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ABSTRACT

Tlre fish parasite communities of four Canadian Shield lakes (L239,L240,L377

and Triangle Lake) in the Experimental Lakes Area (ELA), Ontario were slrrveyed over

tlrree seasons in 1997 and 1998 and one seasorì in 1999. Thirteen of fifteen lish species

sanrpled from the study lakes harboured parasites; northern pike (ðsox luciu,t).lake cisco

(Coregonus urtedii), pearl dace (Mcu"gcrriscus margurila), blacknose shiner (Nolropis

heterolepis), spottail shiner (Nolropis hudsonius), fathead minnow (Pintephales

prornelas),longnose dace (Rhinichtlry,r calaructae), white sucker (CatosIontus

cot'tlnler,tonl), burbot (Lota lolcr), brook stickleback (Culeu inconslans), sliury sculpin

(Cotttt,s cogncrlus),lowa darter (Etheostomct exile) and yellow perch (Perccr flut)escens).

A total of ll2,I88 parasites were detected, with 87o/o (n: 1926) of the necropsiecl fìsh

having at least one parasite. Forty-one species of parasites representing 32 genera and26

families were found; 35 species used fish as definitive hosts and six species usecl birds as

the definitive hosts. The most omnivorous fìsh species (perch, white sucl<er and pearl

dace) had the most diverse parasite infracommunities wliile the most specialized

consumers had the least diverse parasite infracommunities (the piscivores, pike and

burbot and the zooplanktivorous cisco) or lacked parasites entirely (the algavorous

nortlrern reclbelly dace, Phoxintß eo,s, and finescale dace, P. neoS;¡neus). The parasite

communities of the four ELA lakes were less speciose than those reportecl fì'om larger

lacustrine systems in Ontario and Manitoba. The parasite community composition of

yellow perch was typical of perch in other systems, however, there were new host and

locality records for several parasite species infecting other fish species. For example, the

pearl clace was inf-ected with five parasites not pleviously leported from this host in North



Alnelica and two not previously reportecl fì'om this host in Canada. There rvere clistinct

seasonal and age-related trends in the parasite commur-rities of yellow perch populations

that correlated with seasonal and ontogenetic clietary shifts, respectively.

Unclerstanding parasite community structure can improve understandirrg of host

population ecology and clarify lrany aspects of ecosystem biotic ancl al¡iotic interactions.

Detailed analysis as perforrned in this study is a useful tool f.or clescribing the factols

affecting parasite community cornposition. A restricted invertebrate and fish fauna in

these nutrient poor lakes can be important in controlling the parasite fauna infècting

yellow perch, which could be more predictable than that observed in large, productive

lakes.

Allogenic parasites are most comlllon in Triangle Lake and enterics inL239.

Parasite species richness is highest inL239 and diversity is highesf inL240. Glugect sp.

is the most dorninant and abundant parasite species in all but Triangle Lake. Triangle

Lalce and L377 perch have the fastest growth rates and reach the greatest total length ar-rcl

age of all sampled perch. Yellow perch length and age are both highly correlated with

parasite richness, intensity and abundance. Female perch usually had significantly

greater species richness than males but intensity and abundance were signifìcantly higher

tlran males in only two lakes each. L239 and Triangle Lake had parasite assemblages that

were signifìcantly non-ranclom largely clue to subpopulations of parasite species

transmitted through macrobenthos. Perch parasite colnmunities in all four lal<es showed

significantly lnore nestedness than expected by chance.

Parasite-induced pathology of yellow perch was also exalnined in these shield

lakes, Glugea sp. xenomas in cells of the intestinal wall and in visceral fat and



Apo¡thullus brevis metacercariae infecting the musculature reduced the growth of perch

resulting in mortality in younger ancl smaller fish. Lligh nulnbers of RaphitÌcrscntis' ucu,s.

eucysted in the liver of yellow perch, correlatecl signilicantly with a reduction in visceral

fät weight in l* feurales aud 0+ ancl 1-| males. A sigr-rificarrt correlation in these

subsaurpies indicates that host sex, size, trophic status and relative weight of the liver are

linkecl to R. acus clensity. The data suggests that interactions aurong parasitic infèctions

ancl age, size ancl sex of the fish host can affect growtli ancl survival of the host,

especially cluring periods of low energy ir-rputs and reprocluctive stress.

Stable isotopes (C and N) have proven to be important tools fbr obtaining

information ou the trophic relationships within f'ood webs. Combining parasite

community studies with stable isotopes could improve the elfectiveness of'detailed f-ood

web analyses. Parasite communities are particularly useful since they can iclentify both

prey ancl non-prey components of the host's community. Triangle Lake perch had

distinct isotope ratios that separated thern fi'om the other three populations. Stable C

isotope ratios for all perch ranged from - -3401ç1¡¡to -190/e¡¡ while stable N isotope ratios

ranged from - 4.501¡l¡¡to 12.501¡¡1. These ranges are larger than those observed in many

other fish species. Perch diet was the most significant predictor of stable C isotope ratio.

Pel'ch parasite fauna was the most significant predictor of stable N ratios. In particular,

parasite fauna inclicative of zooplanktivorous or piscivolous perch were most accurate for

predicting fìsh trophic position and thus stable isotope ratio. Fish length and age showed

no significant lelationship with isotope latios .
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Perch were captured fiom three lakes in the Experirnental Lakes Area (ELA)

approxirnately 370 km east of Winnipeg, Manitoba and 80 km east-southeast of Kenora,

Otrtario in the Canadian Shield and fi'om one additional shield lake north of this region

(Fig. S.1). All waters in the region lie in the Winnipeg River drainage, some entering the

Winnipeg River via the English River and some via Lake of the Woods. These are

nutrient-poor lakes typical of the Canadian Shield. Tliree ELA lakes (L239,L240 and

L377) and Triangle Lake located 15 km east of Pine Road, accessible fi'om the Trans-

Canada l{ighway were sampled for all fish species present.

INDIVIDUAL LAKB CHAIIACTERISTICS

The physical characteristics of L239,L240 andL377 (area. depth, etc.) and the

invertebrate biota of L239 andL240 were described in a special publication of the

Journal of the Fisheries Research Board of Canada (28:12I-304). Other data for these

lakes were obtained from alternate sources (described below) or were exaurined during

this study.

L239

Tliis lake is one of two in this study located adjacent to the ELA field station

(49%g'48"N,93043'15"W) (Fig. S.2). It is the largest of the stucly lakes ar 1000 rn long

and 57 5 m wicle (the south end of the lake has an additional bay and is 1 000 m wide at

tlis point) with a surface area of 56.1 ha. It has a ulearlcleptli of 10.5 m and a maximum

depth of 30.4 rn. Secchi disc visibility (SDV) is 4.8 m, total dissolvecl soiids (TDS) are

20 ng/l and conductivity (C) is 25 ¿rSlcrn. 70-80% of tlie littoral zone (ro 4 rn depth) is

cornposed ofbroken rock shelf, large boulders and coarse gravel, about l5%o is sand and

the rest is



Figure S.1. Map showing the location of the three Experimental Lakes Area study lakes

(shaded). Triangle Lake is located 15 km east of where the camp road intersects

with Highway 17 ancl is adjacent to the highway.
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Figure 5.2. L239 bathymetry map and sarnpling site locations. All scale ancl depth
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orgaltic sediment (silt and clay). The lake bottom consists of bedrock with a thin layer of

sediment. There is a small shallow bay in the southeast with abundant rnacrophytes

(sr-rbmerged and emergecl). Average chlorophyll a (chl a) levels ancl phytoplankton

biomass in this lake are low (1.8 mg/m3 and 700 mg/m3 respectively) relative to other-

lakes in the area. It has oue outlet that drains intoL240 and two inlets fì'om other lakes.

Like rnost shield lakes it has a poor invertebrate fäuna. There are nine species of

zooplankton including the copepod Cyclops bÌcttspidatt¿s and the cladocerans Bo,çminct,

Eubosntinct, Ilolopedium and Daphnia spp. The most cornmon benthos (as observecl in

tliis study) include chironomids, Ephemeroptera (primarily Hexugeniu sp.), Trichoptera

and Anrphipoda (largely Gammarz;s). There are additional deepwater specialized

invettebrates such as Mysid shlimp. Seven species of fish had been previously identified

from tlris lake (Bearnish e¿ al. 1976) and one additional species was sampled in tliis study

(noltlrern redbelly dace, Phoxinus eos). Three species (white sucker, Cutostontus

commersonl, yellow perch, Perca.flavescens, and slimy sculpins, Cottus cognatus) arc

considered to be rnoderately abundant or abundant (Beamish et ctl. 1976). This is tlie

only lake in tlris study that currently has a popnlation of lake ftout (Salvelinus

n(rynx(tycuslz). Pike (Esox lucius), white sucker, yellow perch and northern redbelly dace

were sampled in this study. Local avian fauna includes loons, herons and gulls. Sample

sites and sampling methods at each site are indicated in Figure S.2.

L240

L240 is also adjacent to the ELA field station (49%9,15,,N, %0ß,35,'W). It is

1050 m long ancl550 m wide and has a surface area of 44.1 ha. Mean depth is 6.1 m and

nraxinrum is 13.1 m (Fig. S.3). SDV, TDS ancl C wele all similar toL239 values (4.2 n.



Figure S.3. L240 bathyrnetry map and sampling site locations. All scale and depth

rìeasurements are in meters. Syrnbols as per Figur-e S.2.
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20 ngll and22 zrS/cm respectively). Lake bottom and littoral zone substrates are also

sinrilar lo L239 except that there are fewer areas with macrophyte growth. Chl a and

plrytoplankton biomass levels are also comparable to L239 (2.0 mg/m3 and 600 mg/m3

respectively). There are two inlets (one from L239) and one outlet.

The same zooplankton (8 spp.) and benthos dominate this lake although it lacks

sonre of the deepwater fauna found inL239. Six species of fìsh were previously reported

from tlris lake (Beamish e¿ al. 1976). Two additional species were recovered in this study

(Iowa darter, EÍheosloma nigrunt, and northern redbelly dace, Phoxinus eos). White

sucker and yellow perch are the most abundant species. Northern pike is the only rnajor

piscivore inL240. Loons, herons and gulls are also present in this system. Sample sites

and sarnpling rnethods at each site are indicated in Figure S.3.

L377

L377 Ø9043'15"N, 93046'30"W) is a small, sheltered lake that is 1 150m long and

varies froln 100 to 400 rn width (Fig. S.a). The surface area is 27.2ha,l1lean depth is 9.2

nr and rnaximum depth is 17.8 rn. SDV and C are similar to L239 andL240 at 4.5 ¡r and

23 uSlcn respectively but TDS are lower (10 mg/l). The majority of the littoral zone

(about 90%) is composed of large boulders and broken shelf and the rest is sand and

gravel. There are a few macrophytes at the east end of the lake and a small rifÏe zone at

the west inlet. Chl a and phytoplankton levels are unknown but likely similar to the two

previous lakes. There are two inlets and one outlet.
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Figure 5.4. L377 bathymetry map and samplirig site locations (After Salki 1993). All

scale and depth measurements are in meters. syrlbols as per Figure s.2.
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Deep lakes commonly have low zooplankton diversity, however, L377 zooplankto¡

abundances are higher than those in many nearby shallow lakes (>70 individuals /cm2)

(Salki 1993, 1995). Bosntina sp. and Cyclop,ssp. are the dominant zooplar,kton species.

Tlre same benthic species are present as in L239 andL240 but the abunclances of rnost are

lower as evidenced from benthic grabs and stomach contents. There are ûlore sphaerid

clams than in any other study lake. This lake hacl the richest fish fauna of all study lakes.

Tlrele are 12 species in the lake and although trout perch (Perco¡t,sis omiscomayczrs) have

been reportecl from the lake, they were not recovered despite the use of three differe¡t

fish sampling methods. The most abundant fish are yellow perch, white sucker ancl pearl

dace (Margcu'iscus margarita). There are presently no large piscivores in this lake. Lake

trout were extirpated approxirnately a decade ago due to sport fishing pressllre (K. Mills

pers. comm.). Larger perch are the only current piscivores. Personal observations reveal

few bircls in the vicinity of this lake. Sample sites and sampling methods at each site are

indicated in Figure S.4.

Triangle Lake

Triangle Lake (44050'33"N, g3034'28"W) is located about 70 km northeast of

L377 outsicle the ELA (Fig. S.5). It is a small lake with a surface area of only 13.44ha.

Maximum depth is approximately 13 m. SDV is unknown but TDS a¡d C are both

higher than the ELA lakes (approximately 80 mg/l and 130 zrS/cm). The lake bottom is

bedrock covered by silt and organic material and 80% of the littoral zone is orga¡ic

nraterial and the other 20o/o consists of large boulders. Large concentrations of

maclophytes populate four shallow bays in the lake. Chl a levels are similar to the other

sanrpled lakes at approxirnately 2 mg/Ì. There is no def,ined inflow and little to no
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outflow fi'om this lake. This lake lias been used in the Ontario bait fìshery, has

undergone perch population control in the early 1980's and was fertilized with carbo¡ in

the winter of 1984-85 (Ken Mills unpubl. data).

Cladoceran richness and abundances are comparable with L239 and L240 but

copepocl numbers are reduced. Aquatic insects, both larvae and adults, and mollus ca are

more abundant in Triangle Lake than in the other three. Eight species of fish were

captured during this study, five of which are cyprinids. The most abunclant fish are

yellow perch, pearl dace and blacknose shiner. Sample sites and sampling methods at

each site are indicated in Figure S.5.

Triangle Lake bathymetry analysis

Triangle Lake bathymetry (Fig. S.5) was analysed in July 1998. The lake was

divided into twenty-six transects with a rope. Depth sounclings were recordecl at two

rneter intervals along each transect and GPS coordinates were obtained every 25 rneters.

The cornputer software program Surfer for Windows (Golclen Software, Inc.) was used to

cleate contour liues on a Triangle Lake map outline witli these clepth clata. This rrap was

then exported to Corel Photopaint (Velsion 10) where a scale bar and compass affow

were added.
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Figure S.5. Triarigle Lake bathymetry map and sampling site locations. All scale and

depth measurements are in meters. Symbols as peï Figtrre S.2.
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CHAPTER I : I-Iistorical Introduction



FISH PARASITES 
18

The parasite fauna of a fish can reveal much about the biology of the host and of

the ìrost's aquatic ecosystem (V/illiams et al. 1992, Carney & Dick 1999,2000a).

However, there have been few surveys of the parasite commurrities in lakes of the

Canadian Shield (Dechtiar l9l2) and none from the Experiment Lakes Area, Ontario,

Canada. A relatively poor invertebrate community in small shield lakes would likely

result in a poor parasite community but one that would still be an important component of

the ecosystem. Of the fish species recovered from the study lakes, only northern pike,

white sucker, burbot and yellow perch have extensive parasite lists (McDonald &

Margolis 1995, I-loffinan 1999). Few parasite surveys have f-ocussed on cyplinicls and

other small fish thus omitting an important part of the parasite transmission cycle within

an aquatic system. The emphasis of this research was on yellow perch and their

interactions with their parasite fauna but no sampled fish species were neglected and few

fish species known to occur in these lakes were absent from the samples. The parasite

communities were used to determine the relative position of each fish species within the

food web.

Yellow perch are one of the best studied fish species (Scott & Crossman 1973)

and have one of the most extensive parasite lists of any potential host (Craig 1987,

McDonald & Margolis 1995, Hoffman 1999). Ciliophora, Myxozoa and Microsporidea

species are poorly represeuted in yellow perch and other fish in North America

(McDonald & Margolis 1995, Hoffinan 1999) because they are largely ignored in most

surveys. Surveys that recorded these parasite species found them at relatively low

prevalence aud mean intensity (Bangham l972,Dechtiar et al. 1989). The most
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commonly recovered genera are IchÍhyo¡ththirius, Trichodinct, Henneguya, and

lulyxobolus (Hunter 1942, Fischthal 1947 , Fantham & Porter 1948, Bangham 1972,

Declrtiar et al. 1989, McDonald & Margolis 1995).

Monogeneans

Monogeneans ate another group of parasites that are often ignored in large scale

surueys despite the fact they can exhibit a high degree of host specificity (Cone & Burt

1982). Gyrodactyl¿¿s is a conrmon parasite of North American cyprinids but can be found

at low levels in some populations of yellow perch (G..fi'eemani in2o/o of yellow perch in

Algonquin Park) (Dechtiar et al.1989). The only cornnloll rnonogenean of yellow perch

is (Jrocleidtts ctdspectus (Tedla & Fernando 1969b, Noble 1970, Cone 1978, Cone & Burt

1982). It cau occur at high levels in some populations (41% of Oneicla Lake perch, Noble

1970). Cone & Burt (1982) demonstrated the host specificity of U. udspectus by

exposing onchomiracidia to several species of live fish and also detached scales of these

fish.

Digeneans

Tlre most corìmon adult digeneans in yellow perch are Crepidostontunt c'ooltcri

(Lyster' 1939, Bangham & Venard 1946, Fischthal 1947 , Fantham & Polter 1948, Teclla

& Fernando 1969b, Noble 1970, Banghan 1972, Cannon 1972, Cannon \973,Muzzall

1983, Forstie & Holloway 7984, Carney 1999,2000a), Bunotlerct.sacculata (Hunninen

1935, Hunter 1942, Bangharn & Venard 1946, Fischthal1947, Sindermann 1953,

Alrtlrony I 963, Tedla & Fernando 1969b, Noble I 970, Cann on 197 7, Cannon 1972,

Cannon 1973, Carney 1999,2000a) and Bunodera luciopercae (Pearse 1924, Fischthal

7947,Tedla & Fernando r969b, Cannon 1977, Cannon 1972,Muzzall1983, carney
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1999.2000a). These parasites can occur at high prevalences. C. coo¡:eri and, B.

sacculala were found in74%o and 3I0%, respectively, of the perch of Oneicla Lake (Noble

1970) while Bangham (1972) found C. cooperi in 65.5Yo o1'Lake Erie yellow perch. It is

untrsual to firld a population of European perch (P..fluviutili,r) without a B. I.ucioltercee

infection (Wisniewski 1958, Kozicka 1959, Chubb 1963, Chubb 1970, Flalvorsen 1971,

V/ierzbicki 1971, Wootten 1973, Kennedy 1974, Rokicki 1975, Ravckis 1977, Andersen

1978, Andrews 1979, Priemer 1979, Pojmanska et al. 1980, Scholz 1986, Tarmachanov

7987 , Ozcelik & Deufel 1989). Bunoderct luciopercae can be fbund in 100% of a

European perch population (e.g. in sulnmer in Poland, Ravckis 1977) and at intensities as

lrigli as 100 parasites/fish (Wierzbicki 1971).

The most comlnoll digeneans on both continents belong to the papillose Farnily

Allocreadiidae (Camey 1999). Bunoclerct luciopercue, although comnlon to both perch

species, shows considerable morphological variability between the Nearctic ancl

Palearctic populations (Cannon l97l). North American B. lucio¡tercae undergo

nretacercarial development primarily in amphipods (H¡tallela azteca) and insects

(Siphlonurus r1uebecensis) and do not have a glandular ventral sucker at this stage

(Cannon 1971). The European morphotype is found as a metacercaria primarily in

Cladocerans and does possess a glandular ventral sucker, similar to the entirely North

Anrerican B. sctcculala (Cannon 1971). Despite these differellces, Cannon (1971) states

that this morphological variability is no greater than what should be expected fi'om

populations at either end of a species' distribution.



cestorles 
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Six genera and four species are shared between the two perch species. Yellow

perch have two unique genera and seven unique species. The most cornmon adult

cestodes of all perch arc Proleoce¡thalus spp. There are two corllrllotl species of

Proleocepltulus found in yellow perch; P. antbloplills and P. peursei (Pearse 1924,

Hunninen 1935, Bangham & Venard 1946, Fischfhal 1947, Meyer 1954, Larson1966,

Tedla & Fernando 1969b, Noble 1970, Bangharn 1972, Forstie & Holloway 1984)

Proleocelthulus antbloplitis is most fi'equently found as a plerocercoid in yellow perch

(Centrarclrids are the typical definitive liosts) (Noble 1970). Proteocephctlus pecu.s.ei

adults can be found in the intestine, although levels are usually low when compared with

adult P. percoe in European perch (Bangham 1972). These two aclult Proteocephnltts

species differ in tirning of infections. Proleocephalus pecu'sel peaks in intensity and

prevalence in the sulrrner and (Tedla & Fernando 1969b) and P. percae is highest (at

nruclr lrigher levels than P. pearsei) in the spring and lowest in the slulmer (Andersen

1978).

Nematodes

The most common and one of the most biologically important nematode species

in perclr is Raphidascaris ctcus. It is larval in perch and must mature in pike. It is rnore

fi'equeritly eltcountered in Europe (Kennedy 1974,Tarn'tachanov lg87) than it is in North

Anrerica (Poole & Dick 1986). Dichebtne cotylo¡thora (Pearse 1924, I{unninen 1935,

Banglranr & Venard 1946, FischthaI 1947 , Meyer 1954, Larson i 966. Tedla & Fernanclo

1969b, Noble 1970, Bangham 1972, AninlgTT,Muzzall 1983, Baker 1984), Spinitectus

grctcilis (Hunninen 1935, Bangham & Venard 1946, Fischthal 1947 , MuzzalI19B3.
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Forstie & I-Iolloway l98a) and Cctmallanus oxyce¡thalu.s (Fischthal I 947 , Ziscltl<e &.

Vauglrn 1962, Anthony 1963, Bangham lg72,Muzzall 1983) are also cornrlroll in North

Anrerica. The prevalence of D. cotylo¡thon¿ ranges fron3.60/o (Algonquin Parl<,

Bangham & Venald 1946) to 31 .2%o (Lake Erie, Bangham 1972) while tl.re prevalence of

C. lacustris in Europeau perch rauges from about 60%o to about 95o/o (Lee 1977, Kennedy

& Burroughs 1978) with typical intensities of 1-30 worms/fìsh (Lee 1977, Anclersen

1 e78).

Acanthocephalans

Ecltinorhynchus salmonis and Neoechinorhynchtrs rutili are more commonly

found ili Salmonids but can infect most freshwater fish including yellow perch

(McDonald & Margolis 1995). Leplorhynchr¡ides thecutus is a common parasite of

yellow perch (I{unninen 1935, Hunter 7942, Fischthal 1947,Larson 7966, Noble 1970,

Banglranr 7972,Muzzall 1983). Prevalence ranges frorn <50lo (Noble 1970,Mvzzal1

1983) to 44o/o (Lawler 1969). Pomphorhynchus bulbocolli, the next most frequently

encounterecl acanthocephalan ofyellow perch is rarely found at prevalences exceeding

5% (Fisclrthal1947, Bangham 1972, Forstie & I{olloway 1984). Neoechinorhynchus

cylindrattts, though not recovered in as many surveys as P. lsttll:ocolli, can occur at

locally high levels (Noble 1970, found 39o/o of Oneida Lake perch with this parasite).

Crustaceans

Ergasilus is the only common crustacean parasite gerlus of yellow perch. Two

species lrave been commonly reported, E. caeruleus and E. con/ùstrs, and like their

European congeners they can attain high prevalence (9 1 .5o/o,3.2/fish. Tedla & Fernando

1969a) in their hosts. Tedla & Femando ( 1969a) hypothesizecl that each species of
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Ergusilus has a preferred host and that E. confi.rstts is the one that prefers yellow perch.

Tlrey also suggest that many of the previously identifiecl E. ccteruleus from yellow perch

(Banglranr 1972) are actually E. confusus because E. caeruleus parasitizes pumpkinseed

(Lepontis gi bbosu,t) and bluegill (Lepontis macrochirus).

PARASITE COMMUNITIES

Parasite community structure patterns and processes are usefil tools not only for

describing interactions between a host and its fauna but also fbr understanding the

ecology of the host population. A host population's interactions with its biotic ancl

abiotic ent,ironments can affect the composition of its parasite fauna. The parasite

courtnunity cau iu turn alter or enhance those host-ecosystern interactions. Certain

parasites have been shown to affect fish host growth and development (Szalai & Dick

1991, Szalai & Dick 1992). This can affect host trophic status and thus its relationship

with the environment by delaying host ontogenetic changes in fèeding stlategies or by

reducing reproductive potential of the host population.

There are obvious advantages an understanding of parasite community structure

can have towarcls a mole thorough understancling of the ecology of the host. I{owever, as

with much that can be learned from host-parasite interactions, very little f-ocus has been

applied to this topic except by parasitologists (Dogiel 1958, Poulin 1995). Many moclels

of parasite community structure have been cleveloped from tlie study of freshwater fish

populations (Dogiel 1958, Wisniewski 1958, Esch et ul. 1990, I(ennedy 1990). It is

typically thought that these parasite communities in fish are ranclom assemblages of no¡-

intelacting species guided by stochastic processes (Kennecly 1990) but recent studies

have shown that the helminth infra- and component comrnunities of yellow perch have an
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aclditional predictable component both at the continental (Carney & Dick 1999) and local

scale (Carney & Dick 2000a). The yellow perch is an icleai fìsh host when considering

studies of this nature. The biology of perch is a well researched ancl understood topic

(Scott & Crossman1973, Craig 1987). It is found in most types of'aquatic environments

fi'om riverine to lacustrine, large eutrophic lakes to tiny Canadian Sliield lakes poor in

ltutrients and biodiversity. It also has one of the most extensive parasite species lists

found in fi'eshwater fish (l{offìnan 1999, McDonald & Margolis 1995, Craig 1987).

Yellow perch have few unique species (Cone & Burt 1982), which prevents host

specificity fi'orn affecting components of cornmunity structure. In addition, there are

relatively lèw natural populatior-rs of yellow perch that lack a parasite fäuna or have a

làuna consisting of only a fèw species (Bangham 1944, Fischthal 1950, Dechtiar 1972,

Declrtiar el ctl. 1989, Szalai & Dick 1991), which erlsures a large and diverse community

of parasites from which data can be acquired.

Both biotic and abiotic factors have been used to explain richness and diversity of

various parasite assemblages in freshwater fish. Kennedy eÍ al. (1986) suggested that

feeding rates, vagility and physiology of the host could explain richness values of its

parasite fàuna. These sarne three factors have also been used to describe a moclel of the

parasite communities in cyprinids and salmonids (Chubb 1970). Carney & Dick (2000a)

suggested that predictable patterns at the local level and increased richness of the parasite

assemblage were the direct result of a rich invertebrate prey community upon which the

yellow perch could feed. This was indirectly affected by lake trophic status, which

determined what potential prey/intermediate hosts would be available to the perch. Flost

notphotnetric characteristics. age. sex and phylogeny can also explain faunal richness
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(Aho & Bush 1993). Choudhury & Dick (1998) found that the parasite fauna of lake

sturgeotr (Acipenser.fLtlvescens) was affected by host specificity and fèeding habits of the

host as described by host phylogeny. The presence o1'piscivorous hosts can also explain

tlre parasite richness seen in fìsli populations (Esch 197l, Esch eÍ cil. 1988). The

colonization abilities of parasites that mature in piscivorous birds and mammals is better

than those observed for other parasite species in that they can infect many difïerent host

species (Esch et ctl. 1988). Esch et al. (1988) deterrnined that this increased colonization

ability leads to an increase in the numbers of these parasites in eutrophic systems where

the fìsh-eating hosts are abunclant. On the other hand, oligotrophic systems with fewer

bird and mamntal hosts and increased intermediate host prey for fìsh are clominated by

parasite assemblages that mature in f,ish. Wlile Wisniewski (1958), Esch (1971) ancl

Esch c/ al. (1988) suggest a more clirect role for lake trophic status on parasite

community structure, Carney & Dick (2000a) found no evidence of this direct role on

yellow perch fauna in lake systems of Manitoba ancl Wisconsin.

Otlier abiotic factors which have been suggested to afïect fish parasite

assemblages include lake size (Dogiel 1958, Kennedy 1978), host geographic range

(Wisniewski 1958, Price & Clancy 1983) and elapsed time after colonization (Guegan &

Kerinedy 1993). Although Kennedy (1978) found that brown l:rout (Sahno ,salnto) in

larger lakes had a richer parasite fauna there was no effect of lake size on tlie richness of

yellow perch assernblages (Calney & Dick 2000a). Host fìsli with larger geographical

distlibution are believed to possess richer parasite comnunities (Wisniervski 1958. Price

& Clancy 1983). Percli in Europe and yellow perch in North America both have broad

geographical distributions and also have among the richest of parasite faunas l'ound in
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fi'eshwater fish (Craig 1987). Therefore, with a better understanding of host parasite

assemblages and the processes that produce those assemblages it is possible to predict

certain characteristics of a host species' individual , population and community biology.

Future whole-lake ecosystem studies neecl to incorporate knowledge of parasite

communities or a great deal of infonnation could be missed or misinterpreted.

YELLOW PERCH GROWTH AND THE INFLUENCE OF PARASITES

The growth of yellow perch has been well studiecl in the past (Craig 1987). They

show extrerne plasticity in growth rates and maximum sizes they can attain. These

variations are caused by the influences of both abiotic and biotic fàctors and are

observable between different populations, between year classes in one population and

between inclividuals in a single year class (Craig 19S7). Sexual climolphic growth is

often seen iu natural (Craig 1987) and laboratory raised (Schott et al. 1978, Dick unpubl.

data) perch populations where females grow fàster and reach a greater ultirnate size than

males. Somatic growth can also differ in tirning and extent among age-sex gloups with

the fàstest growth rates in the youngest perch (Tanasichuk & Mackay 1989). Age-at-

maturity plays an important role in somatic growth as some energy must be directed to

the deveiopment of the gonads each fall for spring spawning (Craig 1987). Energy stored

in sotnatic tissue (usually protein and lipid tissue) is transfèrred to gonaclal tissue

resulting in loss of growth (Craig 1987). It was also f'ound that the amount of storecl

energy clecreased as perch aged indicating that the drain of surplus erìergy to the gonads

resulted in decreased growth and possibly senescence.

Temperature is perhaps the most important fàctor inll,rencing yellow perch

growth with a physiological optinum of about 250C lcraig 1987). Perch in the northern
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hemisphere grow slower at greater latitudes, which is a ref'lection of a decrease in mean

atlrual temperatures (Craig 1987). LeClen (1958) founcl that two-thirds of the variation

in European perch growth in Lake Windermere could be explainecl by temperature.

Yellow perch kept under simulated winter conditions in the laboratory lost weight and

suflered igher mortality Post & Evans 1989b, .lohnson & Evans 1991). Temperature can

thus influence recruitrnent through effects on body size and growth. Correlations

between body size and overwinter survival suggest cohorts of fish with larger mean body

size suffer less overwinter mortality. LeCren (1992) determined that warm sumrner

temperatures were partially responsible for the exceptionally large European perch

(463mrn total length max.) observed in Lake Windennere, England prior to 1967.

Prey type and size can also contribute to extreme variability in growth rates

among populations (Boisclair & Leggett 1989b, Parrish & Margraf 1991, Schael et al.

1991, Byström et cil. 1998, Cobb & Watzin 1998). Boisclair &.Leggefi (1989b) found

that the percent contribution of four prey taxonornic groups and six prey size-classes,

alone or combined with food consuniption estimates, explained between 41 and 95Y, of

among-population variability in growth rates or growth effîciency. When different sizes

of Dnphnia pulex were fed to experimental yellow perch it was found that the

intermediate-sizecl prey were prefèrentially selected and that prey size contributed

significantly to specific growth rates (Mills et al. 1989). The rnajority of prey consumecl

by experimental yellow perch are smaller taxa and perch growth rates were reduced rvhen

fbrcecl to switch to an alternate prey type (Mills & Forney 1981 , Arts & Sprules I989,

Parrislr & Margraf 1991). Schael et ctl. (1991) observed that despite the maxirnum size

prey (D. pulex) that can be consumed with a celtain yellow perch gape size, all perch age-
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size classes prefèrentially selected smaller prey species (copepods). Mills et ul. (1986)

cietermiued that larger prey are not digested as efliciently as smaller prey. Mean prey

weight cannot explain variability in growth rates and/or efficier-rcy because it doesn't

adequately account f.or prey abundance or availability (Boisclair & Leggett 1989b). This

also explains why the quantity of food consurned cannot explain the variability seen in

growth rates irr dil'ferent systems (Boisclair & Leggett 1989a).

The absence or abundance of groups or trophic levels of prey items can also have

an itnpact on perch growth and survival (LeCren 1992,Ifeafh & Roff 1996). Perch

typically show three ontogenetic stages in feeding behaviour (Scott & Crossman 1973).

They begin life as zooplanktivores then switch to benthos, the timing of which can be age

ol size-specific (usually by age 2+), fbllowed by piscivory in the largest and oldest fish.

Ileath & Roff (1996) used a computer simulation to limit the availability ol'each of the

three prey trophic levels to growing perch ancl found that only the reduced benthic ration

simulatecl sturted growth observed in a natural population of perch in Lac Hertel,

Quebec. The only non-stunted benthivore in this lake (white sucker) was believed to be a

mole efficient benthic feeder and outcompeted yellow perch for this prey resource (Heath

& RofI1996). European perch are one of three stunted benthivores in the Thames River,

England, which also suggests that benthos is an important component in Percu spp. cliets

(Willianis 1967). Perch can achieve faster growth from a diet of fish than from

invertebrates (Craig 1980, LeCren 1992). If, however, a trophic level tliat is consumed at

an earlier life cycle stage is reduced, perch may not reach an adequate size to become

piscivorous. This cascade effect ofprey type and abunclance can seriously affect the

ultiurate survival of perch as they are recruited into each age class ancl any one of these
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may explain the possible stunting of perch growth and naximum age in several North

Amelican systems.

There are several other f-actors that affect perch growth eitl-rer directly or

indirectly. Eutrophication of a system appears to decrease growth rate, particr-rlarly of

older fìsh (Hartman et ul. 1980, Hayward &. Margraf 1987). The absence of-certain

benthic prey types in eutropliic lakes is believed to be the cause for reduced growth

(Hayward & Margraf 1987). Abbey & Mackay ( 1 991) predicted perch growth fi'on

llleasures of whole lake productivity. It was foturd that the interaction of total

plrosplrorns and chlorophyll a levels could explain 6l%o and 57Y, of the variance in total

length atrd wet weight respectively of age 0 perch sampled at the encl of August. The

ability to predict fìrst year fish growth from lake productivity is strongest at low levels of

productivity (total phosphorus <35 ug/l) since high productivity irnplies more complex

communities with mole colnplex community interactions. Zooplankton may be the

limiting factor in these systems as total phosphorus has been shown to be positively

colrelated with zooplankton biomass (I{anson & Leggett 1982).

Competition with other fish species can also play an important role in the growth

of yellow perch (Persson 1990, Hayes et al. 1992,BergLnan & Greenberg 1994,Hayes &.

Taylor 1994, Mason & Brandt 1996, Byströtn et ul. 1998). The removal of 80% of the

white sucker population from a yellow perch lake resulted in an increase in the benthic

invertebrate population, a shift of perch diet from preclominantly zooplankton to

predominantly benthos, increased feeding rate and increased growth (especially female

gonad growth) of yellow perch (Hayes et ol. 1992,Ilayes & Taylor 1994). Alewifè

(Alosct pseudoharengus) predation has been shown to affect larval perch recruitment in
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Lake Ontario (Mason & Brandt 1996). The highest n-rortality rates in North po¡d

coincided with tl-re highest alewifè abundance during three years of observation in Lal<e

Ontario. Persson (1990) found that European perch age at rnaturity and gonad size in

potrd expeliments are affected by the presence o1'roach (Rutilis rtttilis). As the

productivity of lakes increased the abundance of European perch initially increasecl but

then clecreased as the abundances of roach and ruffe increased (Bergman & Greenberg

1994). It is suggested that roach outcompete perch during the planktonic dietary stage

and ruffe outcompete pelch when they shift to benthos.

Other animals can also afTect the growtli of perch (Thayer et ctt. 1997). It was

fonncl tlrat the presence of zebramussels (Dreissena ltoþtn1çyp¡a) in experirnental ponds

significantly increased growth rates of yellow perch. The effect was i¡direct as the

mussels alter the prey colxposition available to the perch. When mussels are present

there is an increase in the quantity of macrobenthic crustaceans and oligochaetes and a

reduction in zooplankton due to tlieir effective filtration of the water.

Predation, parasitism, reproductive demands, and senescence are the ¡rajor

contributors to rnortality in fishes accorcling to Ricker (1975). Growth rates of young-of-

the-year (YOY) are itnportant fol survival of yellow perch. It has been hypothesized that

within a cohort, smaller YOY yellow perch have a greater risk of lnortality owing to size

selective predation by older yellow perch (Post & Evans 1989a). Post & Evarrs ( 1989b)

also found that smaller juvenile yellow perch had significantly higher over-winter

moltality than larger individuals of the same cohort. Undoubtedly the ability of perch to

survive their first winter is critical but interactions among their energy reserves, gonad

uraturation and survival, largely unexplored, are important as some male perch reach
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sexual lnaturity in their first year. If one adds to these variables the impact of parasitism

then survival and fecundity could be further compromised.

Indirect evidence has been used to suggest that parasitism increases mortality in

fìsh (Anderson & Gordon 1982, Gorclon & Rau 1982, I(ennecly 1984, Szalai & Dick

1991, Szalat el (11l.1992). Several studies have evaluated the efïects of various parasites on

fislr growth (Lemly & Esch l 984, Singh aI et, ul. 1 990, Lorve-Jinde &. Zimmerman 1991 ,

Szalai & Dick 1991,Szalai el, al. 1992, Birkeland 1996, Marks et, cil. 7996,Tierney et,

al. 1996). Few, however, have examined the eflècts of parasites on specific organs and

tissues, reproduction aud health of fish and the efTects on total body weight or length of

fish from natural populations. The potentialtrophic feeding changes of subpopulations of

fish with high infection levels of parasites that affect growth but not rnortality ancl the

effect these slower growing individuals may have on the entire population structure are

rrot well understood. Crustaceans (Singhal er al. 1990, Urawa 1 992, Ur-aw a 1995,

Birkeland 1996, Marks el al. 1996), protozoans (Lowe-.lincle & Zinnerman 1991) ancl

cestodes (Bristow & Berland 1991, Tiemey et ul. 1996) have all been implicated in

reduced growth in the form of lerigth and/or body weight in several cultured and natural

populations of fish. Reproductive status is also negatively affected by parasitism,

particularly by larval cestodes in the body cavity of small fish (Szalai et al. 1989, Tier¡ey

et ql. 1996). Yellow perch are good fi'eshwater fish models in which to study these

interactions sittce much is kuown about their biology ancl, as previously described, tliey

have one of the most extensive lists of parasites reported for a freshwater fish species

(Craig 1987, Hoffman 1999, McDonald & Margolis 1995). Yellow perch in Dauphi¡

Lake, Manitoba with higli density infections (>50 cysts/g of liver) of the nematode
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Ruphidcrscctri,ç ctcus in the liver showed lower cor-rdition fàctors and weight-at-age curves

with reduced slopes (Szalai & Dick 199I ). These parasites also accounted f'or much of

the mortality not explained by preclation or abiotic environmental làctors. Males witir

heavy iufections often did not mature and those that did were smaller. Females either

matured at a later age or died shortly after vitellogenesis (Szalai & Dick 1991).

The factor(s) controlling growth of perch in any system are all important in

deterurining the ultimate survival of perch (particularly juveniles). Botli predation

rlortality (Post & Evans 1989a) ancl winter survival (Post & Evans 1989b) have been

showlr to be highly depenclent on size. Srnaller cohorts of percli always sufïer the highest

rates of mortality. Those that survive are likely to be permanently stunted and will be

lnore prone to rnortality at all age classes than larger-sized populations and will likely

also experience reduced fecundity (the proportion of gonads is likely to relnain the same

in most circurnstances). Understanding tlie growth of perch in a variety of situations is

vital to a better understanding of perch populations as a whole and more studies woulcl

elrhauce curreut knowledge. Of particular importance (especially to fìsheries) is a better

utlderstauding of stunted perch populations such as those observed in nutrient ancl biota

poor Canadian Shield lakes.

STABLE ISOTOPES

Over the last decade, stable isotope analysis has become an increasir-rgly irnportant

tool for solving biogeochemical problems in ecosystem stuclies and will likely become

more useful as more experimenters are exposed to the possible applications of this

techuique. The popularity of stable isotopes owes to the fäct tliat they can contribute both

source-sink and process information. Plant ecologists have used naturally occurring
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decades to determine a plant's photosynthetic mode (Ca verslrs C: plants) (Ehleringer &

Monsou l993), to tracethe source of aplant's nitrogen (l{andley & Raven 1992), ancl to

measure water balance and relations (Farquhar el al. 1989, Srnith et ul. 1998, Jackson e/

ul. 1999). Other recent studies have exarnined the irnportance of nitrogen lìxation to

burned f-orest ecosystems (Hendricks & Boring 1999), fog water r-rse by plants in the

California redwood forest (Dawson 1998), and the identification of rnycorrhizal and

saproplrytic fungi (Hogberg el al. 1999) and their roles in the carbon and nitrogen cycles

(Hobbie el ttl. 1999). Anirnal ecologists have also seen potential applications f'or these

analyses and stable isotope ratios in animal tissues have recently been used to reconstruct

diets of botlr extant ancl extinct animals (Boutton er al. 1980, Boutton et ol. 1983,

Anrbrose & DeNiro 1986, Bunn er cil. 1989, Sullivan & Moncreiff 1990, MonÍ.eiro et al.

1991, Sholto-Douglas el ql. 1991, Flamilton et ul. 1992, Hobson & Clark 1992, Forsberg

ct ql. 1993, Tholnas & Cahoon 1993, Angerbjorn et al. 1994, Hobson & Welch 1995,

Kocli et ql. 1995, Bootsma el al. 1996, France & Steedman 1996, Gu et al. 1996), to trace

movements (Fry 1983, 1ìesslein et al. 1991, Koch et al. 1995), biomagnification ol'toxins

(Kiriluk eÍ al. 1995), the effects of introduced species on a native ecosystem (Mitchell el

ul. 1996),long-term changes in a system's food web (Ambrose & DeNiro 1986,

Wainright el ctl. 1993), the importance of nitrogen and carbon from decaying semelparous

salnron to the trophic system of their spawning stream (Bilby et al. 1996), to assess

plrysiological condition (Hobson et al. 1993) and to determine where assimilated

tlutrients accumulate in an animal and how long it takes for those nutrients to be

assimilated (Tieszen er al. 1983, Hesslein eÍ ctl. 1993, Tieszen & Fagre 1993). Sone of
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tlrese applications will be discussed in greater detail later. Gannes et ul. (lgg7) foresee

an explosive increase in the application of these methods as it is becoming easier and less

expetrsive to measure isotopes in animal tissues (l{andley et ctl. 1991) and technological

improvemeuts are rnaking it tnore accessible to animal ecologists. Several ele¡rents

including sulfur,oxygen, hydrogen, nitrogen ancl carbon are used in stable isotope

analyses with the latter two being the focus of the research discussed here.

Fractionation Process

As described earlier, stable isotopes record information about the origins of

samples (source infolmation) and the reaction conditions under which fractionation of

stable isotopes occurs (process information). Tliis fractionation can shift an isotopic

baseline set by a source. Peterson & Fry (1987) used the well-studied example of

fractionation in photosynthesis. They usecl a 197 4 study that showed that terrestrial C3

plants lrave an average dl3C value of -27.801ss(Troughton et ctl. 1974 inpeterson & Fry

1987). In 1974 the carbon source for plants, CO2 in air, had an average value of -7.40/s0

(Keeling et al. 7979). Tlie plant value reflects both the source ç-7.401¡¡ç) and fractionation

(-20.4010ù information: -27.8pl,rNr: -7.4sou¡16¡ -20.4¡¡1ACr-roNArroN (peterson &.Fry

1987). In lnost biochemical reactions, isotopic fi'actionation arises when similar

molecules of slightly different rnass (Cl3 and Cl2 for exarnple) react at difTere¡t rates.

These chemical ancl biochernical reactions are divided into a series of individual steps

that, when combined in kinetic models, result in the appropriate liactionation for the

overall reaction (Peterson & Fry 1987). These rnodels are only just beginning to be

applied at an ecosystem level to understand the flnxes of materials.
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Several experiments have shown that diet is clearly the primary determinant of'the

isotopic ratio of an animal where the C in animal tissue is isotopically similar to the diet

(C rnay be about 10/¡6heavier than the diet in some cases) and N averages 3-50/se heavier

tlran the diet (Minigawa &. Wada 1984). For example, broad wiritelÌsh that were

switclred from a 11.401¡¡¡¡ S, -21 .401¡¡ç1C,7.80lsç¡N diet to a-6.3016,¿ S, -26.30/66 c,9.7016¡ N

diet had an isotopic composition that approaclied that of the seconcl diet with the caveat

tlrattlre fishwere somewhatenriched inr5N 13.80/on¡ (llesslein er at. 1993). Animals are

enliched in l5N relative to the diet because of the isotopically light nitrogen in urine

(Clreckley &.Entzerofh 1985, Checkley & Miller 1986, Steele & Daniel 1978). For

exanrple, Steele & Daniel (1978) found that cow urine is about -1 to -40/¡¡¡¡relative to the

cliet wliile fàeces and blood were enriched by +2 and, +40loo respectively. Dear.nination in

the production of urine is believed to be the fractioning reaction. The enrichment in

auimal tissues preserves the mass balance that must be maintained by counteracting the

15N depleted urine. The small (.1t'luo) increases in carbon isotopic cor-nposition of an

animal over its diet observed on occasion are possibly the result of carbon isotopic

fi'actionation during many forrnation and breakdown reactions including assimilation and

respiration (DeNiro & Epstein 1978).

When C, N, and S are used to analyze food webs, the clifTerences between animal

processiug of the isotopes are easily observed. Nitrogen isotopic values can be used as

indicators of trophic position assurning that at each trophic level the l5N/laN ratio

incLeases by about 3-50/oo (Minigawa & Wacla 1984). Carbon and sulfur isotopes which

show little or no change at each tropliic level can be used as indicators of which plant or.
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bacterial food sources are most important to a particular fòocl web (Fry & Sher-r 1984,

Peterson el al. 1986). Sulfur can also help to identify anadromous organisms as

freshwater and mariue habitats have clifferent sulfur isotopic ratios (Fry 1983, Hesslein c¡

crl. l99I).

Although diet is the major contributing factor to the isotopic cornposition of an

animal, there still exists variation between different tissues ancl rnetabolites r,vitltin an

individual. For example, bone collagen is2-601s0 enriched in l3C over the diet while fat

reserves are depleted,by 2-80161¡ (Parker 1964). The cliffèrences arise from the mally

internal euzytnatic steps that fractionate stable isotopes after uptake fiom the diet

(Abelson & Hoering 196l). The tissues that are analyzed for stable isotopes chose¡ i¡

each situation bear a fixed isotopic enrichment ol depletion verslls the diet. Wrole

animals may be used (and in fact becomes rlecessary when the animals being examined

are very small) but sarnples of muscle or protein will function as aclequately as indicators

of cliet. Stable isotopes can be used to complement other methods of stuclying diet

(stomach content analysis and parasite community composition) in tliat the stable isotope

compositions of tissues are a measure of the assimilated (not just ingested) diet. Both

long-term and short-term cliets can be identifìed depencling on the turnover rate of the

tisstles being examined. Slow turnover rates occllr in boue collagen and {àst turnover

rates in the epithelial lining of tlie gut wall and liver. Tliis rnethod is ideal for lear¡ing

the diets of extinct animals and those for which it is difficult to make direct observations

of feeding behaviour such as for aquatic animals.

The following are several of the diverse possible uses for stable isotopes. Carbon

isotope analyses of terrnite nests in East Afì'ican grasslands clemonstrates that they
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acquire their carbon by consuming both C3 and Ca plants (Boutton et al. 1983). Tliere

was also a hierarchy (worker-soldier-queen) within the termite colony as revealecl by

enrichment of I3C by 10/61¡ at each step. Hendrixet ctl. (1999) were able to distinguish

between soil organic matter and surface residues from C3 plants as potential food sources

of two species of earthworms inFlorida, Thorp et al. (1998) used stable C andN

isotopes to conclude that the influential flood pulse concept, which stresses the

itlportance of organic tnatter, especially terrestrial matter, originating from the floodplain

to the riverine food web, is uot an adequate explanation of food web structure in the

constricted and fìoodplain regions of the Ohio River. It was concluded that the less

popular riverine productivity model, which emphasizes the primary role of autotrophic

production in large rivers, is more appropriate in the constricted region. Vander Zanden

et al. (I999b) found that food chain length as measured by stable isotope ratios was rnost

closely related to the number of fish species present and the size of 14 Ontario ancl

Quebec lakes. Pike, wliich are often considered to be specialist piscivores, were found to

collslllne a large proportion of invertebrates by stable isotope analysis in five Alberta

lakes (Beaudoin et al. 1999), Water velocity shows a strong negative relationship with

the carbon ratio of lierbivores iu three productive northern California streams which

explains wide variations in published river biota r3C levels (Finlay et cil. 1999). Stable

isotope studies conducted in the Amazon River (Forsberg et al. 1993) and the Orinoco

River floodplain (Harnilton et crl. 1992) revealed that the most abundant primary

producers in the system were not the most important to the riverine f-ood chain as

previor:sly assumed. Herbaceous vegetation accounts f-or approxirnately 52Yo of total

primary production in the Amazon study area but accounted on average f-or only 2.5-
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17.6% of the carbon in fish (Forsberg el ul. 1993). Cl plants accounted I'or the remaincler

(82.4-97 .5%) of fish carbon. Phytoplankton, which constitntes only 8% of primary

production, accottnted f-or a minirnum of 36.6% of the carl¡on in hsh. Forsberg cl a/.

(1993) hypothesize that selective herbivory may be occurring as algae is by far the best

protein source and is readily assirnilated by most animals. Algae also appears to be the

primary foocl source in North American east coast estuarine food webs (Sullivan &

MoncriefÏ 1990) but vascular plants (Sporïina spp.) are rnore important on the west coast

(Kwak &. Zedler 1997). The west coast stndy also demonstrated that there is an

ecological link between the salt marsh arrd tidal channel thus suggesting that any

conservation efforts for tlie marsh must also consider the channel in orcler to properly

lnanage the various biotic elements of this ecosystem (Kwak &. Zedler 1997). Orern et

ul. (1999) used stable isotopes to identify historical changes in the Florida Bay ecosystem

and understand changes necessary to restore the bay to its natural (non-human

iufluenced) condition. Preconceived concepts of marine food webs have also changed in

liglit of stable isotope data. For example, Monteiro er al. (1991) used dr3C values to

confirm earlier suspicions that anchovies in the Southern Benguela ecosystem are largely

zooplanktivol'ous and not phytoplanktivores as was the long-held hypothesis.

Cyanobacteria, not seagrasses are the urost important food sollrces for heterotrophs at

Dravuni Island, Fiji (Yarnamuro 1999), Stapp et al. (1999) found that ocean-derived

nutrients, especially from seabirds, drive the dynamics of terrestrial foocl webs on small

islands and that this effect is particularly prominent in wet El Nino Southern Oscillation

years.
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The diets of extinct animals have also been analyzed using stable isotope ratios.

Stable carbon isotope ratios of bone collagen of East African mammals discriminate

between (1) grazers(Caplants) and browsers(C3 plants) in savannah grasslands, (2) f'orest

floor and savamah herbivores and (3) forest floor(low c1r3C values) and canopy (high

dr3C values) species (Ambrose & DeNiro 1986). Nitrogen isotope ratios cliscri¡rinate

between (1) carnivores and herbivores (and the exact trophic level of each carnivore), (2)

forest and grassland herbivores and (3) drought tolerant ancl drought intolerant

het'bivores. Nitrogen fixation in soils that results in nitrogen clepleted in l5N is inhibited

by high temperatures and soil dryness (Bate 1981). This rneans tliat a drought resistant

auimal (extinct or extant) will show the high heavy isotope values comlÌìorl in dry soil

and the plants which utilize this nitrogen (Arnbrose & DeNiro 1986). Thus, the habitats

of extinct animals can be indirectly analysed. The diets of brown and black bear

populations in several western North America ecosystems are relatively unchanged from

lristorical diets (.Tacoby et al. 1999). The diets of bottlenose dolpliins are also unchanged

fì'om the 1880s to the 1980s as revealed by isotopes (Walker et ctl. 1999). Wainright et

al' (1993) used C andN stable isotopic compositions of fish scales froln several species

ftonr the Georges Bank. They analyzed fish fiom l 929 to 1987 and f-or-rnd that, in the

case of lraddock (Melanogrammus aeglefinus), thele was a trend towarcl feedi¡g at two

tliirds of one trophic level (2.450/0s in drsN; lower in 1987 than in 1929. Values of clr3C

decreased by L50/eefi'om 1929 to 1960 ancl then increased again toward the present whicli

inclicates that there have been some changes occurring at the level of primary productio'.

These isotopic trends were significantly correlated with several envirolmental and

population factors (Gleenland Pressure Anomaly, North Atlantic Oscillation, weight-at-
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age-z, stock size and fishing mortality). Stable isotope analyses also suggest that several

of the fìsh that were studied rlay undergo consiclerable year-to-year and geographic

variation (Wainright et al. 1993).

Stable isotopes have also been used to cletermine aucient human diets (va¡ der

Merwe & Vogel 1978). Isotope analysis of hurnan bone collagen revealed that cll3C

values of North American Indians averageil -21 to -220loo fiom 3000BC to 500AD bllt

rapiclly iucreased to - - I l0l¡¡¡¡ by 1 3 004D. This increase results fiom the advent and

spread of maize cultivation so that about 600/o of the diet was derived fi-orn corn by

13004D. Previotts archaeological clata suggestecl that widespread maize cultivatio¡

began much earlier. In addition to ancient diets, stable isotopes can iclentify ancient

habitats. Isotopic evidence was used to lielp identify nonmarine coelacanths and

pycnodontiform fishes frorn the Early Cretaceous (Poyato-Ariza e[ ctl. l998). These two

fish groups were previously uncontested as solely marine taxa.

Several other studies have used stable isotopes to fr,lrther clarify f-ood web

structure and individual and population diets in many different kincls of fì-eshwater (Bu'n

et al. 1989, Hobson & Welch 1995, Bootsma ¿/ al. 1996, France & Steedrna n 1996. Gu et

ul. 1996,I(eough et ql. 1996, Kline et al. 1998,Vander Zand,enet ctl. 7999c,Fry et al.

1999, Yoshli et ctl. 1999), marine (Sholto-Douglas e/ al. 1991, Thornas & Cahoon 1993.

Pauly ct ctl. 1998) and terrestrial (Boutton et al. 1980, Angerb.jor¡ c/ ctl. 1994)

environtneuts. Keough et cil. (1996) founcl that both coastal and offshore Lake Superior

food webs were based upon carbon fìxed by phytoplankton but had distinct carbon

signatures suggesting different types of phytoplankton were involved. It was also

observed that the nitrogen isotope ratio of YOY yellow perch inclicated a pla'ktivorous
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diet. As the perch grew the isotope ratio increased thus supportir-rg observed clietary

shifts from plankton to benthos and finally to fish.

Stable isotopes cau also be used as indicators of rnigratory patterns. Sulfur

isotope analysis of whitefìsh nuscle in the Mackenzie DeÌta region showed that

Travaillant Lake broad whitefìsh and Kukiuktr-rk Creek lake whitelìsh were migrant

popr"rlations which had grown primarily on sources outsicle the local foocl base (Flesslei¡

e[ ctl. 1991). It was cletermined, clue to the relatively high levels of heavy sulfur isotope,

that a lnarine origin was likely for these lake whitefish. Natural stable carbon isotopes

were used to clistinguisli exclusively freshwater, freshwater-marine migrants, and entirely

nraritre fish from one another in Prr-rdhoe Bay, Alaska (Kline et al. 1998). Anadromous

and non-anadromous populations of brook trout (Saive li.ntt.s ./inttincrlis) and the maternal

origins of age 0 progeny were identified in the Tabusintac River, New Brunswicl<

(Doucett et cil. 1999a). Stable isotopes were used as evidence f'or anadromy in a southern

lelict popr-rlation of Arctic charr (Salvelinzs alpiru.ts) in Quebec that is associated with

niclre shift (Douc elt el al. 1999b). Others have also used isotopes to iclentify a¡imal

urigratory lllovements for which it is diffrcult to make direct observatiolts (Fry 1983,

Scliell et al. 1989, Flerning et al. 1993, Koch et al. 1995).

Stock ancl population identification in fish communities can also benefìt fì-oln

stable isotope techniques. The stable oxygen and carbon isotope ratio analyses in sagittal

otolitlrs of sockeye salmon (Onchorhynchtts nerko) can be usecl as a chemical tracer in

population identification and in the study of ocean environmental changes (Gao &

Beamislr, 1999). Analysis of stable isotopes in pink snapper (Pagrus crurattts) and

bluefìslr (Pomctlomtts salftarix) otoliths showed location specific stocks (o¡e i¡
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hypersaline Shark Bay and another north of this bay) of pink snapper but not bluef,rsh

(nrigrated between the two areas) (Eclmonds et ctl. 1999). Lake Biwa catfish (Si/tu"trs'

bit'vuensi,s) are separated into two local populations (north and south) which rarely rnix as

revealed by isotope analysis (Takai & Sakamoto 1999).

Biomagnification of toxins in higher tiers of a food web can also be iclentified

with stable isotopes. Cabana & Rasmussen (1994) fbund a signiflrcant correlation

between dl5N and rnercury levels in shield lal<es. Kidd ¿/ ctt. (1995)interpreted

significant correlations between organochlorine concentrations ancl dl5N in the biota fiom

Lake Laberge and concluded that organochlorine levels coulcl be predicted on the basis of

dr5N values. Kiriluk et at. (1995) described a signifìcant correlation between clr5N

enrichllent (trophic status of an organism) ancl biomagnification of lipophilic

contaminants.

Invasive species and their impact on local ecosystems can be analyzed with stable

isotopes. Zebra mussel infestation may have a markecl effect on the food web of a

recently invaded lake (Mitchell et al. 1996). The mussels filter planhtonic algae at liigh

rates and deposit atly unwanted material in the form of pseudofaeces onto sediments and

tlre typically higli densities of zebra mussels can have a serious impact on phytoplankton

biomass and on the coupling of benthic and pelagic food pathways. Mitchell et at. (1996)

found tliat tlie isotopic ratios of C for zebramussels more closely resemblecl those of the

sestotr tlran did the values for Daphnid spp. (another phytoplankton lèecler). Therefore,

tlre zebra mussels have a greater reliance on that food source lban Dcr¡thnia spp. Northern

pike addition to two experimental lakes (ELA) resulted in a shift of fathead minnow diet

in one lake fi'om zooplankton to zoobenthos as evidenced by stable C and N isotope



43
ratios btrt did not affect pollutant accumulation (Kidcl et cil. 1999). Vand er Zanden et cil.

( 1999a) f-ound that lakes invaded by smallmouth bass and rock bass showed a deciine in

littoral prey fish abundance and shift in trophic position of resident lake trout iì.om a fish

cliet to a zooplankton diet.

Stable isotopes have also been used extensively to interpret the importance of

nitrogeu and carbon from spawning salmon and other anadromous lisli to the trophic

structure of small streants and their riparian zones. Bilby et ul. (1996,1998) cleterrlined

the importance of semelparous coho salmon to their spawning streams using stable

isotopes. They found that epilithic organic matter, all aquatic macroinvertebrates except

sht'edders, and fish were significantly enriched with l5N and l3C where post-spawning

coho saltnon carcasses were present. Shledders and riparian vegetatiotl were only

enriched in the heavy nitrogen isotope. The growtli rate of young coho salmon in

carcass-enriched streams doubled over that of fisli in non-spawning streams. The amount

of dead fish nitrogen that was incorporated varied anlotlg trophic levels fi-oln I 7%o in

collector-gatherers to>30Yo in young fisli. Hilderbrand et al. (1999) found that sal¡ron-

eating bears in Alaska vector sahnon nitrogen (ie. marine nitrogen) through excretion and

carcass clispersal irrto riparian ecosystems. Distance from the stream is ilversely

proportional to the amount of salmon nitrogen in riparian plants (Ben cl al. 1998,

Hilderbrand et al. 1999). Anadromous clupeid (Alosct spp.) fishes on the Atlantic coast

of North America also contribute significantly to the biornass accumulation in piscivores

in migratory streams during clupeid spawning runs (Gannan & Macko 199g).

Stable isotopes cau be used to cletermine tissue turnover rates. The turnover rates

f-or various olgan tissues in gerbils (Tieszen et al. 1983), birds (Hobson & Clarke lgg2),
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slrrinrp (Parker el al. 1988) and fish (Hesslein et ctl. 1993) have all been analyzed. Broad

wlritefislr (Coregontrs nasus) muscle and liver were analyzed for S, C and N isotopic

ratios following atr experimental shift to a new diet which was isotopically clifTerent fi-om

tlre original diet (l{esslein et. al. 1993). Despite the depletecl S and C values (-4.4 attd, -

4.101¡¡¡¡ respectively) in liver relative to the muscle, the actual turnover rates were similar.

In gerbils (Tieszen et al. 1983) and birds (Hobson & Clarke 1992), fàster growing liver

tissue had a much faster turnover rate (eg. quail liver turnover 0.271d, and muscle

0.056/d). Hesslein et al. (1993) hypothesized that in slow-growing populatiorrs o1'fish

the response to a change in foocl could take years whereas in fàst-growing populations the

late of change would directly reflect the growth rate.

Because of tlie potential for explosive use of this technique it is irnportant that it

be dotle properly. There are several assumptions and caveats of which a researcher must

be aware before attempting to use stable isotopes. In determination of an animal's cliet

using stable isotopes it lnust be assumed that the isotopic composition of an anilnal's

tissues equals the weighted average of the isotopic composition of the components of its

diet (Gannes el al. 1997). For example, a herbivore eating C3 arld Ca plants,

clr3C (animal tissue) :p',dr3Cc+ + (l -7:)*dr2Cç3,

where 7: equals the proportion of Ca grasses in the diet. There are three reasotls why this

assutnptiou is often invalid: (l) dietary components are assimilatecl with varyi¡g

efÏìciencies, (2) dietary isotopes are fractionated by animal tissues (changing the isotopic

ratios) and (3) nutrieuts are allocated differently to specific tissues. For exa¡rple, as

lipids are synthesized fì'om dietary carbohydrates they become enriched in the lighter

isotope (DeNiro & Epstein 1977) whereas bone collagen, because it contains 33oZ
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glycine, becomes enriched with the heavy isotope relative to other tissues (ÞIare et crl.

1991). This fractiouation can be courpensated for if proper laboratory experiments are

perforrned to provide cotnparative data on the fractionation values 1'or cliffere't tissues

and tissue components (Gannes eÍ ctl. 1997). However, there is currently cornparatively

little laboratory clata and because different species may fractionate at clifTerent rates it is

important to increase experimental work on a larger assemblage of species.

Anothel problem is the phenomenon termed "isotopic routing" where isotopes

coutained in the cliet are routed differentially to specific tissues (Tieszen & Fagre 1993,

Gannes eÍ al. 7997). Consequently, the isotopic cornposition of the nutrient component

of the diet from which the tissue was synthesizecl ancl not that of the bulk diet is reflected

in the tissues. This has led many researchers to shift frorn bone collagen to the

carbonates withili bone apatite (Tieszen & Fagre 1993). Bone collage' is 
'rostly 

protei'

and therefore may reflect the isotopic composition only of the clietary protein and not the

bulk diet that rnay include carbohydrates and protein each from different sources only

one of wliich will get recognized. Carbonates, however, are synthesizecl from circulati¡g

bicarbonates and probably reflect isotopic composition of the components of the diet tliat

are catabolized (Ambrose & Norr 1993). Foregut fermentation (e.g. rumi¡a¡ts) solves

tliis problem by cotnplete mixing of the nitrogen in all clietary corllpone¡ts (Macrae &

Reeds 1980). Flindgut fermenters (e.g. horses, rabbits, rodents) and omnivores with

modest fermenting abilities may or may not rnix the dietary nitrogen suffìciently before

assinrilation so the degree of mixing rnust be measured before any isotopic data can be

exanrinecl (Gannes et al. 1997). tJrearecycling and protein balance can also af1ect the

isotopic corlpositiou (Gannes et at. 1997). It is impoltant that we gather as ¡uch
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comparative data as possible fi'om laboratory experiments in orcler to further validate

field observations.

Using stable isotopes to determine the trophic level of an animal can also be

tlisleadirrg. The tissues of stan,ing animals become progressively more enriched i¡ IsN

as leau body rnass decreases (Hobson el ol. 1993). This may have the effect of making

the animal appear to be at a liighel trophic Ievel than it actually is. Measuri¡g the

nitrogen isotope ratios iu urine, hair and blood may be goocl indicators of lean-tissue

losses urder these circurnstances (Hobson et al. 1993).

Ganues et al. (1997) suggest that stable isotopic analysis is a usefirl tool lòr

ecosystem studies. However, more laboratory experiments involving all aspects of stable

isotopes tnust be perforrned before the processes involved can be better understood. This

would allow an animal ecologist to acquire more colnplete, accurate data for each field

study.
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CHAPTER 2: Parasitological and dietary survey of some Experimental Lakes Area

fishes with an emphasis on yellow perch parasite assemblages.
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The parasites of freshwater fishes of Canada have been well documented

(McDonald & Margolis 1995). In particular, the Manitoba fish parasite fàuna has been

studied by Poole (1985), Watson & Dick (1979,1980), Chouclhury & Dick (1993), Szalai

et al. (1992), and Carney & Dick (2000a), Lake of the Woods by Dechtiar (1972) and

Manitoba and Lake of the Woods reviewed by Lubinsky & Loch (1979). With the

exception of Poole's studies rnost fish communities were fi'orn large lakes with complex

biota. The small nutrient poor shield lakes from the Experirnental Lakes Area (ELA) in

Ontario were of interest since much is known about this system and the biota, including

the fish community, is tnuch less complex than other systems studiecl to date. The goal of

the overall study was to cletermine the parasite community composition in fish fi.orn four

of tlrese lakes, especially yellow perch (Perca.flavescens), to compare the results with the

comlnttnities found in other systems and to determine if the parasite communities had

pledictable cotnponents, even tliough they contained less complex cornmunities. Seasonal

and age-related parasite community trends and food liabits for yellow perch are

plesented.
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Sample collection and examination

Fisli were caught with minnow traps (baited with bread or dog food), trap nets,

gill nets and backpack electroshocking. A total of 2304 fìsh of l5 species were captured

fì'om 1997 to 1999 of whicli 2216 were completely examined f'or all parasites. Only

yellow perch (P..flavescerzs, N:1841) and wliite sncker (Cato,stonttrs conlmersoni, N:57)

were found in all four lakes (Table2.1). All other fish species were founcl in only one or

two study lakes. Samples were collected in June, .Iuly and October of 1997, May, .Iuly,

September and October of 1998 and September of 1999. Water telnperatures ranged

lì'om 5"c cluring october sampling to 20"c during Jury sampling.

All fish were examined with the aid of a dissecting microscope for external parasites

and external lesions and tumors. Total length, fbrk length, and rouncl weight were

measured for all fisli. Sevelal additional morphometric and ¡reristic characteristics were

measured for all fish species and these data are summarized in Appendix I. Liver weight

was recorded for all but the Juue 1997 sample, for whicli the liver weights were estimated

using a regression equation of the proportion of known liver weights to overall body

weight. A fillet from one sicle of each fish was removed and weighed to cletermine the

derisity of parasites found in the muscle tissue. Perch sex and maturity was determined

by inspection of the gonads using criteria established by Craig (1987). Sex ancl rnaturity

of all other fish were examined. Gor.rad weight was recordecl for each fish. Visceral fat

was removed, weighed (yellow perch only and for all but the June 1997 sarlple) a¡d



Table 2.1. The sarnple sizes

Canadian Shield.

Fisli species

-50

of each species of fish sampled from four study lakes i'trre

LAKE
L239 L240 L377 Triangle

L.
Northem pike
(Esox lucius)
Cisco
(Coregonus cu,tedii)
Pearl dace
(Ma r g ar i,s c u.t nt cu. ga r i t cr)

Blacknose shiner
(No trop is he ter olepis)
Spottail shiner
(Nolropis lrudsonius)
Northern redbelly dace
(Phoxiru.rs eos)
Finescale dace
(Phoxinu,s neogaeus)
Fathead minnow
(P i m ephal e s ¡tr ontel as)
Longnose dace
(Rhynic ht hys catar actae)
Wllite sucker
(O u Io s I ontu s comm ers oni)
Burbot
(Lota lota)
Brook stickleback
(Culea inconsÍans)
Slimy sculpin
(Cotlus cognatus)
Iowa darter
(Etheosrontct exile)
Yellow perch
(Percu .flat,escens)

1

NC

NP

NP

NP

I

NP

NP

NP

9

NP

NP

NC

NP

564

15

NC

NC

NP

NP

2

I

NP

NP

4

NP

NP

5

8

504

NP

NP

NP

371

NP

NP

NP

NP

NP

NP

402

69

103

NP

13

70

t0

2L)

NP

16

17

a--)/

l0

21

Note: NP : not present, this species is not
NC: not captured, this species has

not recovered in this studv.

known to occltr in this lake.
been reported from the lake but was
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examined f.or parasites. All weights were recorcled to the nearest 0.001 g ancl go¡acl and

visceral fat weights were then converted to percent of total body weight (perch o¡ly).

Weights of gonads and visceral fat were compared to obtain a ratio for each fish (perch

only). Corlplete necropsies were performed on fresh fish when possible (-140 fish) a¡d

if not they were fì'ozen (-20" C) ancl examined later. Live parasites were exa'rinecl i'
physiological saline, killecl in 90 "C tap water, fixecl in AFA (llu¡raso' i 978) a'd stored

in 7 0o/o ethanol . Frozen specimens were examined in tap water, fixecl i¡ AFA a'd storecl

itt70%o ethanol. Numbers and species of internal parasites fbund in the gills, eyes,

musculature, heart, swim bladder and viscera were obtained. All tissues were examined

with a dissecting microscope. Intramuscular parasites were observecl by maki¡g a series

of vertical slices through one fillet (fi'om the left sicle of the fìsh) appr-oximately 1cm

wide and then carefully exarnining the exposed surfaces of the muscle with a dissecting

microscope. All tissues except the liver were isolated, slit open longitudi¡ally and the

contents were scraped into a petri clisli. Frozen specimens of parasites were examined in

tap water and fresh specimens in pliysiological saline. Livers were compressecl between

two glass plates and numbers aud life cycle stage of encystecl parasites were recorded

according to Szalai & Dick (1991). hivasive and noninvasive parasites were categorized

based on whether they resided in host tissue or in the lumen of an organ. Several keys

were used to assist with parasite species identifications (Beverly-Burton 1984, Scliell

1 985, Kabata 1988, Hoffman 1999). The methocls fbr calculating parasite

irrfrapopulation statistics used in this chapter follow Margolis et ul. (1982). Sto'rach

conteuts were rellloved and identified with aquatic invertebrate keys when the degree of
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decornposition permitted (Fitzpatrick 1983; Merritt & Cummins 1984). Abundance and

prevalence of dietary items were recorded.

Aging structures removed from each f,rsh included scales, opercula and otoliths.

Yellowperch operculawere aged according to the methods of LeCren (1947) (i.e., age 0

fish had no annuli, age I hsh have one annulus, etc). Perch otoliths were cleaned in hot

water, placed in canola oil ar-rd observed with a dissecting rnicroscope using reflected

light. The annuli were counted as per the opercula. Scales of 50 perch were also aged by

a method similar to the opercula. The annuli of scales and opercula were difficult to

distinguish in older perch (> 2+). Amruli in the otoliths were clearly distinguishable at all

ages and therefore the ages recorded from these structures were used in all further

calculations. The weights of perch otoliths (to the nearest 0.001g) were measured and

correlated with pelch size (Appendix II). Age classes of yellow perch were further

subdivided accorcling to tirne of year cauglit. June was designated as the beginning of

eaclr year as perch typically hatch at this time of year (Scott & Crossman 1973, Craig

1987) and was given a post-decimal value of 0. One-twelfth (0.083333) was aclded to

each following month and then rounded to two decimal places. For example, one year

old perch caught in Juue were labeled as 1.00, July 1.08, Septernber 1.25, October 1.33

and May 1.92. The predicted June hatching time fbr perch in ELA was slrpportecl by

sampled fèmales that had not yet spawned by May 23. The .h-rne 1997 sample was small

(25 perch from only L240) and those data were includecl with the July 1997 sample for

much of tlie analysis.
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Fish morphometrics

Mean total lengths (TL) and weights of each sampled fish species are presented in

Table 2.2. Mean age of yellow perch in each lake is also given in Table 2.2. pike were

the largest of the sampled fish. L240 pike were larger but the L239 sa¡rpie co'sisted of

only one specimen. Cisco were also among the larger sampled fìsh at over 200mn1rìean

TL and over 80g weight. The cyprinids rarrge fiom approximately 50mm to 100mm and

from approximately 1g to 11g mean total length and mean weight respectively. The

cyprinid species that are found in more than one lake show no difference in mean size

betweetl lakes. L239 white suckers are much smaller than the other suclcer samples. O'e

large L240 white sucker (5 12mm, 20009) in a sample of f'our fish resulted i¡ a large

mean intensity with a large standard deviation. L377 and Triangle Lake have white

sucker populations with sinilar mean TL ancl weiglit. One large burbot was recovered

fromL377. Brook sticklebacks inL377 are larger than those removed frorn Triangle

Lake (average 15mm, 0.75g larger). Slimy sculpins from L240 average approximately

2Ornrn and29 larger thau those obtailied fromL377. Iowa darters were the sllallest f-rsh

(TL and weight) sampled from the study lakes.

Yellow perch fronL23g are the smallest and youngest of the four perch

populatior-rs (Table 2.2). L240 perch have slightly higher mean TL ancl age and a rnean

weigìrt almost twice that of L239 perch. The mean age of L377 yellow perch is the sarne

as L240 but the rnean TL and weight are higher by approxirnately 20m¡r a¡d 69

respectively. Triangle Lake yellow perch are the largest and olclest of all the populatio¡s.

They average about one year older, 20mm longer and 10g heaviel than the perch from
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Table 2.2. Mean total length [TL(mn)] and mean weigirt twt(g)l of 15 species of I'rsh,

with the inclusion of mean age of yellow perch, recovered fì'om I'our study lakes i¡ the

Canadian Shield. Results are presented as means + SD with the range in parentheses.

LAKE
Fish L239 L240 L377 Triangle L.

Northern
pike
(Esox luciu,s)

Cisco
(Coregonus
tut'ledii)

Pearl dace
(Margariscus
mcrrgcrrilct)

391
(3e1)

3s6.4
(3s6.4)

NC

NP

NP

NP

63

(63)

1.s8
(1.s8)

605.8 + 211.4
(1 36-802)

1796 + 925.8
(12.0-25s0)

NC

NC

NP

NP

56.5 + 0.71
(s6-s7)

1.61 + 0.02
(1.s9-1.62)

NP

213.2 + 43.1
(142-2se)

82.4 + 40.5
(24.3-136.0)

100.7 + 1 1.6
(68-124)

9.02 + 3.05
(2.7 -16.s)

54.3 + I 1.3

(32-67)

1.22 + 0.65
(0.2-2.1s)

93.2 + 6.86
(83- I 0e)

6.93 + 2.00
(4.44-12.6)

NP

NP

103.3 + 20.6
(41-137)

1t.2 + 6.24
(0.s-26.3)

57.2 + 6.15
(28-67)

1.50 + 0.44
(0. 1 1-3.16)

NP

54.2 + 4.49
(48-60)

1.53 + 0.31
(1.13-1.85)

wt.

wr.

Wt.

Blacknose
shiner
(Nolropis
heterolepis)

Spottail
shiner
(Notropis
ltucÌsonius)

Northern
redbelly dace
(Phoxinus
eo.s)

wt.

wt.

TL

Wr.

NP
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Table 2.2. Continued.

Fish species

Finescale
dace
(Phoxinus
neogueu,s')

Fatheacl
minnow
(Pintephale:;
promelas)

Longnose
dace
(Rhynichrhys
calarctcl ae)

White sucker
(Calosfomus
commersoni)

L239

NP

NP

NP

138.6 + 51.1
(63-224)

32.6 + 31.2
(2.27-103.0)

NP

NP

263.5 + 177 .2
(114-s12)

561.1 + 962.3
(10.s-2000)

82
(82)

5.63
(s.63)

53.8 + t:.2
(38-87)

1.46 + 1.35
(0.47-s.10)

201.1 + 86.6
(61-410)

129.1 + 179
(2.16-730.6)

413
(413)

484.2
(484.2)

57.6 + 6.45
(4e-71)

1.39 + 0.56
(0.77-2.80)

NP

201.7+ 93.7
(46-2e8)

129.6 + 122
(0.77-28r)

NP

42.1 + 7.01
(3 1 -s4)

0.66 + 0.35
(0. r 7-1.33)

L240

'71

(77)

4.02
(4.02)

L377 Triangle L.

NP

68.0 + 4 O0

(64-72)

3.03 + 0.13
(2.88-3. 14)

89.2 + 14.7
(63-e7)

7 .64 + 3.+l
(2.05-10.s)

TL

TL

Wt.

wr.

wt.

Burbot
(Lota lota)

Brook
stickleback
(Culea
inconsl.ans)

NP

NP

NP

NP

Wt.

LAi(E
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Table 2.2. Continued.

Fish species

Slimy TL
sculpin
(Colttrs
cognctltts) Wt.

Iowa darter
(Etheostoma
exile)

Wt.

TL

Wt.

Age

Yellow perch
(Perca

.flavescens)

L239

71.1 + tl.Z
(3e- 1 56)

3.72 + 4.09
(0.4s-44.2)

1.10 + 0.26
(0.08-6.08)

L240

74.8 + 17.6
(s2-e3)

4.03 + 2.80
( I .08-8.28)

42.0 + 4.44
(36-4e)

0.56 + 0.16
(0.37-0.72)

79.6 + ZS.9
(3s-177)

6.10 + 6.83
(0.37-s2.0)

1.50 + 1.02
(0.08-7.2s)

L377

56.0 + 14.6
(34-83)

1.99 + 1.83
(0.20-6.33)

92.2 + 33.6
(31-270)

10.7 + 14.9
(0.1e-208.5)

1.47 + t.Z9
(0.08-8.08)

Triangle L.

116.0 + 46.0
(3s-270)

22.2 + 25.8
(0.44-219.7)

2.43 + 1.69
(0.08-8.33)

Note: NP : not present, this species is not known to occur in this lake.
NC : not captured, this species has been reported fi'om the lake (Bea¡rish

et al. 1 976) but was not recovered in this study.

LAKE
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L377. All fbur lake samples have 0+ to 4+ year-olcl perch. The olclest perch samples

fiom L239 were 6+ but there were no ruales older than 3+ in this lake. The L240 sample

lrad tnore perch from 2r to 4* than L239 fish but llad only one old fish, a 7+ tnale. There

were one 8+ and two 7* fish and no 6+ females L377 perch. Triangle Lake had several

fish older than 4+.

YOY perch frorn Triangle Lake had greater mean total lengths than perch fio¡r

tlre otlrer three systems (Table 2.3). At age l+ L377 and Triangle perch had mean lengths

approximately 2cm longer thanL239 andL240 perch. Triangle Lake percli continued to

grow at a faster rate and were the largest f,ish at each subsequent age class. L377 perch

were next largest at each age class. At age 3+,L240 perch started to grow at a fàster rate

thanL239 hosts. In yellow perch yolulger than 2+, females were significantly larger than

nrales only in L239 sarnples (Table 2.3). 2+ to 4-f females were signifìcantly larger than

males in all classes where males were present. Thele wele no significarrt differe'ces i'
samples older than 4+ due to small sample sizes and few classes with both sexes present.

Fish stomach contents

Of the four smallest cyprinid species sarnpled from these lakes, blacknose shiner

consumed the widest variety of food items (7 types) (Fig. 2.1). Cladocerans were f-ound

in about 40Yo and30o/o of L377 and, Triangle Lake sliiner stomachs respectively. All

otlrer food items were found in less than LTo/o of fish stomachs. Claclocerans were the

only prey type of fathead minnows (Fig. 2. 1). Both Phoxintts minnows fèd exclusively

on fìlatnentous algae. Lake cisco and spottail shiners, whicli are often pelagic offshor-e

fìsh, hacl only three prey types each; the clominant types wele zooplankto¡ (Cladocera
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Table 2.3. Within age-class comparison of total length (TL) of fenale and male yellow

perch collected from four Canadian Sliield lakes in the ELA and surrouncling regiop. A

sequential Bonfèrrolli was applied to the /-test P values. Significant P valnes (<0.05) are

displayed and NS denotes no significant dil'ference between means.

T-test
statistics

riangle

N

Mean TL
(mn)

SE

Significan
ce

59.7 58.6

5.I 5.5

NS

53.2 53. 1

7 .1 8.6

NS

52.0 52.1

13.2 I 6.5

NS

61.2 62.6

10.2 8.1

NS

N

Mean

SE

Significan
ce

77.6 75.7

8.9 8.3

NS

79.1 77.7

10.3 7 .7

NS

97.3 97.7

8.1 5.9

NS

99.1 96.1

12.5 9.7

NS

N

Mean

SE

Significan
ce

103.6 96.1

13.3 7 .9

NS

105.3 97 .4

9.0 8.5

0.0002

121.4 112.3

15.7 4.9

NS

132.8 I 14.8

18.2 13.7

0.00003
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Table 2.3. Continued.

AGE
(vrs)

T-test
statistics

L239
F M

L240
F M

L377
F M

'l-riangle

F M

J -r-

N

Mealr

SE

Significan
ce

l 14.0 100.0

1s.5 2.6

NS

40 10

126.3 I 18.3

13.8 13.6

NS

.)¿

1 3 8.5 120 .5

18.3 2.r

0.00004

40 T2

161.5 133.3

25.6 13.2

0.000006

4+

N

Mean

SE

Significan
ce

J

124

17 .1

0

n/a

NS

138.9 114.3

11.4 8.4

NS

11

144.6 123.0

11.4 n/a

NS

28

176.3 153.0

26.6 18.3

NS

5+

N

Mean

SE

Signifìcan
ce

2

142

5.7

0

n/a

NS

4

t57 .5

3 8.0

0

n/a

NS

13

169.8 161.5

37.6 12.0

NS

6+

N

Mean

SE

Signifìcari
ce

2

146.5

13.4

NS

0

nla

9

181

21.2

205

n/a

NS
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Table 2.3. Continued.

AGE
(yrs)

T-test
statistics

L239
F M

L240
F M

L377
F M

Triangle
F M

7+

N

Mean

SE

Significan
ce

0 177

nJa n/a

NS

I

127

n/a

138

nla

NS

8

19s 9

7.5

0

n/a

NS

8+

N

Mean

SE

Significan
ce

1

270.0

nla

0

n/a

NS

4

219.8

1.9

0

nla

NS
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Figure 2'1. Prey types and prevalences in the stomachs of four srnall species of

Cyprinidae sampled from f'our Canadian Shield lakes, Ontario, Ca¡ada i1spring,

slrlllmer and fall of 1997 and 1998. Sanple sizes are indicated by n fbr each lalce.
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FiguÏe 2.2. Prey types and prevalences in the stomachs of'three prin-rarily pla¡ktivorous

fìsh species (lake cisco, spottail shiner and brook stickleback) sarnpled fronL377

arrd Triangle Lake, Ontario in spring, sunltnel and fall 1997 and 1998. Sample sizes

are indicated by n for each lake.
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and Copepoda) (Fig. 2.2). Small gape size forces sticklebacks to be primarily

zooplanktivorous. L377 sticklebacks had 8 different prey types ir-r their sto'rachs but

cladocerans, copepods and ostracods were most prevalent (Fig. 2.2).TriangLe Lake

sticklebacks pleyed upou nine food types and the most prevalent items were cladoceralls,

small Ephemeroptera nymphs and Diptera, which was a less zooplanktivorous diet for

tlris species than it was in L377 (Fig.2.2). Infour benthic fish species (R. ccttarctctae, C.

comnlersoni, C' cognatus and E. exÌle), dominant prey types included Amphipoda,

Ephemeroptera, Trichoptera, Diptera and Mollusca with few pelagic prey ite¡rs (Fig.

2'3). White suckers showed the greatest variety of prey types (l l) of all benthivores

sampled. The two primarily piscivorous fish species sampled each hacl three prey types

in the stomach (Fig.2.Ð. Fish were the dominant prey item in pike. Ephemeroptera and

Odonata nyrnphs and fish were most prevalent in burbot.

Pearl dace consumed eleven prey types and perch l3 prey types (Fig. 2.5). L377

pearl dace had consumed largely cladocerans and dipterans. Perch from L23g and.L240

had nearly identical prevalences of each prey type in their diets (Fig. 2.5). per-ch fio¡r

L377 show increased prevalences ofzooplankton and leduced prevale¡ces ofbenthos in

tlieir diet. Perch inL377 and Triangle Lake preyed more fi'equently upon fish than did

perch in the other two lakes (Fig. 2.5).

Seasonal dietary trends

Bentliic prey items were most prevalent in the sumrlter or fàll perch stomachs

although chironomids also showed high prevalence in spring diets (Fig. 2.6).

Chaoborids, hemipterans and mysid shrimp were absent or rare in perch stomachs except

during the fall. Zooplankton were most prevalent in spring or sulllmer diets i¡ all but
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Figure 2'3' Prey types and prevalences in the stomachs of four benthic fish species

recovered from four Canadian Sliielcl lakes, Ontario, Canada in spring, summer a¡d

fall 1997 and 1998. Sample sizes are indicated by n for each lake.
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Figule 2.4. Prey types and prevalences in the stomachs of two prirnarily piscivorous fish

species (pike and burbot) samplecl fi'om three Canadian Shield lakes in Ontalio in

spring, sulllmer and fall 1997 and 1998. Sallple sizes ale indicated by ¡ for each

lake.
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Figure 2'5. Prey types and prevalences in the stomachs of two generalist fish species

(pearl dace and yellow perch) recovered frorn four Canadian Shield lakes, Ontario,

Canada iu spriug, slrmmer and fall 1997 and,1998. Sample sizes are inclicated by ¡
for each lake.



42,à Prevalence (%)
'ì4 ô^ -3à88S oBèBBË,%U r-

,'u" 
l---:+r

'o/'
orrt- 'ç"n o 

Itoo, u

",J% ç E

9^@

qo"-% 

-, 
{

",-j%5 Ë F=

%.:"% f E- ,Ð 
=

*:t% F ï$ i +E-or:,u" i eË -èÈ%r^" _lE :ã
o",b É å; J;

¿^)\ F ;3 'F Ë-Ë'\^ h 1 i åö
^ ê ¡ 3 I '

t-òd^ i Ë h
uT:^- . È

ø^\i F 3ËËi
44. f _{o(o

'6" it
t--

I

av I I

F_r

\ì



72

Figure 2.6' Seasonal trends in the prevalence of fourteen prey items sampled from

yellow perch (Perca,flavescens) stomachs in four Canadian Shield lakes, Ontario,

canada. Prey types that were rare in all sampled lakes were omitted.
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L240 where prevalence peaked in the fall (Fig. 2.6). Fish were typically more prevale¡t

prey iterns in the fall (Fig. 2.6). Empty stomachs were most prevalent in the spring i' all

lakes exceptL23g where ernpty stomachs peaked in the fall. Mean intensity trends were

similar for ber-rthic and fish prey but the highest mean inte¡sities of zooplankto' i' the

diet were observed primarily in the sumrner and fall (Fig,2.7). Zooplankto¡ were the

most prevalent and intense of all prey types regarclless of season or lake.

Age-related dietary trends

Benthic prey items were most prevalent in 1+ ¿¡j 2+ L23g females but showed

the lrighest mean intensity itt>2* females (Fig. 2.8). Males >1+ had the highest

prevalence and mean intensity of benthos in the diet (Fig. 2.8). Zooplankton was rnost

prevalent inL239 YOY perch of both sexes and rare in the oldest fisli. Fish wele only

colnmoll in the diets of the oldest females wliile few males were piscivorous. Empty

stomachs were most prevalent during the benthic feeding stage in l+ fish of both sexes

(Fig' 2.8). Largel benthic prey items (Ephemeroptera, Trichoptera, Odonata, A¡rphipoda

etc.) were usually most prevalent and intense in the oldest L240 nales and females (Fig.

2.9). Smaller zoobenthos (chironomids) showed similar prevalence in the diet in rnost

male and fernale age classes but was most intense in 0+ and l+. Zooplankton prevalence

and nrean intensity inL240 perch diets decreased with age. Fish i¡ the diet were

comrnon only in the oldest L240 females (Fig. 2.9) but prevalences were not as high as i'
L239 (Fig.2.8)' Empty stomachs were relatively equally prevalent in all age classes in

L2a0 (Fig.2.9).

Benthos was rare in the stomachs of L377 perch but the trends were si¡rilar to

L239 andL2a} Fig.2.I0). Larger benthos was prevalent in the oldel perch and small
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Figure 2.7. Seasonal trends in the mean intensity of fourteen prey items sampled fì.o¡r

yellow perch (Perca.flavescens) stomachs in four Canadian Shield lakes, Ontario,

Canada. Prey types that were rare in all lakes were omitted. The higher mearl

intensities of zooplankton are indicated above their respective bars.
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Figure 2.8. Age-related trends in the prevalence of fourteen prey items sarnpled frorn

L239 yellow perch (Percaflavescens) stomachs. The numbers above each bar

represent the corresponding mean interisities of each prey type for comparison.
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Figure 2'9. Age-related trends in the prevalence of fourteen prey items sampled from

L240 yellow perch (Percaflavescens) stomachs. The numbers above each bar

represent the corresponding tnean intensities of each prey type for comparison.
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Figule 2.10' Age-related trends in the prevalence of fourteen prey items sampled from

L377 yellow perch (Perca.flavescens) stomachs. The numbers above each bar

represent the corresponding mean intensities of each pley type fol compaliso¡.
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bentlros in the younger perch. Zooplankto n inL377 perch did not show a large decrease

in prevalence with increased age especially in males and mean intensity was often as high

or higher in the oldest perch. Fish were highly prevalent in older perch of both sexes in

L377 (Fig.2.l0), Ernpty stomachs were most common in l+ L377 perch. prevalences of

most benthic prey items were highest in Triangle Lake perch older than l+ (Fig. 2.11)

and were generally higher than in the other three lakes. Zooplankton prevalence

decreased and fish prevalence increased with age but only female perch were frequently

piscivorous. Empty stomachs and macrophytes were most common in the intermediate

age classes (l+ and 2+) (Fie. 2.lI).

Parasite fauna

Fifteen species of fish were collected of which thirteen harboured parasites. In

total, I12,188 parasites were found andSTYo (n: 1926) of tlie necropsied fish liad at least

one parasite. Forty-one species of parasites spanning 32 generaand,26 fa¡rilies were

found (Table 2.Ð. Eight of these species use birds as the definitive hosts and the

remainder use fish. Eleven of the 33 fish definitive host parasites (33%) are directly

transmitted and the rest are obtained in the diet (Table 2.4). Metacercariae of the genera

Diplostomttnt and Apophallus brevis were the nost prevalent of all recovered species and

Ichthyophthirius multifiliis and Glugea sp. were the most intense in their hosts (Table

2.4).

Seven species of parasites were recovered from northern pike (n: 16) i¡ two

lakes (Table2.5). There was one ectoparasite, one larval parasite (A. brevis),which was

likely acquired from consuming a yellow perch and will not become established, and five

adult internal parasites. The gill rno'ogenean, Tetraonchtts
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Figure 2.1I. Age-related trends in the prevalence of fourteen prey items sampled from

Triangle Lake yellow perch (Perca.flavescens) stomachs. The numbers above each

bar represent the corresponding mean intensities of each prey type for comparison.
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Table 2.4. Life cycle (LC), mean intensity r stanclard deviation (MI), range (R), and

prevalence (P%) of parasite species recovered frorn 2216 fisl't from four ELA lakes.

Farnily
Species LC RMI Po/"

Hyrnenostomata
Icht:hyophthi.rius
nrultifiliis

Myxobolidae
M),xobolus sp.b

Pleistophoriclae
Glugea sp.

Gyrodactylidae
Gyrodactyl¿lr' sp.

Ancyrocephalidae
Urocleidus
adspectus
Urocleidus sp.

Tetraonchidae
Telraonchus
ntonenteron

Discocotylidae
Oclomacrwn
lancealunt
O. semotili

Allocreadiidae
Allocreadiunt
lobaÍum
Bunodera
eucciliae

B. sctcculala

Crepidostontunt
cooperÌ

Lissorchiidae
Lissorchis
ctttenuctlum

Diplostomatidae
Diplostontum sp."
Necrscus sp.

direct

direct

direct

direct

direct

direct

direct

direct

direct

clarn-amphipocl-
fish

clam-copepod-
fish

clam-copepod-
fish

clarn-rnayfly
nymph-fish

snail-
oligochaete-fish

snail-fish-bird

snail-fisli-bird

643.0
+ 727.6

11.0 + S.7

229.1 +
479.9

1.4 + 0.9

3.8 + 5.9

1.0

50.1 + 56.3

2.7 + 2.1

1.8 + 1.0

1.4 + 0.8

4.0 + 2.9

8.1 + 14.1

17.8 + 35.3

3.0 + 4.i

t4.3 + 15.6

22.9 + 10.0

( r 000-2000) 0.3

(7-1 5)

( I -s000)

( 1-3)

( 1 -63)

(1-l)

(1-1e2)

( 1-s)

(1-4)

(l-4)

(1 -6)

(1 -148)

(r-427)

0.1

8.3

0.2

J /..J

0.05

0.6

0.1

0.8

0.9

0.5

20.9

la a
I J.J

(1-13) 0.4

( 1-l0l )

(8-34)

49.6

0.4
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Table 2.4. Continued.

Family
Species

LC RMI P%

Poslhodi¡tlostomunt
nltnInlum

Clinostomidae
Clinostomunt
complanalwn

Heterophyidae
Apophalltts brevisd

Caryophyllaeidae
Isoglaridacri.s
bulbocirrus

Bothriocephalidae
Bothriocephalus
cuspidutus
8.,/òrmosus

Diphyllobothriidae
Ligula
inte,stinalis
Schistoce¡thalus
solidus

Traienophoridae
Triaenophorus
CTASSUS

Proteocephalidae
Proteocephalus sp.
ProÍeocephalus sp2
P. exiguus
P. pearsei
P. pingttis

Unidentified Cestoda
Dioctophymatoideag

Eustrongylides sp.
Anisakidae

Raphidascaris ctcus
Cystidicolidae

Spinitectus gracilis
Rhabdochonidae

Rhabdochona
cas'cadilla

Physa-frsh-bird

snail-fish-bird

snail-fish-bird

snail-
oligochaete-fish

Cyclops-frsh"

copepod-fish

copepod-fish-
bird

copepod-fisli-
bird

Cyclops-frsh-fish

copepod-fish
copepod-fish
copepod-fish
copepod-fishf
copepod-fìsh

unknown

snail-fish-bird

Cyclops-fish-
fishl'

mayfly nymph-
fish

mayfly nymph-
fisli

14.0 + 25.0

1.2 + 0.6

16.1 + t9.+

7.8 + 11.8

4.4 + 6.8

1.0

1.1 + 0.4

1,8 + 1.0

37.5 + 28.6

3.0 + 2.8
2.2 + 2.3
9.4 + 6.+

5.8 + 10.1

38.9 + 45.7
34.0

3.4 + 3.9

7.0 + 10.1

7.4 + 11.4

aata^
J.O -1_ J.J

( 1-3 17)

(1-4)

(1-l4s)

(r-44)

(t-32)

(1-1)

(l-3)

(1-3)

(2-e2)

( 1-s)
(1-8)
(2-2r)

(1-15e)
(1 -1 32)
(34-34)

(r-18)

(1-1te)

(1-es)

(1-13)

16.6

t.7

52.5

0.2

2.8

0.09

1.6

0.2

0.5

0.09
0.9
0.5

26.4
0.5

0.0s

3.5

19.7

16.6

2.2
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Table 4. Continued.

Farniiy
Species

LC RMI P%

Neoechinorhynchidae
Neoechinorhynchus
crislcttt ts
N. luntidus

Echinorhynchidae
Echinorhynchus
.çctlntonis

Pomphorhynchiclae
Pomphorhynchus
bulbocolli

Piscicolidae
Piscicola punctata

Ergasilidae
Ergasilus
cenlrarchidunt
E. cy¡trinaceus
E. nerkae

arnphipod-fish

amphipod-fish

amphipod-fish

arnphipod-fish

direct

direct

direct

direct

( I -e0)

(3- 1 8)

(1-26e)

(t-s2)

(r-4)

(1-l)

( 1-8)

(1-2s)

" I{ymenostomata is a Subclass
b Myxobol¿rs sp. is likely M. poecilicltlhidis due to site of infection (intestinal wall) and
host (Etheostoma exile) and this species has been observed in Ontario and Quebec
(Hoffilan 1999).
" Diplostomunx sp. is likely D. scheuringl based on site of infection (vitreous chamber of
eye). distribution and small liindbody size (Hoffinan 1999).
" Apophullzrs is likely A. brevis based on extensive surveys in this region of North
America and species confirmation by experimental infections from other systems.t small ltsh can also act as reservoir hosts for this parasite and can transmit it to larger
piscivorous fish.I this parasite may also be transmitted laterally from young perch to cannibalistic adults.s Dioctophymatoidea is a Superfarnily.
" R. acus larvae uray also be transmitted laterally in perch fi'om cannibalism.

18.0 + 20.2

8.7 + 8.t

4.4 + 22.6

7.3 + 9.7

1.2 + 0.5

1.0

1.8 + 1.7

5.3 + 8.8

2.0

0.1

6.4

2.5

2.9

0.09

0.7

0.3



Table 2'5' Infection statistics of seven parasite species of northern pike (Esox lucius)recovered from two Canadian Shield

lakes, Ontario, Canada. For Tables 2-14 inclusive prevale nce (o/o) for each parasite species in each lake is given followed by

mean intensity * standard deviation, range in parentheses and then relative abundanc e (%). The number of hsh necropsied

from each lake is indicated by n and MF is the mean number of parasite species recovered per hsh r standard deviation.

species not recovered from the same host in other systems afe indicated by * fi.orn Lake of the woods (Dechtiar 1g72),by *+

from Canada (McDonald & Margolis 1995), and by *** from North America (Hoffman lggg).

Parasite

Telraonc us nrcnenferon

Apophallus brevisb

P r o t e o c ephalus p inguis

Stageu Site of infection

M stomach and
intestine

A

L239
n:1

MF: 1.0

Lake

100.0
192.0
(1e2)
100.0

0

intestine

L240
n: 15

MF:3.9 + 1.3

86.7
39.2 + 40.3

(1 -145)
3s.l
1a a
I J.J

2.0 + 1.4
(1 -3)
0.3

66.7
38.9 + 45.7

(r-t32)
26.8

oo



Table 2.5. Continued.

Parasite

Triaeno rUS CTASSUS

Raphidascaris acus+

Spinitectus gracilis*

Stageu Site of infection

E c hino rhynchus s alntoni s

A

intestine

A, adults;
b Mttuc"r" atiae of A-brevis- probably represent encysted worrns liberated frorn digested yellow perch.

s; lvl, metacercanae

L239
n:l

MF: 1.0

A

intestine

Lake

L240
n: 15

MF:3.9 + 1.3

A

stomach

intestine

73.3
37.5 + 28.7

(2-e2)
28.4

/ J.)

5.4 + 5.0
(1-14)

4.1

20.0
5.0 + 4.6

(1-10)
1.0

60.0
6.9 + 4.3
(1-i3)

0.2
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monenteron,was the only parasite species recovered from a single LZ39 pil<eand was the

most relatively abundant parasite inL240 pike (Table 2.5). There were no uninfected

pike and only two of the recovered parasite species (A. brevis and. Spinitectus gracilis)

were found in less than 600/o of the sampled fish. Mean intensities of the two cestodes

(Traienophorus crassus and Proteocephalus pinguis) and. T. ntonenteronwere all >30

individuals/fish (Table 2.5). Two intestinal parasite species (proteoce¡thctlus sp. and

Neoechinorhynchus rumidus) were recovered from L377 cisco (n: I 3), coregonus

artedii (Table 2.6). The cestode, Proteocephalus sp. had the liighest prevalence, mean

intensity of infection and relative abundance (Table2.6).

Pearl dace had more parasite species than any otlier cyprinid a¡d only white

sucker and yellow perch were infected with more species (Table 2.7). Tenspecies were

recovered ftomL377 and Triangle Lake fish (n: 139). Tliree ectoparasite species, three

larval species and four adult intestinal parasites were recovered fromL377 pearl dace (n

:70) and one ectoparasite, two larval parasites and one adult intestinal parasite were

recovered from Triangle Lake dace (n : 69) (TabIe 2.7). Four parasi tes, Octom(tcrum

semolili (gill rnonogenean), Diplostomum sp. and. Posrhodiplostomunt minimum

(trernatode tnetacercariae), and Proreocephalus sp., (a cestode) were fou¡d in both lakes

(Table 2.7). There were no uninfected L377 pearl dace. Posthodiplostomunt minimum

was recovered from allL377 pearl dace with a mean intensity over 40 parasites/fish and

tlre lriglrest relative abundance of all pearl dace parasites (Table 2.7). The same parasite

in Triangle Lake was rare, found in approxim ately 6yo of the sample, while

Proteocephqlus hadthe highest relative abundance. The two pearl dace populatio's also

differed with respect to the most prevalent and intense species (Table 2.7). Four species



Table 2'6' Infectiori statistics of two parasite species of lake cisco (Coregonus artedii)recovered from one Canadian Shield lake,

Ontario, Canada.

Parasite

Proteocepha us exiguus

Ne o e chinorhynchu s f umi dus

t a,ãffi

Stageu Site of infection

intestine and cecae

A

Lake

L377
n: 13

MF: 1.2 + 0.4

intestine

76.9
9.4 + 6.4
(2-2r)
78.3

23.1

8.7 + 8.1

(3-1 8)
21.7

t\)



Table 2'7 ' rnfection statistics of ten parasite species of pearl dace (Margariscus nargarita)r.ecoyered fi.o'r two canadian

Shield lakes, Ontario, Canada.

Parasite

Monogenea

O cÍ o nt acr unt s e nto I il i

Stageu

Er gas i lus cypr Ìnac e us+ * *

Site of infection

A

Diplostontunt sp.

A

gills

Lake

L377
n:70

MF:2.0+1.0

A

gills

t.4
1.0

(1)
0.03

10.0
2.t + t.2

(1-4)
0.5

t7.t
1.3 + 0.5

(r-2)
0.5

1.4

1.0

(l)
0.03

M

gills

Triangle L.
n:69

MF:1.2+0.4

eyes

14.5
1.5 + 0.2

(1-3)
26.8

0

1.4

1.0

(1)
1.8

U)



Table 2.7. Continued.

Parasite Stageu Site of infection

intestine 44.4 + 43.9 2.0 + 2.0

Ligula intestinalis+*+ p body cavity

Allocreadiunt lobaÍwn*','+ A stomach and
intestine

ProÍeocephalus sp.+*+ A intestine

Lake

L377 Triangle L.
n:70 n : 69

MF : 2.0 + 1.0 MF : 1.2 + 0.q

(l-317) (l_5)
95.2 14.3

1.4 o
1.0

(1)
0.03

28.6 0
1.4 + 0.8

(l-4)
0.9

2.9 24.6
4.5 + 4.9 1.9 + 1.9
(1-8) (tl8)
0.3 57.1

\cÀ



Table 2.7. Continued.

Parasite Stageu Site of infection

Pomphorhynchus bulbocolli+** A

A, adults; , metacercariae; P, plerocercoid

Lake

L377 Triangle L.
n:70 n:69

MF : 2.0 + 1.0 MF : 1.2 + 0.4

intestine

3.3 + 2.8
(l-10)

2.6

2.9
1.0

(t)
0.06



Table 2'8' Infection statistics of four parasite species of blacknose shiner (Norropis heterolepis) recovered frorn two ca'adia'

Shield lakes, Ontario, Canada.

Parasite

Diplostomum sp.

P o s f ho dip I o s t o mum tn ini mtmt

Stageu

Ligula intestinalis*

M

Site of infection

Rhab do chon a c a s c adil la'; + *

M

eyes

ults; M, metacercar

mesenteries and
intestine

L377
n: 10

MF:1.3+0.6

P

Lake

Triangle L.
n: 103

MF: 1.1 + 0.4

A

body cavity

; P, plerocercoid

10.0
1.0

(1)
6.3

0

intestine

2.9
1.3 + 0.6

(1-2)
8.9

1.9

1.5 + 0.7
(r-2)
6.7

34.0
1.1 + 0.4

(1-3)
84.4

030.0
5.0 + 6.1
(l-12)
93.8
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of parasites were removed from blacknose shiners (n: 113) in L377 and,Triangle Lake

(Table 2.8). L377 shiners (n: 10) had one larval parasite and one glrt parasite and

Triangle Lake shiners (n: 103) had three larval parasites. O¡ly p. ntinintunt occurred in

both lakes. Thirty percent of the sarnpled L377 shiners were irifected with the nematocle

Rhabdochona cascctdillct and this species had the highest rnean intensity a¡d relative

abundance of aIIL377 shiner parasite species (Table 2.8). The plerocercoicl stage of the

cestode, Ligula inteslinalis, was the most prevalent and abundant parasite in Tria¡gle

Lake shiners, but it liad a mean intensity similar to the other species present (Table 2.g).

Three species of parasites including one larval and two adult species were recovered from

29 L377 spottail shiners (Table 2.9). The most prevalent, inte¡se and abunda't parasite

was P. minimunz. No parasites were recovered fi'om eight northern redbelly clace i1three

lakes (L239,L240 and Triangle L.) and none were found in four finescale d,ace inL240

and TÏiangle L. Therefore, these two fish species were not consider-ed in any further

analyses. Two parasite species were found in six fathead minnows (pintephctles

promelas) fronL377 and Triangle L. (Table 2.10). A single larval species was found i¡
five Triangle fish and two larval species were identified from one L377 fish. Onlv p.

minimttnt was shared between the two host populations and, as in most sarnpled

cyprinids, it showed the highest prevalence, mean intensity and relative abundance of all

species present. One ectoparasite, two larval parasites and three adult intesti¡al parasites

were found inL377 longnose dace,,R. cotaractoe (n: 17) (Table 2.11). Both

acantlrocephalans (Pomphorhynchus bulbocolli and an uniclentified species) a¡d

Diplostomutn sp. were found in a single host each. The remaining three parasites infected



Table 2'9' Infection statistics of three parasite species of spottail shiner (Notropis hudsonius)recovered from o'e Canadian

Shield lake, Ontario, Canada.

Parasite

Posthodip oslomum ntÌnintunt

AlIo cre adiunt Iob atzun*

Stageu

Rhab do c hona c qs c adill a

uA,

Site of infection

, metacercariae

mesenteries and

A

intestine

Lake

L377
n:29

MF: 1.4 + 0.5

stomach and
intestine

A

69.0
13.3 + 9.0

(l-33)
89.0

3.4
1.0

(1)
0.3

44.8
2.5 + 2.6

(1-10)
10.7

intestine

'\Þ
æ



Table 2'10' Infection statistics of two parasite species of fathead rninnow (Pintephales pronrclas)recovered from trvo

Canadian Shield lakes, Ontario, Canada.

Parasite

ostomurn sp.

P o s t ho d ipl o s I o nttun mi ni munt

Stageu

, metacercarlae

Site of infection

M mesenteries and
intestine

L377
n:1

MF : 1.0

Lake

Triangle L.
n:5

MF : 1.0

100.0
24.0
(24)
100.0

13.0
(l 3)
86.7

20.0
2.0
(2)

I 3.3



Table 2'l f infection statistics of six parasite species of longnose dace (Rhinichthys cararacrae)recovered from one canadia.

Shield lake, Ontario, Canada.

Parasite

Er ga s i lus cypr inaceus* *

Diploslomunt sp.

Stageu

P o s t ho dipl o s Í ontunt ntinintunt

Site of infection

Rhab do c hona cas c a dil I q+ +

M

Lake

L377
n: l7

MF: 1.8 + 1.2

M

eyes

mesenteries and
intestine

A

1a!ô^
).J -f i.¿

(11)
s.9

5.9
1.0

(l)
0.5

52.9
17.6 + 29.2

( 1 -8s)
72.1

41.2

6.4 + 4.4
(2-13)
20.5

intestine



Table 2.1 1. Continued.

Parasite

hynchus

Acanthocephala

ulbocolli

Stageu

ults; M, lnetacercariae

Site of infection

A

Lake

L377
n: 17

MF: 1.8 + 1.2

intestine

s.9
1.0
(l)
0.5

5.9
1.0

(t)
0.5



Table 2'12' Infection statistics of eleven parasite species of white sucker (Catostomus cori,Ìrnersoni) recoveled from four

Canadian Shield lakes, Ontario, Canada.

Parasite

Octomacrunt

Ergasilus
cenïrarchÌdunt* *

ancecttutil

Stageu
Site of L239

infection n:9
MF:2.7 + 0.7

Diplostontunt sp.

Rap h i d a s c ctr i :; ac u s 
o"

A gills

M

L240
n:4

MF:2.3 + 1.0

Lake

eyes

L

L377
n:37

MF:2.3 + 0.9

stomach

8.1

2.7 + 2.1
(1 -5)
0.9

5.4
1.0
(1)
0.2

0

Triangle L.
tt: 7

MF: 1.8 + 1.0

25.0
1.0

(1)
0.7

14.3

7.0
(7)
4.3

0

l\)



Table 2.12. Confinued.

Parasite

Lis s or c his aÍ t e nua tunt+

Isoglaridacris A
bulbocirrus*

Stageu

Proteocephalus sp.+*

Site of L239
infection n:9

MF: 2.7 + 0.7

intestine

Nematoda

intestine

Lake

L240
t7: 4

MF :2.3 + 1.0

33.3
2.7 + 2.9

(1-6)
3.9

22.2
1.5 + 0.7

(1-2)
1.4

22.2
3.0 + 2.8

(t -5)
2.9

0

A intestine

L

L377 Triangle L.
n:37 n:7

MF : 2.3 + 0.9 MF : 1.8 + 1.0

intestine

25.0
20.0
(20)
13.2

0

3.6 + 5.3
(r-13)

2.1

29.7
8.5 + 13.4

(1-44)
10.9

0

14.3

1.0

(1)
0.6

28.6
4.0 + 4.2

(1-7)
5.0

0

25.0
1.0

(1)
0.7

5.4
2.0 + 1.4

(1-3)
0.5

0

O
UJ



Table 2.12. Cot'ttinued.

Parasite

inorhynchu,s sp.*

Neoechinot'hynchus
crislalus

Stageu

Pontphorhynchus
bulbocolli

Site of L239
infection n: 9

MF:2.7+0.7

A, adults;

A

, larvae; M, metacelcariae

intestine

A

L240
n:4

MF: 2.3 + 1.0

intestine

Lake

77.8
9.7 + 7.3

(4-23)
32.9

100.0
13.4 + 16.5

(r-s2)
58.s

L377
n:37

MF: 2.3 + 0.9

75.0
32.3 + 24.8

(10-5e)
64.2

7 5.0
10.7 + 9.8

(s-22)
21.2

Triangle L.
n:7

MF: 1.8 + 1.0

89.2
15.2 + 16.4

(1-7 5)
58.2

78.4
8.1 + 8.1

(1 -35)
27.2

14.3

2.0
(2)
1.2

28.6
7t.5 + 26.2

(s3-e0)
88.8

0

è
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at least 20Yo of the host population and again P. minimttnt was most intense, prevalent

and abundant (Table 2.11).

Eleven parasite species were identified from 57 white suckers from all four lakes

(Table 2.12). Five species were found inL239 white suckers (n:9). One larval

nematode and four adult species were found inL240 fisli (n:4). Two ectoparasites and

five endoparasites were recovered from L377 hosts (n: 37). One larval and four adult

species were observed in Triangle Lake white suckers (n: 7). Triangle Lake white

sucker parasite fauna showed the lowest overall prevalence and mean intensity of all

samples. Both the cestode Isoglaridacrls sp. and the acanthocephalan

Neoechinorhynchus cylindratus were found in fish from all four lakes (Table 2.12). The

trematode Lissorchis attenuatum and the acanthocephalan Pom¡thorhynchus bulbocolli

were each found in three lakes. The most prevalent, intense and relatively abu¡da¡t

parasite species in all four lakes were the acanthocephalans (N. cytindratus and p.

bulbocolli) and they infected at least 75Yo of all sampled white suckers except in Triangle

Lake (Table 2.12). Two adult parasite species were found in one L377 burbot, Lotct lota

(Table 2.13). The unidentified cestode was the most abundant species, Four-parasite

species were recovered from brook stickleback s, Culea inconstans, (n: 26) fromL3lT

and Triangle Lake (Table 2.14). L377 fish (n : 10) liad one larval and two adult parasite

species and Triangle Lake hosts (n: 16) had one larval and one adult species. O¡ly

Bunodera eucaliae was found in samples from both lakes and was approxirnately equal in

rrean intensity and prevalence in both lakes. Neascus sp., a larval trematode in the flesh,

was the tnost plevalent and intense parasite species in stichlebacks (Table 2.14). Ni¡e



Table 2'13' Infection statistics of two parasite species of burbot (Lota lota) recovered from one canadian shield lake, ontario,

Canada.

Parasite

Spinitectus g.acilis

u A,u

Stageu

ults

Site of infection

rntestine and caecae

A

Lake

L377
n: I

MF:2.0

stomach

100.0
34.0
(34)
97.r

100.0
1.0

(l)
2.9



Table 2'14' Infection statistics of four parasite species of brook stickleback (culea inconstans) recovered fi.om two canadian

Shield lakes, Ontario, Canada.

Parasite

Diplostomum sp.

Neascus sp.

Stageu

Bunoderina eucaliae

Site of infection

P ontp hor hync hu s bul b o c o lli* +

M

eyes

ults; M, metacercariae

L377
n: 10

MF: 1.7 + 0.4

flesh and skin

A

Lake

Triangle L.
n: 16

MF: 1.1 + 0.4

A

intestine

80.0
22.9 + 10.0

(8-34)
89.3

40.0
4.0 + 4.t

(2- 10)
7.8

30.0
2.0 + 1.0

(l-3)
2.9

intestine

6.3
2.0
(2)
6.7

0

43.8
4.0 + 2.4

(1 -8)
93.3

0

{



Table 2' 15' Infection statistics of nine parasite species of slimy sculpin (Corf us cognarus)recovered h-om trvo canadia' Shield

lakes, Ontario, Canada.

Lake

Parasite Stageu Site of infection \r:: 
t"1rl,

MF : 2.0 + 1.4 MF: Z.l + l.l

1.5 + 1.0
(l-3)
4.9

Ergasilus nerkqe":t1"F+ A gills 0 ::.:
5.3 + 8.8

(1 -25)
30.1

Diplostomun.t sp. M eyes 40.0 0
20.5 + 27.6

(1-40)
41.4

PosthodiplosÍonttnn M mesenteries and 60.0 14.3minimum+* * intestine 4.0 + 2.6 1.3 + 0.6(2-7) (-z)
lz.t 3.3

cð



Table 2.15. Continued.

Lake

Parasite Stageu Site of infection L240 L377
n: ) n:ZI

MF: 2.0 + I.4 MF: 2.1 + 1.1

metacercariae; , plerocercoid

1.2 + 0.4
(r-2)
5.7



parasite species were identified from slirny sculpins (n:26) from two lakes (Tabl e 2.15). 
I I I

Two ectoparasite species, three larval and two adult endoparasite species were in L240 fish ('
: 5) and two larval and three adult endoparasite species were found in L377 hosts (¡ : 2l).

Posthodiplr¡stomuttt ntinimunt, Spinilecttts gracili,s, and Echinorhynchus sctlltr¡nis were

identified inL240 andL3Tl (Table 2.15). For slirny sculpin, the parasite with the highest

lnean intensity atrd relative abundanc e inL240 andL377 respectively were Diplosromttnt sp.

and tlre nenratode s. gracilis. posthodiplostomunt ntinintunt and,

Ergasilu's nerkae showed the highest prevalence inL240 and,L377 respectively (Table 2.15).

Six species of parasites were recovered fi'om L240Iowadarters (n : g) i¡cludi'g

one ectoparasite, three larval, one adult endoparasite and Myxobolus sp. (Table 2.16). All

parasite species had prevale nces 25o/o or less with Myxobolus sp. being the most intense and

abundant.

A total of 1 7 parasite species were identified from yellow perch (ri : I741) from all

four lakes (Table 2.17). Yellow perch fromL23g @: a7e liad the nost parasite species, 16,

wlriclr included two ectoparasites, six larval species, six adult endoparasite species and, Glugecr

sp' and I' multi/iliis. Perch from L240 (n:504) harboured 13 species of parasites including

two ectoparasites, five larval, hve adult endoparasites and Glugea sp. Two ectoparasites, five

larval, six adult endoparasites and Glugea sp. were identified fromL377 yellow perch (n:
369)' Triangle Lake perch (n:402) had one ectoparasite, five larval, four adult e¡doparasites

and Glugect sp', which was the fewest of any system (11 species). The species co¡sistently

fourd in yellow perch from all four lakes included the gill monogenea n, (Jrocleidus



Table 2'16' Lifection statistics of six parasite species of Iowa dafier (Etheostonta exile)recoveLed fi.om one ca'adian Shield

lake, Ontario, Canada.

Parasite

rocleidus sp.+*

P o s tho d ipl o s t o tnunt ntÌnimunt+ *

Stageo

Ettslrongylides sp. * * +

Site of infection

Raphidascaris acus*

M

Lake

L240
n:8

MF:2.3 + l.S

mesenteries and
intestine

L intestinal wall

12.5
1.0

(1)
2.0

12.5

3.0
(3)
5.9

25.0
8.5 + 3.S

(6-1 l)
3 3.3

12.5

6.0
(6)

1 1.8

L liver

NJ



Table 2.16. Continued.

Parasite Stageo Site of infection

no,

Myxobolus sp. C

metacercanae

Lake

L240
tt:8

MF:2.3 + 1.5

intestinal wall

1.0

(1)
3.9

25.0
I 1.0 + 5.2

(7 -1s)
43.1



Table 2'17 ' rnfection statistics of seventeen parasite species of yellow perch (Pet.caflavescens)recovered from four canadian

Slrield lakes, Ontario, Canada.

Parasite

Uroc adspectus

Piscicola pmtctata+

Stageu

Apophallus brevi.ç

Site of L239
infection n:476

MF:3.1 + 1.8

Clinostonttutt
contplanalmn

A fins and
skin

2.7 + 3.2
(1-26)

1.8

9.9
1.3 + 0.6

(1-4)
0.2

J J.+
2.4 !2.2

( 1- 1s)
1.5

0.2
1.0

(1)
0.004

L240
n: 504

MF: 4.3 + 1.4

M

4.7

flesh and
fins

Lake

M

2.8 + 3.8
(1-42)

2.0

2.6
1.0

(1)
0.04

88.9
8.9 + 10.9
(t-127)

12.7

0

44.

L377
n: 369

MF:2.3 + 1.2

flesh

20.3
4.0 + 5.S

(1-31)
2.4

1.1

1.0

(1)
0.03

41.s
3.3 + 4.7

(1-4s)
3.9

0.3

1.0

(1)
0.01

Triangle L.
n:402

MF:4.4+t.q

61.9
5.3 + 5.0

( l -63)
3.7

0

100.0
34.5 + 20.3

(2-14s)
3 8.6

8.7
1.2 + 0.6

(t -4)

0.1

À



Table 2.17. Continued.

Parasite

Diplostontutn sp.

Posthodiplostontunt
minitnum*

Stageu

Euslrongltlides sp.

Site of L239
infection n:476

MF:3.1 + 1.8

Raphidascctris acus*

M mesenterie
S

32.8
) ) +) 1

1r -zo¡
1.4

0.2
8.0
(8)

0.03

1.9

1.8 + 2.0
(1-7)
0.07

8.2
1.2 + 0.S

( 1-3)

0.2

L240
n: 504

MF: 4.3 + 1.4

L

Lake

intestinal
wall

L

89. I
13.7 + 14.9

(1-101)
19.6

1.2

6.8 + 6.1
(1-14)

0.1

L377
n: 369

MF:2.3 + 1.2

liver

¿J.J

3.0 + 5.9
(t-46)

2.0

1.9

2.0 + 1.4
(1-4)
0.1

10.8

3.4 + 3.6
(t-t2)

1.1

0

Triangle L.
n:402

MF:4.4+1.4

3.6
4.6 + 5.2

(1-18)
0.3

76.2
7.7 + 19.6
(1-11e)

9.4

99.0
22.5 + 15.9

(1-e4)
24.9

59.s
6.2 + 7.5

(1 -50)
4.1

1.5

1.3 + 0.4
(1-3)
0.02

0



Table 2.17. Conrinued.

Parasite

Bu rinct sacc

Crepido s tontunt co operi*

ata

Stageu

Bothriocephalus
ctrspidaltts
(irnmature only)

P r ole oceph alus pe ars e i

Site of
infection

A

L239
n:476

MF:3.1 + 1.8

lntestrne

A intestine

J l.l

10.7 + 16.2
(l-148)

7.7

20.4
7.0 + 8.S

(r-4e)
2.8

0

L240
n: 504

MF: 4.3 + 1.4

Lake

intestine

A

23.4
4.2 + 5.0

(1-30)
1.6

4.7
4.4 + 4.8

(1-23)
0.3

0

L377
n: 369

MF:2.3 + 1.2

intestine

19.8
1.9 + 2.1

(1 - 14)
1.1

5.1

2.6 + 2.8
(1-12)

0.4

17 .1

4.4 + 6.7
(t-32)

2.2

17.9
2.2 + 1.7

( 1-e)

1.1

Triangle L.
n:402

MF:4.4+1.4

4s.6
6.4 + 7.4

(1-45)
5.7

12.9 + 19.7
(1-134)

3.4

¿J.

47.6
5.9 + 12.4
(1-l5e)

4.5

38. I
28.7 + 45.7

(1-427)
t2.2

0

15.7

6.8 + 13.1

(t-7e)
1.2



Table 2.17 . Cotttinued.

Parasite

Spinitectus graci

EchÌnorhyn chus s al nto ni s*

Stageu

Pomphorhynchus
bulbocolli+

Glugea sp.* * *

Site of L239
infection n:476

MF:3.1 + l.B

A intestine

7.7 + 13.9
(1 -es)

1a¿.J

24.6
4.6 + 24.0

(1-26e)
2.2

0.6
1.0

(1)
0.01
8.2

350.1 + 886.9
(3-5000)

55.7

L240
n:504

MF:4.3 +

A

Lake

L377
n:369

1.4 MF: 2.3 + 1.2

intestine

C

24.8
9.9 + 13.4

(r-67)
4.0

1.6

1.6 + 0.5
(1-2)
0.04

U

intestinal
wall and

fat bodies

Triangle L.
n:402

MF:4.4+1.4

13.3

4.1+ 4.3
(1-21)

1.6

0.5
1.0

1.0

0.02

0

27.4
5.6+7.6
(1-s2)

1.7

0

11.1

254.0 + 333.8
(1-1000)

45.3

16.0
181.2 + 243.0

(1-1000)
84.0

7.5
119.8 + 214.6

(4- 1 000)
10.0

\Ì



Table 2.11. Continued.

Lake

Parasite stageu ,ir::,i"i ::î1, :3::- ::L tï,"llf;t
MF:3.1 + 1.8 MF: 4.3 + 1.4 MF: 2.3 + 1.2 MF: 4.4 + 1.4

mulrffiliis 643.0 + 727.6

A, adults; C, cysts; J, juveniGlL, larvaã; metacercariae

(r 000-2000)
18.4

cô
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(rdspectus; the allogenic flukes, A.brevis, Diplo,stontun,r sp.> and p. ntinimum; the

allogenic nematode EusÍronpylicles sp.; the enteric trematodes Bttnoclera saccttlctta and

Creltidostomurn cooperi;the cestode Proteocephaltrs pecu"sei,'the nematode S. gracilis,.

and the microspori dean Glugea sp. (Table Z.Il.).

When the entire parasite community was considerecl, Triangle Lake perch had the

highest rlean species richness, prevalence, intensity ancl abunclance of parasites of all

four lakes. L377 had the lowest values in all categories except in number of parasite

species present. Adult endoparasites showed their higliest prevalen ce inL239 perch but

theil highest mean intensity and relative abundance were in Triangle Lake, pri'rarily due

to tlie large numbers of C. cooperi (Table 2.17). L377 perchhad the poorest ad¡lt

endoparasite fauna. All four lakes shared an almost identical set of larval parasites but

L239 andL377 had very low infection characteristics. Larval parasites in these two

populations made up less than l0%o of all parasites recovered. Larval prevalence i¡ both

L240 and Triangle L. was very high and all the other infection statistics were much

higher than the other two lakes. Triangle L. had a larval parasite cornmunity that was

lnore prevalent and abundant tlian all other Triangle L. parasite cornmunities. This lake

also liad higher ectoparasite infection statistics than all other lakes. The other three lakes

had widely varying prevalences of ectoparasites (from 2IYo to 460/o) butliacl similar

riclrness, abundance and intensity values (Table 2.17). Seasonal changes a¡d age-related

trends in the rleall intensity and prevalence of parasites in ELA yellow perch were

examined for the above species that were corìmon to all or rnost of the systems or which

lrad a high prevalence and intensity in one particular systenl (e.g. E. salmonis inL239).

These data are presented in the following section.



Seasonal trends in yellorv perch infection statistics 
120

Prevaleuce of Glugea sp. was higher in the spririg and fall in all four lakes than in

the sumnrer but the changes were small (Fig. 2.12). Tlie mean intensities of Glugeu sp.

differed much more among spring, summer and fall samples (Fig. 2.13). prevalence of

LI. adspecttrs always peaked in the sumûrer. Prevalences of both A. brevi,ç and

Diploslomurz sp. varied among lakes but were usually higli in all fall samples ald lowest

in tlre summer (Fig. 2.12). Posthodi¡tloslomum minimum showed similar trends in

Triangle Lake but was too uncommon in the other three lakes to analyze. prevalences of

B. sctcculala, C. cooperi and P. pearsei all peaked in the slunmer or fall in each lake.

Raphidascaris acus prevalence showed no consistent changes with seaso¡ but in L240

where it was nìore colnmon it was higher in the spring and fall (Fig. 2.12). prevalences

of S. gracili'v and E. salmoni^ç were highest in the spring arid fall and lowest in the

summer' Bothrioce¡thalus cuspidatus prevalence was highest in the spring (Fig.2.I2).

Mean intensity seasonal trends were similar for all parasite species in all lakes (Fig.

2.13).

Age and sex related trends in yellow perch infection statistics

Age and sex related trends in prevalence and mean intensity are sum¡rarized for

eaclr lake in Figures 2.14-2.I7. Glugea sp. prevalence and intensity decreased with

increasing age of rnale and female perch in all four lakes. Urocleiclus crdspectus

prevalence and meau intensity increased witli perch age in L239 and,Triangle Lake (Figs.

2'14 and2'17) and peaked around age2+ in the other lakes (Figs. 2.15 and,2.16). Tl-re

plevalence of all three metacercariae always increased with host age and the mean

intensity increased rapidly after age 1* except in Triangle Lake where prevalence and
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Figure 2'12. Seasonal trends in the prevalence of twelve species of parasites infecting

yellow perch (Perca.flavescens) in four Canadian Sliield lakes, Ontario, Canada.

Species that were absent or ïare were omitted for each lake.
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tartat

Figr-rre 2.12' Seasonal trends in the prevalence of twelve species of parasites infecting

yellow perch (Perca.flavescens) in four Canadian Sliield lakes, Ontario, Canad,a.

species that were absent or rare were omitted for each lake.
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Figure 2.13. Seasonal trencls in the mean intensity of twelve species of parasites infecting

yellow perch (Perca.flavescens) in four Canadian Shield lakes, Ontario, Canada.

Species that were absent or rare were omitted for each lake. The very liigh ¡rea¡

intensities of Glugea sp. xenomas are indicated above their respective bars.
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Figr-rre 2.14. A'ge-related trends in parasite species prevalence in female and male yellow

perclr (Perca.flavescens) fromL239. The numbers above each bar represent the

corresponding mean intensities of each parasite species in each yellow pe¡ch age

class for comparison.
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Figure 2.15. Age-related trends in parasite species prevalence in female and male yellow

perch (Perca.flavescens) fronL240. The numbers above each bar lepresent the

corresponding mean intensities of each parasite species in each yellow perch age

class for comparison.
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Figr-rre 2'16. Age-related trends in parasite species prevalence in female and rnale yellow

perch (Perca.flavescens) fronL377. The nurnbers above each bar represent the

corresponding mean intensities of each parasite species in each yellow perch age

class for comparison.
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Figure 2.17. Age-related trends in parasite species prevalence in female and male yellow

perclr (Percaflavescens) fi'om Triangle Lake. The numbers above each bar

represent the corresponding mean intensities of each parasite species in each yellow

perch age class for comparison.
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intensity were always high. Bunodera,çaccttlata levels usually peaked in male and

fernale age 1+ perch in all lakes. CrepirÌostomum cooperi, R. ctctt.ç (where prese¡t) ancl S.

gracilis prevalences and mean intensities were higher in the older, larger perch and were

rare or absent in young-of-the-year (YOY). Proteocephalus pearsei prevalence initially

decreased with age but showed and additional increase in the oldest perch especially in

rnean intensities. Bothriocephalus cuspidatus peaked in 1+ yellow perch inL3TT (Fig.

2.16) and E. salntonis increased with perch age in L239 (Fig. 2.14).

DISCUSSION

Parasite fauna

The parasite community of yellow perch in North America has been well

docunrented (Tedla & Fernand o 1969b, Noble 1970, Bangham l 972, Craig 1987, poole

1985, Szalai et al. 7992,McDonald & Margolis 1995, Hofïman 1999, Carney & Dick

2000a) as have the communities of other freshwater f,rsh species (McDonald & Margolis

1995, Hoffìlan 1999). Yellow perch commonly have large, speciose parasite

infracommunities (McDonald & Margolis 1995, Hoffinan 1999),which is a reflection of

tlreir generalist diet (Craig 1987), the lack of coevolution between the host and its

parasites (Carney & Dick 2000b), and the importance of ecological associations and

slrared feeding patterns with sympatric hosts (Carney & Dick 2000c). Kennedy et nl.

(1986) also predicted that omnivorous hsh and host vagility were essential for diverse

parasitofauna in fish. While host movernents were not quantified in this study and cannot

be l'elated to parasite communities, those fish that had rnore generalist/omnivorous diets

(perch, suckers and pearl dace) also had the highest parasite species richness. Fish with

more restricted diets such as the piscivores and smaller cyprinids had less diverse parasite
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faunas. The srnall (2 species) parasite community of cisco, the only sahnonid inL377 ,

supports the hypothesis of Wisniewski (1958) that the numerically dorninant fish hosts

(Cypriniformes and perch) control parasite community structure. Adclitionally the

restricted diet of cisco (planktivores) will furtlier reduce the number of potential

infections, Despite the presence of parasite species not previously recorded in certain

hosts in Canada or even North America (for example, the pearl clace), the parasite fauna

of these shield lake systems is less diverse than the infracommunities of rnany other

North American fi'eshwater communities. For example, the yellow perch community in

our study lakes had 11 to l6 species of parasites compaled to up to 30 reported frorn

some systems (Tedla & Fernando 1969b, Bangham lgTZ, Amin 1977, poole 19g5,

Declrtiar et al. 1989, Szalai et al. 1992, Carney & Dick 2000a). The fisli parasite species

from ELA were typical of yellow perch (McDonald & Margolis I995, Hoffi¡a¡ 1999,

Carney & Dick 2000a). One hundred species of parasites belonging to 68 ge¡era and 51

families were reported from fourteen fish species surveyed in the Lake of the Woods

(Declrtiar 1972). Of these f,rsh (n : 297) 97Yo were infected with at least one parasite

(Dechtiar 1972). Dechtiar (1972) did not sample Phoxinus' eos attd Co¡tts cognatus.

V/lien similar fish species, excluding northern redbelly dace, were considered from the

ELA, Lake of the Woods fish had higher parasite species richness than the ELA fisli,

despite a smaller sample size. Moreover, a bootstrap (see Cliapter 3) of the parasite

assemblage of ELA yellow perch revealed that no parasite species were missed. This

may explain why several species of different, but relatively rare parasites, were recovered

from the ELA perch samples aud not from fish in the Lake of the Woods survey. Tliis
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further illustrates that the smaller parasite community in the ELA is likely a reflection of

smaller lake size and fewer species of fish and invertebrates.

Parasite faunal composition Qrloble 1970, Amin 1977, ZeIner & Arai 1g9g,

Carney & Dick 2000a) and diet (Craig 1987, Wahl et cil. lgg4) are both influenced by

ontogenetic changes yet parasite surveys rarely atternpt to reveal any age-related trends.

Poole & Dick (1985) found that stocked young-of-the-year (YOy) walleye in Hemi¡g

Lake were infected with mole parasite species in the first summer than resident f-rsh.

They attributed this to feeding location and a more cliverse cliet of zooplankton,

chironornids and rnayflies. Parasite species cornposition would change as walleye switch

over to piscivory and parasites such as R. acus (a potential cause of rnortality) would

accumulate. The use of parasites to determine age-specihc feeding patterns could

enhance data gathered from stomach contents. Since parasites transmitted through food

are a long-term reflection of what was consurned, fewer samples are lequired to obtain

the same information as that obtained from stomach content analyses.

Althougli the changes were small, there was a trend towards higher intensities and

prevalences of digenean metacercariae in the late summer and fall months in three of the

four sampled lakes' Hoglund & Thulin (1990) observed an earlier increase in prevalence

of Diplostomum baeri in perch (P erca .flt:iatitis) from 93o/o in May to l00o/o by .Iule a¡d

hypothesized that water temperature was the factor that determined recruitment of eye

flukes. Hoglund & Thulin (1990) found that the pelch sarnpled from the warrn water

efÍluent of a nuclear power station had an increased rate of accumulation but identical

end levels of D' baeri to a cooler water perch population. The identical epd levels

suggest that too much heat in the summer and fall effluent water may also increase
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moÍality of the parasite (Hoglund & Thulin 1990). Perhaps higher water temperatures in

the study lakes in the suurmer and fall contributed to increased prevalences. Faulkner ¿l

al. (1989) found that the highest worm burden of Cotylurus variegatr¿s metacercariae in

perch was ft'otn May to June. They suggest that higher spring levels of metacercariae

correspond to perch breeding season when spawners (especially females) have a thinner

body wall, which allows easier penetration by these parasites. All tl-rree colnmon

tnetacercariae species from Triangle Lake had peaks in the spring and it is possible that

spawning condition was at least partially responsible. Recruitment of diplostomatid eye

flukes in forage fish and young-of{he-year (YOY) of several other species i¡ the St.

Lawrence River was highest in the spring and early sulrlmer (Marcogliese & Cornpagna

1999). Marcogliese & Compagna (1999) suggest that YOY and other small fish in close

association with gastropods in the spring showed increased metacercariae accumulation.

Small Triangle Lake yellow perch, in particular, concentLated in areas with dense

uracrophyte growth in the spring where the first intermediate gastropod hosts are most

abundant' Since many of the heavily infected fìsh were <lf years olcl when most females

are not yet mature than host behaviour (ie. schooling in high-risk areas) is another factor

that can explain seasonal changes. Ultimately, all of these factors rnay be co¡tributi¡g to

seasonal differences in metacercarial infection levels in ELA perch and require further

study for precise conclusions.

There was often an initial increase in metacercarial numbers with host age, up to

two years, followed by a plateau or a decline. This observation contradicts the predictio¡

of Zelmer and Arai (1998) where directly transmitted, long-lived parasites (allogenic

metacercariae) accumulate with host age. The lack of any age-related tr-encls in
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metacercariae infections has also been observed in perch in Europe (Faulkner et ul. l9g9)

and in yellow perch populations in Manitoba and Wisconsin (Carney & Dick 2000a). I¡

these shield lake systems factors such as host behaviour and spawring conditio¡ a¡d

water tetnperature are likely more important determinants of metacercarial infectio's in

yellow perch than host physical attributes, such as age and size.

Fish diet and parasite infection trends

Cr epid o s tonxum co operi requires Hexagenia lintb at a (Ephemeroptera) a¡d

H),alellct azteca (Arnphipoda) as second intermediate hosts (Esch er crt. 1986).

Spinitectus gracilis is also utilizes Ephemeroptera as intermecliate hosts (I{offi1an lggg).

Yellow perch consumption of these insects is reduced (abundance and prevalence) i¡ the

fall and is non-existant in YOY, which explains the observed seasonal a¡d age-related

trends for these parasites. Perch consuming this prey type would likely have a parasite

infracommunity that included at least these two parasites.

The iucreased piscivory by older, larger male and female yellow perch inL3TT

and Triangle Lake with a concomitant decrease in Epherneroptera predatio¡ r-esulted in

lower C. cooperi and S. gracilis infections in older perch. The salne trend was observed

in C. cooperi infections of blue catfish (Hoffüagle et al. 7990). As blue catfish grew they

becanre nrore piscivorolls and Crepidostomunx coo¡teri abundances decreased . Zelner &.

Arai (1998) suggest that C. cooperi recruitment increases with yellow perch size. A

continuous increase in parasite abundance with perch size was observed in ELA o¡ly as

long as the perch remained non-piscivorous (most males and most L239 hsh). The

primary influencing factor is, therefore, the availability and consumption rate of the



138
intermediate Ephemeroptera. Abiotic factors such as water depth a¡d lake nutrient levels

may be indirectly affecting the availability of this intermediate host.

There are three parasites in this study which perch acquire through zooplankton

ingestion: Bunodera sacculata, which utilizes cladocerans or copepocls as intermediates

and Proteocephaltts pearsei and Bothriocephalus cr.tspidatu,s (the latter found only in

L377), which utilize copepods. In addition, the horizontal transmission of both juve¡ile

and mature Proteocephalus sp. by fish predation or cannibalism has been demonstrated

experimentally (Prierner 1980, 1987) and observed in natural fish populations (Moravec

1979, Clrubb 1982, Chubb et al. 1987, Sholz &.HanzeIová 1998). Cladoceran ancl

copepod abundauce peaked in perch stomachs and in the epilimnion of L377 (Salki 1993,

1995) in the slllllrter and sutnmer to early fall respectively. This was reflected in the

palasite trends as B. sacculata numbers were higher in the summeï and the two cestodes

higher in the fall. Piscivory also peaked in the fall (when most other food sources were

reduced in abundance) in most of the lakes and, thus, lateral transmission could have

contributed to the fall peak of P. pearsei. Post-winter zooplankton densities in the lakes

are low, so the prevalences of zooplankton and their transmitted parasites in spring

samples of yellow perch are also low. The cladocerans likely reach maximurn de¡sity

first so opportunistic yellow perch use this abundant food source but they switch to

copepods when levels of that prey reach maximum later in the year. Valto¡en &

Rintanraki (1989) observed that P. percae and P. cernuae infecting perch arrd ruff

respectively in northern Finland were least abundant in the late summer and fall. They

also observed a decrease in mean intensity of P. percae in perch over winter, which was

related to reduced feeding activity of perch. Perhaps, reduced rate of zooplankton
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collstlmption, particularly cladocerans, and increased piscivory in the fall resulted in

decreased numbers of B. sacculatabut not ofthe cestodes. Seasonal cycles ofprevalence

lrave been reported for many species of Proteocelthqltts (Connor 1953, Hopkins 1959,

Kemredy & Hine 1969) with maximum levels occurring earlier in the su¡lmer than those

observed in this study. The lack of a decrease in B. sctcculuta prevalence with i'creasi'g

age of the host suggests that large cladocerans are still an imporlant food source in older

ELA perch. Because of the reduced abundance of benthos in these systems, the yellow

perch do not complete the ontogenetic shift fi'om zooplankton to benthos and even the

oldest, largest piscivorous perch still consurne some cladocerans. Therefore, cladoceran

derived parasites should still be part of the infiacommunity irr larger perch. The srnaller

copepods, although an energetically efficient food soLrrce, disappear at a much faster rate

from the diet as yellow perch age. Bothriocephalu,s cttspiclatus levels decreased with age

but P. pearsei levels did not. In fact, P. pearsei numbels were often at maximum i' both

the youngest and oldest fish. This suggests that lateral transfer through can¡ibalisrn by

older perch was possibly reintroducing P. pearsei populations into the parasite

infraconrmunity. Zeltner &. Arai (1998), however, found thaf BoÍhriocephalus

accumulation increased with age of yellow perch. This difference from the current study

was likely a reflectiott of differences in perch dietary choices or perhaps a differe¡t

intennediate host for B. cttspidatus.

Raphidascaris ctcus can be transmitted to yellow perch through chironomid larvae

(Smitlr 1984)' Cl-rironomid larvae consumptioninL23g and,L240 peaked in the surrmer.

Corresponding seasonal peaks for R. acus were observed in L24O butnot in L239. Lack

of seasonality inL239 was likely a result of the scarcity of pike (the definitive host).
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Small populations of the definitive host would result in smaller populatio¡s of the

parasite being transmitted to the intermediate hosts. Chironomid consumption increased

with age inL239 as did R. ctctts prevalence. However, despite decreased chiro¡omid

ingestion with yellow perch age iu L240 tl'tere was a continued increase in prevalence and

intensity of R. acus in perch livers. There are two possible explanations. Either

chironornids are still itnportant to older fish and are not founcl i¡ the short-term stomach

contents or, more likely, larvae are laterally transferred through camibalisrn. L240 is the

only lake where piscivory actually peaks in the sulnmer and not the fall, which coi'cides

witlr the summer peak of A. acu,c. The lateral transfer of R. ctctts larvae has been

previously suggested (Dick 1998).

Arnphipods were absent or rare in the diets of perch in all butL239. A¡rphipod

transmitted parasites (especially acanthocephalans) were similarly rare or absent. The

prevalence of Gamntarus inL239 perch diets was low all year but peaked in the summeï

wlrile Mysis intensity and prevalence were highest in the fall and spring. Mysis

abundance also increased and Gamntarus abundance decreasecl in the diets of ELA perch

with increased fish age. Echinorhynchus salmonis was most intense in the fall and spri¡g

and increased witli perch age, which suggests that Mysicl slirimp are the rnost important

intermediate hosts of this parasite. Numbers of E. saltnonishave also been observed to

increase with age in salmonids (Muzzall 1993).

The gill monogenean, tJrocleidus adspectns, is a directly transmitted parasite that

is specific to yellow perch (Cone & Burt 1982). Its mean intensity and prevalence were

highest in the sumrler and lowest in the fall. Water tempelature is likely the i'flue'ci'g

factor' The parasite requires certain water ternperatures to survive and to mature and
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reproduce the next geueration. The increasecl recruitment of this parasite with host age,

especially in the faster growing females, is a direct result of increasecl gill surface are for

attachment.

The directly transrnitted microsporidean, Glttgea sp., is most intense in the fall.

Shul'man (1989) found that some myxosporideans of fish il Russia cannot i¡fect fish in

water warmer than l3oC. Glttgea sp. infections also appear to be ternperature clepe¡dent

although the critical temperature is unknown. Dense schooli¡g of perch such as in yOy

populations increases the rate of transmission of Glugea sp. (Dykov a 1995). Immature

inrmune systems in YOY may also be contributing to increased Glugea sp. ir-rfections in

youllg yellow perch. The schooling behaviour in YOY perch combined with low

overwinter temperatures would inclease the intensity of Glttgea infections and, thus,

increase the mortality rafe of infected perch during the winter in ELA (see Chapter 4).

In sumtnary, these findings suggest that parasite transmission in lakes of the

Experirnental Lakes Area of northwestern Ontario is largely influenced by water

temperature, host behaviour and physiology. The availability of particular intermediate

host prey seerns to be the factor influencing seasonal ancl age-related trends of clietary

parasite fauna in ELA yellow perch. The continuing dependence upon zooplankton by

olcler fislr and the switch to piscivory at an earlier age (as yourlg as l+ to 2+ inL377)

likely resulted in a corresponding decrease in the numbers of benthos derived parasites

especially acanthocephalans. Furthermore, this dependence also resulted in incr.eased

presence of zooplankton acquired parasites in older fish, and the generally lower numbers

of parasite species in older perch as there are few fish-to-fisli transferrecl parasites i¡
these lakes.
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CHAPTER 3: Yellow perch parasite community patterns and predictability



INTRODUCTION 
143

Parasite cornmunity structure patterns and processes are useful tools not only for

describing interactions between host and its fauna but also for understanding the overall

ecology of the host population. A host population's interactions with its biotic and

abiotic environments can affect the composition of its parasite fauna. The parasite

comrnunity can in turn alter or enhance those host-ecosystem interactions. Certain

parasites have been shown to affect fish host growth and development (Szalai & Dick

199I, Szalai et al. 1992, Chapter 4). This can affect host trophic status and thus its

relationship with the environment by delaying host ontogenetic changes i¡ feedi¡g

strategies or by reducing reproductive potential of tlie host population.

There are obvious advantages an understanding of parasite community structure

can have towards a more thorough understanding of the ecology of the host. However, as

with much that can be learned from host-parasite interactions, very little focus has been

applied to this topic except by parasitologists (Dogiel 1958, poulin 1995). Many rnodels

of parasite community structure have been developed fi'om the study of freshwater fish

populations (Dogiel 1958, Wisniewski 1958, Esch et al. 1990, Kennedy 1990). It is

typically thought that these parasite cornmunities in fish are randorn assemblages of non-

interacting species guided by stochastic processes (Kennedy 1990) but recent studies

lrave shown that the helminth infra- and component comrnunities of yellow perch (perca

flavescens, Mitchill) have a predictable component both at the continental (Carney &

Dick 1999) and local scale (Carney & Dick 2000a). The yellow perch is an ideal fish

host when considering studies of this nature as its biology is well researched (Scott &

Crossman 1973, Craig 1987)' It is found in most types of aquatic enviro¡rnents from
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riverine to lacustrine, large eutrophic lakes to tiny nutrient and biodiversity poor

Canadian Shield lakes. It also has one of the most extensive parasite species lists found

in freshwater fish (Craig 1987, McDonald & Margolis 1995, IJoffilan 1999) with only

one strict host specific species (see definition by Carney & Dick 2000c), the gill

monogenean Urocleidus adspectus (Cone & Burt 1982). Consequently, host specificity is

not major factor shaping the component parasite community. In addition, there are

relatively few natural populations of yellow perch that lack a parasite fauna or have a

fauna consisting of only a few species (Bangham l944, Fischthal 1950, Dechtiar 1972,

Declrtiar et al. 1989, Szalai & Dick 1991, Carney & Dick 1999, Carney & Dick 2000a)

tlrereby ensuring alarge and diverse community of parasites from which data can be

acquired.

Both biotic and abiotic factors have been used to explain richness and diversity of

various parasite assemblages in freshwater fish. Kennedy er at. (1986) suggested that

feeding rates, vagility and physiology of the host coulcl explain richness values of its

parasite fauna. These same three factors have also been used to describe a model of the

parasite communities in cyprinids and salmonids (chubb lg70). carney & Dick (2000a)

suggested that predictable patterns at the local level and increased richless of the parasite

assemblage were the direct result of a rich invertebrate prey community upon which the

yellow perch could feed. This was indirectly affected by lake trophic status, wliich

determined what potential prey/interrnediate hosts, would be available to the per-ch. Host

morphometric characteristics, age, sex and phylogeny have also been suggested to

explain faunal richness (Aho & Bush l993). Choudhury & Dick (1998) fou'd that the

parasite fauna of the lake sturge on (Acipenser firlvescens) was affected by host specificity
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and feeding habits ofthe host as described by host phylogeny. The prese¡ce of

piscivorous hosts in the aquatic system can also explain the parasite richness see' i' fish

popnlations (Esch 1971, Esch et at. 1988). Esch et al. (1988) determined rhat increased

colonization abilities of parasites that mature in piscivolous birds and mammals lead to

an increase in the numbers of these parasites in eutrophic systems where the fish-eati¡g

hosts are abundant. On the other hand, oligotrophic systems with fewer bircl apd

mammal hosts and increased intermediate host prey for fish are dominated by parasite

assenrblages that mature in f,rsl-r. Wrile Wisniewski ( I 95 8), Esch ( 1971 ) and Esch et al.

(1988) suggest a tllore direct role for lake trophic status on parasite community structure

(Carney & Dick 2000a) found no evidence of this direct role on yellow perch fauna in

lake systems of Manitoba and Wisconsin.

Other abiotic factors that have been suggested to affect fish parasite assemblages

include lake size (Dogiel 1958, Kennedy 1978), host geographic range (Wis¡iewski

1958, Price & Clancy 1983) and elapsed tirne after colonization (Guegal & Ke¡¡edy

1993)' Although Kennedy (1978) found that blown trout (Salnto scrlmo) in larger. lakes

had a richer parasite fauna there was no effect of lake size on the richness of yellow perch

assenrblages (Carney & Dick 2000a). Host fish witli larger geographical distribution are

believed to possess richer parasite communities (Wisniewski 195g, price & Cla'cy

1983). Perch in Europe and yellow perch in North America both have broad

geographical distributions and also have one of the richer parasite faunas fou'd i'
freslrwater f,rsh (Craig 1gB7).

Despite all these varied explanations of the occurrence of particular assemblages

Carney and Dick (2000a) suggest that more emphasis need be placed upon the host,s
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interactions with the intermediate hosts. Since the majority of parasites inhabiti¡g the

visceral organs and in particular the intestine are acquired through tlie diet then tlie

particular infracommunity in a host is a reflection of its diet and vice versa. The

availability of prey items to the host would therefore influence the parasite comrnunity,

especially the endohelminths, of an aquatic ecosystem. Other biotic and abiotic fàctors

may simply be indirectly affecting parasite assemblages by affecting availability of the

intermediates hosts.

Carney & Dick (1999,2000a) provided important insights into perch-parasite

interactions but did not include information on yoLulg-of-the-year yoy or early seconcl

year perch. Tliis is the period when perch grow fastest, when sexual maturation begirrs

and where feeding pattems are most likely to change. Furthermore, the studies of Carney

& Dick were done on lakes with high productivity and, while localized to North America,

were from latitudinally different drainage systems. These lakes, with the exceptio¡ of one

were large, all were commercially or sport fished and all had some anthropogenic

influences including shoreline modifications, inputs from intensive agriculture, fish

stockings and intensive commercial and/or sport fishing in the past or currently. The

lakes for this study are from an isolated region of the Canadian Shield, fi-om the same

drainage, are small, have sirnilar trophic status and invertebrate communities, have low

productivity (low nutrient and dissolved solids), have similar abiotic components (with

the exception of deptli) and diversity and there was background information for these

lakes. Furthermore these smaller lakes ensure that a sarlple of fish is representative of

the entire lake, especially when several fishing gear types are usecl. The lakes were

clrosetr for their dìfferent fish species cornposition. With the excepti on of L377 where



lake trout were extirpated due to an intensive sports fishery i.e. the removal of the ,r"rto'
piscivore, and the occasional use of Triangle Lake for abaitfìshery in the past the ELA

lakes used in this study are unperturbed.

The goal of this chapter was to assess the richness, structure a¡d species

associations of the parasite fauna of yellow pelch in four s¡rall shield lakes to determine

if these assemblages are stochastic or predictable, if there is parasite i¡teraction a¡d to

compare the results to aquatic systems more nutrient rich and diverse but perturbed. The

emphasis of these analyses was placed upon yellow perch in these systems however, l4

other species of fish were also examined including seven cyprinids, white suckeL, slirny

sculpin, brook stickleback, burbot, lake cisco, pike and Iowa darter (see Appendix III for

these additional analyses).

MATERIALS AND METHODS

Terminology

Only biotic factors such as host sex, length and age class, diet and the presence of

potential predators or competitors are evaluated. Prevalence, rrean intensity and

abundance values were calculated as defined by Margoli s et cil. ( 1982). proportio¡al

abundance, as used here, refers to the abundance ofa parasite or group ofparasites as a

proportion of the total parasite population. Species richness refers to the total number of

parasite species in a sample of fish and mean species richness is the mean number of

parasite species per host. The term infracommunity as described by Bush & Holmes

(1986) and Bush et al. (1997) refers to the parasite community witliin an individual host.

Component community as described by Holmes & Price (1986) and Bush et al. (1997)

refers to the parasite community within all hosts of a palticular sample or lake. A sarnple
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as used here can lepresent all the fish recovered frorn a single lake, all fish of a particular

age class in a single lake or all fish captured fi'om a particular season in a si¡gle lake. A

liost-specific parasite is one that reproduces in only one host species. predictability refers

to an association that occurs at greater than 500/o fi'equency. Allogenic parasites are those

species that matule iu piscivorous birds (Esch eÍ ctl. 1988), enteric parasites are those

which are ntature in the viscera of the hsh host ancl ectoparasites are those fou¡d on the

gills, mouth or body surface of the fisli. All parasite species that do not match the

previous categorical descriptions are called other parasites

Statistical analyses

The Berger-Parker index of dominance was used to identify dominant parasite

species within each sample. Jackknife estimates of species richness were calculated

using a formula described by Krebs (1989) and bootstrap estimates were calculated usi¡g

the program Species Diversity and Richness 2.1 (Pisces 1998). Species diversity was

calculated using both shannon-Weiner and Simpson's diversity indices. Siniilarity

between the component communities of each lake was calculated using both the Jaccard

index of similarity and Renkonen's percent similarity. Spearman's rank correlatiol

coefficients were calculated to determine if host size or age had an effect on the richness,

intensity and abundance of the parasite fauna. A Mann-Wliitney U statistic was used to

test for an effect of sex on the composition of parasite communities.

Chi-squared tests were performed to determine if food-transmitted parasites were

randonly associated with individual hosts in a sample. The prevalence and a¡ti-

prevalence (1-prevalence) were used to calculate the expected values and these were then

compared with the observed values. Numbers of uninfected fish, fish with single species
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infections, fish with two species infections and fish witli three or more species infections.

Fish were pooled in richer infections because the expected values for each of these

multispecies infections did not exceed one.

Nestedness of the parasite infiacommunities in each lake sample was calculated

using the nestedness calculator described by Atmar & Patterson (1gg3,1995). A

presence-absence matrix was calculated for each sample where one represented tlie

presence of a parasite species and zero represented its abserrce in each individual host in

the sarnple. Each matrix was then reordered or packed so that species presence is

maximized in the upper left-hand corner. These packed matrices are compared with an

optirnally nested matrix with the same proportion of species so that unexpected prese¡ces

or absences in the generated matrix can be identihed. For each of these matrices a T

value is calculated where 0 represents a perfectly nested matrix and 100 represents a

cofirpletely random matrix. The significance of this T value is calculated by comparing

the T value of the observed matrix with the distribution of T values of 500 randornly

generated matrices.

Unless otherwise noted, all statistics were analyzed,using Microsoft Excel 1997

and SPSS version 10.0' Results were considered significant when p values were <0.05.

These data were discussed with reference to tlie rnorphometric, dietary and par-asite data

of yellow perch described in chapter 2.

RESULTS

Parasite fauna dominance, richness and diversity

When total parasites are considered, Triangle Lake percli hacl the higliest

prevalence, mean species riclness, intensity ancl abundance of parasites but had the
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smallest number of parasite species of all four populations (Table 3.1). L3T j had the

lowest values for total parasites in all categories except number of parasite species

present. Enteric parasites showed the highest prevalence, proportional abunclance and

rnean richness inL239 perch, but the highest rnean intensity and abundance were in

Tliangle Lake primarily due to large numbers of C. cooperi (Table 3.1). E'teric parasites

inL239 had a liigher proportional abundance than either allogenic or ectoparasites. L377

perch had the poorest enteric parasite fauna, although proportional abunda¡ce of tl-ris

fauna (0'07) was the liighest of all three parasite groups i¡ this lake. All four lakes shared

an almost identical set of allogenic parasite species. Allogenic parasites i1L239 and,

L377 included less than l0o/o of all parasites recovered (Table 3.1). Alloge'ic infectio'

statistics in both L240 and Triangle L. were much higher than those in the other two lakes

witli the largest, most diverse community of these parasites being observecl in Tria¡gle

Lake perch (Table 3.1). In addition, allogenic proportional abunclance was higher tha¡

for tlre other two parasite types in L240 and,Triangle Lake. Tria'gle Lake also had

higher ectoparasite infection statistics than all other lakes. Ectoparasite faunal prevalence

varied among perch populations in the other three lakes (fi'om 21Yo to 46%) butrichness,

abundance and intensity values were similar.

The dominant parasite in all but Triangle Lake was Glttgect sp., which was not a

menrber of the three previously described parasite categories (Table 3.2). Apophallus

brevis was dominant in Triangle Lake. The dominant enteric species differed in each

lake. The trematodes B. sacculata and C. cooperi were clominant in L239 andTriangle,

respectively, and the cestodes P. pearsei and, Bothriocephalus cus¡ticlcttus were dominant

in Triangle Lake.
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Table 3 ' I . Parasite infrapopulation infection statistics of yellow perch total, enteric,

allogenic ancl ectoparasite communities collected fi'oln four Canadian Shielcl lakes.

(n
()
U)
cC

CÚ

Ê.

# infected hosts
(prevalence oá)

Total # species

Mean species richness
(range)

Mean intensity
(range)

Mean abundance

420
(88.2)

16

3.1 + 1.8

(1 -e)
58.4 + 308.8

(1 -s008)
51.5 + 290.7

499
(ee.0)

13

4.3 + 1.4

(1-8)
62.9 + 137.7

(1-102e)
62.3 + 137.2

296
(80.2)

14

2.3 + 1.2

(1 -6)
41.6 + 134.9

(t-1002)
34.5 + 123.5

L239
(NI:476)

L240
(N: 504)

L377

0{: 369)
Triangle L.
(N:402)

402
(1 00)

t1

4.4 + t.+
(2-e)

89.4 + 78.7
(12-1053)

89.4 + 78.7

U)
c_)

(n

tr

Ê.
o
li()

f!

hosts
(prevalence %)
Total # species

Proportior-ral
Abundance

Mean species richness
(range)

Mean intensity
(range)

Mean abundance

372
(78.2)

6

0.19

1.8 + 0.9
( 1-s)

13.6 + 24.1
(t-322)

10.6 + 22.1

378
(75.0)

5

0.l0

1.4 + 0.6
(t -4)

8.7 + 18.3
(1-160)

6.5 + 12.9

208
(s6.4)

6

0.06

1.3 + 0.5
(1-3)

3.9 + 5.9
(r-3s)

2.2 + 4.2

(63.e)
4

0.18

1.6 + 0.8
(1-4)

25.9 + 41.6
(r -448)

16.6 + 35.5

(n
c)
(t)
Cü
¡<(gp.
o
()
Þo

infected hosts
(prevalence o/o)

Total # species

Proportional
Abundance

Mean species richness
(range)

Mean intensity
(range)

Mean abundance

477
(e4.6)

4

0.32

1.9 + 0.+
( 1-3)

21.5 + 23.0
(1-18e)

20.4 + 22.9

402
(1 00)

5

0.68

2.7 + 0.6
( 1-s)

60.6 + 29.2
(8-161)

60.6 + 29.2

9
(50.2)

5

0.03

1.4 + 0.5
(1-3)

3.1 + 3.6
(t-37)

1.6 + 3.0

203
(s5.0)

5

0.07

1.4 + 0.6
(1-3)

4.5 + 7.0
(r-67)

2.5 + 5.6
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Table 3.1. Continued.

L239
(NI:476)

L240
(NI: 504)

L377
(Nr: 369)

Triangle L.
(N :402)

Cll
c.)

CJ)

:r

p.
o
o
l¡l

# infècted hosts
(prevalence %)
Total # species

Proportional
Abundance

Mean species riclness
(range)

Mean intensity
(range)

Mean abundance

184

(38.7)

2

0.02

1.2 + 0.4
(1-2)

2.8 + 3.3
(1-27)

1.t + 2.5

231
(4s.8)

2

0.02

1.0 + 0.18
(r-2)

2.8 + 3.7
(1-42)

1.3 + 2.9

78
(21.1)

2

0.02

1.0 + 0.1 I
(r-2)

3.9 + 5.4
(1-31)

0.8 + 3.0

249
(61.e)

I

0.04

1.0 + 0.0
(l-1)

5.3 + 8.3
(1-63)

3.3 +7.0
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Table 3.2' The doninant enteric, allogenic, and ectoparasite and the overall do¡rinant

parasite of yellow perch in four Canadian Sliield lakes. The Berger-parker index of

dominance was used to obtain proportions.

Dominant Parasite
(proportion)

Lake Enteric Allogenic Ectoparasite Other

L239

L240

L377

Bunoderct
sacculata

(0.06)

ProÍeocephalus
pearsei
(0 04)

Bothriocephalus
cuspidatus

(0.02)

Apophallus
brevis
(0.01)

Diplostomum
sp.

(0. 1e)

Apophallus
brevi,ç
(0.04)

Urocleidus
udspectus

(0.02)

Urocleidus
odspectus'

(0.02)

Urocleidtts
adspeclus

(0.02)

Urocleidus
adspeclus

(0.04)

Glugea sp.*
(0.s7)

Glugea sp.*
(0.45)

Glugea sp.*
(0.84)

Glttgea sp.
(0.10)

, Ct.enidos,tomum Apophallus*l nangle
Lake coopert brevis

(0. l2) (0.3e)

Refers to the rnost dominant parasite in each lake.



A¡tophallus breviswas the dominant allogenic parasite in all but L24O wher" 
tto

Diplo'stomurz sp. dominated. [Jrocleidus adspectu.s was always the dominant ectoparasite

(Table 3,2).

Total palasite percent similarity was highest between L239 and,L377 and,lowest

between L239 and Triangle Lake and L377 and,Triangle (Table 3.3). Although rhe

differences were uot as great, L240 was still more similar to L239 andL377 than to

Triangle Lake. L240 shared approxirnately 60Yo of its enteric parasites with both L377

attdL239 while L240 andL377 each shared less than 40o/o of their enteric parasite fauna

witlr Triangle Lake. Allogenic parasite similarities were higher than 690/o for all lake

comparisons. Tlie highest similarity was betweenL23g and Triangle Lake and the lowest

between L240 andL377. Ectoparasite sirnilarities were all approxirnately 90%o or liigher

witlr the lower values all involving compariso's with L23g.

The estimated richness values were higher than the observed values only for L239

andL377 (Table 3.4). L239 perch had two unique parasite species among the four perch

populations (Ichthyophthirius multfiliis and P. btttbocolti) andL377 perch had o¡e u¡ique

parasite species (8. cuspidatus). L240 perch had tlie most diverse fauna, L377 theleast

and in all lakes female perch had more diverse assemblages than males (Table 3.5).

Table 3.6 shows that as perch in these lakes age their parasite faunas become more

diverse uutil they reach a plateau usually around age2+. V/ithin each age class there are

seasoual trends apparent as well with diversity at its lowest usually in the fall of each year

in all lakes. In only one sample (L377 0+ perch) was fall diver-sity higlier tha¡ both

spring and summer.
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Table 3'3. The Jaccard index of similality (J) and Renkonen's percent similarity (%) of

yellow perch parasite fauna in f-our Canadian Shield lakes.

SIMILARITV

Total
Parasites

Enteric
Parasites

Allogenic
Parasites Ectoparasites

Lake
Comparisons

o//tt
(t/
/o

o/
,/o

o/
/11

7 and2

1 and3

7and4

2and3

2and4

3 and4

All four lakes

0.81 0.58

0.67 0.66

0.69 0.24

0.69 0.58

0.71 0.49

0.79 0.23

0.23 0.19

0.83 0.59 0.80 0.86

0.71 0.s I I .00 0.82

0.67 0.48 1.00 0.89

0.83 0.61 0.80 0.69

0.80 0.34 0.80 0.76

0.67 0.39 1.00 0.8s

0.st 0.34 0.80 0.68

L00 0.91

1.00 0.90

0.50 0.89

1.00 0.99

0.50 0.98

0.s0 0.99

0.33 0.90

. 
7 : L239, 2 : L240, 3 : L377,4 : Triangle Lalce
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Table 3'4. Observed total parasite species richness in ELA yellow perch ancl estimates of

total richness using jackknife procedures written by Krebs (1989) ald bootstrap

procedures written by Pisces Conservation Ltd. (199S).

L239 L240 L377 Triangle L.
n:476 n:499 n:358 n:390

Observed 16
richness

Jackknife 17.0+2.64 13.0+0.00 15.0+lSt3 11.0+O.OO
(tSD)

Bootstrap 15.6 13.0 13.6 1 1 .1

tlt4t3
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Table 3.5. Female, male and total yellow perch parasite diversity in four Ca¡adial Shield

lakes. Diversity was calculated with Simpson's (Si) and Shannon-Weiner (S/W)

diversity indices. Sample size Qrl) is given for each lake and sex.

Lake Parasite Diversity

L239
Si S/W

(l{)

L240
Si S/W Si

(N)

All Lakes
Si S/W

G"r)

L)/ I Triangle L.
S/W Si S/W

(N) (N)

Fernale
diversity

Male
diversity

Total
diversity

I .78 -0.91
(30r)

1.62 -0.7 5

(17 s)

t.72 -0.85
(476)

2.82 -0.47 t.s2 -0.21 2.61 _0.43
(266) (200) (276)

2.66 -0.45 1.27 -0.14 2.34 _A.41

(233) (1s8)

(3s8) (3e0)

2.20 -0.53
(r 043)

2.00 -0.46
(680)

2.14 -0.51
(r723)

(l 14)

2.75 -0.47 t.4t -0.18 2.53 _0.45
(4ee)
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Table 3'6. Age and seasonal trends of yellow perch parasite diversity in fbur Ca¡adian

Shield lakes' Diversity was calculated with Simpson's (Si) arid Shannon-Weiner (S/W)

cliversity inclices, Sample size (N) is given for each lake and sex.

Lake Parasite Diversity

Age Season*
L239

Si S/W
(l{)

L240 L3t7
Si S/W Si S/W

Triangle L.
Si S/W

(N)(N) (N)

Su

Fa

1.36 -0.49
(7)

0.95 -0.26
(3 s)

1,00 -0.31
(1 se)

1.98 -1.1 1

(126)

2.02 -1.00
(se)

2.93 -1.62
(27)

(6)

I .53 -0.18
(3 8)

1.82 -0.30
(26)

2.64 -0.42
(el)

3.04 -0.52
(l 08)

2.60 -0.46
(65)

3.09 -0.s3
(37)

0.49 -0.01
(s7)

1.33 -0.t4
(47)

0.98 -0.06
(28)

1.69 -0.23
(r2)

1.60 -0.21
(77)

1.43 -0.19
(42)

2.28 -0.39
(18)

1.87 -0.33
(3)

2.05 -0.36
(74)

2.55 -0.45
(14)

2.16 -0.41
(7)

2.30 -0.41
(73)

0+

1+

Sp

Su

Fa

Sp

Su 2.70 -1.60 3.16 -0.54 1.38 -0.17 3.28 _0.s8
(18) (33) (11) (27)

2+ Fa 2.60 -1.57 2.39 -0.45 1.73 _0.24 2.i2 _0.48
(2s) (8) (2s) (2e)

Sp 2.30 -1.37 3.43 -0.59 1.90 -0.28 2.35 _0.43

/z-f

(3 1) (6) (23)

3.1 1 -1.83 2.97 _0.53 2.14 _0.35 2.87 _0.s 1



Yellow perch age and length vs. infection 
l s9

Yellow perch age was significantly positively correlated with total species

richness and all four lakes (Table 3.7). Total species intensity ancl abundance was

significantly correlated with age in all but the Triangle Lake sample. Elteric species

richness, ir-rtensity and abundance were all significantly correlatecl with perch age i¡ all

four lakes. Allogenic species richness was signihcantly correlatecl with age in all lakes.

Only Triangle Lake perch showed no signihcant correlation between age and alloge¡ic

parasite species intensity and abundance. Ectoparasite species richness, intensity a¡d

abundance were significantly correlated with perch age in all lakes.

Spearman rank correlations of yellow perch total length with parasite richness,

intensity and abundauce show pattems identical to the age versus i¡fection correlations

(Table 3.8). Only total species intensity ancl abundance and allogenic species inte¡sity

and abundauce of Triangle Lake perch are not significantly correlated with perch le¡gth.

Fish sex verslls infection

Fetnale yellow perch had significantly higher total species richness than males in

all but theL240 sarnple (Table 3.9). Total species intensity was higher inL377 and

Triangle Lake females and abundance was higher inL240 and,L377 females. LZ39 and

Triangle Lake females had significantly higlier enteric species richness. Enteric species

intensity and abundance were significantly higher in fernales in all but tlte L377 sample.

Allogenic species richness was higher inL240 and L377 females a'cl allogenic species

intensity and abundance were higher inL377 and Triangle Lake felnale perch.

Ectoparasite species richness, intensity and abundallce were significantly higher in all but

L240 fenales (Table 3.9).
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Table 3.7' Speartnan rank correlations of yellow perch age verslrs species richness,

intensity and abundance of total, enteric, allogenic and ectoparasites fiorn four Canadia'

Shield lakes from the ELA and surrounding region. Spearman correlation value (r.), t

value and P value are given when significant (< 0.05), NS indicates no significance. N is

the sample size used for Spearman rank correlation calculations.

L239
N:476

L240
N:499

L377
N :358

Triangle L.
N :390

Total species
richness

rr:0.64
t: 17 .94

p < 0.0001

r. : 0.46
t:11,70

p < 0.0001

r": 0.48
t : 10.38

p < 0.0001

rr:0'51
T:11.62

p < 0.0001
Total species r, : 0.2

intensity t:5.89
p < 0.0001

r" :0.57
t= 15.54

p < 0.0001

r" : 0.33
t: 6.56

p < 0.0001
NS

Total species
abundance

rr:0.42
t: 9.97

p < 0.0001

r. : 0.61
t: 77.23

p < 0.0001

r. : 0.37
t: 7 ,51

p < 0.0001
NS

Entedc
species

richness

r, : 0.48
t:11.91

p < 0.0001

r, : 0.25
t: 5.7 5

p < 0.0001

rr:0.24
t:4.74

p < 0.0001

r. : 0.53
r":12.22

p < 0.0001
Enteric
species

intensity

tr:0.27
t:6.13

p < 0.0001

rr: 0'26
t:5.91

p < 0.0001

r" : 0.25
t : 4.81

p < 0.0001

r":0.52
T":12.04

p < 0.0001
Enteric r, : 0'36

t: 8.47
p < 0.0001

tr:0'22
t:5.1I

p < 0.0001

tr:0.24
t:4.71

p < 0.0001

r, :0'54
t:12.61

p < 0.0001

specles
abundance

Allogenic
species

richness

rr:0.60
r : 16.36

p < 0.0001

rr:0.62
t: 17.79

p < 0.0001

r, : 0.48
t:10.42

p < 0.0001

r, : 0.20
t:4.09

p < 0.0001
Allogenic

species
intensity

r, : 0.63
t: 17 .54

p < 0.0001

r, : 0.82
t : 31.65

p < 0.0001

r, : 0.45
t:9.58

p < 0.0001
NS

Allogenic
specres

abundance

r, :0.64
r: 18.01

p < 0.0001

r, : 0,83 r.: 0.47
t - 10.15

p < 0.0001

t: 33.17
p < 0.0001

NS
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Table 3.7. Continued.

Ectoparasite
species

richness

r, : 0.48
t: 12.07

p < 0.0001

r, : 0'31
t:7.28

p < 0.0001

r, : 0.51
t:11.31

p < 0.0001

r, : 0.39
t: 8.45

p < 0.0001
Ectoparasite rr: 0 '47

f :11.71
p < 0.0001

r, : 0.28
t:6.46

p < 0.0001

r, : 0.52
t: 11.97

p < 0.0001

r, : 0.38
t:8.12

p < 0.0001

specles
intensity

Ectoparasite
species

abundance

r. : 0.48
t:11.81

p < 0.0001

rs : 0.28
t:6.56

p < 0.0001

r" : 0.52
t:1L49

p < 0.0001

r, : 0.38
t:8.12

p < 0.0001
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Table 3'8. Speartnan rank correlations of yellow perch total length versus species

richness, intensity and abundance of total, enteric, allogenic and ectoparasites from four

Canadian Shield lakes from the ELA and surrouncling region. Spearman correlation

value (rr), t value and P value are given when significant (< 0.05), NS i¡clicates ¡o

significance. N is the sarnple size used for Spearman rank correlation calculations.

L239
N:476

L240
N:499

L377
N:358

Triangle L.
N:390

Total species
richness

rr:0.61
t:16.71

p < 0.0001

rr: 0.45
t:11.10

p < 0.0001

r.: 0,49
t: 10.61

p < 0.0001

r, :0.48
t:10.75

p < 0.0001
Total species

intensity
r, : 0.23
t:5.20

p < 0.0001

r. : 0,53
t:14.05

p < 0.0001

r, : 0.33
t : 6.51

p < 0.0001
NS

Total species
abundance

r, :0'40
t: 9.55

p < 0.0001

r, : 0.57
t : 15.59

p < 0.0001

r. :0.37
t: 7 .48

p < 0.0001
NS

Enteric
specles
richness

rr: 0.45
t: 10.85

p < 0.0001

r,:0.26
t: 6.17

p < 0.0001

r":0.26
t: 5.05

p < 0.0001

r" : 0.53
t:12.37

p < 0.0001
Enteric
species

intensity

rr:0.26
t: 5.97

p < 0.0001

tr:0.22
t: 5.01

p < 0.0001

r, : 0.25
t:4.83

p < 0.0001

r, : 0.52
t-- 12.02

p < 0.0001
Enteric
species

abundance

r, : 0.36
t:8.27

p < 0.0001

r" :0.26
t:5.89

p < 0,0001

r, : 0.25
r : 4.81

p < 0.0001

rr: 0.54
t:12.62

p < 0.0001
Allogenic

species
richness

r, : 0.61
t: 16.59

p < 0.0001

tr: 0.62 r.:0.51
r: I 1.14

p < 0.0001

r, : 0.18
t: 3.69

p : 0.0003

t: 17 .63
p < 0.0001

Allogenic rr: 0.62
t: 17 .41

r, : 0.80
r.:29.46

p < 0.0001

r, : 0.48
t= 10.29

p < 0.0001

specres
intensity

NS

Allogenic
species

abundance

< 0.0001

rr:0.64
t: 17 .90

p < 0.0001

r, : 0.81
t: 30.90

p < 0.0001

r. : 0.50
t: 10.94

p < 0.0001
NS
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Table 3.8. Continued.

Ectoparasite
species
richness

rr:0.44
t : 10.66

p < 0.0001

rr: 0.29
t:6.77

p < 0.0001

r, : 0'48
t:10.44

p < 0.0001

r, : 0.34
t:7 .09

p < 0.0001
Ectoparasite

species
intensity

r, :0.43
t : 10.38

p < 0.0001

tt:0.26
t: 5.95

p < 0.0001

r. : 0.50
t : 10.60

p < 0.0001

r" : 0.30
t:6.29

p < 0.0001
Ectoparasite

species
abundance

r, : 0.43
t : 10.43

p < 0.0001

rr:0.26
t:6.04

p < 0.0001

r. : 0.49
t:10.62

p < 0.0001

r" : 0.30
t:6.29

p < 0.0001
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Table 3.9. Mann-Whitney U test to examine the effect of sex on parasite species

riclrness, intensity and aburidance in yellowperch, Perca.fluttescens fro¡r f-our Ca'adia'

Shield lakes from the ELA and surrounding region. P value is given when significant (<

0.05), NS inclicates no significance.

L239
N:476

L240
N:499

L377
N: 3s8

Triangle Lake
N:390

Total species
richness

p : 0.0052 p:0.0011 p:0.0001NS

Total species
intensity NS NS p : 0.0023 p:0.0150

Total species
abundance

NS p : 0.03 l7 p:0.0019 NS

Enteric species
richness

p :0.0033 NS NS p < 0.0001

Enteric species
intensity

p: 0.0348 p: 0.0475 NS p:0.0009

Enteric species
abundance

p : 0,0051 p:0,0292 NS p : 0.0003

Allogenic species
richness p:0.0190 p : 0.0006NS NS

Allogenic species
NS NS p : 0.0003 p:0.0223intensity

Allogenic species
NS NS p:0.0002 p:0.0072abundance

toparasite
species richness

p:0.0021 NS p : 0.0005 p:0.0186
Ectoparasite

species intensity
p:0.0037 NS p:0.0002 p:0.0005

Ectoparasite
species

abundance
p: 0.0032 NS p : 0.0002 p : 0.0005



Parasite community predictability 
l6s

The total perch samples from L239 ancl Triangle Lake were the only ones whose

parasite comtnunities sliowed significant departure fiom ra¡clorn species associations

(Tables 3.10-3.13). More perch with no parasites, with the combination of S grncilis,C.

cooperi, Echinorhyrtchus salmonis and Proteocephalus pearsei a¡d with the combination

of R. crcus, S. grocilis, C. cooperi and E. ,çalntonis than expectecl ar-rd fewer fish with o¡ly

R' acus or only E. .salntonis present than expected by chance were the rnajor sources of

non-randomness in L239 (Table 3.10). Age 0+ fo 2+ LZ3g perch parasite communities

showecl randotn species associations. There were a few small derivations from expected

in age 0* perch fauna and the largest was fewer E. sctlntonis than expected. Age 1+ perch

lrad more S. gracilis and fewer P. pearsei single-species communities than expected.

Tlrere were nìore parasite-fre e age 2* perch than expected. Perch older than 2+ inL239

had significantly pledictable parasite communities. The primary sources of this non-

randomness were more perch with no parasites and more with the two combinations of

four parasites each (described earlier) than expected (Table 3. I0).

Tlrere were rlore P. pearsei than expected in L240 perchbut the parasite

community, as a whole, did not depart from landom (Table 3. i I). There were no

parasites or combinations of parasites that showed large clepartures from expected values

in age 0+ and 2+ L240 perch. There were more P. ¡tearsei solo infections than expected

in 1+ perch but the entire community at this age was still ranclom. perch older tlian 2*

had assetnblages that significantly departed from random (Table 3.I 1). More fish with

only,S. grucilis and only B. sctcculcÍct and with the combination of R. ctcus, S. gracilis and



Table 3'10. Chi-square test of randonness of the parasite fauna of all sampledL23g yellow perch (perca.flavescens)and of

individual age classes.

Parasite
communitv

Total
Expected
(number
of perch)

Observed
(nurnber
ofperch)

--)x"

0+ perch
Expected
(number
of perch)

Obsen'ed
(number
ofperch)

--)X"

86.40 6.84

104 2

3.s9 3.42

tL.22 t3 .71 3 1 .78 2s.07 0.64

11

68.05 1 .06 0.35 0.35 4.86 t7 .01 0.35 73.r2 27 .69 2.10 0.05

0.00 0.s3 0.00 4.0s 0.20

1l

76

32

0.93 1.06

Any

l5

76.44 I13.5 36.81 6.58

Any
3 spp-

0.35 0.35 0.00 2.\2 1.20

74 101 43

0.08 1.38 1.04

X
Total

11

X
Crit.

l5

10.78 25.08 18.31 0.005

65 34

0.90 1.44 0.38 0.05 8.79 18.31 0.552

ã



Table 3.10. Continued.

Parasite
cornrnunity

1+ perch
Expected
(number
ofperch)

Observed
(number
of percli)

--)x-

2f perch
Expected
(number
ofperch)

Observed
(nurnber
ofperch)

X2

20.97 2.44 4.22

24

0.44 0.85 s.40

4.58 25.54 4.94 0.25

1.51 0.42 2.91

27

1.28 0.08 0.18 0.25

4.12 0.78 0.00

Any
2 spp. 3

2.13 0.08 1.44 0.00 0.70 11.40 9.47 4.06

17.22 s9.25 26.80 6.79

Any >3
spp.

1.65 0.08 1.44 0.00

57

X

3.92 0.09 r.94 0.47 14.89 18.31 0.136

Total

34

X
Crit.

l1

0.70 0.01 1.27 0.92 1 0.98 16.92 0.277

Cì\ì



Table 3.10. Continued.

Palasite
cornrnunity

>2+
perch
Expected 0.33

(number
ofperch)

Observed )
(number
ofperch)

x2 g.48

0.16 0.41

0,-Enipty; l,Raphidascarisctcus;2,Spinitectusgracilis;3,Crepidostontuntcooperi;4,Bunoderasacculata;5,
Echinorhynchus salntonis; 6, Pontphorhynchus bulbocolli;7, Proteocephctlus pearsei.

0.26 0.00

0.16 0.41

0.66

2.06 0.00

0.00 0.16 3.09 2.67

0.66 0.00

Total

0.16 0.39 2.67

1.24

6.12 21.11 15.51 0.007

oo



Table 3 ' 1 1 . Chi-square test of randomness of the parasite fauna of all samp led L240 yellow perch (perca flat)escens)a'd of

individual age classes.

Parasite
community

Total
Expected

(nurnber of
percli)

Observed
(nurnber of

perch)

X2

0* perch
Expected

(nurnber of
perch)

Observed
(number of

perch)

X2

20.68 95.92

I9

6.76 0.74 6.14 0.42

98

0.14 0.05 2.09 0.09 0.00 0.42 7.71 0.54 0.05 0.77 r 1.87 16.92 0.221

10.02 24.38

t0

Any 2 Any 3

0. 10 0.00 0.96 0.s 1

25

0.00 0.02

18.92 168.6 75.01 12.85

3l ts9 73 t6

\1/)

0.10 0.00 0.00 0.5 1

X
Total

X

15.78 44.74 6.27 0.25

Crit.

T6 ÁÁIT

0.00 0.01 0.26 2.30 3.20 15.51 0.921

ã
v



Table 3.1l. Continued.

Parasite
communit

1+ perch
Expected

(nurnber of
perch)

Observed
(number of

perch)

X2

2-t perch
Expected

(number of
perch)

Observed
(nuniber of

perch)

X2

11.44 46.63 2.47

52

0.52 0.62 0.09 0.23 0.17

0.23 6.02

0.1 1 5.83 0.38 0.01 0.02

0.1 1

Any 2 Any 3

spp. spp.

9.48

0.11 0.01 0.98

83.52 37.50 5.59

15

0.11 3.2t 0.68 0.06 1.04 6.73 16.92 0.665

76

X
Total

0.00

0.01 0.02

36

X
Crit.

0.05 25.52 17.90 4.17

0.00

25

0.05

18

0.01 0.00 0.01 1.21 16.92 0.999

\]



Table 3.1 1. Continued.

Parasite.*
communrty

>2+ perch
Expected

(number of 0.23
perch)

Observed
(nurnber of o

perch)

x2 o.z3

10.56 0.20

. 
0, Empty; 7, Rctphicla,scaris acus;2, Spinilecttts grocilis; 3, Crepidostonu,mt cooperi; 4, Bunodera saccttlcttcr; 5,

Ec hi nor hync hu s s al mo ni s ; 6, p r o t e o c ephaltts p e ai. s e i.

t5

0.03

1.87

0.03

0.20

0.00

Any 2

32.97 0.03

0.20 20.58 I 1.98

Any 3
spp.

0.00

ST

0.20

t2

X
Total

2.19

15

3.58

X
Crit.

0.76 0.30 40.13 15.51 0.000

!



P. pearseithan expected by chance and fewer cornbinations of R. acus and. tr. ¡rnorrni )#,
of R. acus and s. gracilis than expected resulted in predictability.

YOY L377 yellow perch parasite fauna was significantly non-random (Table

3'12) which was caused by more combinations of B. sacculata, P. pectrsei and B.

cuspidattts than expected. No other single parasite or combination was clifferent from

expected by chance at any age class.

More fish with no parasites and more witli the infracommunity of C. cooperi, B.

sacculala and P. pearsei and more with,S. gracilis, C. cooperi, B. sacculata and, p.

pearsei than expected and fewer witli only S. gracilis or only C. cooperi than expected

were the sources that caused non-randomness in Triangle Lake perch (Table 3.13). All

individual age classes had random parasite assernblages.

All four yellow perch samples showed signihcantly more nestedness than

expected by chance (Table 3.14). Matrix fill ranged from l 6.4%o inL377 fo 40.4o/o in

Triangle Lake and the T value ranged frotn 74.64 in Triangle Lake I 9.49 inL377 (all

higlily nested values).

DISCUSSION

Yellow perch (Percaflavescens) in North America and European perch (perca

.fluviatilis) in Eurasia have been shown to possess a predictable component to the parasite

conrmunity at the broad, continental scale (carney & Dick lggg). carney & Dick

(2000a) showed that the¡e is predictability of parasite infi'acomrnunities and component

communities of yellow perch at the local or fine scale. Fine scale analysis allowed

Carney & Dick (2000a) to better quantify the factors tliat affect parasite community

structure' Carney & Dick (2000a) suggest that tlie complexity of the invertebrate host



Table 3'12' chi-square test of randomness of the parasite fauna of all sampledL3TT yellow perch (percaflat,escers)and of
individual age classes.

commuruty

Total
Expected

(number of 128.9
perch) 6

,Observed^ ng
(11Ut11Der oI

percli)

x2 o.o1

0+ perch
Expected

(nurnber of 53.78

perch)

Observed
(number of 58

perch)

x2 0.33

20.26 8.66

¿)

28.08 30.65 33.31 43.85 8.23

0.37 0.32

¿)

0.53 0.00 8.46 12.96 17.24 9.28 0.7s

3l

0.92 0.00 0.41 0.03 0.01 2.06 14.07 0.gs6

JI

Total

0.42 0.00

45

0.72 1.21 0.03 0.56 14.16

18

17.44 12.59 0.008

\ì



Table 3.12. Continued.

comtnunltv

1* perch
Expected

(nurnber of
perch)

Observed
(nurnber of

pelch)

X2

2+ perch
Expected

(number of
percli)

Observed
(nurnber of

perch)

X2

43.59 8.81

41

1.13

0.15 0.00

10.82 2.08

12.19 12.19 15.35 21.27 4.48

0.01

3.1s

Any2 >2

t1

SPP. S

l0

0.12

3.15

l5

0.06 0.41

0.65 0.87 0.02 0.49 2.32

3.76 0.75 5.89 1.40

t9

Total

22

0.42 0.01 1.33 0.75 0.00 0.i I 3.09

14.07 0.940

14.07 0.877

{è



Table 3.12. Continued.

communitv
arasite

>2* perch
Expected

(number of
perch)

Observed
(number of

perch)

x2

1s.91 8.25

15

* 
0, Enrpty; l, Spinilecíus gracilis;2. Crepiclostoti'tuti't cooperi; 3, Bunodera saccttlatct; 4, proteocepltalus pe,rs,ei; 5,

B ol hr io c ephalus cu spid atus.

4.47

0.05 0.07

1.72 1.72

0.05

Any 2
spp.

1.26

0.0s

\'J-z-

6.s3

0.30 0.44

Total

1.15

Crit.

0.33 1.15 ¿.+J 14.07 0.932

\ì



Table 3'13' Chi-square test of randomness of the parasite fauna of all sampled rriangle Lake yellow per.ch (perccrflave.sce,s)

and ofindividual age classes.

conrtrruntty - J a sPP. spp. Total Crit. P

Parasite

Total
Expected

(number of 93.73
perch)

,Observed^ D6(number ot
perch)

x2 ll.ll

0* perch
Expected

(number of 66.23
perch)

Observed
(nurnber of o /

perch)

x2 o.ol

:-.- o 1 z 3 4 Anv2 >201234

36.88 76.22 12.73

15

12.98 4.85 1.76 0.89 0.98 8.22

5l

1 1.15 60.33 9.96

0.00 0.91 1.84 4.80 0.22 0.00

68

X

0.00 0.01 0.01

t9

40.79 12.s9 0.000

0.13 0.22 0.00 0.39 9.49 0.996

\l



Table 3.13. Continued.

Parasite
comn-runity

1+ perch
Expected

(number of
perch)

Observed
(number of

perch)

X2

2+ perch
Expected

(nurnber of
perch)

Observed
(nurnber of

perch)

x2

38.67 7.18

J/

23.06 4.r3

0.07 0.00 0.04 0.00

24

6.20 6.78 14.58 1.64

Any 2

0.95

/z

8.36

X

1.26 0.47

Total

0.65

t.t4 0.0s 0.6s 1.97 t2.sg 0.922

X

14

Crit.

1.35 26.60

0.02 0.2s

9.84

0.09 0.01

27 l0

0.00 2.10 12.59 0.901

-.1{



Table 3.13. Continued.

Parasite
.+

communrtv

>2+ perch
Expected

(number of 6.68
perch)

Observed
(nurnber of I I

perch)

x2 2.7g

6.51

- 
0, Enrpty; l, Spinileclus gracilis;2, Crepidostontunt cooperi; 3, Bunodera saccttlaÍa; 4. proteocephalus pearsei.

19.70 t.27

1.89

18

Any 2
spp.

1.40

0.15

\1/¿

29.94

0.06 0.12

X
Total

9.49

11)¿

X
Crit.

0.14 0.03 5.17 12.59 0.648

\ì
co
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Table 3.14. Nestedness of yellow perch parasite conmunities in f-our Canadian Shield

lakes with 500 randornly distributed matrices.

L239 L240 L377 Triangle L.

Observed fill
(%)

Observed Z
value

Simulated Z
value

P value

19.s

17.45

54.93 + 1.67

2.12 e-73

32.8

16.32

67 .33 + 1.69

3.54 e-104

t6.4

19.44

46.41 + 2.17

2.77 e-33

40.4

14.64

66.22 + 1.78

3.80 e-99
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community and the way the f,ish host utilises the available prey types affect the

cornposition of parasite assemblages. Lake trophic status plays an indirect role by

controlling the abundance and richness of the invertebrates.

Parasite communities

All yellow perch satlples shared ten parasite species. Of these te¡ parasites, three

(P' pearsei' C. cooperi and U. adspectus.) are members of a suite of four enteric and o'e

ectoparasite which are predictably associated with yellow perch at the broad continental

and fine, local scales (Carney & Dick 1999,2000a). In fact the presence of the strict host

specific (Cone & Burt 1982) (J. adspectus produced intersample similarities higher than

90Yo' Tlte relative abundance of enteric and allogenic parasites varied wiclely but resulted

in total percent sirnilarities that were higher than most interlake comparisons in the

Carney & Dick (2000a) study. The othel two members of this group, Boil,triocephalus

ct'rspidatus and Dichelyne cotylophora were found in one and none of the lakes

respectively. This evidence further supports the proposal that at least a portio¡ of these

species are predictably part of the parasite community of yellow perch. It would appear

that as scale becomes finer than taxonomic preclictability increases as a result of greater

sharing of species richness and abundance between lakes but it rnay also be related to

these unperturbed systems (see discusison below).

Host characteristics

Host specificity, behaviour, feeding habits, physiology and physical characters of

the host (size, age, sex) have all been implicated as factors affectirig parasite cornmunity

structure (Dogiel 1958, Chubb 1970, Escli er ctl. l975,Kemredy et ctl. 19g6, Aho & Bush

1993, choudhury & Dick 1998, zermer & Ar-ai 199g, carney & Dick, 2000a). such
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clraracteristics have been used to explain the parasite fauna of perch (Ze1ner & Arai

1998, caniey & Dick 2000a), sturgeon (choudhury & Dick l99g), salmonids a¡d

cyprinids (Chubb 1970).

Zelner &. Arai (1998) predict tliat long-lived allogenic parasites increase in

abundance with host age and short-lived enteric or ectoparasites will accumulate with

host size. ELA yellow perch size increases as they age and while there is gr-eat size

variation within an age class there is little overlap between age classes until

approximately 3+ or 4+ unlike most perch populations (LeCren 1947, Scott & Crossman

1973, Noble 7975, craig 19g7, Boisclajr &. Legget lggga,Mills e¡ at. l9g9). Sexual

size dimorphism is also quite pronounced during the middle years of tliese perch. There

are highly significant correlatious between size of the perch and not o'ly the short-lived

enteric and ectoparasites but also with the allogenics in all but Triangle where alloge¡ics

dominate. Age correlations show an identical pattern and this disagrees with Ze¡ner &

AÏai (1998). If allogeuics are more likely to accumulate with host age then the lake with

the most abundant allogenic parasites and the largest longest-lived perch should show

significant correlations with parasite species intensity and abundance. These data do not

entirely support the predictions for yellow perch parasites by Zelmer &. Arai(I99g). It

rnay be that these predictions simply worl't work in small nutrient poor yet relatively

parasite ricli shield lakes.

Sex has rarely been successfully linked to parasite community structure.

Lawrence (1970) found stnall correlations with sex for wliite sucker parasites and Carney

& Dick (2000a) found that male perch in Dar-rphin Lake, Manitoba had significa¡tly

highel intensity and abundance of allogenics and enterics than female perch. No such
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correlations could be found in bowfin, Anti¿t cult,ct (Aho & Bush 1993), Atlantic croaker

(Micropogoniu's tmdulalus) and spot (Leiostonttrs xctnthurtts) (Thoney 1993), a¡d lake

sturgeon (Acipen'ser.fulvescens) (Choudhury & Dick, 1993). Yellow perch parasites

particularly enteric and ectoparasites in this study are correlated with host sex. L377 ancl

Triangle Lake show the most host-sex parasite correlations. O¡ly enterics inL377 cannot

be signifìcantly correlated witli sex and this is likely due to the s'rall enteric fauna

present in this lake (proportional al¡undance is only 0.06). Perch older tha¡ 4r are

predominantly large females. The large surface area for attachme¡t to the gills would

explain why fernales have significantly greater ectoparasites than males. Ilowever,

relative to small perch these few large females actually have a reduced enteric fauna

likely due to diet (largely piscivorous) and would not be a factor influencing parasite

corelation with sex in Triangle Lake. Age 3+ and 4+ females in this lake are

signihcantly larger than the males and feed on a richer variety and increased quantities of

invertebrate fauna thus exposing fernales to greater numbers of infective intermediate

hosts. This could explain the observed sex-linked parasite community differences i¡
Triangle Lake' InL239 attdL240 where sexual dirnorphism is not as pronounced there

are still some strong correlations between sex and in particular enteric parasites. This

suggests that factors such as differential susceptibility of rnales and fernales or alternate

feeding strategies may influence correlation with sex. Male per-ch rnay be choosing

microhabitat that has a decreased abundance of infective invertebrates.

Predictabilify

Predictability in freshwater fish parasite communities stems from the consistent

pl'esence of a specific group or groups of parasites in all samples. The abundance of
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these groups differs from that expected by chance. Kennedy (1990) suggested tliat

fi'eshwater fìsh parasite communities are stochastic assemblages. Carney & Dick (1999;

2000a), ltowever, found some structure and predictability in parasite infracom¡runities

and cotnponettt communities of yellow perch. It is suggested that for predictability of the

parasite community to be more likely there needs to be increased similarity of ¡ost

attributes within and among samples (carney & Dick 2000a).

Yellow perch in this study do show some predictable components to their parasite

assetnblages. I{ost attributes between L239 and,L240 arñbetween L377 andTriangle

Lake are silnilar and parasite faunal similarities are also relatively high. I¡ fact, what

seems to be the driving factor for predictability in these systerns is the proportio¡al

abundance and mean species richness, intensity and abundance of the enteric parasite

fauna' Both L239 and Triangle total yellow perch samples are significantly predictable

and botli have high enteric proportional abundance (about 20%). L377 hasthe lowest

abundance of enterics and with oue exception (0+ perch have rnore B. sacculata, p.

pecu'sei and ß. cuspidatus in combination than expected) all parasites and combinations

of parasites show no deviation from the expected values. This agrees with the results

observed by Carney & Dick (2000a). The three samples of yellow perch with predictable

parasite communities all had high nurnber of enterics and high total species richness

(Carney & Dick 2000a). The three lakes with conpletely random assemblages had a

very poor enteric fauna (Camey & Dick 2000a). Age of yellow perch ¡ray also be a

factor determining parasite predictability. Perch older than 2+ inLZ39 and L240 show

predictable parasite communities and, althougli older Triangle Lake perch do not have

pr'edictable fauna, the trends are still there. Fish witli no parasites, a single species
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infèction in each and a certain combination in each system all in numbers greater or

fèwer than is expected by chance contribute to predictability. In fact, unlike yellow perch

parasites in tlie Carney & Dick (2000a) study, single species infections and no infections

are often not at frequencies that are consistent with predicted values determi¡ed by

prevaleuce. Even when the overall community is a random one the least randorn

component is often a single species infection. This suggests that in certain instances

different parasite species are acquired alone or with others more often tha¡ expected.

The particular combinations of parasites tliat appear rnore often in perch liosts in L239

and L240 and cause predictability in older perch fauna are largely parasites that are

transrnitted through benthic invertebrates such as arnphipods and mayfly nymphs. Fisli

are only a small part of the diet of older fish in these two lakes and so the older fish are

predominantly benthivores and this is reflected in the predictable parasite

infracommunity. The inclusion of a copepod transmitted parasite p. ¡tecu',rei i¡ all these

combinations suggests that zooplankton is at least still a minor part of the cliet of older

and larger perch in these two lakes. The combination causing predictability of 0* perch

fromL377 is three parasites which are all transmitted by copepods. At that age perch are

almost exclusively zooplanktivores and since zooplankton is more abunclant in this lake

to begin witli the possibility of instant infracommunities being passed on to young perch

seems more likely. The predictable iufracommunity in Triangle Lake perch co¡res from

a combination of benthos and zooplankton whicli are not a part of the diet of ma¡y per.ch

older than 2+ in this lake. older perch have srvitched to piscivory.



Nestednes, '*'

Nestedness can be used to search for structure in freshwater fish parasite

conrnrunities (Guegan & Iìugueny 1994, Carney & Dick 2000a). If a parasite community

is nested then the potential species present in a host with a poor infection are a subset of

those found in a host with a rich assernblage (Atrnar & Patterson 1993). The alternative

is that the species present in both poor and rich infracommunities are ranclom samples

fi'ollì a pool of available parasites (the cornponent comrnunity). If nestedness and thus

structure can be established for a parasite community then this can be used to preclict apcl

clescribe other aspects of host and parasite community ecology (Esch et al. 1990).

Carney & Dick (2000a) showed ubiquitous nestedness in yellow perch samples that had

different parasite richness, poorly filled matrices, colrìe from very trophically different

systems and show little host specificity. At the even finer scale in ELA, nestedness

appears to be even more pronounced. Fill rates are the highest a¡d T values the lowest i'
tlre sarnples with the highest proportion of allogenic species (L240 a¡d Triangle Lake).

There are several factors that can lead to nestedness. Carney & Dick (2000a) suggest that

differelitial susceptibility to infection due to age, size or sex of the host may prornote

nestedness although their data did not strongly support this hypothesis. perch in this

study did show strong correlatious with all host attributes and diffèrential susceptibility is

therefore one likely cause ofnestedness. From a list ofother factors causing nestedness

(Wriglrt & Reeves 1992, Wright et al. 1998) three (passive sampling, seque¡tial

colonizing ability, or differential extinction) may also play a role in these systems.

Passive sarnpling arises from the probability that abundant species are fou¡d in more

hosts than rare ones. Sequential colonizing suggests that parasites will infect the hosts at
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different times. While there are parasite taxa wliich are infèctive to perch at different

tinres of the year data from these systems show that rnost of the local conponent

community peak in the summer and only a few peak in the fäll (Chapter 2). This i¡rplies

that sequential colonizing may not be as important a factor in these shield lakes.

Differential extinction where some parasites are seasonal, short-lived and some are

chronic, long-lived cannot be ruled out as a cause either. Tlie two systems that are the

most nested also happen to have the rnost abundant allogenics, which does i¡rply that

clifferential extinction may be contributing to nestedness. Still, parasite communities can

be useful models for observing and explaining nestedness in community ecology.

Diet

The diet of any given host can greatly influence the composition of its parasite

fauna (Dogiel 1958, Kennedy et al. lgSl,Choudhury et cil. 1996, Choudhury & Dick

1998, Carney & Dick 2000a). Even though stomach contents only represent short term

feeding strategies (Persson 1979.1981) they can still be used to predict parasite

assemblages. A study of the food habits, parasite faunaand stable isotopes (whichreflect

long term feeding patterns) would be very useful for better understanding a host,s

interactions with its biotic environment.

Yellow perch are higlily opportunistic predators (Scott & Crossma n 1973, Craig

1987) and show little host specificity and so are susceptible to several species of

parasites. Perch in this study had the most diverse sarnpling of stomach contents of all

fish with l3 different types (Chapter 2). Everything fì'om rnacrophytes to a frog was

found in perch stomachs. There were variations arnong lakes that were also reflected in

parasite cotnmunities. The greater richness of arnphipods available to L23gpelch and



their prefelence of this food type over other benthos in the diet is reflectecl i' the Oururrlåt

community particularly when comparing with the neighbouring L240 (with a poorer

arnphipod fauna). Pomphorhynclus bult:ocr¡lli is founcl only i¡ L239 perch and. E.

salmoni's is about 25 times more prevalent. Most insect transmitted parasites inL239

slrow reduced prevalence and intensity. The much larger abundance of R. ctctts inL240

fish is rlore a reflection of a larger population of pike, wliich can sustain a larger

populatiori of adult worrts than of dietary difference between the two lakes.

L377 percl't have a greater proportion of zooplankton than benthos in the diet but

parasites fi'om both sources are reduced. The only time the parasite community of L377

perch was predictable was during the zooplankton feeding stage and it was caused by a

combination of three copepod transmitted parasites. Since perch are not specialist

feeders they rnay be getting outcompeted for certain resources by fisli that clo specialize.

The presence of two species of planktivorolrs fish one of which is abundant (spottail

shiner) rnay limit tlie availability of zooplankton despite greater abu'dances i' this lake.

In particular, available infective copepods rnay be reduced especially by cisco, which are

lrighly efficient at filtering stnall zooplankton from the water. L377 perchdo show a

much greater proportion of cladocerans than copepocls in their diet despite much greater

copepod abuudances in the epilimnion (Salki lgg3,1995). Perch also reach larger

nraxinrutl sizes in this lake than in L239 and,L240 and,rnay quickly switch over to a

larger food source. The availability of a reduced benthic fauna may be ftrrther

compromisecl in a system with abundant large white suckers. White suckers are more

efficient benthivores than perch and may outcompete ancl in some cases cause stulting of

perclr popr-rlations (Hayes et al. 1992). This could also explain why L377 perchas young
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as 1* and 2+ have already begun to prey upon yolnlg perch and minnows. Fish ¡ray be

the only readily available food source (especially with the large minnow populations i¡
this lake) and in these shield lakes the only parasites that can be transmitted to

piscivorous perch are laterally transferred P. pear,sei and R. crcus (only present in two

lakes).

Triangle Lake percli show reduced zooplankton in the diet and increased benthos

and fish. Tliis is reflected in the parasite community with greater prevalences of be¡thic

parasites like C. cooperi and ,S. gracilis and reduced numbers of copepod derived

parasites like P' ¡tearsei and B. sacculaïa. However, recluced abundance of amphipods i¡
this lake has sirnilarly reduced the presence of aniphipod transrnitted parasites in the

community. As per the lakes in the Carney & Dick (2000a) study which had poorer

invertebrate fauna (like our shield lakes) parasites that are transmitted through the foocl

contribute greater to overall richness than to abnndance. It is the directly transmitted

parasites in these systems that are contributing to rnost of the parasite abundance.

Other biotic and abiotic factors

The different mean and maximurn depths of these shield lakes may be i¡directly

influencing parasite community cornposition. The two cleepest lakes (L23g andL377)

have the most speciose yellow perch parasite faunas. Lake depth will also influence the

composition of other biotic communities in the lake. Non-host specific parasites typical

of species of fish and invertebrates that prefer deeper lakes (lake trout, burbot, some

amphipods) can tlierefore be found in perch in these lakes (acanthocephalarrs especially).

The diversity of the local fish community at the familial level appears to have a

greater impact on the parasite cotnmunity in pelch than simply the number of fisli species
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present. L377 and Triangle Lake contain the greatest number of fish species however

Triangle Lake perch have fèwer parasite species than any other lake. The fish lâuna of

Triangle Lake includes only four families ancl only one of those families (Cyprinidae) is

represented by tnore than one species. The fish fauna of L3TT however includes sevell

faniilies while six are present in the other two lakes. The presence of pike and salmonids

in particular seerl to influence the parasite species available to infect yellow perch both

of which are absent from Triangle Lake. So even within a sample of nutrie¡t and biota

poor sliielcl lakes there can be significant parasite community cornpositional differences

caused by the local absence of certain major groups of fìsh and/or invertebrates.

The analysis of yellow perch commurities at a very local or fine scale within

abiotically siniilar sliielcl lakes has helped to further qua¡tify the various fäctors

influencing lacustrine parasite faunas discussed by Carney & Dick (2000a). Additionally

it has sliown that despite the lower nutrient levels and s¡raller invertebrate and fish

communities in these shield lakes relative to larger prairie lakes there remains a highly

predictable component to parasite cotnmunity structure and that biotic, not abiotic factor-s

are the greatest predictors.
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CHAPTER 4: Parasite effects on the survival, growth and reprocluctive potential of

yellow perch in Canadian Shield lakes.



INTRODUCTION 
I9I

Few studies have focussed on perch and the effects of their diverse parasitofauna

(Poole & Dick 1984,Szalai & Dick l99l,Szalai et cil. 1992) ar-rcl the irnpact of parasitism

on perch is relatively utrknown. Szalai & Dick ( 1 991) and Szalai et at. (1992) reported

tlrat tlre nematode, R. ocus, significantly increased the mortality and recluced growth (as

tneasured by round weight) of yellow perch in a large productive lake. A prelirni¡ary

study of yellow perch in srnall nutrient-poor Canadian shield lakes in northwestern

Ontario indicated that three parasite species occurring at higli prevalences, i¡tensities,

and densities appeared to affect perch growth and gonad weiglrt. The objective of the

research in this chapter was to evaluate the effect of these parasite species on growth,

repr'oductive potential and survival of yellow perch. The premise was that if parasites

influenced certaiu aspects of perch growth there must l¡e trade-offs between growth,

survival and reproduction arid this will be more pronounced during tlie initial stages of

sexual maturation. These interactions would likely be best expressed by cha¡ges i¡
weight of soma, gonads and storage fat.

METHODS AND MATERIALS

Parasite identifïcation and distribution

Of the 17 species of parasite reported frorn yellow perch (Chapter 2) o¡ly three

species (Glugea sp., A. brevis and R. actts) were considered to have detrimental effècts on

pefch. Identification of the Microsporidea in the genus Gltrgeawas based on criteria

outlined by Dykova (1995). Glugea sp. xenomas were identified fì-om the intestine a'd

visceral fat ofperch from all four study lakes but occurred at high prevalence and

intensity in fish fromL23g andL240. While metacercariae of A. brettis were found at
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low intensities and densities in perch in all lakes they were found at higli i'te'sity/de'sity

only in Triangle Lake' Raphidascaris ctcus larvae were locatecl in the liver of perch frorn

L239 andL240but in higli densities only in L240.

Partitioning fish and parasite data for analyses

Since there was no significant sexual size dimorphisrn in perch age classes < 2+,

males and female datafi'orn all fourlakes for Glugea sp. and A. brettis i'fèctions were

pooled for l-tests. Figure 4.1 is plot of intensity or density for the three parasite species

and perch meall length to detennine the point at which length started to decrease. The

infìection on graph was the partition point between low a¡d higli level i'fectio's (for /-

test analyses)' Length of perch infected with Glttgec sp. ancl A. brettis were similar, but

smaller, than perch infected with R. acus. Since perch length and R. acus d,ensiTies were

correlated decreases in length at different parasite densities were parasite-induced a¡d not

artifacts of age-related length trends. The mean length of perch infected with Glrtgea sp.

decleased wheu parasite numbers were >50 xenomas (Fig. a.1). I{owever, due to small

satnple sizes f.or hosts with 50-I00 xenomas infèctions, I00 was chosen as the boundary

between high and low intensities. The mean length of perch infècted with L brettis

decreased when densities >50 cysts/g and again when density was >100 cysts/g (Fig.

4.1). Sarnples were partitioned into <100 and >100 cysts/g groups when numbers of hsh

were sufficient for statistical analyses but when there were too few fish with >lggcysts/g

groups of <50 and >50 cysts/g were used. Since the mean length of perch infected with

R. ctct'ts decreased only between densities of 25-100 larvae/g tlie miclpoint (50 cysts/g)

was used as the boundary for comparisons (l-tests).
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Figure 4. 1 . Mean total length ( + 95%CL ) of yellow perch infected with five different

ranges of intensities of Gluge¿7 sp. xenomas (age 0.25-0.92 perch, dashed li¡e), a¡d

densities of A. brevÌs. cysts (age 0.33-0 .92 perch, solid line) and, RaphicÌascaris acu,ç

cysts (age 1.92-4.25 perch, dotted line). Numbers at each point : sa¡rple size.
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Statistical analyses 
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Intensity in this chapter (as per Chapter 2) refers to the number of parasites per

infected liost (Margolis ¿r al. 1982) and density refers to the number of parasites/g

infected tissue (Poole & Dick 7984,Szalai & Dick 1991). Ratios and percent values

were transformed prior to statistical analyses as described by Sokal & Rohlf (1981).

Ratios were square root transformed and percent values were arcsin transformed.

Transformed means and confidence intervals (95%C.1.) obtained from statistical analyses

were then back transformed for presentation in the results (Sokal & Rohlf l98l ).

Parasite-induced mortality was suggested when the variance-to-mean ratio (VMR) of

parasite intensity or density was highest in the youngest fish and lowest in the oldest fish

and when the slope of the regression of log mean vs. log variance (LMLV) was

significantly (P<0.05) less than 2.0 (Anderson & Gordon 1982, Kennedy 19g4).

Frequency distributions were plotted for Glugea sp. and A. l:revis infections to deterrnine

if the length/weight structure of the host population changed over winter, and if there

were changes in parasite intensity/density between the fall and spring. Student's r-tests

were used for all pairwise comparisons for all three parasite species a¡d P<0.05 was

consiclered significant. A sequential Bonferroni technique (Rice 1989) was applied to the

P values of the /-tests, by parasite species to reduce the chance that multiple /-tests would

produce sorne falsely significant results.

RESULTS

GIugeø sp. infections

Tlie highest mean intensity of Glugea sp. xenomas in intestinal walls of perch

fi'onr L239 andL240 was -1000 in early autumn of their fìrst year (September , 0.25 year
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old sarnples) (Fig. 4.2a). By the following spring rnean intensities had decreased to -200

xenoûIas and contiuued to decrease to <50 xenomas in age 3+ fish. VMRs were, in

autuntn-collected YOY, -2500 and decreased to <500 in the oldest fish (Fig. 4.2b).

Prevalence of Glugea sp. also peaked in autumn collected YOY lèmales (l l%) and rnales

(56%). Prevalence of Glugea sp. decreasedto -2o/o in fish >2.92 years. I¡ perch infected

with >1000 Glugea sp., xenomas fully enveloped the intestine often in two or more

layers. Heavily infected perch were typically small, emaciated, had no food in the gut

and little or no visceral fat. The slope of the regression of LMLV was significantly <2.0

for fernales (log Var: 0.82 + 0.28log M, rz :0.76, p: 0.004) and males (log var :0,17

+ 0.45log M, 12 :0.95, P :6.4310"'u).

Perch witli <50 xenomas decreased significantly in meau size from the fall to

spring sample (r-test). Total length and sornatic weight of fall collectecl yoy (0.25 and

0.33 yrs) and summer sarnpled 1+ (1.08 yrs) perch showed tliat perch witli >100 xenomas

wer'e significantly smaller (P<0.05) than fish with <100 xenomas (Figs. 4.3a,b). Mean

percent gonad weiglit was significantly lower in heavily infected fall collected yOy

perclr (Fig.4.4a). Mean percent gonad visceral fat weights of perch with <100 xenolnas

decreased significantly overwinter (Figs. 4.4a,b). Percent gonad weights were higher

and visceral fat weights lower in perch with >100 xenomas following their first winter

but these tlends were not significant. There wele no significant changes in G:Fy ratio.
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Figure 4.2. (a) Mean intensity of Glugea sp. xenomas infecting fernale (squares) and

nrale (circles) yellow perch intestines frorn L239 andL240. (b) Variance:mean ratio

(VMR) of Glugea sp. xenomas infecting female (squares) and niale (circles) yellow

perch intestines from L239 andL240. Fish >1 .92 years were poolecl in both figures

due to low prevalence (2Yo of I97 fish infected).
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Figure 4.3. Mean total length (a) and somatic weighr (b) ( t gs%CJ.) of 632 young-of-

tlre-year yellow perch from L23g andL24O with low (L) and higli (l-l) intensity

Glugea sp. infections. Numbers at bar : sample size, a: significant size differe¡ce

(P Í 0.05) within one sample period b : significant size difference (P < 0.05) for

low levels of parasites (L) following the over-winter period. The ages of fall and

spring sampled perch are 0+ and the surtmel sarnpled perch are I *,
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Figure 4.4. Meanpercent gonad weight (a), percent visceral fat (b) and G:Fu ratio (c) ( +

95%CJ') of 632 young-of-the-year L239 and,L240 yellow perch with low (L) a¡d

high (I{) intensity Glugea sp. infections. Numbers, a, b are as designated for Fig.

4.3.
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Comparisons of fi'equency distributions of total length of yellow perch (Fig. a.5a)

revealed that hosts <5Omm were essentially absent in the infected population in spri¡g

but not the uninfected population (Fig.4.5b).

Apop h al I us brevis infections

Prevalence of A. brevir was 100% in both sexes and all age classes of fisli i¡
Triangle Lake. Density in muscle peaked in age 0.92 males (-120 cysts/g) apd 0.33

fenrales(-110cysts/g)anddecreasedto<l0cysts/ginbothsexes>2.92years(Fig.4.6a).

VMR peaked in age 0.92 males and 0.33 females with V values of -20 and 43,

respectively (Fig. 4.6b). None of age 0.92 perch had <50 cysts/g a¡d few perch >0.g2

years old had >50 cysts/g. A plot of A. brevis cyst clensities and age of perch showed

that densities peaked in young, small fish but were lowest in old, large fìsh (Fig. a.6b).

Tlre regression slope of LMLV was significantly <2.0 for-females (log V : 0.3 + 0.47log

M, t'2 :0.82, P: 5.55 l0-05; but not significantly <2.0 for rnales (log v : 0.g6 + 0.2glog

M, 12:0.40, P: 0.051).

Somatic weight and length of perch (ages 0.92 and L92) witli >100/g and >50/g,

Iespectively, of A. l:revi'v were significantly reduced compared with perch with <100/g

and <50/g, respectively (Figs. 4.7aand,b). Length of agel .g2perchof both sexes

decreased by -10 mm when A. brevis density was >50/g. Percent visceral fat, percent

gonad weight, and G:Fv ratio did not vary signif,rcantly with increasing parasite level

(Figs' 4.8 a, b and c). However, 0+ May perch with heavy A brevi.ç infectio¡s showed

decreased gorrad weight while all other age classes showed increased gonad weight with

increased parasite density. I-tests revealed that the difference, although not sig¡ificant

after Bonferroni adjustmeut, was a result of diffelences in male gonad weights only.
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Figure 4.5. Total length frequency distribution of pre-winter and post-winter yoy

yellow perch (September, October and May samples). (a) Combined sa¡rple of i¡fected

and uninfected YOY yellow perch from the sample periods. (b) U¡infected yOy yellow

perch frorn the sample periods.
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Figure a'6. (a) Density (cysts/g rnuscle) of Apophallus brevis cysts infecting female

(squares) and male (circles) yellow perch frorn Triangle Lake. (b) Varia¡ce:mean

ratio (VMR) of A. brevis cysts infecting female (squares) and male (circles) yellow

perch from Triangle Lake. Fish >3.92 years were pooled in both figures due to

srnall sample sizes and low prevalences at older age classes.
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Figure 4.7. Mean total length (a) and somatic

Lake yellow perch with low (L) and high

Numbers above each bar: sarnple size, a

within an age class.

weiglrt (b) ( I 95%CJ.) of 182 Triangle

(H) density A¡tophallus brevis infections.

: significant size difference (p < 0.05)
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Figure 4.8. Mean gonad weight (a), percent visceral fat (b) and G:Fu r.atio (c) ( +

95%C.1.) of 182 Triangle Lake yellow perch with low (L) and high (H) de¡sity

Apophallus brevis infections. Numbers and a as designated inFig. 4.7.
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Rnphirloscaris acusinfections 
212

Density of R' acus cysts in the liver of male and female yellow perch fromL240

peaked at age 0'92 (75 cysts/g) and again at age Lg2 (100 cysts/g) (Fig. a.9a). De¡sity

remained between 75 and 100 cysts/g liver in older males ancl decreased in older females

(Fig. a.9a). The greatest density,268 cysts/g liver, was fot¡nd ina7.25 year-old male.

The VMR for both sexes varied witli host age and particnlarly large fluctuatio¡s were

found in age 2.33 and 3.08 males and age 4.08 females (Fig. 4.gb). Large fluctuations in

VMR in older perch were the result of individual fish with >200 cysts/g and s¡rall age

class sample sizes (Fig. a.9b). Prevalences increased fi'om 30% at age 0.92 to lO0%by

age 3 '92 for both sexes. The regression equations LMLV for females (log V : 1.09 +

0.24logM, r2 :0.83, P : 5.5410-06) and males (log V : 1.05 + 0.24logM, 12 :0.:g, p :

0'0003) wele significantly <2.0. The rnean intensities of R. ctctts cysts in fernale livers

were similar to the intensities in male livers in each age class (Fig. a.I0). The de'sity of

cysts was higher in males than in females fi'om ages I to 3 and higher in yOy and 4+

fernales than in males of the same age (Fig. a.l0).

Only the percent visceral fat weight and G:Fy ratio differed significa¡tly between

perclr with low arrd high R. acus densities (r-test) (Fig. a.t l). The shape of the curve of

percent visceral fat vs. age in all perch was similar between <50 and >5gcysts/g with

peaks aT age I+. However, percent weight in perch <2 years old was higher i¡ fish with

<50 cysts/g than those with >5Ocysts/g. The growth rates were similar in age >2+ perch

witli <50 ancl >50 cysts/g (Fig. a.1 1). The G:Fy ratio of fernale perch increased initially

at both <50 and >50 cysts/g but at <50 cysts/g growth plateaued at age 2+ wliile the

G:Fv ratio in perch continued to increase with high densities (>50cysts/g) of ,R. crctts (Fig.
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Figure a.9' (a) Density (cysts/g liver) of Raphiclascaris ctctts cysts infècting female

squares) and male (circles) yellow perch fi'orn ancl L240. (b) Variance:mean ratio

(VMR) of Raphidascaris acus cysts infecting female (squares) and male (circles)

yellow perch îromL240.
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Figure 4.10. Density (squares) and mean intensiry (circles) (!gs%c.I.) of

Ra¡thidascaris acus cysts in the livers of different age classes of female (solid line)

and male (dashed line) yellow perch fromL240. The upper x-axis values : yellow

perch age classes, the lower values : male and female sample sizes (n).
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Figure 4'11. Mean visceral fat weight and gonad:visceral fat ratio (!95% C.L) of 249

fenrale, (a) a'd (c) respectively, and 2l l 
'iale 

L240 yellow perch (b) and (d)

respectively, at each age class (0+ to 4+) infected with low (<50 cysts/g, solid line)

and high (>50 cysts/g, dashed line) densities of Raphidasccu.is acus cysts i¡ the

liver. Numbers at each point: sample size.
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4'11). The G:Fv ratio of male perch was higher in fish wifli >50 cysts/g for all but the 0+

age class (Fig. a.11).

Mean length and somatic weight of female and male perch usually increased

wlren R. acus infections were >50 cysts/g but never significantly (Table 4.1). Perce¡t

female visceral fat decreased with parasite density until age 3+ but a significant decrease

occurred only at age 1+. Percent female gonad weight showed no signif,rcant changes

from low to high infections. The G:Fy ratio was higher in females with >50 cysts/g for

all but age 2+ f,rsh, but the difference was never significant. Percent visceral fat in males

was insignificantly higher in fish with R. acus densities <50 cysts/g (Table 4.l). Gonad

weight of males decreased significantly with parasite density only in YOy perch. Tlie

G:Fv ratio of males increased significantly with increased parasite densities in age 1+

perch and insignif,rcantly in age 2+ fish.

DISCUSSION

The data show that the survival and growth of yellow perch were affected by three

species of parasites in different ways. Overall growth is a con'rplex process, especially in

north temperate regions and there are interactions among stored energy, sexual

maturation and somatic growth. Furthermore, since each parasite infected different

organs of the host their effects on the host differed. Although Glugea sp. xenomas and R.

acus larvae were recovered from L240 yellow perch they are analyzedand discussed

separately because of the lack of significant overlap between these parasites in the same

system. High G|ugea sp. intensities were found in YOY but were rare in older perch,

wlrile lriglr R. qcus intensities were not common until age 2+. perhaps a yoy perch that

survived a Glugea sp. infection was more susceptible to R. acus but this carutot be



Table 4.1. Student's /-test values for five growth parameters of female and male yellow perch fio¡r L240 infected r,vith

Raphidascaris acus cysts in the liver. All fish have lor,v and high densities of <50 cysts and >50 cysts respectively. U'derlined

means are significantly differeut fi'om other means for the same parameter for that sex at the P : 0.05 sig¡ifrcance level.

AGE

(vrs)

Mean Total

length (mm)

(+ 9s% cJ.)

Low High

U)
rJì¡
àr!rr. l+

N,

0+ 29/32 55.7 56.4

(2.03) (1.38)

ßD5b 79.7 77.2

(2.27) (4.43)

13t29" 105 106

(4.53) (3.42)

Mean Somatic

weight (g)

(+ 9s% cJ.)

Low High

2+

Mean Visceral fat

weight

(Yo total weight)

(!es% ct.)
Low High

1.49 1.52

(0.1s) (0.16)

4.52 4.12

(0.3e) (0.76)

10.6 10.9

(1.40) (1.04)

Mean Gonad weight

(Yo total weight)

(+ 9s% cJ.)

Low High

0.01 6.4x10-3

(1.5x10-a) (2.6x10-4)

1.5x10-2 8.3x10-3

(l.0x1o-4) (3.3x10-3)

5 .8x I 0-3 5.3x I 0-3

(8.7x10-4) (1.2x10-4)

0.33 0.36

(3.oxl0-3) (4.ox1o-3)

Mean G:Fy ratio

(+ 9s% cJ.)

0.60

(8.6x10-3)

0.80

(0.0e)

Lorv High

0.65

(0.02)

0.88

(0 03)

1.30

(0.01)

1.43

(0.0 r )

5.59

(1.2s)

2.06

(0.05)

2.19

(0.07)

3.84

(0.12)

ì\)
t\)



Table 4.1. Continued.

AGE (yrs) N"

Mean Total

length Qnm)

(!es% cJ.)

Low High

(n
r!
Fì

¿r!
tri

3+ 9ß(

Mean Somatic

weight (g)

(+ es% cJ.)

Low High

(n
n
Fl

à

125 127

(2.7e) (s.4e)

0+ 29/27 s8.4 56.2

(2.26) (1.74)

84t28 76.7 80.9

(1.s3) (3.1e)

Mean Visceral fat

weight

(o/o total weight)

(!es% ct.)
Low High

1+

18.7 19.3

(1.5s) (2.87)

3.2x10-3 3.9x10-3

(2.4x104) (t.6x1o-4)

1.65 1.52

(0.20) (0.16)

3.89 4.59

(0.23) (0.s2)

Mean Gonad weight

(Yo total weighr)

(!es% cJ.)

Low High

0.01 6.6x10-3

(1.8x10-4) (1.9x10-4)

0.02 0.01

(1.9x10-4) (3.9x10-4)

Mean G:Fy ratio

(!es% cJ.)

1.00 0.99

(0.15) (0.10)

Low

1.5xl o-3 9.2x10-4

(1.7xlo-5) (5.1x10-6)

4.4x10'3 4.8 xl0-3

(r.2xr0-4) (1.8x10-4)

8.06 8.62

(r.27) (0.5s)

High

0.2t 0.23

(0.01) (0.01)

0.31 0.90

(0.01) (0.08)

N)



Table 4.1. Continued.

AGE (yrs)

Mean Total

length (mm)

(+ es% cJ.)

Low High

U)
trl' ì 'lr
FJ ¿'l

\<i¿

N"

o Total sample size in low/high infections.
" Sample size for visceral fat and G:Fy ratio t-tests is 72124.
'Sanrple size for visceral fat and G:Fy ratio t-tests is g123.
o Sanrple size for visceral fat and G:Fy ratio t-tests is g124.
u Sample size for visceral fat and G:Fy ratio t-tests is 7 /21.

7 t23' 96.6 97 .7

(5.s6) (3.66)

Mean Sornatic

weight (g)

(!es% cJ.)

Low High

Mean Visceral fat

r.veight

(Yo tofal weight)

(!es% cJ.)

Low High

8.35 8.4s

(r.s0) (0.e2)

9.oxlo-2 5.7 x1o-3

(8.2x10-4) (2.6xr04)

Mean Gonad weight

(Yo total weighr)

(!es% c.r.)

Low High

Mean G:Fv ratio

(!es% c.r.)

4.6x10-2 5.7 x10-3

(6.ixl0-4) (2.7x10'4)

Low

0.63

(0.0e)

Higlr

1.32

(0.13)

l!
l\)
t\)
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quantified, as there is no way to identify which older perch have had Glngea sp.

infections.

Relationship among visceral fat and weight of gonads and soma

The lowest somatic weight and percent visceral fat were found yOy perch

infected with high numbers of Glttgea sp. Declines in somatic tissue weight and percent

visceral fat were inversely related to intensity of Glttgect sp. Perhaps nutrient uptake

along the intestine is irnpaired since tlie heaviest infections had one or more layers of

xenornas completely enveloping the intestinal wall. At intensities >500 xellolïìas, Glttgea

sp. occupied visceral fat tissue and may have impaired fat deposition ancl perch with

-1000 xenolras had little or no fat remaining. In contrast, the percent weight of fernale

gorrads decreased rnarginally with increasing Glugea sp. numbers. This was not

surprising given that most of the f,rsli with high numbers of xenomas were yOy with

minimal energy requirements for gonad development. Female perch witli high numbers

of xenomas had an iucreased G:Fy ratio, which was probably attributed to a loss of

visceral fat without a corresponding loss of gonad tissue. Heavy infectio¡ could delay

sexual maturation and may cause overwinter mortality (see discussion on mortality).

Sarnple sizes of mature females with higli numbers of xenomas were small so percent

gonad weights cannot be compared statistically although the percent gonad weights of tlie

few individuals witli high infections were smaller. We cannot rule out lo¡g lasting

effects of parasitism resulting from stunting and late maturation of the over-wintering

survivors since male yellow perch mature as early as one year of age in these lakes a¡d

the decrease in percent gonad weight is signif,rcantly greater than in females. At age 0.33

(October sample) 28% of YOY male pelch with low infection intensities and,o%oof male



YOY with high infection levels were maturing. The G:Fv fat ratio also decreased in 
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males with high infections suggesting that proportionally more energy is used for fat

reselves at the end of the fìrst summer. High numbers of xenomas decreased fecundity

and delayed maturation in young males. Fecundity of females was not affected but

maturation may have been delayed.

Apophallus brevis had a significant effect on the growth of-yellow perch with the

difference between total length and weight of uninfected and heavily i¡fected fish bei'g

greatest in perch >1.08 years. Slower growth may be due to chronic high-density

exposure to this parasite during the first few years of life but the mechanism of growth

reduction is tllore obscure. This parasite induces the formation of a mineralized ossicle or

cyst (Taylot et ctl' 1994) and perhaps production of high numbers of cysts are a drain on

the perch's calcium reserves and result in reduced bone cleposition and glowth. This

rnight be an important factor in the waters of Canadian Shield lakes that have calcium

concentrations ranging from 0.82-2.15 ngll (Arrnstrong & Scliindler l97l). The effect

of A' brevis on older 0* male gonads is not surprising as these perch are reaching sexual

rnaturity. However, the increased gonad weight observed in older fìsh (fe¡rales, in

particular) with heavy infections is more difficult to explain. It is possible that calcium

metabolism is affected by increased parasite density thus affecting gonad developmelt.

Perch infected with A. acus from the ELA system did not show a reduction i¡
overall growth cliffering frotn perch in Dauphin Lake, Manitoba studied by Szalai & Dick

(1991) and Szalai et al. (1992). Reasons for this clifference may relate ro relative parasite

densities and the types of aquatic systems. There were insufficient numbers of perch

with >100 cysts/g in the present study to pennit detection of stunting similar to that
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observed in the Daupliin Lake perch (Szalai & Dick 1991, Szalai et ctl. lggz). Ilowever,

there was stunting in the few ELA perch with R, ac¿¡.y clensities >100 cysts/g a11d

especially in those with >200 cysts/g. Habitat may also have an effect as Dauphin Lake

is a larger, tlore productive lake aud has larger, f.aster growing perch than those found in

the Canadian Shield lakes.

The G:Fv ratio decreased in 2f females at a time when most fèmales are rnaturing

and require large amounts of energy for gonacl maturation. These females, if they have

liiglr densities of A. acus, aïe unable to divert adequate resolrrces fi.om soma growth to

meet these needs. Sirnilarly, males showed the same pattern of resource allocation for

heavy infections of all three parasites. Reduced gonad growth appears to be most

prolloullced in YOY males and in the oldest females. Percent weights of gonads, visceral

fat and soma were not separated fi'om total weiglit in the Dauphin Lake study (Szalai &.

Dick 1991) so it is uncertain if there was a greater effect of parasitism on gonad growtli

or on sornatic tissue, particularly visceral fat deposition. Szalai et al. (19g9) found that

tlre larval cestode Ligula intestinalis caused parasitic castration in spottail shiners

(Nolropis hudsonius) and tliat there was negative correlation with parasite biomass a¡d

fislr size. Preliminary results frorn blacknose shiners infected with L intestinctlis in

Triangle Lake show a similar effect of this parasite on gonad development (Appe¡dix

IV).

Differences in the effects of density of R. acus infections on female and male

perclr showed that host sex and R. ctcus are linked and that parasite numbers and organ

weight influence density effects. In contrast, high parasite intensities had no effect on

perch growth and provided no linkage with host sex due to variatio¡s in liver weight a'd
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the relative weight of other organs, such as gonads, in individual percli. The differences

in percent gonad weight of percli with low and high densities of R. ctcus were most

pronounced in males with the highest mean densities. Heavily infected male perch fro¡r

L240 wete smaller tlian females at all age classes >YOY, and i¡vertebrate benthos si'ce

only <10% of older males switched to fish and crayfish (Chapter 2). On the other hand,

>l0o/o of females are piscivorous by age2+ and almost 30%by age 4-r (Chapter 2) while

rnost of the remaining females consumed crayfish and large Ephemeroptera. As a

consequence exposure of females to potential second intermediate invertebrate hosts was

less frequent and of shorter duration than for the smaller males. High densi ties of R. acus

in the livers of rnale perch may have prevented the cleposition of visceral fat reduci¡g

their ability to survive over winter. In this case, host sex, trophic status and parasite

numbers are closely linked.

Mortalify

There was statistical evidence for parasite induced mortality of perch that were

infected with Glugeø sp. and A. brevis but not for those infected witli R. ctctts. Thís

evidence included modified age-density peaks, decreasing vMRs, slopes of <2.0 for

LMLV and skewed host length and weight fi'equency distributions. Tlie results agree, in

general, with reports by Anderson and Gordon (19g2), Gordon and Rau (19g2), a¡d

Kennedy (1984) but there are some differences. This study sliows that mortality a¡d

parasite numbers are correlated and may relate to liost behaviour. For example, the much

higlrer prevalences and mean intensities for Glugea sp. in YOy may be due to the

tendency of young perch to school tnaking transmission arnong individuals easier

(Dykova 1995).
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Anderson and Gordon (1982) discussed conditions tliat irnply parasite-induced rnortality

where none is occurring despite statistical evidence to the contrary. These conditions

include age-related differences in infection rates, acquired immunity, parasites with

shorter life spans than the host, mortality of a parasite greater than recruitme¡t i¡ older

hosts which decreases variability of intensity, increased susceptibility to predation due to

infection and different growth rates or susceptibilities of fish witli different genotypes

within the same system. Glugea sp. demonstrated age-related differences in infèction

rates and, although A. l:revÌs density was higliest in younger perch, the i¡te¡sity of this

parasite showed less variation. Therefore, age-related differences in infectio¡ rates may

be inrplying parasite-induced mortality in perch infected wìth Glugea sp. but not

necessarily in those infected witl't A. brevis. Acquired immunity was not likely a factor in

A. brevis infections as there was no evidence of any necrosed parasite cysts. The

potential role of acquired immunity in Glugea sp. infections is less clear, however, this

parasite was largely absent in older hosts and there was no evidence to suggest that the

absence was the result of a successful host immune system reaction. Longevity of

Glugea sp. and A. brevis are not well understood, althou gh A.brevi.s can likely persist

encysted in muscle tissue for many years. The possiblity of parasite life spans relative to

the host perch life span suggesting false parasite-incluced rlortality cannot be ruled out.

In adclition, since host genotypes are not known there may be an effect of clifferential

susceptibilty to parasites on host mortality. Increased susceptibility to predation as a

result of parasite infection is likely an indirect influence on pelch ¡rortality in these lakes

and will be discussed in detail below.
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xenomas/fish reported in this chapter are much higher than the 30 xenomas reported to

cause mortality in perch, Perca fluviatilis L., in Europe (Dykova 1995). Furthermore,

perch with high parasite levels were srnaller and had little or no visceral fat. The former

could make them tnore susceptible to predation and the latter to over-wintering rnortality

due to lack of sufficient energy reserves. Predation of YOY by larger perch was

observed in L239 and L240 and some of the identifiable prey were infected with Glugea

sp' Over-winter mortality has been observed in juvenile bluegill (Leponti,s macrochirus)

infected with blackspot (Uvutifer ambloplitls) as a result of lipid depletio¡ (Lernly and

Esch 1984).

The log-log slope for rnale yellow perch infected with l. brevis i¡ Tria¡gle Lake

was not signif,rcant but is <2.0. This non-significance may be the result of a snaller

sample of male perch (114 versus 285 females) including several male age classes with

few or no fish' Perch in these systems live to a maximum of 9 years, but <1 o/o of the

entire sample was >5 years old. Perhaps older perch in some systems spend less ti¡re i¡
habitats with abundant first intermediate hosts (shallow bays with abundant rnacr.ophytes)

despite being regularly recovered from the sanìe areas as younger fish in Triangle Lake.

Increased susceptibility to predation due to infection coulcl influence mortality in this

host-parasite system. However, the source of this predation in Triangle Lake was most

likely birds since large perch feed almost exclusively on cyprinids (Chapter 2). The

inrpoftance of A. brevis in reducing fish size, therefore increasing perch susceptibilty to

predation, is less important since gulls are less size selective than fish. Decreased

nutritional reserves rnay be a rìore important cause of over-winter-ing mor-tality in per.ch.
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To sunrmarize, evidence of the importance of A. brevi,s'inmortality of percli is equivocal

b¡,rt the effects of the parasite on growth and energy partitiorring are clear.

Increased mortality as a result of R. acus infections could not be confìrmed in

perclr ftomL240. Mortality was detected in perch in Dauphin Lake (Szalai & Dick 1991,

Szalai er al. 1992),btt the meau ages of perch were greater and few 0+ and l+ fish were

obtained, and perch had higher densities of R. acus in their livers than the perch i' this

study. Fewer than I }Yo of all perch caught in the current study had > 100 cysts/g of liver

and only lYohad >200 cysts/g. Perch with >200 cysts/g were as much as 3cm shorter

than uninfected or lightly infected fish of the same age, but the sample size was too srnall

to permit statistical analyses of the effects of such high parasite densities on perch growth

ancl nrortality. Densities of R. acus weÍe higliest in older perch, in contrast with higher

interrsities of A. brevi's or Glugea sp. in younger perch. Perhaps the higher numbers of R.

acus in older and latger female perch (Fig. 8) are indicative of lateral transfer of third

stage juveniles through piscivory, Interestingly, cannibalism is an important source of

nrortality jnL239 andL240 where >30%o of 2+ female perch fed on yOy perch (Chapter

2).

It is apparent that three parasite species influenced the growth, energy partitio¡ing

and survival of yellow perch in energy poor Canadian Shield lakes i¡ north temperate

regions. It is also evident that the effects of parasitism are expressecl at different ages of

yellow perch and that this relates to over-wintering energy reserves and the tirne of sexual

maturation. Clearly the host-parasite interaction is complex and studies evaluating

trophic feedirig patterns of fish shouìd account for the manner in which parasites may

alter host size within and among year classes ancl sexes of fish.
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CHAPTER 5: Parasites and Stable Isotopes as Pledictols of yellow per.ch Tropliic

Status.



INTRODUCTION 
231

Several experiments have shown that diet is clearly the prirnary determinant of the

isotopic ratio of an animal where the C in animal tissue is isotopically sirnilar to the diet

(C may be about 10/6s heavier than the diet in sorne cases) and N averages 3-50l..heavier

tlran the diet (Minig awa &. Wada 1984). For exarnple, broad whitefish that were

switclredfroma 11.40/¡¡ss,-21 .40/ç1¡C,7.80/¡.¡¡Ndiet toa-6.30161¡s,-26.30/s0c,9.70looN

diet had an isotopic composition that approachecl that of the seconcl cliet witli the caveat

tlrat the fish were somewhat enriched in I5N 
¡3.80/ss) (Hesslein et al. 1993). I{owever,

'5N is not very useful for determining the specific preferred prey of an animal o¡ly the

general trophic level upon which it is feeding. Fish stomach contents are only a snapshot

of the previous day or less and may not accurately reflect an animal's true trophic

position. Parasites are useful tools for predicting specihc prey conslrmed over longer

periods of time (generally for at least one year) (Williarns et at. 1992). previous trophic

studies have not atternpted to link parasite studies with stable isotope a'alysis i' a fish

population. Yellow perch (Perca.flavescens) as a species are highly generalist predators

capable of shifting trophic status depending on the complexity of local aquatic

community (Claig 1987, Cliapter 2). Much is known about perch biology (Craig l9S7)

and parasite community cornposition and patterns (McDonald & Margolis 1995,

Hoffman I999, Chapters 2 and 3). Thelefore, yellow perch make an ideal moclel species

to compare their tropliic status in aquatic systerns of differing community composition

and to explore a potential link between stable isotopes and parasite fauna an effective

indicator of trophic status. The goal of this research was to cletermine if parasite fau¡a

could be used to more accurately predict stable isotope ratios and thus trophic positio¡ of
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yellow perch in four small Canadian Shield lakes in Ontario than perch length, age or

stomach content analvsis.



MBTHODS AND MATERIALS

Stable Isotope Sample Selection

L239 1997 sanple

A total of 19 yellow perch were selected for stable isotope analysis fi.orn the 1997

L239 saniple (Table 5.1, only the non-transitional perch samples are displayed). Two

perch (both males) were selected to represent perch that were infected with few parasites

but those parasites present were derived from a zooplanktivor-ous diet. Three perch (2

females, I male) that were in transition from zooplankton to small benthos in the diet and

had a supporting parasite assemblage were sampled for isotope ratios. Four female and

one male pelch were sampled, wliich should have been largely benthivorous with some

residual zooplanktivory and may have also been initiating piscivory. These perch had a

parasite fauna that agreed with dietary predictions. Nine large perch (6 lèrlales, 3 ¡rales)

which preyed almost exclusively upon large benthos and some fish and have the related

parasites were also selected.

L239 1998 sarnple

Fourty-one yellow perch were analyzed for isotope ratios from the lggg LZ3g

collection. Twenty-six perch were selected as a sample of exclusively zooplanktivorous

fish' The infected individuals in this sample had parasites ald/or stomach contents that

reflect a zooplanktivorous diet. It is predicted that both the infected and uninfected

individuals in this sample should also show a stable isotopic ratio representing a similar

diet.

Tliirteen (5 males, 8 females) exclusively benthivorous perch were sampled for

stable isotopes' They showed infections of parasites that are acquired through zoobenthic
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Table 5. I . Sample sizes of the combined yellow perch age and sex classes used in stable

isotope analysis. Yellow perch were separated into six trophic categories from each lake

based on previously collected parasitological and dietary evidence. All perch that

showed parasitological evidence of feeding at two or more trophic levels are ¡ot

represented in this table.

Lake Observed Trophic Status

1997 Sample

L239

L240

L377

Triangle L.

1998 Sample

L239

L240

L377

Triangle L.

Zooplanktivorous Benthivorous

5

4

0

6

l3

17

J

15

Piscivorous

0

2

6

J

2

2

6

6

2

l0

5

8

26

t0

25

I
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feeding strategies even though benthic invertebrates were not always present in the

stomach coutents. It was predicted that the isotope results should show some correlation

with parasite data.

Yellow perch piscivory was not common inL239 and thus only two exclusively

piscivorous fish were sarnpled (both fernales). The presence of pote¡tial laterally

transmitted Proteocephalus pearsel (normally acquired from copepocl i¡gestion) can

indicate piscivory when the stomach is empty. The absence of all other parasites can also

ilidicate that other mocles of feeding do not predominate in tliese fish. Stable isotopes

were used to confirm piscivory.

L240 1997 sample

A subsample of l6 yellow perch was selected fi'om tlte 1997 L240 sarnple for

stable isotope analysis (Table 5.1). Ten were selected as zooplanktivores for isotope

analysis. Many also consume chironomids as evidenced by parasites arrd stomach

contents' Stable isotopes were used to confirm zooplanktivory. Additionally four perch

were selected as benthivores and two as piscivores for isotope analysis. The parasites

and/or stomach of these individuals indicate diet and isotopes should confir¡r the source.

L240 1998 sarnple

Twenty-nine perch were sampled for stable isotopes from the 1998 sample (Table

5'1)' Ten of these perch, as indicated by parasites and diet, are zooplantivor-es, 17 are

bentìrivores and two are piscivores (again because perch piscivory is not commorl in this

lake)' There are also subsamples from this year that lepresent perch with low a¡d liigh

Glugea sp and Raphidascaris acus loads.

L377 1997 sample
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Nineteen yellow perch sarnpled in 1997 were selected for stable isotope ratio

analysis (Table 5.1, only the non-transitional perch samples are displayecl). Five perch

wer'e considered to be zooplanktivorous fisli and six as piscivorous based on fish in the

stomach and no parasites. Tliere were no exclusively benthivorous fish selected fio¡r

L377 because this step in the ontogenetic dietary shifts of perch was largely absent i' fish

from this lake.

L377 1998 sample

A subsample of 34 yellow percli caught in 1998 was analyzed for stable isotopes.

Twenty-fìve were analysed for isotope ratios to confirm parasitological and dietary data

showing zooplanktivory in these fish. Only three benthivorous fish were sampled

because there are few of these individuals present in this system. An additional six

piscivorous perch were selected fi.om 199g.

Triangle Lake 1997 saniple

Twenty-seven yellow perch were sampled from tlte 1997 collection for isotope

studies (Table 5'1, only the non-transitional perch samples are displayed). Eiglit which

have both zooplankton in the stomach and zooplankton derived parasites in the viscera

were sampled. six benthivores and tluee piscivores were also selected.

Triangle Lake 1998 sanlple

A subsample of 30 yellow perch captured in 1998 was selected for isotope a¡alysis

(Table 5.1). Nine zooplanktivores, f,tfteen benthivores and six piscivores were sampled.

Tliere was a large proportion of benthivores in this lake a¡d fewer excusively

zooplanktivorous perch. This differs fi'om L377 and,may help to explain size differences
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between the lakes. Stable isotopes should help to confirm the relative importance of the

two fèeding types in each lake.

Stable isotope sample preparation and analysis

A sample of muscle tissue (>1.5g wet weight) was removed fr.orn the clorsolateral

region of all perch larger tlian -70mrn. Whole fish were used when perch size was less

than -70mm. All samples were ft'ozen (- -200C) prior to selection for a¡alysis. The

selected subsamples were thawed, placed on filter paper and oven dried (450C ) for 24

hours. The dried tissue was ground to a powder with a mortar and pestle, which were

sterilized with l00% ethanol before each sample was processecl. Two rng of ground

tissue were then placed in separate tin foil capsules. The capsules were sealed, rollecl into

balls and each placed in a separate well in a microtiter tray. Samples were a¡alyzed for

isotopic cotnposition with a dual inlet isotope ratio mass spectrophotometer

(VGMicromass 603E) as described by Hesslein et al. (1991). Briefly, rliis method

itlvolves the deconrposition of sarnples to carbon clioxide and nitrogen by the modif,red

Dumas method, which are then cryogenically separated and trapped. Standards by which

C and N isotope ratios are measllred are PDB ancl atmospheric notrogen, respectively.

Samples frorn 1997 were analyzedby Dr. Ray Hesslein (Departme¡t of Fisheries and

Oceans, Winnipeg, Manitoba) while 1998 sarnples were analyzedby the Natio'al

Hydrology Research lnstitute in Saskatoon, Canada.

Statistical analyses

Yellow perch total length was divicled into four categories for statistical analysis;

( 60ntm,61-80mm' 8l-100nim and >100mm. Perch age was divided into five classes for

analysis; 0+, 1+, 2+,3+ and > 4+. Diet and parasites wel'e divided into three categories
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each based on stomach content observations and the intermecliate host type respectively,

The tluee categories were zooplankton, benthos and fish. MANOVAs were perfor¡red to

identify signif,rcant relationships between yellow perch total length (mm), age, diet and

parasite fauna and the stable isotope ratios (both d13C and cll5N). ANOVAs and

discriminant analysis were performed to test for significant individual relationships

between each stable isotope value of sampled perch and the corresponding length, age,

diet and parasite fauna of the fish. All analyses were perfolnecl with SpSS versio' 10.0.

RESULTS

Triangle Lake perch had rnore negative cl13C ratios and a more positive d15N

ratios tlrat distinguished this population from those in the ELA lakes (Fig. 5.1). L240

perch showed the narrowest range of isotope values and had a higher d15N arid slightly

lnore negative d13C ratio than L239 andL377 perch(Fig. 5.1). LZ3g and,L377 perch

had siniilar isotopic signatures.

Figure 5'2 illustrates the isotopic ratios of L239 yellow perch grouped by size or

age of the fisli. As perch size and age increased, there was a trend towards less ¡egative

dl3C values but witli no distinct separation of d15N values. The oldest a'd largest per.ch

occupied a wide range of trophic levels (Figs. 5.2a and b). When separated by apparent

trophic position as revealed by diet there was greater distinction between isotope values.

As perch shifted from zooplankton to benthos and then to fish there was a trend to more

positive dl5N and d13C values (Fig. 5.3a). Wren perch were categ orizedby apparent

trophic position as revealed by determining the intermediate host sources for their

parasite faura there was the clearest distinction between isotope r.atios. The apparently
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Figure 5.1. Range of carbon (d13C) and nitrogen (d15N) isotope ratios of yellow perch

in four Canadian Sliield lakes. Boundaries represent the range of isotope values for

perch in each lake.
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Figure 5'2. Range of carbon (d13C) and nitrogen (dl5N) isotope ratios of L239 yellow

perch as separated by fish (a) size and (b) age classes.
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piscivorous fish are found primarily in the upper right and most zooplanktivores in the

lower left of Figure 5.3b.

L240 petch showed no clear separation of either isotope value when grouped by

size (Fig. 5.4a) or age (Fig. 5.4b). Diet also clid not leveal any isotopically u¡ique perch

gloups (Fig' 5.5a). Only the parasite fauna partitioned the perch into groups withdifferent

isotope ratios (Fig. 5.5b). The piscivores were found in the upper right, the benthivores

had lower d15N values and the most negative dI3C values, while the zooplanktivores had

the lowest d15N values and intermediate dr3c values (Fig. 5.5b).

The two largest categories of L377 perch had higher cll3C values than the two

smallest groups (Fig. 5.6a). Perch <60mm were the only fish that were also distinctly

isolated by dl5N. There were sirnilar age-related trends witli dl3C ratio but there was no

age class separatation by d15N ratio (Fig. 5.6b). Diet revealed two groups each of

zooplanktivores and piscivores with benthivoles located between these pairs (Fig. 5.7a).

Piscivores had a rnore positive isotopic ratio than zooplanktivores in both pairs. parasites

showed a similar patteru but with fewer piscivores with lower d15N values (Fig. 7b).

The srnallest Tliangle Lake yellow perch had the lowest dl5N values (Fig. 5.ga),

Tlre next largest perch (61-8Ornni) also forrned a distinct group around ll0loodl5N and _

330/¡¡¡¡ d13C' The two largest categories of perch showed a wider range of isotope values

but typically had higher dl5N and dl3C values than smaller fish. Age trends were

sinilar with 0+ perch separated into two groups as older f,rsh occupied a wicler, more

isotopically positive range (Fig. 5.8b). As with L377 therewere two pairi¡gs of

piscivores and zooplanktivores while benthivores had intermediate isotope values (Fig.

5'9a)' Additionally, there was a small group of piscivoles with zoopla'ktivore-like dl5N
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Figure 5.3. Range of carbon (dl3C) and nitrogen (dl5N) isotope ratios of L23gyellow

perch as categorizedby fish (a) diet and (b) parasite fauna (grouped by i¡ter¡rediate

host type).
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Figure 5.4. Range of carbon (d13C) and nitrogen (dl5N) isotope ratios of L24¡yellow

perch as separated by fish (a) size and (b) age class.
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Figtrre 5.5' Range of carbon (dl3C) and nitrogen (dl5N) isotope ratios of L24¡yellow

perch as categori zedby frsh (a) diet and (b) parasite fauna (grouped by i¡te¡¡ediate

host type).
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Figure 5'6' Range of carbon (dl3C) and nitrogen (dl5N) isotope ratios of L377 yellow

perch as separated by fish (a) size and (b) age class.
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Figure 5'7' Range of carbon (d13C) and nitrogen (dl5N) isotope ratios of L377 yellow

perch as categorizedby fisli (a) diet and (b) parasite fauna (grouped by interrnediate

host type).
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Figure 5'8. Range of carbon (dl3C) and nitrogen (d15N) isotope rarios of Tria¡gle Lake

yellow perch as separated by fish (a) size and (b) age class.
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Figure 5'9' Range of carbon (dl3C) and nitrogen (dl5N) isotope ratios of Triangle Lake

yellow perch as categorizedby fish (a) diet and (b) parasite fauna (grouped by

intermediate host type).
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ratios. Parasite analysis, however, showed perch from that group to be either

zooplanktivores or benthivores, thus separating the perch into clistinct groups with

zooplanktivores in the lower left and piscivores in tlie upper right (Fig. 5.9b).

Yellow perch total length, age, diet ar,d parasite fauna all significantly predicted

isotopic ratio in L239 andL377 (Table 5.2). Parasites inL240 and length and parasites

inrevealed that significant MANOVAs were largely due to highly sig¡ifìca¡t

relationsliips between d13C and the measured variables (Table 5.3). Nitroge¡ isotope

Iatios were accurately predicted more significantly than carbon ratios only whe¡ parasite

fauna was the predictor. Age class and diet were the poorest predictors of dl3C or d15N

values in yellow pelch (Table 5.3). Table 5.4 shows the results of ANoVAs comparing

the isotope ratios of the four size categories. In all sarnpled lakes, rnost sig¡ificant

differences in mean d13C ratio were observed between the largest and srnallest size

classes with the smallest classes having the most positive values. There were no

significant differences in d15N ratio between size classes inL239 and.L240(Table 5.4).

In botlr L377 and Triangle Lake the srnallest perch had a significantly different d15N

ratio than both the 6l-80rnm a'd the largest perch. The yoy a'd l+ L239 perch have

signif,rcantly

different dl3C values from the two oldest age classes (Table 5.5). Only yOy perch in

L377 ltad significantly different dl3C values from the two oldest age classes. There were

no significant tnean dl3C differences between age classes inL240 or Tria¡gle Lake.

There were no significant differences in mean dl5N ratio between any age classes i¡ any

of the lakes (Table 5'5). L239 perch showed a significant difference in cll3C or cll5N

ratio between fish of different dietary classes (Table 5.6). There was a sig¡ifica¡t
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Table 5'2. MANOVA tests of the relationships of several yellow perch ¡reasurements

with the carbon (d13c) and 
'itrogen 

(dl5N) isotopic ratios.

Significance

Independent
Variable
Total Length (mrn)

Age Class

Diet

Parasites

L239

0.000

0.000

0.000

0.000

L240

NSO

NS

NS

0.000

L377

0.000

0.000

0.000

0.000

Triangle L.

0.000

NSI,

NSb

0.000

^
o Of tlt" fou¡ multiv arialetests only Roy's largest root is significant (p:0.024)
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Table 5.3. Tests of betwee'-subjects effects for comparison

measurements with either carbon (d I 3 c) or nitrogen (d 1 5N)

ofseveral yellow perch

isotopic ratios.

Signifìcance
Independent
Variable

L239
d13C dlsN

L240 L377 Triangle L.
dt3c d15Nd13C cll5N d13C dlsN

Total Length
(rnrn)

Age Class

Diet

Parasites

0.000 NS

0.000 NS

0.000 0.007

0.01 8 0.000

0.017 NS

NS

NS

0.00 r

0.001

0.000

0.000

0.004

0.016 0.000 NS

NS

NS

NS

NS

NS

0.002

NS NS

NS NS

NS 0.00r



261
Table 5'4' ANOVA tests comparing the carbon and nitrogen isotopic ratios of four size

classes (total length) of yellow perch in four Canadian Shield lakes. Isotope means that

are not significantly different from one another in each lake l-rave identical subscripts.

Mean tsotopi

Lake < 60mm 61-8Omm 81-100rnm >l00rnm

L239

L240

L377

Triangle
L,

d1 3C

dl5N

d13C

d15N

d1 3C

drsN

d13C

d15N

7.08 + 0.68
a6õ¿

10.94 + 0.80
trc

7.18 + O.9O
atx-¿

-27.11,.!2.63
ar)c rb ¿rcd ctl

6.90 + 0.90
a6-ql

-27.69 + 1.34
abùt

8.76 + 0.69
a6õd

-26.82 + 1.31
atrc

5.42 + 0.66
âc

-29.95 + 0.64
acI

8.61 + 0.49
ac

-28.47.+ 0.76 -28.64 + I .00 -26.80 + 1.14il)c rllc a,j-

9.19 t 0.58 9.10 + 0.49 8.66 + 0.87¡bcrl rlxrl ¡rllìd

-28.34.+ I .91 -25.81 + t .67 _25.12 + 2.13nbc ¡bcil .¿- - -

6.74+0.11 6.73!1.09 6.81 +1.¡gbrrl riJi¡ l*l

-33.16 + 0.41 _30.30 + 1.03 _30.67 + 1.46h ¡ìcrl rc,l

1.32 + 0.98
¡lìõcl

t.26 10.31 r.06-L

cã-

9.84 +
aful



Table 5'5' ANovA tests cornparing the carbon and nitrogen isotopic ratios of five age classes of yellow perch i' four canadia'

Shield lakes' Isotope fileans that are not significantly different from one anothel in each lake have identical subscripts.

0+ 1+ 2+ 3+ >4+

ahc abã- abcT cdi dcL239

d15N 6.88,+,0.26 7.20+0.69 1.26+O.Bl t.t3+0.82 t.B3+l.qiabcde abidc abTde auãc abcäc

d13C -27.81+ 1.36 _28.33+LTj _2j.62+ 1.50 _26.08+2.10 _26.53+ I.80ahcdc abcG abcãõ abc& ¡bccleL240

d15N 8'84,+.0.09 9.03 + 0.00 8.70 I 0.82 8.88 + 0.97 8.53 + 1.04abcdc abcdc abîdc abcde abcclc

dl3c _27.43+1.59 _26.58+1.78 _25.64+1.41 _24.20+2.41 _24.13+1.16abc abcõ nbcãè bcdã bcdcL377

dl5N 6.28,+,1.0q 6.96+1.04 6.52+t.30 6.24+1.+6 6.94+1.68ahcdc ¡bcdc abidc abc¿" 
- - 

abicie

d13C _31.56+1.74 _31.05+1.62 _30.78+1.56 _30.26+0.88 _30.51 +1.41
Triangle abcdc abcfü n¡.G 

-'- 
abcãõ rbcãõ

L.

dl5N 9.78,+,1.26 10.60+0.93 10.25+1.02 10.18+ 1.03 10.11+ 1.26abcdc abc?c abcde abcTe ¡bcdc

Lake
ean Isotopic Ratio (l stãndard awiaiõ$

NJ

t!
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Table 5.6. ANOVA tests cornparing the carbon and nitrogen isotopic ratios of

yellow perch with diet in four Canadian Shield lakes. Isotope means that are not

significantly different froln one another in each lake have identical subscripts.

MeanlsotopicR@

Lake Zooplankton Benthos Fish

-24.17 + 2.42 -22.65 + 3.04

L239

L240

L377

Triangle
L.

ac

6.85 + O.lS
âc

-27.69 + 1.21
abõ-

8.83 + 0.09
al=rc

-27.17 + 1164
abõ-

6.52 + t.06
¿i-trc

-31.05 + 1 .67
abc

9.12 + 1.25
aÌõ

bc-

7.38 + 0.74
ü

-27.81 + 1.88
abl

8.91 + 0.77
aIrc

-24.8i + 1.85
abi

6.11 + 1.00
;Fc

-30.91 + 1.40
atrc

10.35 + 0.89
atñ

abc

t.B7 + 1.23
:ñc

-21.03 + 1.00
abc

8.68 + 0.85
ltrc

-24.31 + 2.03
atrc

6.16 + I .61
nlrc

-30.48 + 1.64
abc

10.36 + 1.28
atrc

dl5N

d13C

d15N

d13C

d15N

dr3c

dr5N



difference in dl3C ratio between perch with zooplankton parasites a¡d benthic 
264

parasites in L377 . The d 1 5N isotope ratio of piscivores is significantly differe¡t from

botlr zooplanktivores and benthivores in L239,L377 and Triangle Lake and fi.orn

zooplanktivores in L240 (Table 5.7). There was no significant differ.ence between

d15N ratio of zoopla'ktivores and benthivores i'a'y lake.

Discrirninant analysis was able to most successfully classify indiviclual perch

irrto tlreir original group when the fish had been separated by parasite fauna (55-67%

success) in all but L239 where separation by diet produced marginally more successful

lesults (Table 5'8)' Wren only zooplanktivores and piscivores are considered the

percent correctly classified into their original parasite groups range frotn 60yo inL240

to rnore than 7 5o/o in the other thr.ee lakes.

DISCUSSION

The distinct Triangle Lake stable isotope ratio may be a reflection of clifferent

intermediate and/or definitive host diets or of different baseline values fi.om the ELA

lakes' Different baseline values rnay be the result of different flushing rates (Triangle

Lalce has little inflow and outflow) anthropogenic influences (adjacent liighway, bait

fishery etc., the carbon fertilization during 1984-85) or other such parametels. The

more negative d13C values in Triangle Lake may have resulted fiom greater importance

of a different primary producer to the food chain than in the other.lakes. Stable isotopes

have revealed unexpectedly important C sources in tropical aquatic systems (l{a¡rilto'

et al' 7992, Forsberg et al.1993). Phytoplankton contributecl only 8% of prirnary

production in the Amazon River but accounted for at least 36.6%of the carbon in all

fislr species examined (Forsberg et at. 1993). Forsberg et at. (1993) liypothesized that



Table 5'7' ANOVA tests comparing the carbon and nitrogen isotopic ratios of 
26s

yellow perch with parasite fauna categorized by i¡termediate host in four Ca'adian

Shield lakes' Isotope means that are not significantly different fiom one a¡other in each

lake have identical subscripts.

Meanlsotopic@

Lake Zooplankton Benthos Fish

L239

L240

L377

Triangle
L.

dl3c

d15N

d13C

d15N

d13C

d15N

dr3c

d15N

-26.46 + 2.74
abõ-

6.86 + 0.72
ã6

-27.58 + Ll9
abc

8.52 + 0.51
ã6

-26.91+ 1.91
ac

6.42 + 1.10
;5

-31.11+ 1.58
abi

9.68 + 1.09
aE

-24.92 + 3.22
abi

7 .22 + O.ll
i6

-28.04 + 1.50
abc

8.99 + O.le
¡üc

-24.10 + 1.96
bc-

6.25 + I .11
ã5

-30.64 + L50
¡bi

l0.lB+0.93
aF

-22.44 + 2.39
abc

8.52 + 0.61
c

-26.16 + 2.44
abõ_

9.68 + 0.41
ùõ

-25.16 + 2.33
abc

8.21 + l.l8
c

-30.84 + l.6l
atrc

I 1.35 + 1.06
c



Table 5.8. Percent of yellow perch correctly classified into their origi¡al group 
266

(groups are identical to those used in ANOVA tests) by cliscriminant analysis of isotope

ratios and several perch lneasurements.

Variable
o/o Correctlv Classinø

L239 L240 L377 Triangle L.
otal Lengtli (nrri) 43.l

51.7

69.0

67.2

JJ.J

46.7

s5.6

5 8.s

s8.s

62.3

62.3

44.1

33.9

49.2

55.9

Age Class

Diet

Parasites



selective herbivory may be occurring as algae is by far the best protei¡ source urrd i, 'ut

readily assimilated by most animals. Algae also appears to be the primary food source

in North American east coast estuarine foocl webs (Sullivan & Moncrieff 1990) while

vascular plants (Spartina spp.) are more important on the west coast (Kwal< &. Zedler

1997)' Kwak &' Zedler (1997) also demonstrated that there is an ecological link

between the salt rnarsh and tidal chamel that coulcl perhaps be confìrmed with a

subsequent parasite study. The parasite fauna of Triangle Lake perch ca¡not be used to

explain its distinct C ratio as the parasites are rarely detennined by thediet of the

intennediate hosts. Many invertebrate intermediate hosts are infected by direct

penetration by an earlier parasite larval stage while infection pathways are unl<nown for

the early life cycle stages of many other parasite species (Hoffinan rggg). The fewer

significant correlations between parasites and C ratios when compared with parasites

and N ratios also suggest tliat parasites are not useful predictors of importa¡t primary

producers in a food chain. The higher N isotope ratios in Triangle Lake suggest higher

average trophic levels of individual perch in that population than in the other lakes. The

mean length of Triangle Lake perch is greater than the other populatio¡s for most age

classes older than l * and as such they are able to shift diets and thus trophic positio' at

earlier ages (Chapfer 2). Triangle Lake perch also live longer a¡cl thus reach much

greater ultimate sizes than tlie ELA lakes (Chapter 2). Diet and, in particular, parasite

cotnmunity structure suggest higher average trophic levels for Tria¡gle Lake perch

(Clrapter 2). The higlily significant correlation between parasites and N ratios in

Triangle in the current study could support this theory. However, since Trialgle Lake is

not within the ELA and has unique influences (in particular the adjacent highway) tlie



268unlfilown baseline isotope ratios may differ from the ELA lakes ancl could explai'

the distinct ratios of C and N in this population.

While diet is the primary determinant of an animal's isotope ratio (Mi¡i gawa &

V/acla 1984, Hesslein el al. 1993) tlie methods used to predict a specific diet show

different levels of accuracy when correlated with observed isotope ratios. The results of

tliis chapter demonstrate that yellow pelch food web relationship stuclies should ¡ot rely

exclusively on stomach content analysis and/or age and size class separation. Those

methods do not accurately predict individual perch position within populatio¡ or lake

community food webs' Trophic position, as determined by parasite infraco¡rmunity

analysis, was more precise and was highly correlatecl with stable isotope ratios,

particularly nitrogen. The diverse diet, species-rich parasite communities and well-

understood parasite life cycles in yellow perch are ideal for examining these types of

correlations. Predictable patterns in perch parasite assemblages are largely i¡flue'ced

by troplric feeding patterns, not abiotic factors (Carney & Dick 1999, Carney & Dick

2000a, Chapter 3)' The significant relationship between parasites and N ratio in perch

sttpports parasites as accurate predictors oftrophic status. In fact, parasites are superior

to stable isotopes in that they can be used to determine relationships of perch with prey,

competitors and predators.

Stable isotope studies of freshwater and marine fisli populations and aquatic

ecosystems are comÍlon (Monteiro et al. 1991, Hamlltonet al. lgg2,Forsberget al.

1993' Beaudoin et al. 1999, Vander Zanden et ctl. lgggb) but studies involving yellow

perclr populations are rare (Keough et al. 1996). Thorough isotopic examinatio's of

yellow perch populations, involving large sample sizes of all age classes had not



269previously been performed' This stucly shows that an average N or C isotopic ratio

obtained frotn a small sample of perch (such as by Keor-rgh et ctl. 1996) ca''ot

accurately identify tlie trophic relationships of the population within the aquatic system

or of individual perch even when they are of sirnilar size and age. I(eou gh et ctl. (1996)

found that the nitrogen isotopic ratio of YOY yellow perch indicated zooplanktivory

and as perch size increased the ratio shifted to indicate benthivor-y and finally piscivory.

The same trend was observed with increasing size in ELA perch but there were

individuals in each size or age class that did not have nitrogen isotopic ratios typical of

that group in each lake. Some of the largest indivicluals remained zooplanktivorolls as

indicated by stable isotope ratios arrd by their parasite infracommunities. So, while the

perch population has a highly generalist diet son-re individual fish may be more

specialized in their feeding patterns. It is unknown if environmental factors (food

availability, food quality etc.) or genetics are influencing individual specialization but

given that environmental factors are similar for all individuals it is possible that

individual perch are genetically or behaviourally predispositioned to consume particular

food types. It is also possible that these individuals are imprinted, when younger, to a

specific prey type and will preferentially exploit that prey when available. Supporting

laboratory experiments would help identify the rnajor contributi¡g factor. This

specialization may also be a characteristic observed only in these smaller, nutrient poor

lakes. However, the small sample size utilized by Keougli e[ al. (1996) should not be

considered as an accurate representation ofthe yellow perch populatio¡s in coastal and

offshore Lake Superior food webs and individual specialization may also be revealed in

lalge lakes through combined parasite and stable isotope studies. Similarly, pike, which
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are often considered to be specialist piscivores, were founcl to consurne a large

proportion of invertebrates by dietary (Chapman eí ctl. 1989) and stable isotope a¡alysis

(Beaudoin ef al. 1999). Recent analysis of pike parasite assemblages has also suggested

that pike consume large proportions of benthic invertebrates (Dick & Choudhu ry 1996).

Preconceived concepts of marine food webs have also changed in light of stable isotope

data and could be greatly enhauced with corresponding parasite data. Mo¡ teiro eÍ ctl.

(1991) used dl3C values to confirm earlier suspicions that Southern Benguela ecosystem

anchovies are largely zooplanktivorous and not phytoplanktivores as was the lo¡g-held

hypothesis. Identification of zooplankton derived parasites in those anchovies would

cotrfirnr the suggestion of Monteiro et at. (1991) and help to reject the old hypothesis.

Benthivorous perch frorn all study lakes were the most difficult to correctly

place in their original categories by discriminant analysis of all four parameters. This is

a ratlrer broad categotization. Parasites in these systems aquired fi.om co¡suming

benthic interrnediates can be found in invertebrates as trophically cliverse as rnayfly

nynrphs (Spinitectus gracilis), amphipods (Echinorynchus s'ctlntonis) and.chironomids

(Raphidascaris acus). The different d I 3 C and d I 5N ratios of tliese intermediates wonld

cause increased variation in the isotopic ratios of benthivorous perch. A larger sample

size of fish with each parasite species and witli particular combinations of these

parasites for isotope analysis would allow for more finescale cornparisons of parasite

and isotope data. Casual observations of the data do reveal sorne trends. Fish infected

with amphipod-derived parasites tend to have more negative dl3C values ancl more

positive d15N values than those infected with large benthic insect-derivecl parasites.

Slnall subpopulations of perch specializing on particular prey types could be better



iclentified. There is also the possibility that benthic invertebrates are consu'ring 
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settled pelagic algal material or terrestrial detritus that would influe'ce d13C ratios.

Stable isotopes and parasite studies are complementary in that both are ûteasures

of the assirnilated (not just ingested) diet since some digestion of interrnediate host prey

trrust occur for release of the parasites into the lumen of the intestine and subsequent

migration to the organ of infection. Both long-term and short-term diets can be

determined depending on the turnover rate of the tissues being examined by isotope

analysis (Abelson & Hoering 1961, Parker 1964) and the life cycle of the parasite

species (long or short lived). For example, slow turnover rates occur in bone collagen

and fast turnover rates in tlie epithelial lining of the gut wall and liver, while solne

parasites have annual life cycles (Bunodera sacculcttct in perch) and others cal persist

for rnr"rltiple years (Ligula intestinctlis in spottail shiners). Combinecl parasite/isotope

studies of a few representative species in an aquatic system can be used to make

accurate predictions of overall community structure.
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CHAPTBR 6: Summary



PRIMARY POINTS 
.-.

YELLOW PERCH MORPHOMETRICS

- Yellow perch showed the greatest range of morphometric characteristics (3 l -270 rnm

TLl 0'19-208.5 g weight). L239 ltadthe smallest, youngest, slowest growi¡g perch,

Triangle Lake the largest, oldest, fastest growing perch.

- Female perch were significantly larger than rnales from the ages of 2+ to 4+.

YBLLOW PERCH DIET

Fish stomach contents

-Yellow perch consumed the greatest variety of prey types ( I 3).

- Tliere were mole piscivorous L377 and, Triangle Lake perch than i¡ L239 arñL240.

- The most zooplanktivores were inL377 and fewest in Triangle Lake.

Seasonal dietary trends

- Zooplankton and benthos were typically rnost prevalent and intense in the diets of

perch in the sllmmer and/or fall depending on the lake.

- Chironomids and some zooplankton showed high prevalence in the spri¡g as well.

- Fisli were typically rnost prevalent in the stomachs of perch in the fall.

- Empty stomachs were most common in the spring.

Age-related dietary trends

- Zooplankton prey types peaked in YOY and l+ fish stomachs ancl decreased in

prevalence and intensity with fish age although the rate of decrease cliffered between

lakes (older L377 perch still had consumed large numbers of zooplankton).
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- Microbenthos (chironomids) usually first appeared in 1+ perch while larger be¡thos

(Epherneroptera, Arnphipoda) appeared a little later and increased in abundance with

perch age.

- Fish were typically only present in the diet of the oldest, largest fish (usually females),

however, piscivory was evident i'perch as young as l* in L377.

- Empty stomachs were most corìmon during the transition stage from zooplankton to

benthos,

YBLLOW PERCH PARASITES

Parasite fauna

- Yellow perch were infected with 17 parasite species (including a new host recorcl for 1

species).

Seasonal trends in yellow perch infection statistics

- Numbers of A. brevÌs and Diploslomutn sp. acculltulated fi.om spri¡g to fall.

- Numbers of Glugea sp. were higher in the spring and fall and, Ll. crÌstrtecÍu,s highest i¡
the summer.

- Nunrbers of B- sacculaÍa, and P. pearsei and B. cttspidctttts (zooplankto¡-derived

parasites) usually peaked in the summer or fall in each lake, which coincided with some

peaks of zooplankton in the diet.

* C' cooperi, R' ctctts, S' gracilis and E salmonis (benthic invertebrate-clerived parasites)

usually showed peaks that corresponded witli the peaks of theil respective invertebrate

intermediates in perch diets.



Age related trends in yellow perch infection statistics 
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- Glugea sp'and the zooplankton-derived parasites usually decreased in numbers with

perch age.

- U. ud'specÍus, A. brevi,v and Diplostotnum sp. all increased in numbers with perch age

and this was related to ittcreased area for infection by parasites in olcler fìsh.

- Benthos-derived parasites increased in numbers with perch age.

- P. pearsei showecl iucreased nutnbers in the oldest perch despite being a zooplankton-

delived parasite.

Yellow perch parasite fauna dominance, richness and diversify

- Triangle Lake perch had the highest ûìean species richness, prevalence, i¡tensity a¡d

abundance ofparasites

- L377 had the lowest values in all categories except number of parasite species present.

- Enteric parasites were important in Triangle andL239 perch.

- Allogenic parasites were important i'Triangle and,L24o perch.

- Ectoparasites were most comrnon in Triangle Lake perch.

- L377 perch had reduced numbers of all types of parasites.

- only L239 (2 species) attdL377 (l species) perch had any unique parasite species in

this study.

- Glugea sp. was the dominant parasite species in all but Tria'gle Lake.

- A. brevis was dominant in Triangle Lake.

- Tlre dominant enteric species differed in each lake but A. bret,i.ç and U crclspectu.s were

usually the most dominant allogenic and ectoparasite, respectively.

- Total parasite percent similarity was highest between L239 and, L377 .



- Tria'gle Lake showed reduced similarity witli all other lakes

- L239 andL240, though connected, shared only 58% of their perch parasite faunas.

- Estinratecl richness values were higher than the observed values o¡ly f.or L239 and

L377 (both of which had unique species).

- L240 perch had the most diverse fauna, L377 the least.

- Female perch always had more diverse assemblages than males.

- Perch - 2+ years-old and those sampled in the sumrner had the greatest parasite

diversity.

Yellow perch age and length vs. infection

- Yellow perch age and length were significantly positively correlated with total species

richness and all four lakes

- Total species intensity aud abundance was significantly correlated with age a¡d le¡gth

in all but the Triangle Lake sample and this was entirely clue to a lack of correlation

between allogenic parasites and fish age and length .

Fish sex versus infection

- Female yellow perch liad significantly higher total species richness, inte¡sity and

abuudance than males in most lakes particularly due to higher numbers of enter-ics a¡d

ectoparasites in females than in males.

Parasite communify predictability

- L239 and Triangle Lake perch had significantly predictable parasite assernblages.

- L240 perch older than 2+ also had significantly predictable parasite assemblages.

- L377 perch parasite faunas were entirely random



271
- All four yellow perch samples showed significantly more nestedness than expected

by chance.

YELLOW PERCH PARASITE PATHOLOGY

Glugea sp. pathology

- Mean intensities of Glugea sp.ranged fi'om -1000 inYOY to <50 in age 3r perch

- Prevalence ranged from 56%o to -ZYo over the same age ïange.

- I{eavily infected perch were typically small, emaciated, had no food i¡ the gut a¡d

little or no visceral fat.

- Pel'ch with mean intesities >100 xenomas/f,ish were usually significantly srnaller than

perch with lower intensity infections especially yOy perch.

- Perch gonad weights were lower in heavily infected fish than in fìsh with low

infections prior to their first winter while viscelal fat weights were reducecl i' heavily

infected perch following the first winter.

- Overwinter mortality was also evident irr perch populations.

Apop ltøl I us b rev is pathology

- Prevalence of A. brevis was 100% in Triangle Lake perch.

- Density peaked in YOY perch (-1 I 0- 120 cysts/g) and decreased to < I 0 cysts/g in

perch >2.92 years.

- Perch with higli densities of this parasite showed significantly reduced lengtli and

weight compared witli those with low-density infections.

- Tliis size reduction was most evident in olcler l+ perch.

- Older 0+ rnale perch showed decreased gonad weight.
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- There was also evideuce of host moltality caused by this parasite (particularly i¡
YOY and 1+ perch).

Rap h idascaris ac us pathology

- Density of R. acus cysts was highest inL240 perch from late 1+ to late 2+ years old.

- Prevalences in perch increased from 30% at age 0.92 to 100%by age 3.92

- Parasite cyst density was higher in males than females from ages I to 3 a¡d higher i¡
YOY and 4+ fèmales tha¡ in males of the same age.

- Only percent visceral fat weight and G:Fy ratio differed significantly between perch

with low and higli R. acus densities.

- There was no evide'ce for mortality causecr by tliis parasite.

STABLE ISOTOPES

- Triangle Lake perch had distinct C and N isotope ratios fiom perch in the other study

lakes.

- L239 andL377 perch shared the most similar range of isotope ratios.

- Pelch lengtli and age showed some correlation with l3C values but 
'ot 

l5N values in

each lake.

- older, larger perch te'ded to have less negative l3c 
varues.

- Pelch categorized by their diet and, in particular, their parasite fauna showecl the

greatest degree of separation.

- l5N values, especially, were well predicted by perch parasite fauna.

- The observation tliat parasites are the best predictors of isotope ratios i¡ perch was

supported with statistically significant tests.

- Tlie higliest deglee of predictability is associated with zoopla¡ktivores ancl piscivores.
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- The range of isotope values exhibited by benthivores could be further explai¡ed by

more detailed analysis of parasite fauna from different types of benthic invertebrates.

Some interpretation

- The lnaximum size and age and the growth rates of perch in these study lakes are

similar to those observed in other populations of what are considered to be stunted

perch.

- Low nutrieuts, reduced abundauces of particular prey may be causes of the observed

stunting, however genetics cannot be ignored as a potential cause.

- The range of prey consumed by these shield lake perch is typical of generalist perch in

other systems.

- Large numbers of older zooplanktivorous perch and an earlier transition to piscivory

by some perch LnL377 are likely because they were outcompeted by white suckers (an

efficient benthivore) for benthic prey.

- Since YOY perch had not yet developed efficient techniques for exploiting be¡thic

invertebrates there were more fish during this transitional stage with empty stomachs,

- Not surprisingly, perch and those other fish species tliat had consumed the greatest

variety of prey types (see below) also typically had the ricliest parasite faunas while

those with restricted diets had small parasite faunas.

- The perch parasite assemblage observed in this study includes species typical of perch

in other systems and the number of species present is typical of that observed i¡ other

small lakes.

- Typical percid and also cyprinid parasites were the major species in the parasite

component commturities of these Shield lakes.
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- Botlr Glugea sp. and U. adspectus have optirnum temperatures at which they can

reproduce or be transmitted to other hosts, which can explain seasonal clifferences i¡

infection statistics.

- Other parasites siniply accumulate as perch remain exposed to I 
tt intermediate snails

(A' brevis and Diplostomum sp.) or are dependant upon seasonal abundances of

intennediate host prey (enteric parasites).

- Higlr numbers of P. pearsei inthe fall ancl in older larger perch rnay be a result of

lateral transfer of this parasite frorn increased piscivory (cannibalisrn) by older perch i'
the fall.

- The age related trends of parasite infection in perch largely correspond to the

ontogenetic dietary shifts observed in these fish.

- Low numbers of most parasite species inL377 was due to low numbers of piscivorous

birds (allogenics) and reduced benthic invertebrate consumption (clue to white sucker

cornpetition).

- Most differeuces ir-r perch parasite faunal sirnilarities were caused by differences in

enteric parasites due to availability of intermediates and the presence of other fish

species in some lakes (sahnonids, burbot), which are contributing some of their own

parasite fauna to perch. For exarnple, the low similarity between perch parasites in

L239 andL240 is partially the result of more sahnonid type parasites in L239 perch.

- Parasite diversity peaks in females, older fish and the surnmeï are all correspond to

peaks in benthic-derived parasites infecting these perch.
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- Predictability of these perch parasite faunas is related to the relative importance of

enteric parasites in a perch population since L239 and Triangle lake and older perch in

general l-rad greater numbers and richness of enteric parasites.

- it is the instant infracommunities available frorn certain intermediates (mayflies for

exarnple) that ensure predictability.

- The level of predictability observed in these small, nutrient poor shield lakes is greater

than that observed in larger, more productive, lacustrine systems in Canada and the U.S.

These shield lake faunas also show higher correlation with perch morphometrics, age

and sex than in other systems.

- Pathological effects caused by heavy infections of both Glugea sp. and A. brevis

could delay perch maturation, keep those perch at a lower trophic level than uninfected

perch of the same cohort and increase infected perch susceptibility to predation and

overwinter rnortality (decreased ability to store fat).

- Male reploduction seenìs to be particularily susceptible since the greatest levels of

infection of tliese parasites occurred when rnale perch were maturing.

- Tlre periods of highe st R. acus density in males also correspond to early reproductive

years and the impact of this parasite on the liver may be affecting male reproductive

potential, although there was no direct evidence of this.

- The liver is an importaut organ that influences both visceral fat deposition and

reproduction (arnong its many other functions) and any effect of this parasite on the

livel could alter the liver's ability to allocate adequate resources to its various tasks.

- Higlrer density R. acus infections in other systems have been shown to negatively

affect growth and rnortality.
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trophic status cannot be underestimated and should be considerecl in any population

study.

- Tlie difference in Triangle Lake perch isotope ratios could be a result of different

baseline values than in the other systems (due to clifferent flushing rates, anthropogenic

influences etc.) or of differences in the diets of perch and their invertebrate prey.

- Iucreased uutnbers of piscivores in Triangle Lake would account for increasecl l5N

values.

- As rnentioned earlier L239 andL377 also had the most similar parasite faunas while

Triangle Lake perch parasite fauna was least similar to all other study lakes. There is

some correlation of an observational nature between parasite fauna and stable isotopes.

The high correlation of parasites and, in particular, l5N ratios is partly because some

large individual perch were still prirnarily zooplanktivorous (as revealed by their

parasite fauna and isotopes) and not piscivorous as one might expect based on their size.

- The most irnportant concept to understand ancl appreciate from tliis study is that not

only are parasite communities excellent predictols of isotope ratio, but they are even

more useful than isotope ratios in that they can reveal more precise information about

prey, predators and competitors in an aquatic system.

- It is this ecosystem-level understanding gained by parasite cornmunity analyses that

should promote their increased incorporation into future studies in several biological

disciplines.

Fish morphometrics

SECONDARY POINTS
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- Pike, cisco, burbot and white suckers were the largest of the sarnpled fish (>200

nim TLl100 g weight).

- White suckers showed some between lake differences witir the largest inL377 and,

Triangle and the smallest inL239.

- Cyprinids, brook stickleback, slimy sculpins and Iowa daters were the smallest fish

sanrpled (usually <100 mm TLII0 g weight).

Fish stomach contents

-The Phoxinus spp. minnows were algavores.

- The remaining cyprinid species excluding pearl dace had all consurned < 7 prey types

most of which were zooplankton.

- Pearl dace consumed 11 different prey types including several different benthic

invertebrates.

- Zooplanktivorous cisco and piscivorous pike and burbot all consumed three prey

types.

- Brook sticklebacks aud Iowa darters consumed a mixture of zooplankton and

microbenthos.

- Slimy sculpins and white suckers fed primarily on a variety of benthic invertebrates.

Parasite fauna

- 13 of 15 fish species were parasitized.

-112,188 parasites infected 87% (n:1926) of the sampled fish.

- Metacercaúae of Diploslomtmt andA¡tophallus brevis were the most prevalent of all

recovered species.

-Ichlhyo¡1þlhirius multi/iliis and Glugea sp. were the most intense i¡ their hosts.
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- White suckers were infected with 1l parasite species.

- Pearl dace were infected witli 10 parasite species (including new host records for 5

species).

- Slirny sculpins were infected with 9 parasite species (including new host records for 2

species).

- Northern pike were infected with T parasite species.

- Longnose dace and Iowa darters were each infected with 6 parasite species (eacli

including a new host record for 1 species).

- Blacknose shiners (including a new host record for I species) and brook stickleback

were each infected with 4 parasite species.

- Spottail shiners re infected with 3 parasite species.

- Cisco, fathead minnows and burbot were each infected witli 2 parasite species.

- Northern redbelly and finescale dace were uninfected.

- Pike had a parasite fauna that indicated greatel consumption of benthic invertebrates

than is indicated by the diet so pike are not the exclusively piscivorous fish that they are

often assumed to be.

- While most of the morphometrics and diet of these other fish is expected based o¡

other observations, many of the observed parasite species are new host or distribution

records' Few parasitological studies have included cyprinids and other smaller fish and

this research has shown that there is much to still be learned from these fisli.
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Appendix I

The mean and range of all rnorphometric and the mode and range of all meristic

characteristics measured from fifteen species of f,rsh sarnpled from four study lakes.

With the exception of yellow perch, all subsamples fi'om each lake were combined into

one sample for each species of frsh for analysis. Yellow perch characterisitics were

aualysed separately for each lake. All measurements were performecl as described i'
the chapter 2 methodology' All measurements were within ranges clescribed for each

fislr species by Scott and Crossm an (1973).



Appendix I-4. Morphometric and meristic measurements of 16 northern pike (ðsox lucius) sampled fi.om four Ca'adian Shield

lakes' All distance measurelnents are in millimetres and all weights are in grams.

Morphometric
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2
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Ma^,raa.rr"rrt,
eristic

HL

Mode
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PL

' Data frorn 4 pike sampled during this study- Carcasses of 12 pike were used for by other researchers and only limited morphometric data were available.
were available for the parasite survey (Chapter 2).
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Appendix I-B' Morphometric and rneristic measurelnents of l3 lake cisco (Coregonus artedii) sarnpled fiom four Ca'adian

Shield lakes. All distance Íleasurements are in millimetres and all weights are in grams.

ornhometric
Measurements

Mean *
St Dev

Range

TL
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urements
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There was no well-defined mode.

GR(u)

HL

41.15 +
7.93

29-s0

l6

I4-17

GR(r)

PL

29.31 +
6.18

20-37

28

26-29

DC

D

37.38 +
7.26

25-47

I

84-l 18

CP

As

12.62 +
2.50

8- 16

0

0

IOW

Ar

r 1.08 1
6.02

6-30

l3

12-14

wr.

Pvr

82.44 +
40.48

24.3-136

t2

It-12

G\ryt.

Pcr

6.34 +
7.31

0.03-
24.28

16

I5-ll

LWr.

lDs/r

0.63 +
0.10

0.5 1-

0.83

t2

1t-13

2Ds

0

0

2Dr

0

0

t\)
UJ



Appendix I-C. Morphotnetric and meristic measurements of 139 pearl d,ace (Margariscus ntargaritct) sa¡rpled froni four

Canadian Shield lakes. All distance measurements are in millimetres and all weights are in grams.

lvlorpnometrrc
Measurements

Mean +
St Dev

Range

TL

102.0 +
16.71

4I-t37

easurements

Mode

Range

FL

95.0 +
15.77

37-t27

HL

19.85 t
3.03

9-25

2

1-5

PL

14.24 +
2.t8

6-1 I

4

3-8

D

16.65 +
3.44

6-26

0

0

CP

8.191
t.46

3-12

0

0

row

6.23 +
1.16

2-10

9

8-1 0

wr.

10.09 +
4.99

0.50-
26.25

8

7-9

GWr.

0.89 +
0.98

0.01-
3.98

16

t2-17

LWt.

9

9-9

NA

NA

0

0

0

0

N)À



Appendix I-D' Morphometric and meristic measurements of I13 black nose shiner s (Notropis heterolepis) sampled fiom four.

Canadian Shield lakes. All distance measurements are in millirnetres and all weights are in grams.

Measuremen

Mean *
St Dev

Range

Meristic
Measurements

56.93 +
6.73

28-67

Mode

Range

51.i8 +
7.13

26-62

GR(u)

12.26 +
4.97

6-s3

a
J

2-4

GR(r)

8.59 +
1.41

4-tl

4

3-1 I

DC

8.76 +
t.71

4-14

0

0

As

4.12 +
0.67

2-5

0

0

Ar

3.54 +
0.77

t-4

9

9-10

Pvr

1.48 +
0.47

0.11-3.16

8

7-8

Pcr

0.09 +
0.10

0.001-
0.44

l3

tt-14

lDs/r

9

9-9

NA

NA

2Ds

0

0

2Dr

0

0

UJ
t\)



Appendix I-E. Morphometric and meristic measurements of 29 spottail shiners (Notropis hnclsoniys) sampled fi-om four

Canadian Shield lakes. All distance rreasurements are in millimetres and all weights are in grams.

Measurements

Mean +
St Dev

Range

Meristic
Measure

93.17 +
6.86

83- l 09

Mode

Range

84.72 +
6.s6

76-98

GR(u)

17.38 +
1.01

16-20

2

t-3

GR(r)

13.66 +
0.94

t3-17

5

4-6

DC

16.03 +
1.64

13-19

0

0

As

7.03 +
0.42

6-8

0

0

Ar

5.76 +
0.51

5-7

9

9- 10

Pvr

6.93 +
2.01

4.44-
12.60

8

8-9

Pcr

0.30 +
0.31

0.03-
L08

15

13-r7

lDs/r

9

9-9

NA

NA

2Ds

0

0

2Dr

0

0

N)



Appendix I-F' Morphometric and meristic rreasurements of eight nofthern redbelly dace (phoxinus eos)sampled fro'r

four Canadian Shield lakes. All distance measurements are in rnillimetres and all weights are in grams.

Measurements

Mean +
St Dev

Range

eristic
Measurements

55.88 +
4.58

48-63

Mode

Range

52.75 +
3.96

46-s9

GR(u)

12.00 +
t.20

t0-14

2

11
L-J

GR(r)

8.75 +
t.04

7 -10

8

8- 10

DC

9.63 +
0.92

8-11

0

0

As

5.00 +
0.s3

4-6

0

0

Ar

3.88 +
0.3s

3-4

9

9- 10

Pvr

1.56 +
0.24

t. l3- 1 .85

8

7-8

Pcr

0.04 +
0.05

0.01-
0.15

l5

t3-16

lDs/r

9

8-9

NA

NA

2Ds

0

0

2Dr

0

0

LV{



Appendix I-G' Morphometric and meristic measurements of four finescale dace (phoxinus neogaezrs) sarnpled from

four Canadian Shield lakes. All distance measurements are in millimetres and all rveights are in grams.

orphometric
Measurements

Mean +
St Dev

Range

Meristic

TL

70.25 +
5.56

64-77

easurements

Mode

Range

FL

66.25 +
4.79

61-72

GR(u)

HL

15.00 t
2.16

13-18

2

ôaz-J

GR(t)

PL

10.25 +
0.50

10-11

8

8- 10

DC

D

12.50 +
1.00

l2-14

0

0

CP

As

5.75 +
0.96

5-7

0

0

IOW

Ar

4.75 +
0.50

4-5

9

9-9

Pvr

wr.

3.28 +
0.51

2.88-4.02

8

7-9

GWr.

Pcr

0.24 +
0.23

0.03-
0.s l

15,16

t5-16

LWt.

1Ds/r

9

9-10

NA

NA

2Ds

0

0

2Dr

0

0

l!
co



Appendix I-H. Morphometric and medstic measurements of six fatliead minnows (pimephales promelas) sa'rpled fro'r

four Canadian Shield lakes. All distance measurements are in millimetres and all weiglits are in grams.

lvlorphometrlc
Measurements

Mean* 88.00+ 83.00+ 18.00+ t2.67+ 15.67+ 7.g3+ 6.50+ 7.30+ g.t¡!
st Dev 13.46 12.96 2.68 2.50 3.20 1.60 0.84 3.zt 0.09

Range 63-97 59-9r 13-20 9-15 l0- 19 5-g 5-7 2.05_ 0.04_

Meris

TL

Measurements GR(u) GR(r) DC As Ar pvr pcr rDs/r 2Ds ZDr

Mode51000gg16,77900

Range 5-5 8-10 0 0 8-8 8-9 i6-r8 9-r0 0 0

FL HL PL D CP IOW wr. GWt.

10.s0 0.29

LWr.

NA

NA

(/)
l\)



Appendix I-I' Morphometric and meristic measurements of 17 longnose dace (Rhinichthys cataractae)sampled from

four Canadian Shield lakes' All distance measurernents are in rnillimetres and all weights are in grams.

Measuremen

Mean f
St Dev

Range

Meristic

53.82 +
13.67

3 8-87

surements

Mode

Range

50.24 +
12.64

37-80

GR(u)

I 1.65 +
2.80

8- 18

2

l-3

GR(l)

8.72 +

^¿..J I

s-12

5

4-6

DC

8.12 +
2.50

5- 13

0

0

As

4.47 +
1.18

3-7

0

0

Ar

3.06 t
0.90

2-5

8

8-8

Pvr

1.46 +
1.35

0.47 -5.10

9

7-9

Pcr

0.03 +
0.07

0.001-
0.27

13

I2-14

lDs/r

I

8-9

NA

NA

2Ds

0

0

2f)r

0

0

UJ



Appendix I-J. Morpliometric and meristic measurernents of 56 white sucker (Catostontus cotnntersonr) salrpled from

four Canadian Shield lakes. All distance measurelnents are in rnillimetres and all weights are in grams.

Morphometric
Measurements TL

Mean *
St Dev

Range

eristic

190.1+
83.67

46-410

Mode

Range

FL

176.4 +
76.89

46-378

GR(u)

HL

39.52 +
16.36

I2-85

8

5- 10

PL

31.46 +
14.08

7-69

l2

8-l 6

D

31.14 +
14.59

7-74

0

0

CP

13.79 +
6.04

2-32

0

0

row

15.1 I +
7.27

2-36

8

7-9

wr.

111.1 +
156.0

0.77 -

730.6

l0

9-12

GWr.

2.22 !
5.29

0.02-
28.48

l7

15-20

LWr.

t2

tt-14

NA

NA

0

0

0

0

(/)



Appendix I-K. Morphometlic and meristic measurements of one burbot (Lota lota) sampled from four Canadian Shield lakes.

All distance measurements are in millirnetres and all weights are in grams.

Measuremen

Measu

4t3

GR(u)

413

GRO)

X

484.2

X

6.87

X

t\)



Appendix I-L' Morphometric and meristic measurements of 26 brook stickleback (Culect inconstans)sarnpled frorn

four Canadian Shield lakes. All distance measurernents are in millimetres and all weights are in grams.

Measuremen

Mean *
St Dev

Range

Measurements
eristic

48.08 +
10.17

3t-71

Mode

Range

48.08 +
10.17

3t-71

GR(u)

12.35 +
2.sl

8-17

-J

1-4

GR(r)

7.27 +
1.19

5-9

I

8- 10

DC

8.50 +
1.58

6-12

0

0

As

2.50 +
0.51

11z-J

1

l-2

Ar

2.19 +
0.40

z-J

l0

l0-11

Pvs

0.94 +
0.57

0.t7-2.80

I

1-1

Pcr

0.01 +
0.01

0.001-
0.03

10

10-1 I

lDs/r

0.03 +
0.01

0.01-
0.04

5

s-6

2Ds

0

0

2Dr

10

9-11

UJ
U)



Appendix I-M. Morphometric and meristic measurements of 26 slimy sculpin (Cottus cognatus)sampled fro'r

four Canadian Shield lakes. All distance measurelnents are in millimetres and all weights are in grams.

Morphometric
Measurements

Mean +
St Dev

Range

TL

Measurements
eristic

59.58 +
16.65

34-93

Mode

Range

FL

59.38 +
16.s0

34-93

GR(u)

HL

rs.15 1
4.61

8-26

0

0-2

GR(t)

PL

14.04 !
4.50

8-24

2

2-6

DC

8.08 +
2.67

5- 1s

4

2-5

CP

As

3.46 !
0.90

2-5

0

0

IOW

Ar

2.77 !
1.48

l-6

11,12

10-14

wr.

Pvs

2.38 +
2.t4

0.02-8.28

a
J

3-4

GWr.

Pcr

0.04 +
0.06

0.001-
0.22

14

13-15

LWt.

lDs/r

7

7-8

NA

NA

2Ds

0

0

2Dr

l7

15-18

À



Appendix I-N. Morphometric and meristic measurements of eight Iowa darters (Etheostontct exile) sarnpled fi.o'r

four Canadian Shield lakes. All distance measurelnents are in millirnetres and all weights are in grams.

Measurements

Mean *
St Dev

Range

Meristic
Measurements

42.00 +
4.44

36-49

Mode

Range

41.63 +
4.10

36-48

GR(u)

9.75 +
0.71

9-1 I

a
J

¿-)

GR(r)

8.25 +
0.89

7-10

8

6-10

DC

7.38 +
0.92

6-9

a
J

J-J

As

3.63 +
0.s2

3-4

2

.)1
¿-L

Ar

2.38 +
0.s2

1az-J

7

6-8

Pvs

0.56 +
0.16

0.37-
0.72

Pvr

1-l

0.02 +
0.01

0.01-
0.04

5

5-5

Pcr

NA

NA

t4

13-14

lDsir

I

8- 10

2Ds

I

0-1

2Dr

l0

9- 10

UJ



Appendix I-O. Morphometric and tneristic measurements of 564 yellor,v perch (Perca flavescens) sampled froni L239. All

distance measurements are in rnillimetres and all weights are in grams.

Morphometric
Measurements TL

Mean *
St Dev

Range

Meristic
Measureqrents GR(u)

71.13 +
17.23

39-1 56

Mode

Range

FL

67.80 +
16.49

38-151

HL

18.69 +
4.54

t1-42

6

a-)-/

PL

GR(r)

tr.66 !
2.77

6-23

t4

1 1-i6

DC

13.67 + 4.98 +
4.02 1.16

7-37 3-11

J

J-J

CP

As

2

'\ ''lL-L

IO\ry

Ar

3.89 +
0.95

2-9

7

6-8

wr.

Pvs

3.72 +
4.09

0.45-
44.2

GWt.

Pvr

1-l

0.06 +
0.16

0.001-
1.49

5

5-5

LWr.

Pcr

0.05 +
0.05

0.01-
0.49

14

l2-15

VFWt.

lDs/r

0.02 +
0.04

0.00-
0.35

13

12-14

2Ds

J

z-)

2Dr

13

l1-15

U)



Appendix I-P. Morphometric and meristic measurelnents of 504 yellow perch (Percaflat)escens)sampled fi.orn L240. All

distance measurements are in millimetres and all weiglits are in grams.

Measuremen

Mean *
St Dev

Range

Meristic
I4çeqqrgagats GR(u) GR(l) DC As Ar pvs pvr pcr lDs/r 2Ds ZDr

Mode 6 14 3 2 7 | 5 14 13 3 13

Range 3-7 I l-16 3-4 2-2 6-8 t-t 5-5 t3-15 t2-14 z-3 tt-14

79.62 !
25.90

35-177

75.66 +
24.63

33- I 68

20.39 !
6.s0

9-45

12.68 +
4.32

4-30

15.68 +
5.46

6-37

5.48 +
1.64

3-12

4.24 +
1.40

2-10

6.10 + 0.07 + 0.09 + 0.06 t6.83 0.13 0.08 0.07

0.37- 0.001- 0.01- 0.00_
s 1.9s 1.35 0.56 1.1s

U){



Appendix I-Q' Morphometric and meristic measurements of 371 yellow perch (Perca.flavescens)sampled fi.orn L377. All

distance measurernents are in rnillimetres and all weights are in grams.

Morphometric
Measurements

Mean *
St Dev

Range

TL

Measurements

92.22 +
33.s8

31-270

Mode

Range

FL

87.50 +
3t.99

20-260

HL

GR(u)

23.84 +
8.90

9-7 |

6

5-7

PL

GR(r)

14.62 +
5.69

4-40

l5

13-16

D

DC

18.50 + 6.40 +
7.7t 2.22

5-64 2-t9

J

a1
J-J

CP

As

2

¿-J

IOW

Ar

5.001
1.90

2-17

7

6-8

wt.

Pvs

r0.68 t
14.85

0.1 9-
208.5

1

1-1

GWt.

Pvr

0.28 +
0.36

0.001-
3.10

5

5-5

LWr.

Pcr

0.15 +
0.17

0.01-
2.16

t4

9-1 s

VFWt.

lDs/r

0.07 +
0.21

0.00-
2.73

13

I3-14

2Ds

J

¿-J

2Dr

13

tl-14

UJ
U)
co



Appendix I-R. Morphometric and meristic measurements of 401 yellow perch (Percaflavescens) sampled fi-o¡r Tria'gle

Lake. All distance measurements are in rnillimetres and all weights are in grams.

Morphometric
Measurements TL

Mean *
St Dev

Range

Measurements GR(u) GR(l) DC As Ar Pvs pvr pcr lDs/r 2Ds 2Dr--

Mode 6 t4 3 2 B 1 5 14 13 3 13

Range 4-7 13-16 3-3 2-2 6-9 t-l 5-5 tz-15 tt-14 2-3 t2-15

116.1 1
4s.93

35-270

FL

110.7 +
43.82

34-260

HL

29.82 +
llt.62

I0-67

PL

17.83 +
6.82

5-40

23.48 + 7.77 +
10.15 2.7 5

7-60 3-t7

CP IOW

6.07 !
2.46

1-15

wr.

22.18 + 0.63 + 0.31 + 0.09 I25.81 I .35 0.39 0. 15

0.44- 0.001- 0.01- 0.00-
219.7 14.49 3.38 1.24

GWr. LWr. VFWI.

UJ
UJ



Appe'dix II 
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Yellow perch otolith weights were recorded to the nearest 0.001g and when both

otoliths were recovered intact an average of both was. These otolith weights were

linearly regressed against perch length, weight, female percent go¡ad a¡d age to

determine if there was any correlation between these characteristics and an increase in

otolith weight. Regression analyses were perforrned with Microsoft Excel (Office 97

version).

Perch length, weight and age all showed high, positive correlation with

increasing otolith weights in all four lakes (r-squared values - 0.800) (Appendices II-A

to II-D). Percent gonad weight, however, showed high positive couelatio¡ with

increased otolitli weight only in L240 (Appendix II-Bb).

Otolith weight, in addition to the number of annuli, can potentially be used as a

powerful predictol of yellow perch age. Thus, each can be used to reinforce the age

predicted by the other. Perch length and weight -at-age pr"edictions ca¡ also be

improved using both characteristics. The ovaries, although potential sinks of calcium,

do not appear to affect the weight of tlie otoliths indicating that adequate levels of

calcium are utilized for otolith growth regardless of its usage elsewhere in a fish.



341

Appendix II-4. Linear regression analyses of otolith weight versus (a) total length, (b)

total weight, (c) percent gonad weight, and (d) age of 381 yellow perch sarnpled from

L239. R-squared values are included to observe the degree of correlation between each

pair of measuremeffs.
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Appendix II-8. Linear regression analyses of otolith weight versus (a) total length, (b)

total weight, (c) percent gonad weight, and (d) age of 406 yellow perch sampled from

L240. R-squared values are included to observe the degree of correlation between each

pair of measurements.
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Appendix II-C. Linear regression analyses of otolith weight versus (a) total length, (b)

total weight, (c) percent gonad weight, and (d) age of 302 yellow perch sampled frorn

L377 . R-squared values are included to observe the degree of correlation between each

pair of rneasurements.
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Appendix II-D. Linear regression analyses of otolith weight versus (a) total length, (b)

total weight, (c) percent gonad weight, and (d) age of 301 yellow perch sampled from

Tliangle Lake. R-squared values are included to observe the degree of correlation

between each pair of measurement.
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Parasite infrapopulations and communities of 14 species of ELA fish (excluding

only yellow perch) were analysed for components of richness, diversity and

predictability. All measurements and statistics were recorded using the methodology

clescribed in Chapter 3 for yellow perch.

Northern pike (Esax lucius)

Tlie gill lnonogenean, Telraonchus monenteron, was the only parasite recovered

fi'onr a single L239 pike and was the dominant parasite inL240 pike (Appe¡dix III-A).

The both the Jaccard and percent similarity between the two samples of pike were low

(Appendix III-B). Richness was liigher inL240 pike and both jackknife a¡d boorsrrap

estimates were approximately two species higher than the observed values (Appendix

III-C)' Parasite diversity was also higher inL240 pike a¡d overall diversity was second

only to yellow perch (Appendix III-D).

Lake cisco (Coregonws arteclií)

Tlre enteric cestode, Proteocephalus sp., was dominant in the l3 lake Appe¡dix

III-A). This fish species was sampled from only one lake and so similarity

measurements were tiot possible. The jackknife richness estimate was higher tha¡

observed number of two while the bootstrap estirnate was similar (Appendix III-C).

Parasite richuess in cisco was among the lowest of all fish species exarnined,

comparable with some cyprinid species. Parasite community cliversity in cisco was

relatively low (Appendix III-D).

Pearl dace (Margarisctts nmrgaritø)



The allogenic metacerc aria, PosÍhodiplosrontunt ntininttm?, was the dominan, "o

parasite inL377 pearl dace and the cestode, Proteocephctltts sp.,was dominant in

Triangle L. (Apperidix iII-A). Similarity between the assemblages of the two pearl dace

populations was low as were the similarities of most frsh species that are found in both

L377 and Triangle Lake (Appendix III-B). Both jackknife and bootstrap estimates were

similar to observed values in both lakes (Appendix III-C). parasite diversity was

lriglrest ittL377 pearl dace (Appendix iII-D). Overall diversity, unlike richness, was not

higlier in pearl dace than in all other cyprinids.

Blacknose shiner (Notropis heterolepis)

The enteric nematode, Rhabdochona cascadilla, was dominant inL377 (this is

tlre only L377 ninnow where P. ntinÌmum was not dominant) and the larval allogenic

cestode, Ligula intesrinalis, was dominant in Triangle Lake (Appendix III-A). parasite

faunal similarity between these two populations was the lowest of all fish sampled

(Appendix IiI-B). Richness estimates were low in both populatio¡s and were si'rilar to

the observed values (Appendix III-C). Parasite diversity was also lower in these fish

than in all other hosts examined (Appendix iII_D).

Spottail shiner (Notropis hudsonius)

The dominant spottail parasite was P. ntinintum (Appendix III-A). Ricliness

values were low, similar to most other cyprinids and estimates accurately approxi¡rated

the observed value (Appendix III-C). Alternatively, diversity of the parasite fau¡a in

tlris lrost was second highest of all minnows sampled fi'orn L377 and,had the highest

cyprinid parasite faunal diversity when all lakes were combined (Appe¡dix III-D).

Northern redbelly dace (Phoxinus eos) and finescale dace (phoxinus neogaeus)



No parasites were recovered from six P. eo.çin two lakes (L239 and Tr-iangr. "'
L.) and none were found in four P. neogaeus in two lakes (L240 and Triangle L.).

Therefore, these two fish were not considered in any of these analyses.

Fathead minnow (Pimep h ales p ro me I os)

Posthodiploslomun't ntinimum was dominant in L37i andthe eye fluke,

Diplostomum sp., was dominant in Triangle Lake p. prontelcrs (Appendix III_A).

Richness estitnates were among the lowest of all cyprinids (Appendix Iil-C) as was

total parasire diversiry (Appendix III-D).

Longnose dace (R h in ic ht hys c ata ractoe)

The dorninant parasite of this cyprinicl was again P. minimttnz (Appe¡dix III-A).

Observed richness and richness estimates were higher than most other cyprinids while

the bootstrap estirnate was higher than observed for tliis fish species (Appe¡dix III-C).

Divelsity of this host's fauna was second lowest of allL3TT minnows and seco'd

highest of all total minnow diversity values (Appe'dix III-D)

White sucker (Cøtostomus commersoní)

The dominant white sucker parasite species in all four lakes were

acatrtlrocephalans (Appendix III-A). Pomphorhynchns bulbocolli was dominant in

L239 and N. cylindralzl.ç was dotninant in the three remaining lakes. The percent

sirnilarity was highest between L240 and,L377 (89% sirnilar-) and lowest between L239

and Triangle Lake (35% similar) (Appendix III-B). observed richness and richness

estimates were highestinL3TT suckers and lowest inL240 (Appenclix III-C). Only the

bootstrap estimate for Triangle Lake suckers was more than one species higher than the

observed value' Parasite assemblage diversity was highestinL23g (>2 spp.per host)
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and lowest i'Tria'gle Lake (< 1 spp./fisrr) (Appe'dix III-D). Total parasite

diversity i'all lakes was higher only in pike a'd yellow perch.

Burbot (Lota lotø)

The cestode Proteocephalus sp. was the dominant species (Appendix III-A).

Bootstrap richness estimates cannot be calculated for just one sample so richness

estimates were not deterrnined. Burbot parasite cliversity was higher than cisco, Iowa

darters and most minnow species but was lower than the rest (Appendix III_D).

Brook stickleback (C ulea inconstans)

Neascus sp., a larval trematode in the flesh was dominant inL377 and the

cligenean was clominant in Triangle lake sticklebacks (Appendix III-A). perce't

similarity was low between the populations (Appendix IIi-B). parasite richness

estimates were highet inL377 C. inconstans but were still as low as typical cypr.ilid

values from these systems (Appendix III-C). Parasite species diversity was also higher

inL377 than in Triangle while overall diversity was only higher than Iowa darters and

two cyprinid species (fathead minnow ancl blacknose shiner) (Appe¡dix III-D).

Slimy sculpin (Cottus cognatus)

DiplostomurT? sp. was dominant inL240 sculpins and the nematode S. gracilis

was dominant in L377 fish (Appendix III-A). The similarities of the parasite fauna of

the two populations were higher than for minnows, stickleback and pike but were lower

than most between lake comparisons of sucker populations (Appendix III-B). parasite

Iiclrness was higher inL377 than in L240 andthe estimat es isL377 were 
'ruch 

higher

than the observed value due to three species unique to tliis poulation (Appe¡dix III-C).



Howevet, diversity of tl-re parasite fauna was higher inL24¡sculpils and total 
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diversity was higher in scuplins than in most other fish species (Appenclix III-D).

Iowa darter (Etheostoma exile)

The unidentified Myxosporidean parasite was dorninant in these fisli (Appendix

III-A)' observed and estimated richness of the darter parasite fauna was l-righer tha¡

most other satnples (Appendix III-C). Diversity in darters was lower than in all but two

cyprinid species (Appendix III-D).



Appendix III-4. The dominant parasites of l2 species of fish from four Canadia¡ 
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Shield lakes. The Berger-Parker index of dominance was used to obtain proportio¡s.

Dominant Parasite
(proportion)

Fish Species L239 L240 L377 Triangle Lake

Esox luci,r Tetronchus Tetronchus
,Tonenreron morettreror¡ NA

( r .00) (0.35)

Coregoruts Proteocepltalu.s

artedii NA NA exigtnts
(0.78)

NA

NA

Margariscus
margarira NA NA posrhodiprostontu proteocephctrus

nt ntinintum sp.
(0.e5) (0.57)

NotropÌs NA NA Rhabdoc'hona r:^-.t, : .

heíerolepis ' 
'ascadilla 

Ligula ittleslinalis

(0.e4) (o'84)

Notro¡tis
hucrsonius NA NA '"',::il:ll;:,':,*' NA

(0.8e)
Pintephales
promelas NA NA NA DiplosÍomunt sp.

(0.87)

Rhinichthys
cararactae NA NA Posthodiplostomu 

NA

(0.72)

Catoslomu, Ponyhorhynchus Neoechinorhynch Neoechinorh¡tnclttr Neoechinorhylchbulbocolli us cristarus s cristarrs us crisratttscommerson I (0.58) (0.64) (0.56) (0.s9)

Lotct lolct NA NA proteocephalus sp. NA
(0.e7)
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Appendix III-4. Continued.

Fish Species

Culect
inconslans

Coltus
cognatus

Elheostomct
exile

L239

NA

NA

NA

Diplostomumsp. Spinitectus gracilis
(0.41) (0.50)

lvfyx6s¡26r¡¿no
(o'43) NA

Dominant Parasite
(proportion)

L240 L377

NA Neascus sp.
(0.8e)

Triangle Lake

Digenean
(0.e3)

NA

NA



i56Appendix III-8. The Jaccard index of similarity (.1) and Renkonen,s percent

sirnilarity (%) of the total parasite fauna infecting six species of fish in four Canadian

Shield lakes.

Fish Species
Similarities

FEDCBA

l and2 J

o//o

J
1and3

o//o

J
n- I and4

)r O/o /1,
(h

ÊJ
5 2 and3
(-) o//o
é)

FIJ
2and4

o/,/o

J
3 and4

(t/
,/o

J
All four
lakes "/"

0.14

0.35

NA

NA NA

NA NA

NA NA NA

NA NA NA

NA

NA

NA

NA

0.40

0.15

NA

NA

0.25

0.06

NA

0.3 8

0.55

0.40

0.63

0.57

0.3s

0.44

0.89

0.43

0.69

0.30

0.62

0.09

0.34

NA

0.25

0.08

NA

NA

NA

NA

NA NA

NA NA

NA NA

0.33
NA

0.38

" I : L239. 2 : L240,3 :L377,4 : Triangle Lake
" A: Esox lucius, B : Margariscus margarira, c: NoÍropis heteroleprJ, D :
caloslom.us con'rmersoni,E: culea incons[ans,F : cottus cognetLts



Appendix III-C. Observed total parasite species richness i¡ ELA fish and estimates 
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of total richness using jackknife procedures written by Krebs (19g9) and bootstrap

procedures written by Pisces Conservation Ltd. (199S).

L239 L240 
.

Esox lucius n: I 11: 15

Observed richness 1

Jackknife ( + SD) 1.0 + 0.0 8.9 + 5.93

Bootstrap 0 g.6

Coregonur n: 13

artedii
Observed richness 2

Jackknife(+SD) 3.8+3.93

Bootstrap 2.1

Margariscus
margarita
Observed riclmess

.Iackknife ( + SD)

Bootstrap

n:70 n: 69

10

10.0 + 0.0 4.0 + 0.0

1t.4 4.4
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Appendix III-C. Continued.

Notropis
lceterolepis
Observed richness

Jackl<nife ( + SD)

Bootstrap

Notropis
hudsonius
Observed richness

Jackknife ( + SD)

Bootstrap

Pimephales
promelas
Observed richness

Jackknife 1+ SD)

Bootstrap

Rhinìchthys
cataractae
Observed richness

Jackknife ( + SD)

Bootstrap

L377

n: 10

2

2.0 + 0.0

2.3

n:29

a
J

3.0 + 0.0

2.0

n:1

I

1.0 + 0.0

0.0

n: 17

5

5.0 + 0.0

7.0

Triangle L.

n: 103

J

3.0 + 0.0

J.Z

n:5

2

2.0 + 0.0

2.5



359
Appendix IIi-C. Conrinued.

Catostomus
comm.ersoni
Observed richness

Jackknife ( + SD)

Bootstrap

Culea
inconstans
Observed richness

Jackknife 1+ SD)

Bootstrap

Cottus
cognatus
Observed richness

Jackknife ( + SD)

Bootstrap

Etheostoma
exile
Observed richness

.Tackknife ( + SD)

Bootstrap

n:5

5

5.0 + 0,0

6.9

n:8

7

9.6 + 2.79

7.5

n:2l

6

8.9 + S.03

7.4

L239

tt:9

6

6.0 + 0.0

6.6

L240

n:4

5

5.0 + 0.0

5.7

L377

n:37

8

9.0 + 0.97

8.7

lr: 10

J

3.9 + 2.61

3.1

Triangle L.

n:7

5

5.0 + 0.0

6.2

n: 16

2

2.0 + 0.0

1a
¿.J



Appendix Iil-D. Parasite diversity in 12 fish species recovered fi.om four Canadia' 
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Shield lakes. Diversity was calculated with Simpson's (Si) and Shannon-Wei¡er (S/W)

diversity indices. The sample size of each fisli species fì'om each lake is represented by

N.

Lake Panasite Diversity

Fish L239 L240 L377 Triangre L. Ail Lakes
speciesn Si S/W Si S/W Si S/W Si S/W Si S/W' (l'{) q'{) _G'{) (N) o{)

Pi 1.00 0.00 2.09 _0.36 NA NA 2.02 _0.34
(1) (1s) (16)

ci NA NA 0.94 _0.07 NA 0.g4 _0.01
( l3) (13)

PD NA NA 1.19 _0.10 0.44 _0.02 0.82 _0.06
(70) (6e) (13e)

BNS NA NA 0.32 _0.01 0.39 0.00 0.38 _0.01
(10) (103) (1 13)

sTS NA NA 1.08 _0.07 NA 1.08 _0.07
(2e) (2e)

FHM NA NA 1.00 0.00 0.40 0.00 0.50 0.00
(1) (s) (6)

LND NA NA 0.gg _0.09 NA 0.gg _0.09
(r7) (17)

ws 2.06 -r.14 r.53 -0.65 1.56 -0.73 0.62 -0.11 1.52 -0.72(e) (4) (37) (7) (s7)

Bu NA NA 1.06 -0.06 NA 1.06 _0.06
(l) (l)

BS NA NA 1.1I _0,10 0.47 _0.01 0.72 _0.0s
(10) (16) (26)
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Appendix IIi-D. Continued.

Lake Parasite Diversity

Fish
speciesl

SS

ID

L239
Si S/W

(N)
NA

NA

L240
Si S/W

(l\r)
1.66 -0.19

(s)

0.63 -0.07
(8)

L377
Si S/W

(N)
r.l5 -0.14

(2t)

NA

Triangle L.
Si S/W

(N)
NA

NA

All Lakes
Si S/W

(N)
1 .2s -0.15

(26)

0.63 -0.07
(8)

" Pi : pike (Esox lucius), ci: cisco (coregonus artedii),pD: pearl dace (Margariscus
ntargarila), BNS : blacknose shiner (NoÍropis heterolepis), STS : spottaiL shinìr
(NoÍropis hudsonius), FHM: fathead minnow (pimephales promelcis), LND :
longnose dace (Rhynichthys cataraclae), WS : wliite suck er (Catoslon,tLts commersoni),
Bu: burbot (Lota lota),BS: brook stickleback (Culea inconstans), SS : sli¡ry sculpi¡
(Cottus cognatus),ID : Iowa darter (Etheostonta exile).



Fish Iength and sex versus infection 362

Total species richness was coruelated with total length of lake cisco, pike,

Triangle Lake pearl dace, other L377 minnows and slimy sculpins (Appendix III-E).

Total species intensity and abundance were both significantly correlated with length of

only Tliangle Lake pearl dace, other L377 mimows and sculpins.

Total species richness was significantly correlated with sex of only Triangle Lake pearl

dace and other minnows (Appendix III-F). Total species intensity and abundance

showed significant positive correlations only with Triangle Lake pearl dace.

Parasite community predictability

Since Chi-square d (t) tests for randomness were performed using o¡ly e¡teric

parasites (and Raphidascaris acus larvae in perch) several hosts that had few or no

enterics were omitted from this analysis. The parasite faunas of pike, pearl dace, four

other cyprinid species, white sucker and slimy sculpin all do not show a significant

departure from random species associations (Appendix III-G to K). There were no

individual parasite species or any combination of species that were sig¡ificantly

different from random within any of the parasite communities of the above five hosts or

groups of liosts (Appendix III-G to K). There was significantly lxore nestedness than

expected in pike, all cyprinids and white sucker (Appendix III-L). Fill values ranged

from 1 7 .9o/o 1n pearl dace to 55.TYo in cisco and T values ranged from 7 .52 (liighly

nested) inL377 minnows to 64.89 (little nestedness) in lake cisco.
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Appendix III-E. Spearman rank correlations of total length versus species rich¡ess,

intensity and abundance of total parasites of several fish species from four Canadia¡

Shield lakes' P value is given when significant (< 0.05), NS indicates no sig¡ificance.

Total species Total species Total species
richness intensity abundance

oregonus art
L377
N: 11

r, : 0.56
t:2.24
p: 0.05

NS NS

Esox lucius
L239,L240

N: 11

r, : 0.73
t: 3.94

p:0.0022
NS NS

Mar garis cus mar garita
L377

N:70
NSNS NS

Margariscus margarita
Triangle L.

N:66

r, : 0.33
t:2.83

p: 0.0067

t', : 0'35
r:3.11

p: 0.0032

r, : 0.34
t:2.96

p:0.0046
Other Cyprinidae

L377
N:46

r, : 0.43
t:3.55

p < 0.0001

r. : 0.45
t: 3.70

p < 0.0001

r, : 0.53
t: 4.67

p < 0.0001
Other Cyprinidae

Triangle L.
N: 109

NSNS NS

Catostomus
commersoni

All lakes
N :4r

NS NS NS

ulea inconstans
L337, Triangle L.

N:24
NSNS NS

CotÍus cognalus
L240,L377

N: 19

r.: 0.52
t: 3.00

p:0.0074

r, : 0.62
t: 3.84

p:0.0011

r,:0.62
r:3.86

p:0.0010
n Otlrer cyprinids are: Notropis heterodon,
Rh i n ic h t hvs c e I ar. a ct ae
t' Otlr., cyprinids are: Notropis heteroclon,
Phoxinus neogeus

N. hudsonius, Pimephales prontelas and

Pinte¡thales ¡trontelas, Phoxinus eos and
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Appendix III-F' Mann-Whitney U test to examine the effèct of sex on parasite

species richness, intensity and abundance in several fish species from fo¡r Ca¡adian

Shield lakes. P value is given when signif,rcant (< 0.05), NS i¡dicates no significance.

Total species
richness

Total species
intensity

Total species
abundance

Coregonus artedii
L377
N: l1

NS NS NS

Esox lucius
L239,L240

N: 11

NS NS NS

Mar E¡ar is cus ntargarita
L377

N:70
NS NS NS

Mar gcrris cus ntar gar ila
Triarigle L.

N:66
p:0.0146 p:0.0053 p: 0.0079

Other Cyprinidae
L377

N:46
NS NS NS

tlier Cyprinidae
Triangle L.
N: 109

p : 0.0310 NS NS

atostomLts
commersoni

All lakes
N:41

NS NS NS

Culect inconstans
L337, Triangle L.

N:24
NS NS NS

Coftus cognalus
L240,L377

N: I9
NS NS NS

n Otlrer cyprinids are: Notropis heterodon,
Rlt i ni ch t hy,t cat at.uct ae
n Otlrer cyprinids are: Notropis heterocJon,
Phoxinus neogeus

N. hudsoniu,s, Pimephales prontelas and,

Pintephales promelas, Phoxinus eos and



Appendix III-G. Chi-square test of randoÍuless of the

pike (åsox luciu.s) in two Canadian Shield lakes.

365
parasite fauna of northern

Parasite
communitytr

Observed
(number of fish)

Expected
(number of fish) X2

Empty
1

2
J

4
5

any 2 spp.
> 2 spp.

3.01

0.64
0.05
0.27
1.23
0.64
|.40
0.01

x2 tot.:7.24
X2 crit.:14.07

0.21
0.46
0.05
0.27
0.3 5

0.46
4.51
9.70

I
1

0

0

1

I

2

10

" 1. Raphidascaris acus;2.
Proteocephalus sp.; 5, Triaenophorus crassus
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Appendix III-H' Chi-square test of randomness of the parasite fauna of pearl dace

(MargarÌscus ntargarifa) in two Canadian Shield lakes.

Parasite
cotnmunityt'

Observed
(number of perch)

Expected
(number of perch) X2

Empty
1

2
J

4
5

any 2 spp.
> 2 spp.

81.72
t3.74
1.19

12.94
18.80
0.s9
9.31
0.70

83

11

1

17

I6
0

10

1

0.02
0.54
0.03
1.27

0.42
0.59
0.05
0.13

X2 tot.:3.06
X2 crit.:14.01

p : 0.879

n 
7, Allocreadiunt lobattun; 2, Potnphorhynchus bulbocolli; 3, proteocephctlus sp.; 4,

Rhabdochona cascadilla; 5, Ligula inresünalis
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Appendix III-I. Chi-square test of randomness of the parasite fauna of four species

of Cyprinidae (Notropis helerolepis, N. httd,çonius, Pintephales ¡trontelcts, Rhinichthy,s

catlrúclae) inL377.

Parasite Observ
co'rmunityo ('umber of perch) ('umbeì.of perch) x'

Empty
1

2
J

4
any 2 spp.
> 2 spp.

32.24
0.s8
0.58
0.s8

21.81

l.20
0.02

J¿

I
1

0

22
I
0

0.00
0.31

0.31

0.5 8

0.00
0.03
0.02

X2 tot.: 1.26
X2 crit.: 12.59

p: 0.974

" 7 , Allocreadiunt lobattm;2, Echinorhynchus salntonis; 3, pomphorhynchus bulbocollÌ;
4, Rhabdochona cascedilla



Appendix III-J. Chi-square test of randomness of the parasite fauna of white ,u",."1. 'ut

(Catos[omtt,t conlmersoni) in four Canadian Shield lakes.

Parasite
communityn (number of percli)

Expected
(number of perch)

2.69
0.34
0.4s
0.07
1.48
0.07
2.40
0.10
0.01

0.08
0.00

X2 tot.:7.67
X2 crit.: 18.31

p: 0.661

u l, Lissorclzis sp.; 2, Neoechinorhynchtts sp,; 3, Eclùnorhynchus salmonis;4,
Pomphorhynchus bulbocollÌ;5, proteocephaltts sp.;6,Isoglaridacris sp.;i, ñemato¿a

Empty
1

2
IJ

4
5

6

7

any 2 spp.
any 3 spp.
> 3 spp.

r.80
0.34
6.7 s
0.07
4.61
0.07
0.70
0.10

25.59
13.97
3.01

4
0

5

0

2

0

2

0

26

15

3
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Appenclix III-K. Chi-square test of randomness of the parasite fauna of sli¡ry

sculpin (Cotttts'cognatu,s) in two Canadian Sliield lakes.

Parasite
community" (number of perch)

Expected
(number of perch)

Ernpty
1

2
a
J

4
any 2 spp.
> 2 spp.

10.36
4.61
l.35
3.1 1

1.88
4.04
0.65

T2
a
J

0

J

2

5

I

0.26
0.56
1.35
0.00
0.01
0.23
0.19

X2 tot.:2.60
X2 crit.: 12.5g

p : 0.857

o 
1, S¡tinilectus gracilis; 2, Echinorhynchus salntonis; 3, Pomphorltynchus btilbocolli; 4,

S c his t o c ephalus s o I idu s



Appendix III-L. Nestedness of nine species of ELA hsh compared with 500 randomly distributed matrices to obtai' a simulated I
value-

Observed
ril (%)

Observed
Zvalue

Simulated
Zvalue

P value

Pike

46.8

17.56

47.56
+ 7.16

5.64 e-05

Cisco

55.0

64.89

81.89
+ 40.51

NS

Pearl
dace

1,7.9

10.81

42.11
+ 4.44

I .03 e- 12

L377
minnorvs

21.7

7.52

41.65
+ 7.48

2.62 e-06

Triangle
minnorvs

JJ.J

33.07

57.37
+ 12.92

0.030

White
sucker

22.5

I 1.16

46.86
+ 5.46

3.31 e-l 1

Sticklebacks

3 5.9

18.03

34.97
+ 10.76

NS

Slimy
sculpins

22.1

25.78

3 8.19
+ 8.94

NS

Iowa
darters

33.3

29.44

20.16
+ 14.10

NS

{



DISCUSSION 
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Triangle Lake pearl dace and slimy sculpins both have fauna dominated by

enteric parasites and both showed signif,rcant correlations of species richness, intensity

and abundance with host size, which agrees with the predictions of Zelmer & Arai

(1998). However, other L377 minnows are dominated by abundant allogenic parasites

and they too show strong correlations with host size. Cisco and pike had o¡ly short-

lived parasite fauna and they both showed significant correlations of parasite species

richness with size but white sucker (another dominated by enterics) did 
'ot. All of the

other non-perch tested were dominated by allogenics and showed no correlations with

size. Tlre majority of the srnall suckers were obtained frorn L239 and,L240 and these

lrad similar enteric parasite prevalences and abundances as the large L377 suckers. It is

possible that large suckers inL239 andL240 may have even liigher parasite

accumulations support the prediction of Zelmer and Arai (1998). A larger sample of

fish from eacl't size/age class in each lake could resolve this issue. The necessary

combination of different cyprinid species which can reach different maximum sizes rnay

result in size correlation when none is present or vice versa.

Age correlation calculations would also help to clarify if these fish species do follow the

predictions established for yellow perch parasite fauna and host attribute correlations.

White sucker parasites in this study did not show any correlation with host sex.

However, Triangle Lake pearl dace which display little sexual size dimorphisrn in this

sample show a correlation between parasite richness intensity and abundance and sex.

Other Triangle minnows which are almost all blacknose shiners show more females

infected with Ligula intestinalis than males (about 40%o to 107o respectively) which



explains the correlation of richness and sex. It is unknown if differential immunitv 
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of the sexes is present or if perhaps females are feecling rnore heavity on 
"op"poa,

infected with the procercoid stage of this cestode.

Predictabilify

Pike, white sucker and slimy sculpin samples have host sizes and/or low parasite

community similarity between lakes. The minnows share attribute similarities but have

low parasite community sirnilarity. Both of these may explain the lack of Chi-squared

predictability in the non-perch in these systems (Carney & Dick 2000). Combini¡g all

tlre samples of each species into one F test each may have masked a¡y potential

predictability. Larger samples of some species from certain lakes would be necessary to

confirm parasite comrnunity randomness. For example, one rnight expect to see white

sucker acanthocephalans or Lissorchis atíerutalunt and Isoglaridctcrls sp. paired up

more often than expected by chance as amphipods and oligochaetes respectively

transmit each pair to the suckers. These intermediate hosts could be providi¡g insta¡t

infi'acommunities (Bush et al. 1993) to the frsh host at quantities and rates controlled by

the presence of each type in tlie diet. The individual parasite species in the fauna of the

other fish are largely all acquired through different dietary items and so instant

infi'acommunities are not transmitted by prey. In pike, botli of the cestodes are likely

obtained by consuming cisco so there should be some predictability associated with the

lates at wliich they prey upon cisco. Larger sarnples would be needed in an attempt to

confirm this' All these fish appear to be randomly selecting prey from all available

types to produce randorn parasite communities.
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Tlre growth and developtnent of blacknose shiners (Notropis heterolepis) in

Triangle Lake, Ontario as measured by fisli length, weight and percent gonad weight

wele colnpared between uninfected f,rsh and individuals infected with the larval cestode

Ligtrlu inÍe'clinali,ç' Ligula intestinalis is obtained by consuming copepods and is passed

on to piscivorous waterfowl where it matures (I{offinan lggg). It occupies the body

cavity of many species of fish, particularly cyprinids. Ligtila intestÌnalis was found

prinrarily in Triangle Lake blacknose shiners. Prevalence was 43yo infemales and,l3o/o

in males. There was one male shiner ir-rfected with two worms but all other fish had

only a single L. inlestinal¡s. Worrn biolnass was also recorded to determine if there was

increased effect on the shiners with increased parasite size.

Tlie effects of this parasite on the shiners were examined by linear regression

analysis of length and weight measurements of infected versus uninfected fish.

Statistical aualyses were performed with Microsoft Excel (Office 97 version)

Tlie slope of the regressions of infected f,rsh length and weight showed a small

decrease relative to the uninfected fish (Appendix IV-A). Gonad weight, however, was

gteatly reduced and decreased with infected fish and, thus, parasite age. All uninfected

and a single infected female were mature. Szalai et al. (1989) observed sirnilar effects

of L. intestinalis on spottail shiner (Notropis httdsonius). In addition, an increase in

worm biomass resulted in a decrease in percent gonad weiglit but not i¡ le¡gth or

weight (Appendix fV-B). A larger sample size of infected individuals over a greater

range of age classes may reveal that length and weiglit are also affected by increased

biomass.
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Appendix iV-A. Linear regressions of Triangle Lake blacknose shiner (Notropis

helerolepis) (a) total length, (b) soniatic weiglit and (c) percent gonad weiglit versus age

for uninfected fish (solid line) and fish infected with Ligula inïesíinalis. A sa'rple size

of 76 fish (50 uninfected,26 infected) were used for total length and somatic weight

calculatiotls while only 53 females (30 uninfected,,23 infected) were used for percent

gonad regression calculations.
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Appendix IV-B' Linear regression scatterplots of infected blacknose shiner (a) total

length, (b) sornatic weight and (c) percent gonad weight versus the weight of each

host's Ligula intestinalis infrapopulation (measured as a percent of the fish total

weight).
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Appendix v 
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Some preliminary morphometric and rneristic characteristics, parasite

community and infrapopulation statistics and dietary analysis were performed on yellow

perch from four central Manitoba lakes. Total length, age and sex were recorded for

101 Lake winnipegosis, 100 Lake Manitoba, 100 Lake winnipeg and 40 Lake

V/aterhen perch obtained from the commercial hsheries through the Freshwater Fish

Management Corporation. Complete necropsies and morphometric analyses as

described in the Chapter 2 methodology were performed on subsamples fi.om three of

tlre four lakes; 21 from each of Lakes Winnipegosis and Waterhen and,20 from Lake

Manitoba. Parasite infrapopulation statistics weïe analysed as described in Chapter 2.

Morphometrics and meristics were simlar to the ranges observed by Scott a¡d

Crossman (1973). Size-at-age of the Manitoba fish (Appendix V-A) was greater than

for all ELA perch (Chapter 2). The parasite community of these perch was less diverse

than the ELA sarnple. There are two possible reasons for a smaller parasite fauna;

smaller sample of perch and the fish were collected in February when many parasite

species population sizes are reduced. There were two species present not observed in

ELA; the copepo d, Ergasilus sp. and Bunodera lucioperca. There were also greater

intensities of enteric parasites than in ELA that may reflect a higher relative trophic

position occupied by the Manitoba perch. This is supported by dietary analysis that

shows that fish were the dominant prey type in two of the three lakes exami¡ed. Large

macroinvertebrates and bethic f,ish dominated in Lake V/aterhen perch stomachs.
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Appendix V-A. Length-at-age of male and female yellow perch recovered from four

central Manitoba lakes.
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Appendix V-4. Continued.
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Appendix V-8. Morphometric and meristic lneasurernents of 20 Lake Manitoba yellow perch. All distance lneasurements are in

millimetres and all weights are in grams. Percent gonad weight is measured for fernales o'ly.
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Appendix V-C. Morphometrìc and meristic measurements of 21 Lake'Waterhen yellow perch. All dista'ce measurements are

in rnillimetres and all weights are in grams. Percent gonad weight is measured for females o'ly.
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Appendix v-D' Morphometric and meristic measurements of 21 Lake v/innipegosis yellow perch. All distarice measurernents

are in millimetres and all weights are in grams. Percent gonad weight is measured for fe'rales only.
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Appendix V-E' Infection statistics of parasite infrapopulations of yellow perch recovered fr-om three central Ma'itoba lakes. The

prevaleuce is given followed by the mean intensity * staudard deviation with the range in parentheses. The number of fish of each

species examined fi'om each lake is indicated by n.

Parasite

Ectoparasites

Urocleidus sp.

Path of infection

Ergasilus sp..

Larval parasites

Apophallus breyi.ç

direct

Site of infection

direct

gills

Lake Manitoba
N:20

direct

gills

5.0

1.0

(5)

60.0

4.8 + 5.7

(r-2r)

55.0

2.9 + 1.5

(1-7)

Lake Waterhen
N:21

skin and flesh

28.6

2.8 + 2.1

(1-7)

47.6

2.5 + 3.9

(1 -5)

76.2

12.0 + 11.4

(r-36)

Lake
Winnipegosis

N:2r

4.8

2.0

(2)

76.2

4.2 + 4.1

(1-18)

95.2

44.4 + 55.9

(2-242)
(/)
ooè



Appendix V-E. Continued.

Parasite

DiplosÍomunt sp.

Posthodiplostonlunx

minimunt

Enteric parasites

Bunoderct

lucioperca

Crepidos'tontunt

cooperi

Path of infection

direct

Site of infection

direct

eyes

Lake Manitoba
N :20

mayfly ingestion

mesenteries and

visceral fat

mayfly ingestion

15.0

1.0

(1)

i 0.0

1.0

(1)

Lake Waterhen
N:21

intestine

95.2

16.1 + 20.2

(1-e0)

4.8

3.0

(3)

intestine

Lake
Winnipegosis

N:21

30.0

7.5 + 13.7

(t-37)

10.0

2.5 + 0.1

(2-3)

47.

4.4 + 4.1

(1-14)

52.4

16.5 + 18.3

(1 -s3)

90.5

58.1 + 91.3

(2-328)

3 8.1

80.1 + 155.9

(2-4s8)

52.4

4.8 + 8.5

(1-30)

23.8

2.2 + 0.8

(1-3)

UJ
oo



Appendix V-E. Continued.

Parasite

Bothriocephalus

cuspidatus

Proteocephalus

pearsei

Pontphorhychus

bulbocolli

Acanthocephala

sp.

Path of infection

copepod ingestion

Site of infection

copepod and fish

ingestion

arnphipod

ingestion

amphipod

ingestion

intestine

Lake Manitoba
N: 20

intestine

90.0

14.7 + t2.4

(r-4e)

100.0

40.5 + S6.l

(2-233)

5.0

2.0

(2)

10.0

2.0 + 1.4

(1-3)

intestine

Lake Waterhen
N:21

intestine

9.5

1.5 + 0.7

(r-2)

52.4

3.3 + 2.2

(1 -8)

38.1

1.8 + 1.2

(r-4)

3 8.1

3.4 + 4.8

(l-15)

Lake
Wimripegosis

N:21

47.6

3.5 + 3.1

(t-e)

71.4

8.1 + 7.8

(l -30)

0

4.8

1.0

(1)

UJ
cô



Appendix V-E. Continued.

Parasite

Other parasites

Raphidascaris

acus

Nematoda

sp.

Path of infection

chironomid and

perch ingestion

benthic

invefiebrate

ingestion

Site of infection

liver

Lake Manitoba
N:20

intestinal wall

Lake Waterhen
N:21

90.0

4.1 + 5.9

(r-2s)

14.3

9.7 + 7.5

(4-21)

85.7

8.7 + 8.9

(1-34)

Lake
Winnipegosis

N:21

71.4

20.4 + 41.5

(1-172)

42.9

8.7 + 5.7

(2-16)

U)
co\ì



Appendix V-F. The percent stomach conterrts of yellow perch from three central Manitoba lakes.

100% for each lake.

Prey Type

Empty

Benthic prey

Ephemeroptera

Odonata

Corixidae

Amphipoda

Pelagic/Benthic prey

Fish

Lake Manitoba
N:20

60.0

Lake Waterhen
N:21

0.0

0.0

0.0

0.0

îa 1
J J.J

Totals may add up to more than

Lake Winnipegosis
N :2i

4.8

4.8

4.8

47.6

6t.9

40.0

r 9.0

0.0

0.0

0.0

42.9 19.0

oo
oo


