te 1tself at
these different locations. It is less:dlfflcult to explaln
~ anterior and eanial'biases,vmereiy on the basis of
‘relative muscle mass. Anterior and epaxialfmusculature
~are more extensive;then are theif conntetparts and conld"
'befexpected merely on a chance basis to contain more
plerocercoids. | | |
| Lateral_dietribntion'ofvT. c&@ééuéxin.cisco was
unnsualbbecause of the significantly“different (p< .05)
' but‘opposite biasis of cestode'intensity and prevalence.
‘It may be that for some 1nexpllcable reason stomach and/or'
pylorlc reglon p051tlon1ng 1s such that. more plerocer—
-coids enter. the left side of the host (1n contrast to -
‘ﬁwhlteflsh), but‘somehow surv1val’rate on thls side is
'lessvthan that of the right. |
'Tne elongate shape of pike explains the lack of
any}anterior bias in the‘distributionvof Uiphyﬁﬁoboth&ium.v
With anterior_and poéterior-musCle'masses-nearly equal,
change infectionrresults in an equal distribution.-.The
,gteater epaxial muscle mass explaine the.significantly

higher abundances here then in the hYpaxial muscle.
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It waé‘not'possible td distihguish a'iefﬁ/fight asymmetry.
~of the position of the pike stomach.  Buckle (1971)

did not describe such asymmetry though'he worked on the

anatomy of fhe pike valimentary system. Intestinal’
‘asymmetryimay exist and have produCed right/left abundance

differences. | :

Little explanatibn’can‘be oﬁfered.for the ﬁhequalf‘

 distribution of ceStqde - plerocercoids in the musculature

of fish other than unequal muscle mass and asymmetrical

positiohing of;ﬁhe stomach/intestine-from~which the

- plerocercoids leave.
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IX. TRIAENOPHORUS CRASSUS AND HOST CONDITION

' Plerocercoids of T. c&aAAuz were approximately
1.5 by 0.75'centimetérs‘as they odcur encysted in the
musculatﬁre Qf‘whiﬁefish andfcisco.'-with such a large
parasite:siZe.felative tb"hbét sizelparticularly in
young fish, and with}several' plérocercoids usually
occurring'Withinvthe muSculaturé of;aniinfééted host,; some
type of adverse effect.on'ﬁhe host would be eXpectedJ

To inVestigate;the éffect'of T. crassus upon 
. infected whitefish_énd cisco, the ratio bfihost weight to
host le@gth‘and té host length.cubéd were calculatedvas
indices of host'condition,‘ The'létter value Waé'less>
~sensitive to changes. in host céndition and Will noﬁ.be
h discﬁéSed further, Condition vaiués‘repieseﬁtiﬁg‘the

.Weight/léngth‘fatio forvdifféfenﬁ aged whi£éfish’and
cisco appear in Table 17. - |
. Whitéfishlinfe¢ted with plerocerddids of

T. c&asgaé were génerally.éhorter and'weighted less
éxCept fish younger than ohe‘yeargola. VThese changes
were ndt‘pfoportional and infected whitefish were r
generaliy thinher_ér lighter‘for their lengths than
' vuniﬁfécted whitefish. vThis was frue fbr all but the
0 and 2 yeat'old fish;‘ These differencés_in éondition |
‘were significant“in'fish 8 and 9 years and oider,(pg ,lOl

 and .05 reépectively)l(Table 17).
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Table 17. Effect of T&iaendphonué chassus 'plerocercéids
| on hoSt condition »
| _ .condition weight/léngth;v
Whitefish . Cisco

Age . uninfected infécted ' vuninfectedv infected
o 1.00 < 1.05 1.0l > '0;91'-?f
1 1.88 >  1.84 1.27 < . 1.31

2 3.17 < . 3.38 2.28 < 2.31

3 5.52 > 5.00 3.93 < 4.09

4 -~ 8.13 > 7,64 5.52 < 5.75

5 12.12 > 11.98 7.88 < 8.09

6. ,16.88 > 16.04 9.25 < 9.64

7 ) 20,90 > 20.10 10.71 < %

8 - 24.35 >

27.21 > 25.69 *

— Significant_< .10

' **-Significant < -.05
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In contrast, infected cisco were heavier and

longer. - These changes‘wereenoﬁ proportional and infected

fish generally had heavier bodies for their length.

Again the fish aged .0 were an excéptionvand-were signi-

ficanﬁly lighter'per>unit'body weight (pc< .10) fhah
their uninfécted7counterparts;_ In cénfraét, ihfected
ciséo.of‘7VYears and'older héd_sighificahtly more bédy” :
weightvper.unit length (p< .10) and were in better

condition than uninfected fish bf'the'same age (Table 17).
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Discussion

Several authoré showed chahges»inithe pﬁysiologicai"
condition of infected fish such.as increased oxygen con;'
sumption (Lester 1971, Meakihs and Walkey 1975).'.Sweetingj
(1974) founé,that implanting the . plgrocercoidS'of Ligula -
into fish-caused changes in swimming,behavior,;aﬁrophy_of'

- organs and an immunological résponse. Besides mucosal
vdamage Bauer and’Nikolekaya (1957) found M; AaﬁMoniA‘
;reduced the nutritibnal state.of the fish._ Peteréson 
(1971a) was unable to deanstraﬁe changes in thévWeight/
1ength}ratio of.ihfectéd whitefiéh_at3variqﬁs ages. "Miller

xxxx

v(1945b) fodnd that the presence of.T;'cnaz5ué in whitefish
and ciséé caused slight'decreéses in. the growth rate |
(more so in weight than‘lehgthf.‘ He found less of an

- effect in what he termed the resistant oider fish;  fhis
condition-dhange wés increaéed with_ihcreaéed infection
and was more pronounced_inbwhitefiSh (iﬁcidentalvhosts)
than ciscé (néturathoét).(Miller 1945b)., |

| | Condition of infected whitefish decreased with

- respect to ﬁninfected Whitefiéh until by‘8 years of age
_their condition was significahtly worse (Fig;‘Zl){.

Effeét of.T\ crassus 'in the muscle wquld appeaf £o slow :
theéweight gain of Whitefish.relative‘to fheir.growthvin
1en§£h. The longer this rétarda£iohf0f weight ‘gain is

in effect, the greater the resultant effect.”‘Whether'

this‘is,competitionvfor nutrients between the plerocerf
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Figure 19. 'Effedt‘of Tniaenophohué crassus
plerocercoids on host condition.
u] uninfécted
"W infected

{ksignificant difference p<.l
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coid and host tissues or'simply an adveree effect due

to a:more_actiye immune response to the’paras;te cannot
_be answered.'v Plerocercoide which are fully encysted
andAwalled Offfprobably do not have much of a biochemical
exchange with tne surrounding host tissue_though this
cannot be easilyytested._ Young of the year whitefish
and cisco that eat more plankton could be expected:to :
gain,weight more quickly nourished,by'this_rich food
eource..-if the extra .plerocercoids.they'coneume as a
result:do not have-an immediate adverse effect they can

- be expected to be in better condltlon. Such an-
1mmedlate effect mlght explaln the greater welght/length
:ratlo of 1nfected young of the year whlteflsh .In |
contrast, cisco of the same age appeared to be adversely
v.affected by plerocercoids consumed with planktOn”and'

- their COndition.is reduced. Older cisco, however,_did

| not appear to be adversely affected by T. cﬁdééué.
Feedlng on plankton,lc1sco grow more qulckly and tnelr
growth does not appear to be: retarded by plerccerc01ds;
As a result-lnfected clsco_of 7 yearS'ofuage'and olderv
are‘significantly better condition. Effect_of ”plerocer4
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
plerocer001ds were only recently plcked up they are.
"frequently not encysted Non—encysted, plerocerc01ds vd

might stlmulate a greater:immune response or take up

142
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"more‘nourishment‘from the host.. As the'fish_grbws most
.plerccercoidéxare found encysted and walled off and.
the effect of increased plankton'in_the diet might
become more positivelthan negatiﬁe,

| - It is possible that if infection 1evels,in S,i.L;'
cisco and whitefish:increase'that the cohdition»bfr
whifefish and possibly cisco Wouid be more advefsely

affectedbby the cestode presence.




X. '~ GENERAL DISCUSSION

The pafasite-fauna bf.whitefish, cisco and~pike'
‘have'been qualitativély and quantitatively described as
they ekist before impoundmént and éufrent“diversion_of
S.I.L, _The'pafasite fauna vathis hbst"communitfyis
dominated by pike parasifes and not amphipod‘vectored
'._éalmonid parasites és Leong (1975) and éthérs found
elsewhere. In addition within the salmonid sPeéies
‘surveyed,~amphipod véctored pérasites wereAsecbnd to
_frematode metacercaria and'copepOd_vectored ceéﬁédes.

The various patterns of abundance caused by
age and séason are influenced by hoS£ diet,"ft:ié the
. single mqst important factor'é%fecﬁing_chahges in
.abdndance of parasites wifh different host.age,_seaéon,'
hoét Sex-and lbcation.. Water'teméerature,is posé}bly
also an important causal qgent'bf‘changes ihAparasite
'abundance with season and age.

fﬂParasiié diﬁersity of the host species in.thisv
 study was hot.relatedlto increasing'éaméleféize and this'
"indicated an adequate sample size had been takeni
Chéngés of parasi£e abundande'with hostvaée'énd abundance
can;cauéé samples taken at one period in time or those
which include only limited age groups:éf;fish to be un--
reéresentafive of the éarasitdfauna ofvthe_léke; Samples

should preferably be taken on at least a monthly basis

144



145 -

including all age groups,‘ The present study suggests
that such monthly_samples should include at leaSt'd
15 spec1mens from each study species per location};
Stations used in the present study were similar:and
7_could be combined to provide an adequate sample size'of.
greater than 60 per month of.each‘Species. |
| Although the parasite‘fauna of the four sampling,
sites were similar the data cannot be uncondltlonally used
to extrapolate to the whole lake. _It_ls evident that"x |
' para31tes like T. crassus did not vary much in abundancel
over'large diStances while T. Lntenmedia did even4thoughi
these were both larval para81tes with a long life span -
and thus were good biological tags. . | |

| Distribution of.cestode; plerocercoids in the
'musculature of their hosts revealed that the patterns
could not be explained 51mply on the ba51s of relative
'muscle mass or 1ntest1nal.asymmetry.

: APlerocerCOids 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 para31te.

S.I.L., is a unique opportunityth»study the .
‘parasite'fauna of-several,fish species.as their environ-
ﬁent'becomes'modified by lake impoundment anddcurrent'

diversion.
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Many aspects of lake chemistry and_biology'have,been

studied concurrently by workers'at S;I;L; and the changes
'they have predicted are already occurring. ' The lake
,level will be raised over 3 meters through control of the
| lake s pr1n01pal outlet at Missi Falls (Fig. 2) and a

.diverSion channel 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 divers1on and

v._lake 1mpoundment.

' ‘;Lubinsky;(1973)freported Smirnova (1955) and

' several other Russian authors found that flooding-and_
esubsequent dilution of fish stocks,caused a reduction,in'
abundance of parasitic protozoa, monogenetictxematodes |

and para51tic copepods as ‘the. chance of contact w1th the

appropriate-host declined. ThlS 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 paraf

sites such as digenetic.trematodes and'cestodes‘which'
have invertebrate hosts 1ncrease in abundance as theer
1nvertebrate host do and are often slow to return to
original levels., |

Hecky et al. (1974) predicted a reduction in
'primary productivity in the north end of the S.I.L.-in
' response to reduced Churchill River flow. through that

area. -In contrast, productivity of the south—eastern
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area'(Area 6i'Fig. 1) is expected to incréase'with ﬁhe

influx of diverted Churchill River water. L
Pataias and Salki (1974) expect.zoOpianktoh

productivity to decrease in.the éeﬁtral aﬁd northern

- part of the lake (Areas 3, 4; Fig. 1). It is éxpected
o#efali‘benthic production willvbe'reducedv15;30%, post
diversion (Hamiltoﬁ 1974). While norfhern areas,might” R

~'deCrease 25—50%_in prdddctivity the extreme soﬁth of

'the lake should improve. |

‘Ayles and Koshinsky (1974) expect whitefish and
cisco populapidns to increase initially, but ovér.the
long term'ﬁheif population.sizes>Wili be decreased. |
Tﬁey eiﬁect pike‘to ipcrease in size, condition_ahd'
number withAimpoundment; |

.In-summaryivpattérns of:primary.and zboplankton
prbduction Will‘chénge, benthic production wiil decrease
and pike will becomevmore abundant.i With such'drastic
.chéngés occurring in'thé-lake, including changes invthé’

-abundaﬁqe_of intermediate and definite hosts, changes in
the ﬁarasite fauna is.expected. Oneldf these T. CndAAu¢;
is of.potential economic'iﬁportance. :Whitefish areﬂan
‘important commerciai fish in thié lake. Diet has been
shoWn to consist of plankton'in youhgef fish which
cha@ges to bénthos in older fish. Thé fofmet consists

”of;Cycﬂopb and other copepods which vector Ehe cesﬁodes

- Proteocephalus anlenLaenapho&uA'and the later Gammarus

"and'Pontoponeid'whiqh vector M. 4a£hon£é, C('inuncaidé_

and Cy. farionis, common salmonid parasites in other



studies. If as predicted byJHamilton (1974) benthic
.(amphipod) populations'decrease then a similarvsituation
" to that studied‘bvaetersson (197ia) will develop. He
found that with decreased amphiped pépulations;ceregonids
with variable_gill raker numbers (whitefish and cisco)
were forced to feed_to a greater extent on_cestode |
vectoring cOpepods;'_Cestodes:such'as TchﬁaAAuA and
Pidteocephaﬂué-increased in'abundance‘while amphipbd
1ve¢tofed parasites like M. AaKanié,'C, inuncatué.and
Cy,vﬁanionié declined sharply_(Peterssoh_l97la){ The
'-.same»result is predictablefat S.I.L. This alone would
"be-expected,tosincrease the numbet_of plerOCercoids‘of
fﬁfcnaﬁi@é'in whitefish. With increased consumption'df
cestode caxrying.copepods, the,sumber of T.ecnqééué
plerocercoids in whitefish cosldeno longer be inde—.
peﬁdent Qf'age bﬁt as Work by Miller (1955) pfedicts-
"will begin as'ﬁith cisco_(which heve afhigher,intéke rate
-,sOf:iﬁfected copepods than‘Whitefish); to.aCQUmuléte with
'age} This pfocess'will»result in a substantiallyv

‘ increésed*numbersof qplerocércoids by the time the fish is
of.marketable size and age; Until now S.I.L. has beenVl
'below the rejection level of 40 plerocétcoids'per 100
poﬁﬁds Qf_dressed fish but‘én increase in infection ievel
May]éause rejection of Whitefish. This_wouid fesult infa
_lbss of income to fisherman in the area who will already__
have to‘cOpe with othefsflooding effects such as

submerged trees,
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6)
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"In summary:
Parasitofauna of whitefish, cisco_and'pike are

evaluated} the species are listed with their inteneif

ties, prevalences, abundances, dominances, diver-

sities and similarities.

Para51te abundance is modlfled by flve factors- ‘

(a) host age (b) season (c) food habits

(4) gecgraphical location.

‘ Adequate sample size to'repreSentAthe paraeitofauna

of thesefhost'species was'found to be‘approkimately
15 fish of varying ages per month per station, if
statlons do nctdlffer 51gn1flcantly in para51tofauna;
Although samples taken were probably representatlve

of the whole lake for T. cnaéédé'they may not be for -

other species and erroneous extrapolations must be

avoided.
Distribution of T. crassus and DiphyllLobothrium sp.
plerocercoids within the musculature of their hosts

was non random and ‘could not he.explained by muscle

‘mass or stomach position in all cases.

T. crassus  plerocercoids significantly reduced host

'conditicn-in some age groups and not in others
hsuggeSting that host  immunity and diet are involVed.
‘With lake‘divefsion'and-impoundment cestodes vectored
Aby copepods (T. crassus and Proteocephalus) wiil
increase 1n abundance while those vectored by

amphipods (M. Aaﬂmonib c. trhuncatus and Cy. farnidnis)

will be reduced as decreased- 1ntermed1ate host avall—

v»ablllty changes host dlet and behav1or.:'
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‘Appendix 1.

Esocidae

Parasite Surveys of the Salmonidae and

Author and Date-

‘Petersson 1971b

Bauver - 1970

Rumyantsev 1973

_Bauer and Nikol'skaya

1957

Hoffman - 1967

»Lawler ;_'.1970
 Miller - 1941
. Smedly 1933 |
Price and 1967
~ Arai :
| Cooper | 1921

Van Cleave 1921
Wardle - 1933
Fantham and

‘Porter 1948

. Bangham and
" Adams 1954

Arai and 1973
Chien :

Lubinsky. 1976

Wardle ‘ 1932

Location

Sweden

U.S.S.R.

' U.S.S.R.

U.S.S8.R:’
L. Ladoga

-North'America

4North America

Canada

Canada

‘Canada (Review)

. .Canadian ArcticA'

-Canadian Arctic

Sask. to Que.,
and N.W.T.

Que. and N.S.

' Mainland B.C.

Alberta

" Manitoba

 Area of Straits‘
of Georgia, B.C.

' *gpecies included in this study

Codes of speéies
comparable to

present study
1, 8, 10, 11

1, 8, 10, 11 and

‘other European spp.

1
8

%311 excépt
Furopean spp.
*all non European
coregonids but l4

*
- 28, 33

* *
4, 24, 33

R SR
3, 5, 15, 16, 29, .
33%, 34 .

* .
4, 27, 29,.30

29, 30 B

% * L .
33%, 39

. * =

28, 33, 35

16, 27, 28, 30, 31,

33%, 35
*
33
* * *
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Appendix I. Continued

Codes of species
comparable to

Author and Date ' Location - present study
, .k
Lyster ~ 1939 Ottawa, = 33 ,, 34
’ ' o - St. Lawrence
Rivers, o

L. St. Louis

- IIT

Sandeman 1967 o Insular,. Nfld. 4 ,-24}-25;‘26;28
and Pippy o - ' I ' : L
' o : ' : %
Threlfall. 1970a Labrador 33
and Hanek : B S : : ,
Hicks and 1973 : Coastal Labrador 4 , 15, 25, 26,
Threlfall | 28, 30 ;
. Choquette 1951 St. Lawrence 34
' ' : Watershed o
Bangham = 1940 Algonguin Park - 3,4, 15, 28
MacLulich - 1943 - Algonquiﬁ-Park 26, 28
~Hare and 1975 o Miramichi River, 25
Burt N.B. :
Threlfall 1970b ~ Avalon Peninsula, 4, 25, 26, 28
--and Hanek - o Nfld. ' : : .
; - : T
~Hunter III 1939 - - LConnecticut Lake 32, 33 ,.35
- ‘and Rankin . : T : o
o Jr.
Lyster 1940 | n Lake Commandant, 28, 30
. . : * .
Richardson 1942 Lake Wakonicki, 4 , 28, 33%
. _ ' Que. N
Hanek and 1974 . Matemek River, - 25, 27, 28
Molnar = _ Que. -
| "-: | SR | z ok %
Bangham - - 1939 . Lake Eire 3,4, 32,-33
and Hunter . : _ S :
. S : - * * N
Bangham 1955 Lake Huron, 2, 3 , 4 ,.15,,

Manitoulin Is. . 24, 28,.30, 33,34

*species included in this study -



Appendix I. Continued

- Author and Date

‘Hanek and
. Fernando

Leong.
" Dechtiar.

. Lawler

MacTavish:

Sub Family'Coregonihae

1. . B Coregonus:

1972
1975 .
1972

1954

1952

Location

Bay of Quinte,

-Ontario

Southern India

Cold Lake,‘Alta.

' Lake of the Wooda,3*, 4 ,
Ontario . '

Lake :

Whitefish)
atbula A':Liﬁnaéﬁs
2. C alpenae (koelZ)
3. c Fantedid . Lesueur
4. c. *.cﬂdpeaébnmLA (Mitchi11)
5. ¢ hoyi o (Gill) _'
6. -C. jo hanna-.e' (Wagner)
7. C. : hiyi (Koelzj .
8. @vc. -lkauaaétué Linnaeus
9. C hgﬁéoni Bean
lo0. ® ¢ peled. Gmelin
11. # ¢ pidschian Gmelin
12. ¢ . neighardi’  (Koelz)
13. c. »éeniihicdé ~ (Jordan and
- S ' ~ Svermann).
14. C. nasus ~ (Pallas)-
15. Pm%apium
15; | ) .

cyﬂindnaceam,(PalléS)

williamsoni  (Girard)

177

" Codes of species
comparable to
present study

*
33

x - %

3+, 4 ,vl94 24,
. 30, 31,_33 :
* ' * -
30, 33,

34

*

Heming Lake, Man. 3*,‘4', 33

: * *
3%, 47, 33

(Whitefishes, Ciséoés, and Round

:ciséo”

longjaw cisco
ciscd |

lake whitefish
bloater cisco .
deepwatér-Cisco .
kiyi cisco

whitefish

" humpback whitefish

cisco

whitefish
_shdrtnose_cisco '
shortijaw cisco

broad whitefish

“round whitefish

mountain whitefish.
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Sub Family Salmoninae (salmons, Trouts and Chars)

17. Onco&hynqhué gonbuscha

18. 0.
19. 0.
200 0.
21. . 0.
22. éaﬁmo
23. s.
.24, 8.
25. S,

26. S.
27. Sdﬁbéﬂinué

28, S.

29. -S.

30, - S.

Sub Family Thymallinae (Grayling)

keta

hiéui¢h

neska

tahdwyiécha

~aquabonita
“elankd

gairdnend

salan

thutta

alpinus

fontinalis
mafma

namaycush

31, Thymallus anciécu4 

(Walbaum)

(Walbaum)

" (Walbaum)

(Walbaum)
(Walbaum) -
.Jordan.~
Richardson

Richardson

Linnaeus

Linnaeus’

~(Linnaeus)

. (Mitchill)

(Wélbaum)'

(Walbadm),

(Pallas§

Family Esocidae (Pikes and Pickerels).

32, Esox americanud

: | .
33. E. Lucius
34Q jEp m¢4quinongy
'35. E. nigen

Gmelin
Linnaeus
Mitchill

Lesueur

pink salmon

chum salmon

coho salmon
sockeye salmon
chinook salmon

~golden trout,

cuthroad trout

rainbow trout

Atlantic sélmon

brown trouﬁ

_arctic char

brook trout

_Doliy'Varden

lake trdut"

arctic. grayling

redfin pickerel -

'northerh-pike

muskellunge

. chain pickerel

B non North American species
* gpecies of present study

Taxonomy after Scott and Crossman (1973)
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Appendix II. Species of fishes in Sbuthern Indian Lake,

Manitdba; (after Scott and“Crossmaﬁ‘l973)'

Fish Species

Salmonidaev

Coregonus clupeaformis ‘(Mitchili)
C. | arntedidi -LeSuéur
Esocidae |
| Esox ﬁuéidé Linhaéus 
'Percidée” |
Etheostoma nigrun HRafinésquéf'
Pencd_ﬁzdvebcené ~fMitchill)_
" Stizostedion vitreun (Mitchill)
- S. caﬁadehée (S@ith)  
Catostomidae. | |
Caibbtomub aommé&éoni- (Lacepedey
qu catostomus (Forester)
Péréopsidae ' |
._Pe&copéié omiAgomaygué f(Walbaum)
“Gadidaé. | | | |
'.'_”Lota Eqia (LeSueur) -
éottidae
| Cottus cognatus Richardson
 Gést§¢oteidaez- |
.?ungitiué pungétigét '(Linnaeué)

Culaea incanéiané_‘ (Kirtlahd)

Common Name

Lake whitefish -

Cisco

' Northern.pike

Johnny darter
Yellow pe:Ch.
Walleye_‘v

Sauger

 Whitesucke:

Longnose sucker

'_Trout—perch.
Burbot.

- Slimy sculpin'A

Ninespined

-stickleback



AppendixLII;.‘Continued

Fish Species

Hiodpnﬁidae
| Hiadon a204oide$
CYpriﬁidae |
.Notiopié hudéoniué_

N. atherinoides

 (Raf inesque).

‘(Clinton)

Rafinesque
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 Common Name

Goldéye

"Spottail éhiner

- Emeraid shiner



Appendix IIi. Calculation of diversity measures

(after Leong 1975)

‘where H”

and _: H

The number (S) of parasites recovered.

The total number of individuals of all species of

,parasités () in the sample. ' o i

The Shannon-Weaver index bf'diversity (Hf)'(Shanndn .

and Weaver 1949) calculated ‘as:

S .

gl o= - E Pi Ln Pi

i=1

‘ where'Pi = fhe’proportional abundance of parasite i .

.andwf Ln = naturalvloga:ithm‘f
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The reciprocal of Simpson's index (SI) (Simpson 1949) 

calculated as:

. ST

s
Z (Pi)

i=1

'An index.of evenness (E) (Hurlburt, 1971)

calculated as:

-

o - H” - H® min
E =

H onax = ® min

LnN - M-S + 1 [p(N-S + 1)

min
. n

_ Lns
- max -
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- Appendix X. Abundance of whitefish food items with age:
Whitefish ‘ Food,v

_ Food _ : ~ Age Groups - oo o

| 0 -4 . 5-7 o 8t

Empty - 5.00(l4) ©2.57(10) 1.78(%)
Digest (unid) " 25.00(70) 13.11(51) = 12.50(35)
Insecta (unid)  * 0.36(1) ~1.54(6) ~1.07(3)
Coleoptera = () - - (0) L 0.71(2)
Ephemeroptera ' 5.00(14) 5.66(22) - 7.86(22)
Hemiptera (Corixidae) 0.36 (1) 1.80(7) 2.14 (6)
Trichoptera (Hexagenia) 3.21(9) 9.25(36) . . 5.71(16)

Plecoptera o (0) 0.26(1) | o (0)
Odonata .~ : _ (0) 0.26(1) (o)
Neuropteta 1 0.71(2) 0.26(1) 1.07(3)
Diptera (unid) w0y 1.03(4) 1.07(3)

' Chironomid adult 0.71(2) -~ (0 - (0)
Chironomid larvae  13.93(39)  '10.02(39) - 12.86(36)
Insect egg 0.36(1) 1.03(4) C0.71(2)
Phytoplankton 0.36(1) C0.26(1) (o)
Zooplankton (unid) 1.43(4) 0 0.51(2) - 1.07(3)
Cyclops 4p. | 2.86(8) ) ()
Other sp. 6.07(17) o 0.26(1) 1.43(4)
Vegetation (macroaqua—- 0.36 (1) } 2.83(11) = 1.78(5)

tics) o : - o

Hirudinae . -~ 0.36(1) - (0) O 0.71(2)
Mollusca (unid) 0.71(2) 0.26 (1) )
 Pelecopoda . 9.64(27)  16.97(66) 16.78(47)

- Gastropoda | 10.36(29) © 15.17(59) 12.86(36) -



Appendix X. Continued

" Whitefish
Food

Amphipoda (unid)
vaazﬂeﬁa
'Gammdnu&
Pontoporneia

Hydrachellidae
Ostracoda '

‘Nematomorpha

Fish (unid) .
"Walleye
Fish egg

a (b)

Food

- Age Groups

0 -4
2.14(6)
(0)
(0)
1.07(3)
9.64 (27)
©(0)
(0)
0.36(1)
(0)

- (0)

a, percentage with food item

b, number with food.item_

w o K~

- 5,

0

Ov

0
0

_5-7

.37 (17)
.54 (6)
.77 (3)

.08(12)

.26(1)

.26(1)

- (0)
.51.(2)
.77(3)

40 (21) -

- 189

gt

'5.36(15)
1.43(4)

‘;1{78(5) __“
"6.78(19)

2.14(6)

(0)
(0)

0.36(1)
(0)
(0)
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Appendix XI; Abundance of cisco food items with age

Cisco . o ' Food
Food o Age Groups
0 - 4yr. ‘ 5t

Empty | . 45.64(246)  44.71(148)

Digest (unid) - 16.70(90) , '13.90(46)

Insecta (unid) | 0.37(2) 2.42(8)

Coleoptera . -  0,18(1)'~‘v- o ey ﬁf

Ephemeroptera - 3.15(17) 110.27(34) ”

~ Hemiptera (Corixidae) 0.37(2) o (0). o
. Trichoptera (Hexagenia)  3.34(18) - . . 8. 16 (27)

Plecoptera - - - (o) S 0.30(1)

Odonata - | () 0.30(1)

Neuroptera o S 0.37(2) o 0.30(1)

Diptera (unid) o 0.74(4) 1.51(5)
Chironomid adult - (0) - 0.30(1)
Chironomid larvae 2.97(16) B 1.21.(4)

‘Insect egg . S 0.56(3) : ~0.30(1)

‘Phytoplankton o 0.37(2) . 0.60(2)

~ Zooplankton. | - 3.52(19) - 1.81(e)

Cyckops sp. - - o 6.68(36) - '2.;1(7)

Other sp. L 12.99(70) 0 -5.14(14)

Vegetation‘(macroaqﬁatics) = (0), ' - 0.30(1)

 Pelecopoda o (0) 0 0.30(1)

Gastropoda ' T H{0) . o o 0.30(1)

Amphipoda (unid) 1 0.56(3) . 0.60(2)

.Hyaﬂﬂezav' . (0) L 0.60(2)

Hydrachnellldae o - 0.18(1) o 0.91(3)



Continued

Appendix XI.

- Cisco
. Food

Fish (egg)
Fish (unid)

'_Percidaé (unid)

‘Walleye

Stickleback

Shiner
Other fish

Key as Appendix X

Food
Age Grdups

0 - 4 yr.

(0)

(0)

0.37(2)
£ 0.18(1)
10.74 (4)

(0)-

7 {0)

191

5+

| o,eo(zj
"1;81(6)_
- (0)

0.91 (3)
(0)

10.91(3)
0.30(1)
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- Appendix XII. Abundance of pike food itéﬁé with7age‘

Pike:
Food

Empty
Digest

Insect (unid)
‘Coleoptera .
.Ephemexoptera
-Trichqxxmav(Hek&genLa)
‘Odonata '

' Diptera (Chironomid
larvae[

" Zooplankton

Hirudinae

‘Gastropoda

Amphipoda (unid)
Gammarus '

' Decapoda (Oconecthes)
Fish (unid)

- Percidae (unid)

- Perch

Walleye
Sauger
,'StiCkleback
Troutperch

Shiner

Food

- Age Groups

0 - 4 yrs.

1 10.15(34)

47.46(159)

21.49(72)

(0)
(0)

0.90(3) -

3.58(12)
2.09(7)
o (0)

0.30(1)

0.60(2)
0.60(2)

~0.90(3)
0.60(2)

0.90(3)

2.09(7)

(0)

0.90(3)
0.60(2)

1.49(5)
1.79(6)

1.19(4)

N/S
s |

. gt

43.75(182)
18.75(78)

0.48(2) .
0.24 (1)

 4.33018)
2.88(12)

1,68(7),_.
0.24(1)

- (0)
1.92(8)
10.24(1)

1.20(5)
0.96 (4)

'1.92(8)

10,10(42)»'.'*

3.60(15)

0.96(4)
(0)
0)

(0)

1.44(6)

1.44(s)-



Appendix XII. Continued

- Pike _
Food

Coregonid (unid) -
Whitefish
‘Cisco

* other fish

Key as Appendix X .

Food

Age Groups

0 -4 VES.

0.90(3)
0.30(1)
0.30(1)

0.90(3).

5t

v

 0.96(4)
0 0.24 (1)

2.16(9)

0.48(2) -

193
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Appendix XIII. Abundance of major whitefish.parasites

of sampling sites

1.1} 5

10.91 6

| | SITES
Parasites : A B C D
Tetracotyle Lnieamedia _3.17(.65) 3.32(;59) 3.12(.63) . 3.24(.81)
' | ' ~[15.51 1 [16.4] 1 [14.3] 1 [20.6] 1
Diplostomubum spatha-  2.40(.56) 2.08(.53) 1.96(.58) 1.89(.54)
- ceun [6.2]° 3 [4.2] 3 [4.1] .3 [3.6]1 3
Raphidascaris sp. 0.58(.38) 0.81(.19) 0.80(.31) 0.78(.19)
| [0.7]- 8 [0.4] 9.5 [0.7] 8 [0.4] 10
Proteocephalus exiguus 2.24(.80) 1.80(.82) 2.43(.92) 2.86(.88)
| [7.5] 2 [4.9]1 2 [10.4] 2 °[15.4] 2
Cyathocephatus thunca- -1.15(.06) 1.71(.12) 2.15(:11) 1.89(.13)
JAUs - ro.21 11 [0.6] 8 [1.0] 5 [0.8] 7.5
‘Metechinonhynchus 1.12(.21) 1.33(.43) 0.55(.21)  1.25(.16)
| Aakmonis yo 61 9 (1.6} 4 [0.4] 10.5 [0.5] 9
Cystidicola farionis - 1.46(.22) -1.36(.30) 1.17(.26) 1.09(.32)
. ~ [0.9] 7 [1.2] 6 [0.8] 7 .[l.0] .5
Salmincola extumescens 0.30(.11) 0.25(.12) 0.08(.14) 0.05(.18) *
- | | [0.1} 12 [0.2] 12 [0.2] 12 ([0.2] 12
Engasilus nerkae 1.61(.26) 0.86(.17) 1.61(.26) . 0.93(.14)
[1.31 4 [0.4] 9.5 [1.31 4 [0.3] 11.
Discocotyle sagittata  0.15(.23) 0.41(.23) 0.60(.35) 0.65(.40)
: | [0.3] 10 [0.3] 11 [0.6] 9 [0.8] 7.5
Crepidostomum fanionis 1.49(.23)  2.11(.16) 0.95(.15) 2.12(.16)
' , [1.0] 6 [1.3] 5 [0.4] 10.5 [1.4] 4
Trniaenophorus crassus — 0.67(.56) 0.58(.49) 0.58(.49) 0.49(.54)
' - [0.9] 7 [0.91 6

7



 Appendix XIII. Continued

AREA 4 and 5

 Tetracotyle intenmedia 3.73  (.94)
R | [39.2] (34)
Triaenophorus c&dééu& ~ 0.62 (.50)
| [0:9] =~ (198)
~a(b) a, log intensity; b, prevalence

- [eld ¢, abundance; d, rank



Appendix XIV. Abundance of major’
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cisco parasites at sampling

‘sites
‘SITES
- Parasites ' A' C D .-
Tetracotyle inienmedia 0.68(.15) 1.28(.38) 1;21(.33), 1.33(.28)
| - | [0.3] 5 [1.4] 3 [1.1] 2 [1.1] . 4
| DiplLostomulum spathac- 1.29(.13) 1.79(.31) 0.56(.30)  1.43(.28)
| eut [0.5] 4 ([1.81 2 [0.5]. -5 [1.2] 3
Raphidascaris sp. 0.36(.10) 0.55(.23) 0,57(.16)' 0.48(.12)
| , [0.11 6 [0.4] 5 [0.3]1 6 [0.2] 6
Proteocephaltus” §4iLicoL- 2.34(.90)  3.34(.96) 3.22(.95) 2.97(.81)
- A 9 1 [27.11 1 [23.7] 1 [13.0] 1
Erngasilus nenkae  ° 1.52(.33)  1.34(.23) 0.86(.28) 0.96(.18)
EE | [1.5] 2 '[0.9] 6 [0.71 4 [0.5] 5
- Discocotyle sagittata  0.22(0.7) 0.52(.17) 0.30(.16) 0.49(.10)
- : “[o.11 7 [0.3} 7 [0.2] 7 [0.21 7
Triaenophoaus crassus  0.54(.41) 0.61(.70) 0.48(.64) 0.52(.69)
o 4 1.21 2

[0.71.° 3

 Tetracotyle intermedia

Thiaenophorus crassub

V'ZEEy,as Appendix"XIII..

T1.31]

L[1.01 3

AREA 4 and 5 -

l.

54

[0.7)

- 0.50

[1.01

(.16)

(22)

(.64)
- (19)
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Appendix XV. Abundahde,of major pike parasites of sampling |

1Key aS'Appéndix XIII-

[2.1] 4.

[0.7] 7 s

sites
'S ITES -
Parasites I .- A B c D
Tetraonchus monenteron 4.28(.95) 4.46(.99) 4.45(.95) 4.43(.93)
| ' [68.41 1 [85.3]1 1 [81.0] 1. [77.9] 1
Déphyllobothnium sp.  0.60(.43) 0.84(.56) 1.01(.64) 0.94(.66)
- | . [0.8] 6 [1.3] 5 [1.8] 6 [1.7] 5
Raphidascaris sp.. 1.75(.59) 2.01(.55) 1.22(.60) 1.43(.39)
R [3.4] 4 [4.1] 4 [2.0]1 5 [1.6] 6
" Trniaenophorus crassus . 1.87(.64) 2.35(.90) 1.80(.69) 2.39(.70)
o [4.1] 3 [9.5]1 3 [4.01 3 [7.7] 3
Proteocephalus pinguis 3.69(.95) 7 3.26(.97) 3.54(.96) 3.74(.98)
E— [38.1] 2  [25.3] 2 [33.1] 2 41.1] 2
Thiaenophonus nodufosus 1.00(.25) 1.21(.26) 1.12(.45) 2.70(.40)
[0.77 7 [0.9] 7 [1.41 7 [5.9]1 4
Centrovarium Lobotes  1.94(.18) 1.68(.23) 2.31(.21) -1.70(.13)
| ' [1.2] 5 [1.2] 6






