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A8S'tRACT 

,. 
A fr •• hwatel' population of thr.e-.plned stickleback., 

a.stero.t.us aculeatu., in northern Ou.bec, was aa.pled at 

reCJular intel'vals during the ice-fr.e aeason over a two year 

periode Froll size frequency distributions i t'las esti.ated that 

.ticklebacka at Matamek Lake live for at least three years. The 
i 

•• jority of fe.ales Ilatured when they vere'thre. years old. 

Breeding occurred in June and early July. , 

The 1+ a9- claas of sticklebacks vas .ost heavily 

lnf.ctee:! vith plerocercoids of Schlltocephalus soldua. Inftction 

levels increased fro ... July to Octobel' and thtn dropp.d 

dra.atically over the vinttr. Parali t. abundance varied betw •• n 

1981 and 1982. Schisto.c_phalus was found to retard host CJrowth, 

and •• turation ln fe.a le." and 1 t appeal's that •• lectl ve 

IIOrtall ty of infected stlcklebacks occurred over the 'linter. "av 

plerocercoids 1 ived for IIOfe than one y.ar. Plel'oc~rcold CJrovth 

"as IIOnltored and found to be danaity-d_pendent. 
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ABREGE , 

Une popul ation lacu.tr. d'6plnoch.. i trois 'pin •• 

(G •• terostaus aculeatus), du nord du Quebec, a 'tl .......... ----_ ..... _-- --------
Icbantillonn6e durant la periode d. d'gel, pendant deux ann'e. 

con •• cutives, .t des tntervals rtgul1ers. O'apris le. courbe. de 

captures il semble que l'esp6rance de vie des tpinocbes du lac 

Matamek soit d'au moins trois ans; âqe auquel la llajorit6 de. 

f ••• lle. atteiqnent la lIaturit' sexuelle. La plriode 

d'accouple.ent a lieu en juin et au d'but de jui llet. 

Les .pinoches d'Ige 1+ soit les plus forte •• nt infe.t •• 

1 

1 
!-

par de. p16rocercoid.a de Scbistocephalus .olidus. Le niveau 

d'infestation a Scbiatocephalus 80lidus augmente d. juillet' 

octobre, pour ensuite di.inuer consid6rable.ent au cours de -----, 

l'hiver. L'abondance du paraaite au sein de la population 

d'.pinoches varie entre 1981 et 1982. Schi8tocephalus s •• bl. 

retarder la .aturation de. 'pinoches fe.elles, ainsi que la-~-/ 

croi ••• nc. d.s individus en genlra1. La. individus tr6. inf •• ta • 

..... l.nt. le. plus su,c.ptible. de mourir au cours de l'hiv.r. 

Tri. peu de pllrocercoide. survivent plus d'une annae. L'.ffet 

- de la den.it. de l'inf.station sur la croissance des 

p16rocercold. e.t decrl t. 
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CHAPTER 1 - INTRODUCTION 

,..or' 

For Ilany years parasi te ecology vas largely r.strlc:ted to 

the description of parasite life cycles, hoveyer, over the last 

tvo decades parasi to log ists have bec olle increasingl y avare of 

the importance of a detailed knowledge of parasite and host 

ecology to the solution of parasitological problells. Many of thi 

advances made in ecology have resul ted froll the forlla llzation of 

ideas and concepts into theoretical models vhich have be.n 

tested using field and laboratory data. Parasltologists have 

begun to employ simi lar lDethodology in the study of host­

parasl te systems, but progress has been h indered by the pauci ty 

of integrated quantitative information available ln the 

lit.rature. 

The aim of th. present investigation vas to descrlbe, in 

detail, the interaction betveen the cestode, Schlatocephalus .. .. 

solldus and its inter.ediate fish host, Gasterosteus acule.tus, 

und.r natural conditions. Seasonal etudies of thls association 

have been carried out on populations froll England (Pennycuick, 

1971a-d) and Bri tish- Coluabia (peacock, 1979). It vas con.id_rad 

that by obtaining a precise 'description of the relevant lite 

hl.tory sequences of both the host and parasi te under the 

different environ.entai regl.e offered in Ouebec, and cOllparing 

findings vi th data frOID prev ious experillentai and field studies, 

It would be possible to achieve a greater understanding of hov 

the hosts and parasite. interact under natural condi tians. 

In the folloving page. the reader la introduced to ! 
I~ 

1 
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.0 •• of the 1 iterature on G. aculeatus and S. solidus. It 

beco .. s i_ediately apparent that Ilany aspects of the bio logy of 

th ••• two species are extre.eIy weIl documented. Thus, it has 

be.n necessary to be selective in reviewing previous worka • 

.. 

ftB BOST - the thr.e_plned .tlckleback, "as:teroateua aculeatua 

Linnaeua 1758. 

( 

.. 

Cl~ - Oateicbthyes 

SUbel ••• - Actlnopterygii 

Super Order - Teleostei 
\~l 

Order - Gasterosteifor.es 

r •• uy - Gasterosteidae 

Yb. thr •• -apined .tlckleback ls found ln .ar1ne and 
,~) 

fr .. hvater coastal habitats in the cold and te.perate zones of 

lurope, North America and parts of Asia. Some populations are 

•••• ntlally marine, migrating lnto freshwater to spawn, while 

otbera ilve a completely freshwater existènee exhibiting short 

.igrations fro. deep water into the sha llows at the onset of the 

br •• ding season (van Mullem and van der Vlugt, 1964). Yb. 

geographica-1 distribution of freshwater Gasterosteus aeuleatus 

reflects the .. arine origln of this species and may be explained 

ln ter.s of l_igratlon from the sea (Munzing, 1963). 

'rhroughout its distribution the three-splned stiekleback 

.xblblts extensive IIOrphological, physiologieal and behavioural 

•• riation. Al though the differenees between some aorphologiea 1 
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foras are known to have a <jenetic component (Heuts, 1947; 

Munzing, 1959; Lindsey, 1962; Hagen, 1967) it ls not known to 

"hat extent the observed heterogenei ty throughout the range of 

the species Is a product of environmental variation and/or ~ 
under1ying genetic variation. Thus, the systematics of 9.:. 

acu1eatus remains a prob1em (Miller and HUbbs, 1969; Hagen and 

McPhai l, 1970; Wootton, 1976). In recent literature three-

aplned stick1ebacks are genera11y characterized as belonging to 

one of three morpholoqical forms, or ·morphs·, termed leiurus, 

trachurus and semiarmatus (after Munzing, 1959), on the basis of 

the nu.ber and arrangement of lateral plates; however, these 

classifications are not used in' any taxonomie or subspecific 

•• n8e. The sympatric existence of different morphologicai forlls 

at many locations has 1 ed severa 1 authors to examine the 

•• rlstie variation exhibited by these sticklebacks (Heuts, 1947; 

Lindsey, 1962; Munzing, 1963; Hagen, 1967; Narver, 1969; Coad, 

1972; Aneer, 1973; Coad and Power, 1974) and to compare the 

bio logy of di ffe rent 810 rphs in an at tempt to examin.. the 

lso1ating aeehanisms and processes of naturai selection 
\ 

operating on these populations (Hagen, 1967; MCPhai1, 1969, 

Bagen and Gilbertson, 1972; Moodie, 1972b; MacLean, 1974; Moodie 

and Reillchen, 1976; Gilbertson, 1980; Hagen!!. .!.l., 1980; 8el1 

and Rlehkind, 1981). Until the relationships between inter- and 

Intra- population variation and envlronmental constraints are 

understood, several authors a.intain that the entire cOllp1ex of 

.orphs should be treat'ed as be10nging to a single hlghly 

variable species, Gasterosteus aculeatus L. (MIller and Hubba, 

1969; MePhai l and Lindsey, 1970; Gi 1bertson, 1980). 
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The bioloqy of the three-spined stlckleback is extra.ely 

weIl documented. This i9 largely because of the abund.nce of 

thls small fish in shallow, slow moving waters where It is 

readily observed and collected, and the ease vith which it .ay 

be kept and bred in the laboratory. In particular, the peculiar 

reproducti ve behavior of the species has stilDula~ed exhaustive 

ethological studies and the reproductive physiology is al.o 

re.arkabl y weIl documented for a speci es of 1 i ttl e cOllllercial 

value. 

The following account of the reproduction of the 

freshwater three-spined st ickleback i s "taken from Wootton'. 

(1976) leyiewof the biology of stieklebaeks. 

Outside of the breeding season the stiekleback live. in 

schools. At the onset of the reptoducti ve phase aature .ale. 

aove into the shallows and establish a territory where they 

build a nest. Intruding male sticklebacks and other fish 

species are ag9ressively confronted and ehased out of the 

territory. When a gravid fe.ale, recognizable by her distended 

abdo.en, enters the territory the lIala and fa.ale co ••• nee a 

eourtship ritual, as a result of which the fa.al. is entieed 

into the nest where she daposits her 8991. The fe.ale then 

leaves and the .ale fertilizes the egq8. A male aay induee 

s.veral fe •• le. to spavn in the nest. Se then adopts a parental 

role and tends to the younq until they disperse. Males lIay 

build several nests and females lDay spawn several tilDes dur4ng 
~ 

the breeding season. Post spawninq mortality is co .... on in this 

spee tes, but sOlle f~sh lDay survi ve and miqrate into deeper water 

for the winter to return and breed agaln the fo llowing spr Ing. 
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In a .eri •• of experi.enta, 8aCJCJer •• n (1957, 1972) 
( 

.tudied the influence of photoperiod and te.~erature on 
J 

.aturation of sticklebacks from several annual, anadro.ous 

populations in Rolland. A behav~oural rather than histologieal 

crlterion of sexual maturitywas used; maturation 'las indicated 

by nest-building and e9g laying ln males and females 

respectively. On the basis of her experiments and field 

collections, Baggerman concluded that there were four phases ln 

the development of sexual maturlty in stlcklebacks. Phase 0 was 

characterlstic of juvenile fish collected in June and July (the 

fi rat two months of 1 ife). These fish did not mature when kept 

under conditions of sixteen ho urs of light per day (16L8D) and 

200 e. In contrast, fish J,n phase 1 would mature if kept under a 

ai.ilar light and temperature regime. These flsh could be 

aeparated lnto two groups: fish in phase la showed an 

acceleration in the rate of gonadal maturation when kept under a 

photoperiod of eight hours light and sixteen hours of dark 

(8L16D) and at low temperature (4°C), whereas st.ickl ebacks in 

phase lb showed no such response. AlI fish in phase 1 could be 

kept sexually immature by maintaining them under a con.tant 

regl.e of 8L16D and 20°C. Sticklebacks in phase 1 were found in 

the field frOID August to late vinter/early spring. Phase 2 fish 

becaae mature on a reglme of 8Ll6D and 200 C, as weIl as on 16L8D 

and 200 e. This phase 1 asted from ear 1 y spr i ng unt il the star t of 

the breeding season. BaggerlDan suggests ~hat the phases 

correspond to changes in an annual cycle of an internaI 

threshold to maturation; gonadal development to the next phase 

vlll on1y ensue when environmental conditions are suitable to 
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o.ereo •• the thre.hold. Thu., .. turation 1. prevented .t tl.e. 

of the year when produetlCJn of offsprinCJ would be unfavourable 

to the survi~~a1 of the specles. Proposed histological 

equlvalents to the phases ln fellales are as fol Iowa: phase 0 

corre.ponds to the initial period of ooqen •• is tound in juvenile 

fl.h usually les8 than 22 •• 10nCJ; phase 1 corresponds to the 

grovth and definition of the oocytes and the initial staqe of 

yolk forllation; whilst phase 2 includes the coaplation of 

vi tell ogenesis and fina 1 .aturation of the oocyte. (8aCJger .. n, 

1972; Wootton,1976). 

It seeas probable ~~at .aturation is .ill11arly controlled 

ln stlcklebacks fro. populations wbich have a longer llfe .~n 

and vhlch lIature at the end of th.ir firat and subs.quent year. 

of Ilfe. Hovever, It ls not knovn how qonadal develop.ent 

proceeds in stickleback populations in vhich the fish do not 

.. ture until tvo or three y.ars old. 

In late su •• er and early autuMn, the ovari.s account for 

about 2' of the total body v.iqht, thi. iner.ases to about 4' ln 

the ear1y wint.r. During the breeding season the ovaries account 

for b.tw •• n 8 and 30' of the total body weiqht, depending on ho" 

recently the f •• ale has spawned (Meakins, 1974a, Wootton, 1976). 

In lIales the te.tes have becoae fully differentiated and contain 

Most of the stages of sperllatog.nesis by th. ti.e the Ilale 1. 

25 •• long. Maturation la accollpanied by an increase ln tha 

proportion of body welght attributable to the test.s (Wootton, 

1976) • 

The variations in the apavnlnCJ tille. of different 

populations of Gasterosteus aculeatua are r.vie"ed by rr .... n 

\. 
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(1'.5) and Co.d (1972). In g.n.r.l, th. br.edlng •••• on 

co ... noe •• arller and 1. long.r at te.perate latitudes than at 

the .ubarctle and aretie parts of the speeles range. The 

flneS!ngs of eeologleal and 1 ife hl.tory .tudie. on the sp.cle. 

vith regard to the Ilfe .pan and age at .aturity are t.bulated 

ln/the next ehapter. 

The studi •• earrled out on .tlekleback •• re ~eyleved 

extenslvely in Wootton'. (1976) book, -The 810l09Y of the 

Stlcklebacks-, and an updated bibliography of the Ga.tero.teldae 

1. glven by Coad (1981). 

For ~h. sake of brevity th. three-aplned atlckl.blck, 
. 

Gaaterosteus aculeatua L. i. ret.rred to as -the atlckleblck-

henc.torth ln thi. th •• ls. 

TRI PARASI71 - 8cbl.toc.~alua aolldua (MOller 1776' 

Cla •• - Ce.toda 

Subela.a - Eucestoda 

Ord.r - Pseudophyllidea 

ra.ily - Oiphyllobothrid .. 

Icbl.toc.ph.lus .olldu. la reported to occur tbroughout 

the ,.ographical range of fre.hwater popUlation. of 

Gasterost.ua ~!eatua: ln the USSR (Dub1nina, 1957, 

'ykhovakaya-Pavolovskaya !l al., 1964 (el ted by Wootton, 1976», 

Europe (Clarke, 19541 Vik, 1954; aaitllnger and Wolanska, 1965; 

Vld.l Celaa, 1966; Ar.e and O"en, 1961; Chappe11, 1969a; 

'.nnyculek, 1971a) and ln North Aaerlea (Gre.nbank and Nelaon, 

1 
1 

J 

1 
1 
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1959, rr •••• n,· 1965, Le.ter, 1919, aanek .H 1'bre1 fa Il , 1970, 

Coad, 1972, pe.cock, 1979; Gilbertaon, 1980, Ret.cb.n, 1982). 
; 

Since Say th (1946, 1950) described a technique for tbe 

cultivation and .aturation of plerocercoids of Schiatocepha1ua 

~ ~itro this parasite has been the subject of nuaeroua 

experl.ental studies which have contrlbuted to our know1ed98 of 

ce.tode physio l09Y and bloche.istry (Say th, 1969). 
(_C f 

Life hlstory studies on Schiatocephalus have been carried 

out by several authors (Dubinina, 1947; S.yth, 1947; Hopkina and 

Say th, 1951; Clarke, 1954; Orr and Hopkins, 1969). The lite 

cycle ".y be briefly su •• arized as follows: the aduit vora la 

tound in the intestine of • piscivorous bird. The adult parasite 

and e99s are passed out in the faece. within 1 to 3 days after 

the bird has eaten an infected stickleback. The e99s take 2 to 

5 weeks to hatch, dependin9 on the prevailin9 water tellperature, 

and .oti1e hexacanth larvae (coracidia) are released. These 

tree swi •• lng larvae .ay live for about 5 days. If eaten by one 

of several closely related copepods, the coracidiua penetrata. 

the intestinal wall of tha copepod and enters the hae.ocoel. 

Multiple infections of procercoids in the coalo.ic cavity of 

copepods aay occur. The infected copepod .u.t be eaten by a 

stickleback for further transals.ion to be effected. In a 

.atter of houra, the contalned parasites aay penetrate the gut 

wall and co.e to lie in the perivisceral cavlty of the fiah. 

aere they develop 1nto plerocercolda capable of infectinq bird 

hosts. The plerocercoids .. y live and continue to 9row a. 10n9 

•• thelr stickleback hoat •• 

The at~ucture and llfe cycle of th!. ce.tode pre.ent 

\ 
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.everal unusual features. Pirst, the adult parasite is not very 

host specifie. At least 50 species of birds are recorded as 

"being suitable definltive hosts (Freeman, 1965). In Canada these 

inè1ude guillemots, sandpipers, gu11s, 100ns, mergansers, arctic 

te,ns, ravens ~nd crows. In contrast, the plerocercoids of 

Scblstocephalu'S are specifie to sticklebacks. Oubinina (1959) 

reeognized separate species of SÇhistAcePha!~ infecting 

different fish hosts .. There 'are se.vera1 reports of the 
\ 

occurrence of S. solidus in fish species other than three-spined 

aticklebacks (8angham and Adams, 1954; Oubinina, 1957; Roffman, 

1967; Lester, 1~69; Dartnall,' 1973; Margo1is and Arthur, 1979). 

Bovever, the experimental evidence presented by Braten (1966) 

aRd Or~ ~ al. (1969) shows that Schistocephalus s011dus Is 

hlghly specifie to Gasterosteus aculeatus and that thls parasite 

does not become successfu11y estab1ished in other fish hosts. 

Another striking attrrlbute of this parasite Is the 

~xt.nslve somatic growth and development exhlbited by the 

plerocercold in the stickleback. The characteristic cODplete 

external and internaI segmentation and weIl developed genita1 

prlllOrdia seen in plercercoids of Schistocephalus are unusual 

• .ong cestodes and are only approached by the pseudosegmentation 

of the plerocercold of Ligula intestinalis (Smyth, 1949). 

aecause of these unusual characteristics, plerocercoids of 

Schi.tocepha!~ have been the subject of a series of 

experiaenta1 ln vitro and in vivo growth and .aturation studies 

~opklns and McCaig, 1963; McCalg and Hopkins, 1963; McCatg and 

Hopkins, 1965; Sfnha and Hopkins, 1967; Orr and Hopkins, 1969; 

" •• kins and Wa1key, 1973). 

. ~. -, • .?''l'"''' .• _" . 
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ftE BCOLOGY AND PA'rROLOGY OP SCBISTOCB'pft'ALUS IN GASTE.ROSTEUS , 

The most extensive studies on natural populations of 

stickiebacks infected with Schistocepha1us are descrlbed by 

Pennyeuick (1971a-d) and Arme and Owen (1967) ,in the UK and 

Freeman (1965) and Peacock (1979) Ln Nort6 America. In some 
\ 

stickleback populations parasite prevalence values apparently 

'approach 100\ at certain times of the year (Arme and Owen, 1967; 

Lester, 1969; Pennycuick, 1971a). Infections of Schistocephalus 

in Gasterosteus are overdispersed (Pennycuick, 1971c), the 

majority of parasites occurring in relatively few hosts. 

Mul tiple infectIons are common and the weight of the parasltic 

burden may be greater than the net weight of the host (Arme and 

Owen, 1967). Plerocercoids from multiple infections are reported 

to be slDaller than those found in single infections (Vik, 1954; 

Orr and Hopkins, 1969; Lester, 1~71), whfch implies that 

intraspecific cOlDpetition May be occurring. Abdominal distension 

ia characteristic of heavily infected sticklebacks. 

lt is suggested that Schistocephal~ may cause or 

oontrlbute to host aortality under natural conditions (Vlk, 

1954, '!"hrefall, 1968; Pennycuick, 1971d). Cyc Ile fI uctuations 

ln tbe .abundance of Scblstocephalus and stickl ebacks have been 

reported (Ar •• and Owen, 1967; pennycut ck, 1971a). pennycu tek 

(1911d) sU9CJests that both the parasi te and host popul ations are 

regulated by parasite Induced ,mortal ity. Infection wlth 

Scblatoc.phalu. Increases.stlckleback lDortallty rates under 

nor .. l labor.tory conditions (Peacock, 1979) and to a greater 

•• t.nt ln .tpe ••• d .ortallty experi •• nta, when the fish are 
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- " ' subjected to low oxygen and high temperat9re conditions 

(Peacock, 1979) or starvation (Walkey and Meakins, 1970; Pascoe 

and Mattey, 1977; Pascoe and Woodworth, 1980). Sublethal leveis 

of sehistocephal~ are reported to affect host growth 

(pennyeuick, 1971d), reproduction {Freeman, 1965; Arme and Owen, 

1967; Meakins and Waikey, 1970; pennyc:;uidk, 1971d; Coad, 1972; 

Meakins, 1974a}, respiration (Lester, 1971; Meakins, 1974b; 

Meakins and Wa1key, 1975), feeding (Freeman, 1965), behaviour 

(Arme and Owen,'1967; Lester, 1971; Coad, 1972; Giles, 1983), 

swillming ability ~d vulnerab'ility to predation {Clarke, 1954; 

Arme and Owen, 1967; Codd and Power, 1973; Meakins, 1974a}. 

Hopkins and Smyth (1951) suggested that plerocercoids of 

S. sol idus are el imin'ated from their stickleback hosts, thus 
. 

accounting for the inverse relationship between the lev-el of 

infection and host age seen in the population they studied. Vik 

(1954) observed plerocercoids of, Schistocephalus "crawllng 

through the body wall" of live sticklebacks trapped in water 

(2So C) in an abandoned boat, and there are other incidental 

references to plerocercoids rupturing the body wall of their 

hosts and sticklebacks having perforated abdominal walls 

(Hoffman, 1958; Freeman, 1"965) • Live plerocercoids are 

occasionally observed 'lfree in the water (Vik, 1954; pers. obs.), 

however, experimenta 1 ev idence suggests that sticklebacks are 

unable t!'i1 survive such a trauma (Lester, 1969) and it i$. 

probable that worm emergence is a post-mortem response. Vlk 

(1954) a Iso reported find i n9 dead and encysted pl erocercoids in 

the abdomina 1 cav i ty of three .... spined stick 1 ebacks and i nferred 

that these plerocercoids had been neutralized by some host 

1 
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immune response. Stud ies by Bràten (1966) and Orr et.!l. (1969) 

indicate that an immune reaction may be responsib1e for the 

destruction of plerocercoids ln unsuitable hosts, however, ta 

date there is no evidence that Gasterosteus aculeatus exhibits 

any such react i on to Schistocepha 1 us sa 1 idus. Thus i t is assumed 

that elimination of plerocercoids of S.so1idus from thls 

stickleback host does not occur (Pennycuick, 197Id). 

RATIONALE 

The widespread distribution and common occurrence of s. 

solidus in G. aculeatus have resulted in numerous records of 

this association ln the literature. In many instances the 

reports are limited in detail because the investigators were 

primarily concerned wlth sorne other aspect of stickl'eback 

biology, or with surveying the entire parasitofauna of the host 

species or several host species. 

A.s previously mentioned, a considerable amount of 

attention has been paid to the pathological effects of 

Schistocephalus on three-spined sticklebacks, and information 

regarding the seasonal changes in overall prevalence and 

intensi ty a re a va il ab 1 e. However, few au thors ha ve concur rent 1 y 

integrated the relevant life history sequences and population 

dynamics of the host and parasite to the leve! of detai! crucial 

to the understanding of how S. sol idus and G. aculeatus interact 

in the field. 

The evidence suggests that Schistocephalus so1idus has 
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the potential to influence ho st population dynallics through 

effects on host survival, reproduction and behaviour, and that 

the parasite population dynamics may be regulated by parasite 

induced host mortality and intraspeeific competition between 

parasites. Since the pathologieal effects of plerocereoids of 

s. sol idus on three-spined sticklebacks are apparently mediated 

by competi tion for host energy resources, i t seems probable that 

these effects would be exhibited to different extents among 

stickleback populations depending on environmental conditions. 

In the present investigation, a population of three­

spined stick 1 ebacks from northern Ouebec, Canada, vas sa.pled at 

regul a r inter vals over a two year per iod to attain the fo llowinq 

objectives: 

1. Provide a detailed description of the relevant lite history 

sequences and popul ation dynalDlcs of Gasterosteus aculeatus and 

Schistocephalus solidus at this locale. 

2. Fill gaps in our knowledge of this association by: 

A. Monitoring the seasonal progress of plerocercoids, 

following aquisition, to obtain Sorne estimate of in vivo grovth 

and longevity of pl erocercoids in the field. 

8. Examining the effect of plerocercoids on sexual 

maturation in females separately for each age class, because 

sticklebacks do not necessarily mature in their first year of 

l ife (as has been assumed by several authors) and infection 

1evels vary vi th host age. 

3. Integrate the findings of the study with experimental 

evidence and data derlved from field studies on populations frol'l 

other locales with the ultilDate alm of increasing our 
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understanding of hov Schistocephalus solidus and G.ateroate ... s 

acu~eatus interact under natura l cond i tions. 

/' 

1 
1 

) 
1 

The results of the present investigation are glven ln 

1 Chapters IV and v. In Chapter IV data regard Ing the li re 

~/ 
prol/ides the background 

Th la hlstory of the host at the study area are presented. 

for Chapter v in which the 

character ist i cs of infect ion wi th S. sol1dus are descr i bed. The 

findings are discussed in relation to other relevant 1 iterature 

at the end of each section. The resul ts are sUlluurrized together; 

vith a fev concluding remarks in the final chapter • 

. ,~ 
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CBArI'D II - 'l'III STUDY ARIA 

DBSCRIPTION or MATAMEIt LAKB 

Mata •• k Lake (50 0 22' N, 65°54' W) la altuat.d about 6.5 

k. 1nland froll the north ahore of the Gulf of St. Lawrenc. 

approxhlately 32 km east of the city of Sept-Iles, Saguenay 

County, Quebec. This lake, and the other 1akes and rivers vhich 

conati tute the Matamek Watershed are shown in Figure 1. 

Matamek Lake lies at an elevation of 122 km, has a 

aurface area of approximately 5.6 km 2 and a maximum depth of 100 

m. As Is character1stic of lakes in the area, Matamek Lake 1. 

oligotrophlc (Saunders, 1969). The shorel!nes are generally 

steep and frequently rocky. Littoral vegetation ls 11mlted to a 

sparse narrow band encompassing a depth Interval of 

approximate1y 3 m (Kreamer, 1980). 

The thermocline reaches it. maxiau. depth at 

approx imate 1 y 10 Dl ln Mid to 1 ate August. Botto. te.peratue •• 

are nearly always less than SoC, and below 30 a are gen.rally 

uninf luenced by ci rculation events and reaain at te.perature. of 

4-SoC (Kreamer, 1980). Ourlng the winter the lake is coyerad by 
.. 

ice approximately l m thick. Breakup occurs in May, aIl ICI 

leaying the lake by early June. Surface tellperatures clo.ely 

follow the surround1ng air te.peratures, reaching a max1mu. of 

200 C i n Pl 1 d - s u IIlm e r • Cool 1 n gIs 9 rad ua 1 i n the fa 1 1; the f i r. t 

slgns of i ce appear on the lake in 1 a te October (present 

Itudy) and freeze-up occurs in Oece.ber (Saunders, 1969). 

Tb. physio9raphic and 1 ianolOC)ical chàracteri.tic. of the 

'-'-. , 
~~~ .... ti,.. 

1 
1 
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Figure 1. The Mata.ek Watershed and its location in the 

province of OUebec, Canada (inset). Lakea containing liah 

are shaded 'and fiahle •• lak •• are unshaded. 
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lit. an de.cribed in detlil by Krea.er (1980). Meteorol09icI1 

cllta for 1967 i5 given by Siunders (1969) and te.perature 

profiles of Matamek Lake are described by Slund.rs (1969), Pope 

(1973) and Janus (1976). 

Mlta.ek Lake containa five flsh speeles: 
"J-

thr.e-sptned 

stIck lebacks (Ga.terosteus Icule.tus), nine-apined sticklebacks 

(Pungitiua pungitius), brook trout (Salvelinus fontinalia), 

arctic char (!!lvelinus alpinus) and rainbow slIIelt (O •• erus 

Bordax). The ecology and lDeristi'c variation of both specie. of 

stickleback are described by Coad (1972) and a survey of 'the 

parasi tofauna of fish specles in the watershed was carried out 

by Ranek and Molnlr (1974). Information ls also available 

regarding the trout, char and slIIelt (Saunders, 1969), 

•• crozoobenthos (Kreamer, 1980), zooplankton (Pope, 1973) and 

phytoplankton (Janus, 1976) cOlDlluni ties in the lake. The flora 

and faunl of the surrounding area are de.cr i bed by Saunder. 

(1969) • 

DISCRIPTIOII or THE SAMPLING STATIONS 

Sa.ples of three-spined Iticklebacks vere collected at 

tvo locations at Matallek Lake. These collection l'r.as Ile ln 

close proxi.ity ta the cablns situated on the north shore of the 

lake and on a small peninsula of the south shore at BaIe 

Chi.ho lm and Ire henceforth na.ed the North ca.p and the South 
// 

ca.p respectively. (Se. Figure 2) 

the "orth caap .xtended 110ng 

, 

/ 
-~-,,-/",,' 1,,.---,:-,-- ___ ~_e __ _ . _______ ......... ; 
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FiéJure 2. Outllne of M.ta •• k Lake shovlng the location 

of the tvo ••• ple aite., the North CI.p and the South 

ca.p. 

l 
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approxl •• tely 50 • of sborellne, l ••• dlat.ly ln front of the 
• 

enc •• p •• nt, encoapassing a .axillum depth interyal of 

approKillat.ly 1 a. Por the greater part of the s.lIpling season 

the substratull of this area was coapo.ed of sand interspersed by 

s •• 11 stretche. of rocks. In th. spring and autuan, when the, 

vater 1eyel wa. high, a higher proportion ,~f the sa .. plin9 area 

wa •• ade up of rock.. Littoral yegetation was yery sparse, 

hoveyer, sOlle additional shelt.r waa proyided by occasional 

su.erged logs. 

Th. shor.line i_edlately in front of the South ca.p was 
~ . 
steep and coaposed of rocks slopin9 sharply down to depths of 

several aeters. Cons.quently, seine nets could not be used in 

th. coll.ction of sticklebacks at this site. Sa.plin9,using dip 

net. vas also r •• tricted because of the steep inclin •• 

8IS'rORY or 'l'III MA1'AMIIC WATIRSRED 

Yb. pre.ent distribution of fishes in the Mataaek 
f 

Waterah.d .ay b. attributed to the effects of th. Wisconsin 

Glaciation (pover ~ !!., 1973). The Labradorian ice aheet 

effectiye1y eliainated aIl specie. of freshwater fish fro. the 

land .ass north of the Gu 1 f of St. Lawrence. '0 110wi ng the 

retreat of the lce, parts of the present land surface beca.e 

sUb.erged beneath the Cha.plain Sea, which reached a height of 

128 • aboye the pre.ent sea leyel and extend.d 9 k. inland fro. 

the .odern coastline (as far aa Key Lake, see Figure 1). As a 
\ 

re.ult, re lakes and rI vers of th. Cha.plain Plain were 

~~. 
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eolonlaed by eurybal.ln •• peel •• of U.h. Sub .. quently, the Uab 

.peele. of the.e vaters beca.e isolated froll th~_ Ha by the 

•• rles of waterfalls and raplds found down the length of the 

Matallek and Muskrat RI vers. Co lonizat ion of the waters beyond 

Key Lake vas Il.1 ted due to the rapids and vater fa Ils of the 

Upper Matamek", Ri ver, for.ed as a resul t of the drop ln elevation 

from the Laurentian Plateau (Coad, 1972, Power et !l., 1973). 

The nUlllber of fish specles present at any location in the 

vat_t'shed decreases progressively from the llOuth of the Matallek 

River to the headwaters. The distribution of species in the 

system indicates the order ln which these specles arrived in the 

systell (Power ~ !.l., 1973). 
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CHAPT!R III - MATERIALS AND ME'l'80DS 

PI ELD METRODS 

'l'hree-splned stleklebacks vere collected fro. Mata.et 

Lake at regular lntervals during the iee free periods fro. July 
~~ 

1981 to June 1983, providing a data base of al.ost 2,500 fish. 

The sampling dates, number of fish per sample, collection 

.ethods and sample sites are shown ln Table 1. Dip nets (mesh 

lmm) and seine nets (mesh 6mm) and plastic and galvanized wire 

minnow traps (max imum mesh Smm) were employed in the study. The 

use of minnow traps proved to be the least efficient method 

because catches were always v.ery low; however, they were used in 

aIl the sampllng carried out at the South camp to supplement the 

numbers colleeted by dip net, which was also of Ilmited success 

at this location because of restricted access to the shorel ine. , 

Seine nets could not be used at j:h.e South camp beeause of the 

steep Incl ine, but this method proved to be highly successful 

ln the shallows at the North camp. Since Infected sticklebacks 

are readily visible from the water surface it was considered 

that samples coll ected using dip nets would be biased ln favour 

of infected fish, consequently, seine nets were elllployed al.ost 

exclusively at the North campi dip nets were only used to 

collect fry which were a..b.le to escape through the •• sh of the 

seine. 

Tbe stickl ebacks were preserved ln 70. alcobol because 



22 

~ 1. 0Iptuze data far 1:hJ:ee-slined stidclebadœ fZon Jotat:aœk Lake, 
~. 1981-83. ,~ 

SMIJ>l.e site '" Date samle n. ~nethcdI 

Jt-~O. 7.8l. SoUth~ 175 Dio net &i JItÏ.1'mI.I traD 

01.8.81 South ca..., 66 Dio net & l'ti..nmw' trap 
16.R.81 Nart:h CèlI1I:> 167 niD net" .mi.ntlQ\f trap & seine 
18.8.81' ~Carrc 151 Oip net [, m:inrx:w traD 

28.8.81 South CanIJ 198 Dip net & m:inrx:w trac 

11-13.9.81 !brth Cè!IIrI:l 511 seine 

29-30.10.81 lb:rth Cam:> 230 Seine 

16.6.82 .' North CaItp 100 ~ 

30.6.82 :tort:h ~ 149 Seiœ 

14.7.82 !fort:h CmtD 160 seine 

28.7.82 Nar:th ~ 92 Seine 
11.8.82 . ~Cam:> 164 ~ 

25.8.82 North~ 208 Seine " dip net· 
12.6.83 North 0J1t1:) l.S0 seine 

* Dip œt aùy uaed in ool.lect:f.Œl of stidcleback fry. 

o 
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LABORATORY METHODS 

The length from the snout to the tip of the central 

caudal fin ray (fork length) of each fish was recorded to the 

nearest mi Il imetre. 

A small lateral incision was made in the abdominal wall 

of each fish and the entire ventral surface was cut away, 

including the péctoral girdle, exposing the body contents' from 

the anus to the lower\jaw. Large plerocercoids were eased out 

of the body cavity using blunt forceps. The cavity and intact 

viscèra were then washed weIl with 70% alcohol to remove any 

small plerocercoids. The alirnentary canal was cut at the anus 

and at the base of the lower jaw and removed. The gonads were 

removed and, where possi b 1 e, sexed. (I n the young of the year i t 

was frequently not possible to àifferentiate between the two 

sexes.) Ovaries from the July 1983 sample were classified as 

being immature or mature. Immature gonads were recognized as 

containing numerous serni-transparent, white, equally sized 

oocytes. Mature gonads showed variously sized oocytes, sorne 

opaque due to vitellogenesis, and fully developed yellow eggs • 
... 

Spent ovaries, recognized by their relatively large size and 

thick walls, were also included in this category. The body 

cavity was again examined for parasites and th,e kidney tissue 

was scraped out using a blunt spatula. This entire process was 

carried out in 70% alcohol in a petri dish under a binocular 

mlcroscope. 

The roof of the skull of each fish was sliced off, the 

brain displaced and the saglttae (the largest pair of otoliths) 

" ·f 
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were removed. (For specifie details, see Jones and Hynes, 

1950). The otoliths were kept in 70% alcohol until needed. Then 

they were transferred in pairs into absolute alcohol for several 

minutes, cl eaned in creosote for another 5 mi nutes and mounted 

in Permount R (Fisher Scientific Company, Fair Lawn, New Jersey, 

U.S.A.). Each pair was examined by reflected light against a 

dark background, to facilitate the counting of the annulations 

which indicate fish age, on three independent occasions. Several 

hundred pairs of otoliths from several different samples were 

examined in this way. 

The eviscerated fish, gonads and individual worms were 

aIl transferred into separate vials or trays and dried in a 

drylng aven at 70 0 C for 48 hours. (In an earl ier trial, fish, 

gonads and worms were weighed at severai tlme intervals after 

being put in the drying oven; it was found that even the largest 

fish gave consistent dry weight readings weIl within this 48 

hour limit). The dried specimens were then weighed to the 

nearest l/lOth of a mg on a Mettler AC8S Delta RangeR balance 

( Met t l e r l n s t r ume nt Cor po rat ion, Hi 9 h t 5 t 0 w n, New Je r se y, 

U.S.A.) • 

Wet weights (after blotting) of the eviscerated f1sh, 

gonads and plerocercoids were also recorded for fish collected 

in June 1983, sa that the relationship between dry and wet 

we ights cou 1 d be estab l i shed. 

Since plerocercoids of Diphyllobothrium spp. may also be 

found in the perivisceral cavity of Gasterosteus acu1eatus (Vik, 

et g., 1969) and Diphyl10bothrium 1s reported to occur in other 

fish species at Matamek Lake (Hanek and Mo1nar, 1974), aIl 



( 
plarocereQidS, espeefa 11y the sma 11er ones, ware exallined 

c losel y to ensure that pleroeereoids of Di phyll obothr ium vere 

not mistaken for plerocercoids of Sehistoeephalus. In addition, 

the gut and associated viscera were examined superficially for 

cysts of Diphyllobothrium spp. No cysts or pleroeercoids vere 

ever observed. 

STATISTICAL METHODS 

Data analysis was carried out using the Statistieal 

Analysis System (SAS), a software package of the MeGill 

Uni vers i ty Computing Cent re. Deser ibed in detai l by publications 

of the SAS Institute Inc. (1982a, 1982b), the system ineludes 

routines for subsetting data, tabulating frequency 

distributions, and running statistical tests. The original data 

remain on fi le at the Institute of Parasitologyof MeGi1l 

Universi ty. 

To separate individual fish into age classes on the basls 

of their size, polymodal analysis, after the method of Cassie 

e 1954), vas carried out by plotting the length frequency data 

for each sample on probability paper. In Most cases the 

di stribut ion vas no t unimodal (as ind ieated by a straight line 

on the graph paper), but bimodal or trimodal (shown by two or 

three eurves connected by points of inflexion). Each component 

curve vas replotted on probabi lit y paper and a straight line 

(the best fi t of the points, as j udged by eye) was drawn through 

the points (see Figure i, Appendix). To .ini.lze tbe 

, 

1 
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possibl1ityof inc1udinq fish in the wronq age class, it was 

decided that only those fis~.1'i.in9 within the 901 confidence 
. . 

limits of each cohort would be included in that cohort in later 

ana 1 yses. The implica t ions 0 f such discr imina t ion are discussed 

later. 

The Parasi te Index (P.!.) described by Arme, Owen (1967) 

vas ca lcul a ted for each infected fi sh. 

Total worm dry veiqht 
P. 1., • x 100 

f!sh dry we iqht + Total worm dry ve ight , 
\ 

The Gonadosollatic Index (G.I.) de.crlbed by Meakinl 

(1974a) was calculated for aIl fellales. 

G. I.t -
Dry weight of gonads 

Dry welght of fish 
)( 100 

In the follovinq chapters the ter •• prevalence, 

intens i ty, aean i ntens i ty and abundance, eaployed ln th. 

description of the infection of Gastarostaus aculeatus vith 

Se hi s toc e ph a !.!!. ~.! i dus are use d in ace 0 r dan c e w 1 th th. 

definitions described by Marqo1is ~ al. (1982). 

\ 

, 
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CHAPTER IV - THE LIFE HISTORY OF THE THREE-SPINED STICKLEBACK AT 

MATAMEK LAKE. 

INTRODUCTION 

Tbe life span and growth of stic:kIebacks have been 

determined for severai populations at different local i ties in 

Europe (Bertin, 1925; Jones and Hynes, 1950; van Mullem and van 

der Vlugt, 1964; Mann, 1971; Pennycuiek, 1971b; Wootton !! .!.!., 

1978). and in North America (Greenbank and Nelson, 1959; Freeman, 

1965; Coad, 1972; Moodie, 1972a; Gilbertson, 1980). The 

reported life span varies from one to five years and growth 

rates also apparently vary between populations (Coad, 1972; 

Woottof" 1976). AlI authors are in agreement that spawning 

occurs in the spring (Jones and Hynes, 1950; Wootton, 1976), 

however, the age at which sticklebacks reach maturity also 

varies between populations, and males and females from a given 

population May mature at different ages (Freeman, 1965). Sinee 

post spawning mortality ls a relatively common phenolDenon in 

this species it f01lows that the age at which stlcklebacks spawn 
1 

.ay be related to the life span of a given population. 

So.e of the observed· variations in the life histories of 

different populations of sticklebacks May be attri,buted to 

genetic differences between populations, but environ.entai 

influertces are of obvlous importance because growth and 

.aturation of thls species are 1argely dependent, whether 

directly or indirect;ly, on photoperiod and teaperatu,re. 

# 1 

1 
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ta affect gravth, maturation and survival in sticklebacks 

(Pennycuick, 1971d) and infection levels vary ~ween locations, 

the presence of this parasite may a1so contribute to some of the 

differences ln stickleback life history observed among 

stickleback populat Ions. 

In this chapter the life history of Gasterosteus 

aculeatus at Matamek Lake is descr ibed and compared to the li fe 

histories of stickleback populations from other locations. The 

relationships between the level of infection with plerocercoids 

of Schlstocephalus and the ovarian development and grovth of 

specifie age classes of sticklebacks are described and 

discussed. 

RISULTS 

The resul t. of age daterminat ion fro. oto 1 i th read ing_ 

".r. highly inconclusive. In less than 50\ of instances vere the 
, 

~eadings consistent throuc)h all three trials. Reading of the 

otoliths was cOllplicated by their extreme varlability, which vas 

exhibited in centrum size and cOllpositio'n, whether or not the 

centrum vas banded, centrum opacity, band vidth and opacity. 

Ev.n the outer.ost band varied froll being transparent to opaque 

in fish from the saae saeple. Otoliths frOID Ilany of the largest 

fish vere so thick and rough on the surface that bands vere not 

apparent at aIl. Considering the lov success rate it was 

con.id.red that ag8 estfeation by thi •• ethod vas unrel iable for 

thi. ser 1 •• of sa.ple •• 
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the length frequeney distributions of stieklebacks in 

.aeh sample are shown in Figure 3A. It can be seen that several 

saaples were cOllprised of 2 or 3 distinct cohorts of fish. By 

folloving the growth of fish in a given cohort through one 

growing season to the n_xt: 1 t was apparent that these eohorts 

re~r esented age c lasses. Po l ymoda l ana l ys i s 0 f the data 

In~icated whieh modes could be separated on a statistical basis. 
\ 

In \lIOst cases the over l ap between suceess ive lIIodes in the length 

fr~quency distributions was restricted to the extre.e end. of 
\ 

each component normal distribution. As descrlbed in the 

Materials and Methods, only those flsh lying vlthin the 90t 

confidence llmits of each cohort vere eonsidered as belonging to 

a gi ven age class ln subsequent analyses. Weight frequency 

distributions were compiled to assist ln the deter.ination of 

the age composition of the sa.ples. A cube root transformation 

vas used to normalize the welghts on a scale comparable to that 

u.ed in the length frequency distributions. The veigh-t frequency 

distributions are shown in Figure 38. It lIay be seen that the 

sa.e modes elllerge as in Figure lA. On the basi s of th.se 

frequency distributions, it is esti .. ated that three-spined 

stick lebacks at Mata.ek Lake live for at least three years. The 

.. an lengths and 90t confidence l iaits for each cohort derivad 

.froa poly.odal analysis and the Inf.rred age of .ach cohort ara 

given ln Table 2. Young of the year are dasignated 0+, fish 

vhlch have 1 ived through one, two and three (or aore) vint.rs 

are de.ignated 1+, 2+ and 3++ re.pectively. 

Prior to the collection of the last saaple of 

stlcklebacks ln June 1983, a life span of tvo y •• rs and.so.e 

f 

1 
1 

• 
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rl,ur. 3. 9iz. frequenc:y diltributions for three-spined 

atlcklebac:kl collec:ted at Mata.ek Lak., 1981 - 1983. 

A. Length frequency distributions. 

B. Weight frequency distributions. 
, 

S •• pl. siae. are given in Table 1. 

() 
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~2. lDfa:œc1 __ , JIIln:bua and 1IIIJdJIUI l8ngtha ma ~ ~ 
of 8tictlf!llel:b in cdu:tII dIIrJ.-.d fraD pll'Y"'CÂ' mal.yûa of l8r:Jtb 
fmqumcy~, (filh vith lmgthll aJt:IIidI the 90' cœfidllrJœ 
u.t.ta of eadl 0 al*ClWlt noJlIIÙ distrlbut:ial are tDClu.ied). 

'1 . ~1lJàr Fœ:k length (Dm) 

; of fish 
Date in cDlart • Ml.ninull MIxiJra!! MIID 

16.8.81 33 0+ 18 26 22.5 
1 il7 1+ 38 52 43.6 .; 
1 1.1-13.9.8l 8 0+ 23 32 29.2 

435 1+ 42 56 48.8 
29-30.10.81 50 0+ 27 19 33.2 

143 1+ 45 55 49.3 

1.6.6.82 63 1+ 32 U 36.6 
24 3++ 52 67 60.5 

30.6.82 89 1+ 36 45 41.7 
43 3++ 52 64 58.2 

14.7.82 121 1+ 35 47 40.7 
21 3++ 56 67 60.5 

28.7.82 71 1+ 38 48 42.0 
10 3++ 59 66 60.5 

1.l.8.82 133 1+ 37 49 43.4 
10 3++ 54 67 S7.4 

25.8.82 53 0+ 18 2S 21.3 
139 1+ 40 51 44.0 

12.6.83 52 1+ 12 39 lS.S 
13 2t- 47 51 49.6 
62 l++ 55 66 59.8 

j 
:~ 
.oj 
~-~ 

U 
~, 
~ , 
, 

; .. ~ 
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.. 
frequency distributions of sa.pl •• collected ln October 1981 and 

June and July 1982. Bovever, on the basis of this Interpretation 

i t vas di fficu1 t to account for the si ze discrepancy between the 

1+ atlck lebacks ln October 1981 (indicated by -a- in Figure lA), 

wbich bad a .aan fork 1engtb of 49.8 •• and a aean dry veight of 

approxlaately 140_9, and the cohort of larger stlcklebacks 

collected the followlng June (indicated by -bw in Figure JA), 

wblcb bad a mean fork lengtb of 60.71111l and a .ean dry veight of 

approxilllately 310.g, if these fish .Ill belonged to the same year 

class. It seems unlikely that sticklebacks could exhibit such a 

large growth Increment over the cold vinter months. It vi Il be 

aeen 1 at er tha t the re ia an inve rse re 1 at ionshi p between fi sh 

ai ze and paras i te burden. Stlck1abacks in cohort -a- (see Figure 

lA) vere aIl infected whereas only 12.5t of those in cohort wb-

(see Figure lA) were infected, and it could be suggested that 

these fish represent the infected and unlnfected components of 

the same cohort, hovever, the findings of the present study 

indicate that the weight difference betveen these tvo coborts of 

sticklebacks vas too great to be the product of parasltls .. 

a10ne, especia1ly since the condition factors and thus the 

veigh~s of stlcklebacks are reported to decrease over, the vinter 

lDonths in populations subjected to more favourable conditions 

(Pennycuick, 1971d; Wootton !! al., 1978). The length and veight 

frequency distributions of the sample collected in June 1983 

vere trimodal. Since males and feaales were represented in -.11 

thr~ cohorts, i t was considered that thre.-spined stlckl.backs 

at Mata •• k Lake aay live for et least thr.e y •• rs and ao •• 

'- .. .. 
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8Ont.b •• , 
"An int.r •• tlng featur. of th. distribution. 1. tb. 

app.r.nt absence or scarcity of 2+ fish in 1982 and 1983. 

Although it was not possible ta separate the Ju1y 1981 sampI. 
~ 

Into co.ponent aeJ. classes, beeaus. of the presence of oyerlap 

betveen the modes ln the leneJth frequency distribution., th. 

rang. of fi.h lengths and veights when coapared with tho •• of 

fl.h collected in 1982 suggests that the July 1981 sampI. vas 

co.posed of 1+, 2+ and 3++ flsh, the 2+ age class being weIl 

represented. A comparison of the length and weight frequeney 

di.tributions for males and females from this sample (see rigur. 

ii, Appendix) indicated that sexual dimorphism with respect to 

.iz. aay haye been partial1y responslble for th. overlap. Thua, 

poly.odal analysis was carried out independently for the two 
' . 

• exe., but, no cl.ar delineation of age classes was exhibited. 

No signlficant differences in fish length or weight vere found 

betv.en the two sexes within any other cohort of fish. Hovey.r, 

in the 3++ age class me·an lengths and veights of fe.ales wer. 

.lways greater than those of mal.s, and aIl 8 of the larqest 

fi.h collected (mean tork length > 70 mm) were f.males. It 

.bould be noted that the prior use of 90' confidence limits on 

fi.h length distributions to dellneate the constituent ag. 

cel ••••• would serye to decrease any apparent di fterences in ,i ze 

betv.en the two s.x.s. 

Various characterlstles of sticklebacks (aged 1+) 

eollected at the North ca.p and South caap on 1~.8.81 and 

11.1.81 r •• pectively were co.pared to se. if the samples fro. 

botb locations could be collbined .e •• on.lly. The r.sul ts of the 
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t-t •• t are shown in Table 3. Mean flsh lengths and weights and 

the Parasite Indices of the sticklebacks from th'e two locations 

vere significantly different, consequently only data from the 

sticklebacks collected at the North camp were used to examine 

stiekleback growth. 
~, 

A composite growth curve for this population of 

sticklebacks is presented in Figure 4. The growth rate is most 

rapld ln the young of the year and decreases as the fish get 

older. 

The relationship between the fish dry weight and the 

par •• i te Index of 1+ stickl ebacks collected ln September 1981 ls 

shown in Figure 5. This sampIe was selected to examine the 

effects of plerocercoi~s of Schistocephalus on stickleback 

growth because it contalned more f1sh than Any other, and 

Infe,ction levels were high ~t thls tlme of year. The f1sh dry 

we i 9 h t d e cre as e s sIg nIf i ca n t I Y w i th 1 ne r e a sin 9 1 e ve 1 s 0 f 

plr •• itaemla. The relationship Is described by the 1 inear 

equation: 

Stickleback dry weight (mg) :a 249.6 - 2.9(P.I.') 

P < 0.0001' n - 434 <, 

r - 0.667 

Stickleback Iength ls a180 inverse1y correlated to the Pa,raslte 

Index (raw data not shown), but the assoc iatlon exhi bi ts 9 reater 

Icatter, the relationship Is described by the equation: 

" Stickleback fork 1ength (DUD) • 54.7 - 0.2(P.I.t> 

P < 0.0001 n • 434 

r - 0.522 

~.-.t, 
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Figure 4. Growth curve for three-spined stic,:klebacks 

coll ected at the North camp 'of Matamek Lake. The curve is 

compi led from the mean fork lengths of sticklebacks of 

age classes derived from polymodal analysis of the length 

frequency distributions. Data from aIl thrée years Is 

inc1uded. 0 - 1981. • - 1982. 6 - 1983. Numerical values 

are given in Table 2. 
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Figure 5. The relationship between the weight of ~ 

aculeatus and the Parasite Index for 1+ sticklebacks 

collected ln September 1981. 
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ror co.paraUve purpose., tbe .Ute equations ",ere calculated for 

sticklebacks (aged 1+) collected in October 1981: 

Stic(Îeback dry velght (lIg) • 232;;8 - 2.0(P.I.t) 

p < 0.0001 n - 143 

r - 0.514 

Stlck1eback length <_) • 53.2 - O.l(P.I.') 

p < 0.0003 n - 143 

r - 0.300 

The frequency distributions of Gonadosoll.tic Indices 

(G.I.) of different age classes of femal'es from aIl sa.ples are 

qlven ln Figure 6. Fe_ales havlng G.I. values betveen 8 and 33' 

vere collected in June and July in aIl three years indic;atlng 

that breeding oeeurs durlnq this periode A single (ellale with a 

G.l of 45' vas found in late August, 1981. Examination of the 

ovaries of the fish revealed the occurrence of corpora aretica 

indieatlng that lt had failed to spavn; this fish was infected 

vith S. solidus (P.l.-2l'). Froll Figure 6 it is apparent that 

in the majorlty of cases fe.ales do not reaeh maturity until 

they are three years old. The classification of fe.ales, 

col1ected in June 1983, as either aature or i •• ature on the 

• 
basis of the gross lIorphology of the1r ovaries confir.ed thi. 

finding (se. Figure 7). With the exception of on. 2+ fish, which 

".asured 51 IIIm (see Table 2 for aaxi.um and .. lni.u. lengths of 

fiah incl uded in each age c lass) and vhich had Ilatur. ovari •• , 

0+, l+land 2+ fellales had G.l. values belov 2' throughout the 

sa.plinq period, indlcltinq that they were i •• ature Four 3+ 

fe.a 1 •• wer. ia.lture, tbre. of these "ere infe vith 

----"!Z ..... 
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Figure 6. Frequency dlstrlbuti'on. of Gonadoso •• tic 

Indice. for fe .. le stlcklebacka, 1981 - 1983. Stlckleback 

age. are lndicated by sh_ding. 0- age unknovn. • - 0+ • 

• - 1+. 111- 2+ •• - 3++. The asterlx .art. the fe.ale 

vhich had corpora atretica. 
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'Igure 7. Tbe relatlonlhlp betv •• n the Gonadoso.atic 

Index, lork l.ngtb, level of aaturlty and infection vith 

!:. aolidus for f •• ale stlckl.backs collect.d at the North 

ca.p ln June 1983. 
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Sc:histocepha 1 us. AlI other ]++ feDa 1 es had mature ovar ies, the 

G.I. varying froID 5 to 29' depeftd.tng on how reèently the felUlle 

bad spawned. 

It vas not feasible to deter .. ine the pattern of gonadal 

gE'ovth in males because the weights of the testes vere generally 

too s.all to be measured rel iably on the balance used. 

Wet weight/dry weight conversion ratios for eviscerated 

stlcklebacks, their ovaries and plerocercoids of Schistocephalus 

.olldus, stored in 70. alcohol, are given ln Table iv of the 

appendix. 

J 
DI'sCuSSION 

~ 

'rbe 1 i4,e .pan and age at aaturlty that have prevlously 

been deter.lned for populations of sticklebacks are su_ari.ed 

ln Table 4. The li fe span Is reported to vary from one to fi ve 

ye.rs and sticklebacks apparently reach maturity et different 

ages at dlfferent locales. Variations in the timing and length 

of the breeding season are also presented in Table 4. It 

appears that these variations are re lated to the temperature of 

the habitat;, the spawning season commences earlier and 

continues longer in temperate environments than ln the more 

northerly parts of the specles range (Freeman, 1965; Coad, 

1972). In lIany populations the aftermath of spawning is that 

aIl or .. ost of the adults die (van Mullem and van der Vlugt, 

1964, 8agen, 1967; Mann, 1971). In these populations the life 

.pan will be deterained by the age at which the fish .ature. 
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Acc:ordlng to aagger.an (1972), the ability of a sticklebac:k to 

re.pond to external stimuli and Mature ls more closely related 

to th. attain.ent of a certain internaI physiol09ieal state 

rather than a 9iven age. Since 9rowth and development Ar. 

dependent on the rat. of food a~siai lation, (Wootton, 1976) 

vblch ln turn depends on food availability and environ •• ntal 

fac:tors (IIikolskU, 1963), one would expeet to find variation. 

ln th. 1ife span, age at eaturlty and th. size of stiekl.back. 

at differ.nt locations. 

Gll bertson (1980) propose. that auch of th. ob.erved 

variation ln 11fe span aay be attributable to average cl i.atic 

conditions. To support this hypothesis he co.pares the life 

span of three populations of stlcklebacks studied at different 

latitudes on the "est coast of North "merica: stiekleback 

populations in Washington (Lat. 46-490 N) generaIIy live for one 

year, a population studled by Moodie (1972a) on the Oue.n 

Charlotte Is l anda, B.C. (Lat. 53<11) 1 i vas for at 1 east two years 

and that studied by Gilbertson at Lake Aleknagik (Lat. 59 0 N) 

follows this trend and has a li fe span of three or more years. 

Greenbank and Nelson (1959) proposed a two and a half year life 

span for stiek1ebaeka on Itodlak Island, Alaska (Lat. 570 N). 

Gilbertson (1980) suggests that Greenbank and Nelson erred in 

tbeir analysia of the results and that sticklebacks at this 

location .ay live for at least three years. Having examined the 

data presented by Greenbank and Nelson (1959), l coneur with 

Gilbertson's Interpretation. The comparison of life spans of 

other populations not considered by Gilbertson (1980) tends to 

favour his hypotheais, although lt .ust be remembered that a 
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chang. ln l.titude doe. not n.e •••• rily i_ply a corr.lat.d 

chan9. in cli.atic condition. because many other factors such a. 

the size and the elevation of the vater body inhabited deter .. ine 

the extent to which freshwater poikilother.s are subjected to 

cli.atic conditions. Sertin (1925), Mann (1911) and Wootton et 

!l. Cl978} reported populations of sticklebacks fro. Prance, 

.outhern England and .id-Wale. re.pectlvely, as eXhibiting lUe 

spans of juat over one year. Tbe population deacribed by Jones 

and Hynes (1950), from a IIOre northern location in England, and 

that studied by Pennycuick (1971a), froll a pond, a150 ln 

southern England, at a higher elevation than that studied by 

Mann, apparently live for a little over thre. years. JIt should 

be noted that the popu 1 ations stud ied by Pennycuick (197la) and 

Wootton et .!.!.. (1978) vere both found ln vater bodies at si.ilar 

elevations.) Results of the present study indicate a life span 

of at least three years for sticklebacks in southern Ouebec, 

Aneer (1973) found four year old stleklebacks in a population 

trom Sveden and Freellan (1965) describes a subaretic population 

of sticklebacks fro. the Belcher ISlandS, N.W.T. as living for 

approxillately fi ve years. 

Van Mullem and van der Vlugt (1964) IBaintain that the 

eo.position of each popUlation with respect to morphs affects 

the life span. From the data presented in Table 4 there does 

not seem to be any direct correlation between the 1ife span and 

lIorph composition of stickleback populations. However, 

eonsidering the adaptive flexibility of this specles from one 

location to the next it 1s probable that genotypie dlfference. 

do eontribute to the observed variability in life span. 
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The age at whlch Gast.rosteus aculeatus matures also 

vari.s allong populat ions (see Table 4). Stick 1 ebacks May mature 

for the first time at the end of their first, second or third 

year of life. Globally speaking, sticklebacks frGm more 

north.rly locations .ature at a later age. The only apparently. 

incongruous result is that given by Greenbank and Nelson (1959) 

who aged two year old fish as yearlings, however, this resul~ 

shou1d be viewed with caution sinee these authors also mistook 

renal tissue for gonadal tissue in a population they deseribed 

.s being herlllaphroditic (Stenger, 1963). 

Growth curves for stickleback populations eompiled froID 

th. data presented by various authors' are given in Figure 8. 

Although any conclusions based on specifie co.parisons of these 

curves should be regarded with some caution due to the 

h.terogeneous nature of the ori9in8 of the data, some features 

of Pigure 8 are of 1 nterest. Popu lat ions 0 E stick 1 ebacks Erolt 

Engl and apparen t ly exh lbi t a higher growth rate dur i ng thé fi rst 

y.ar of life, attaining a greater size at the end of a years 

growth than those froll 1I0re northerly locations. It seems 

probable that growth during this period, when the growth rate is 

.t •• ,xi.ua, la strongly influenced by temperature. Under the 

IIOre favourabl e cond i t Ions encountered in Engl and stick l ebacks 
..(' 

.. y r"ch a suitable state of develoPllent ln their flrst year to 

.atur. when a year old, and at a length of approximately 44 mm 

(Nann,1971). 

Pr •• man (1965) and Baggerman (1972) indicate that males 

.'Y •• tur·. at an earlier age and slIaller slze than females. 

rr •••• n (1965) descrlbed .al.s froll the Beleher Islands as 
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Figure 8. Comparative growth curves for freshwater G. 

~.!.eatus. The curves were compi1ed from data given by 

the present and previous autho rs. 

.... Holloway (present study) 

0-<:> Coad (1972) 

..... Gilbertson (1980) 

~ Freeman (1965) 

... Pennycuick (1971d) 

o-a 

•• 
<>-0 

Greenbank and Nelson (1959) 

Mann (1971) 

Jones and Hynes (1950) 

The asterix marks the mean fork length of Coad's 

designated 2+ year class (see text for details). 

1 

() 



eo 

70 

l -

20 

• 

°O~--------1~-------'---------2 3 4 

YEARS 



47 

.aturlng when approxi.ately 45 •• long; this Is in agree •• nt 

wl th the fi nd i nqs of Cr a ig-Bennet t (1931) (ci ted by van "u Il em 

and van der Vlugt, 1964) and "ann (1971) from studies in the 

U.K. In the same study Freellan (1965) reported breeding to occur 

for the first time in fernales in a 50-55 •• length class. In the 

present study no females less than 51 •• weC'e found to have 

_ature ova ries. 

In many populations there 15 sexual di.orphis. in slze, 

felDales of a g1ven age being larger than .ales of an equivalent 

age. This phenomenon lS most cOlIImon in older fish (Greenbank and 

Nelson, 1959; van Mullem and van der Vluqt, 1964; Pennycuick, 

1971b; Coad. 19~21. In the present study, it: appeared that 

sexoal dimorphlsm in size ocr:=urred in f.ish collected ln July 

1981 at the South camp. It was not possible to quantUy th1. 

observation because these f1Sh could not be aged reliably. 

Statistieal eOlDparisons of the Slzes between the sexes of fish 

of known age from the North camp did not show significant 

diEferences. However, the magnitude of any such differences 

would have been underestillated because the lOt of the flsh at 

the extrelDe ends of the lenqth distributions were oal tted fro. 

the analyses. 

The mean length of the oldest age class of sticklebacks 

15 hiqhly variable (see (Piqure 8) and doe. not appear to be 

directly eorrelated with environ.ental conditions. The maximum 

slze attained by stielClebacks from a glven population probably 

refleets sorne combination of environllental and genotypic 

d 1 f fer en ces. l t i s 0 f 1 nt e C' est t h a t the po pu lat ion f r o. the 
v 

8elcher Islands, N.W.T., described by (Preeun (l96?), exh1b1ted 
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the longest life span, làte aaturation and the slovest 9rowth 

rate, sinee, of aIl the populations described here, this 

population vas probably sujected to the Iftost adver~e conditions. 

On revieving the accounts presented by various authors 

ce9arding the life history of the thcee-spined sticklebaek, 1t 

beeo.es immediately apparent that thece are problems encounterad 

in eoaparing the data on sticklebacks beside the fact that these 

~ish are genetically hlqhly variable and exposed to a vide 

vaciety of environmental conditions. The methodology employed 

in the collection of sticklebacks and subsequent tnterpretation 

of data also vary from study to study. 

For lIany years it has; been common flsheries practice to 

age ftsh populations usinq polymodal analysis based on length 

.aasure.ents; the countinq of rings on otoliths has only proven 

celiable for a few flsh species. Bock (1928, cited by van 

"ullelD and van der Vl.Jgt, 19~4) and Munzing (l959) examined the 

otoliths of freshwater and anadromous sticklebacks respectively 

and concluded that age determination by f1Sh length was the 

preferable .ethod. Munzi ng i nd i cated that oto 11 th r ead i n9 was 

axtr ... ly unreliable becàuse of the difficulty encountered in 

cU.tlnguishing successiva rings. Jones and Hynes (1950) aged 

theee populations and stated t~at they were able to read at 

la •• t one of the two otoliths froa each flsh in over 99' of 

c..... They were unable te differentiate between age groups on 

a l.ngth basis because extensive overlap occurred between the 

len9~h frequency distributions of sueceSSlve age =lasses of 

.ticklebacks. Con.equently the.e authors aaintain that otoliths 

peovide the only accurate a.ans of age deter.ination in 
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.tickleback., although they did de.eribe the toliths as belnCJ 

variable. Si nce then seve r 4) have 

attempted to determine th age structure of stick}ebac~ 

populations by both method , with varying degrees of suceess. 

Gilbertson (1980) coapared the results he obtained by otolith 

~ 
reading, statistical analysis of length frequency distributions 

and visual inspection of length frequency distributions. ae 

found agreement among methods and concluded that age designation 

using length frequency distributions was the Most efficient 

method because lt took the least time. Moodie (197241) reported 

that the oto1iths he studied were very variable and that he was 

only able to obtain consistent readings from about SOt of the 

pairs he examined. In the present study the same problem was 

encountered. lt was further noted that Many of the otoliths 

froll the largest fish were completely opaque. Freeman (1965) 

a1so had difficultles in ageing 1arger specimens col1ected frQm 

N.W. Hudson Bay whereas he was able to obtain consistent 

read ings'- tro.. 98' of st i ck 1 ebacks co Il ected from S.E Hudson Bay. 

Since the opaque layer 18 laid down in the winter lt may be that 

the pro1onged winters experienced by many stickleback 

populations in North Aaerica render the otoliths aore opaque and 

_ake the interllittent bands less easi1y discernible. The 

deposition of an addltlonal layer durlng the final winter of 

life .ay render the otollths of the oidest f1sh co_pletely 

unreadabie. Coad (1972) a,nd Greenbank and Nelson (l959) state 

that they on1y aged a subsa.ple of their otoliths and lt is 

possible that other authors dld llkewise. Under the •• 

circua.tance. the oldest aCJe cl •• s lIlAy he coapletely ov.rlooked. 
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1 t 1 son th i s pre III fs eth a t 1 que s t Ion Co a d s ' ( 1 9 q 2 ) fin d i n 9 s 

that sticklebacks at Matamek Lake, Ouebec, 1 ive for just over .. 
two years. The mean length of Coad's deslgnated 2+ year class 

(indicated by the asterix in Figure 8) is higher than that for 

2+ sticklebacks at any other location. It lIay be that 

condi t Ions were partlcu 1 ar 1 y favorable for st Ickleback growth 

prior to salllpling ln 1970 and that the stlcklebacks were 

sufficlently large and weIl developed to mature in their thlrd 

spring. Alternatively, and on the basis of the present 

findings, it Is suggested that Coad's designated 2+ year class 

vas cOllposed of 2+ and 3+ fish and that sticklebacks at Matallek 

Lake Ilay live for at least three years. Some may live for an 

ad~ltional year but a 4+ age class could not be distinguished on 

the basis of length frequency distributions. 

Age determination on the basls of 1ength frequency 

distributions a1so poses problems. ln some populations overlap 

between the length f"requency distributions of age classes is 

extensive (Jones and Hynes, 1950; Pennycuick, 1971d). Pover 

(1965) suggests that the degree of overlap between the lengths 

of age classes is related to environ.ental conditions. Under 

.ore favourable conditions, growth of the young of the year is 

sufficiently rapid that overlapping age groups may occur after 

just a fev lIonths, whi1e under lIore severe conditions 

overlapping of year groups may only occur between the oider age 

9foups. The extent of overiap is also likely to be greater for 

populations having a longer spawning season (Coad, 1972). It 

s •• as that the. length frequency distributions provide a better 
~ 
,'t 
~ 

indication of the life span of stickleback populations froll 
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colder cliaate.. Since 9rovth rate decreases vIth age, care 

aust be taken ln the Interpretation of these distributions, 

hovever, by exaJllining the change in the lenqth freq,uency 

distributions over extended tilDe periods, this drawback lIlay be 

largely overco.e. 

In the present study the 2+ age class appearad to be rare 

or ab.ent in _ost sa_pIes with the exception of that collected 

1 n Ju 1 y 1981. This sa_pIe and two of the sa.ples taken ln 

August 1981 were collected at the South ca_p of Mata.ek Lake 

whereas a Il others were co llected at the North caap (Table 1). 

The differences ln the age co_position of the sa.ples taken ln 

July 1981 and 1982 aay reflect te.porai variation ln the 

strength of year classes: this pheno •• non has been reported by 

Gl1bertson (1980). Alternative1y, this difference aay reflect 

the differential spatial distribution of age classe. with!n the 

lake. The absence or rare occurrence of an age class in a 

.eries of stick1eback sa_pIe. is not unco .. on. The exa.ination 

of the length frequency distributions for stick1ebacks at Karluk 

Lake, Alaska (Greenbank and Nelson, 1959, Pige 7) indicates that 

2+ fish were absent frOID the sa_pling area fro. June through 

early Auqust, reappearing in slDall nu_bers ln late August and 

early September. Rogers et al. (1963) and Rogers (1968) (clte~ 

/ 
by Manzer, 1976) observed that -8y midsu .. er, flsh of age l ana 

II became pelagie while age 0 and III tended to re.ain inshore·. 

Such a distribution could feasibly be related to the territorial 

behaviour of adul t ma les during the breeding season. Breeding 

.ales are known to be highly aggresslve towards conspecifics of 

cOlDparable size whereas they are tolerant of slftaller 

/ 
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i atleklebacks (van den As.e., 1967). The gentle gradient of th. 

littoral zone at the selning site at the North camp lItakes it a 

auitable habitat for males to .,stablish their territories and 

build their nests. The a~nt scarcity of 2+ sticklebacks at 

thi. location .ay "ell be due to their belng chased out of the 

•• 1ning area by territorial .ales. Kven if 2+ •• 1e. are 

phy.iologically able to spawn they are probably prevented fro. 

doinCJ so by the larger dominant 3++ .ale •• 

In the current investigation onl y one 2+ f •• ale w.a tound 

tOi be CJravid. This fish "as co Ilected in J'une 1983, ae a tl •• 

when the 2+ class was poorly repre.ented. 2+ fish "er. 

apparently absent froll sa.ples collected at the North ca.p 

durinCJ the breeding season in 1982, th us it 18 difficult to 

.scertain what proportion of 2+ fe.ale. usually Ilature at 

".t .. ek Lake. 

When CJiven a choiee of two du •• y fe.ale sticklebacks of 

at.llar aize, which differ only ln thelr degree of abdo.inal 

cU.tension (indicating that they are ready to spawn), sexually 

active .ale stlcklebacka will preferentlally choose the du_y , 

vith the IIOre svallen belly as a ute (Rovland, 1982). There Ar. 

"everal reports ln the literature fro. studles on other liah 

.peeie. that show that breeding fish prefer larger _ates,CHanson 
(' ~ 

and S.lth, 1967; Perrone, 1978; Oownhower and Brown,1980~il~ Sinee 

larCJer stickleback. lay CJreater nu.bers of eg9s at a glven 

apawning than do s.aller ones (Wootton, 1973), it would be 

advantageous for male stick1ebacks to sel.ctively .ate vith 

larCJer fe.ale •• Under such circullstances, the larger, .ature 

Individuals of a given population would co.prise the do.inant 

,l 
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reproductive force, vith •• aller individual •• aking up the 

re.erve in year. wh.n the oider age cla •••• are poorly 

r.pr.sented. Since there is no evidenee to support this 

hypothesis It i. not possible to do aore than speculate. 

Bovever, the above Interpretation could explain the relatlv. 

changes in abundanee of 2+ fish on the breeding grounds durlng 

the spawning season. AlternatlveIy, very fe" 2+ .tieklebacks aay 

.. tur. and thei r scarci ty ma'y simpl y be the resul t of aggre.sion 

bet"een eonspecifl.es. 2+ flsh vere found in greater nuabers at 

the South camp. The shorel ine at this locatIon does not offer 

sultable breedlng substrate and shoals of 2+ fish .ay occur ln 

such areas to feed. It ls possiBle that a proportion of tho •• 

fish .easuring over 5S m. colleeted ln Septe.ber and Oetober 

1981 are representati ves of the 2+ age cl ass returning to feed 

and perhaps surviving 3++ sticklebacks aay also be present (.ee 

'igure 3A). On the basls of the rather limited data avallable it 

appear. that on1y a s_a11 proportion of 2+ feaales mature. 

Although stiekleback behaviour aay account for th. 

spatial distribution of stlcklebacks in Mata.ek Lake, s.veral 

r.eent studi~ on natural populations lndicate that th • 

• ituation _ay be even acre co.plex. Gllbertson (1980) provlde. 

evldence that the stlcklebacks vithin a lake, uy co.prise not 

one population but .everal subpopulatlon. exhibl tlng dlfferent 

characterlaties and occupying re.tr icted areas vI thln the lake. 

Although the population at Mata.ek Lake il con.idered to be 

aono.orphi~ vith re.pect to later ... l plate nuaber (Coad, 1972~ 

wh.r.a. that studied by Gilbert.on (1980) at the Lak. Al.knaglk, 
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Ala.ka, v •• pol y.orphie vi th re.peet to lateral plat,e nu.ber, 

the spatial distribution of subpopulatlons deacribed by 

Gilbertson vas not eorrelated to this .erlatlc eharaeteriatie. 

Larson (1976) describes a population of stieklebaeks froll a lake 

on Texada Island, British Colu.bla, as being co.poaed of tvo 

phenotypes exhiblting differentlal spatial distribution., 

behaviour patterns, feeding habits and <)fowth rates. MaeLean 

(1974) studied a stiekleback population fro. another lake on 

Texada Illand and described it as being co.po.ed of re.idents 

vhich re.ain in a restricted area, _aintain a breeding and 

teeding territ~ry and non-residents vhich .ove froll area to area 

and do not breed. MacLean .aintains that this refleets the 

social hierarchy whieh exists vith!n stickleback populations, 

the do.lnant sticklebacks being re.idents and the subordfpate. 

belonging to the roving group. Beeause the posseasion of a 

terrltory confers selective advantages on the holder vith 

re.pect to feeding, survival and reproduction ("acLean, 1974), 

It follows that differences in Hsh size, fecundity and relative 

.bundance of age classe. lIay be apparent batwean the tvo groups. 

Since the fish colleetad froll the two sa.ple site. in lIid 

Au,ust had di f ferent .ean lengths and weights, and sexua 1 

dl.orphi •• ln size was only obvlous ln sticklebacks froll the 

Soutb ca.p, i t ls fe.slble that the sa.ple ... ay have be.n 

collected froll two different sUbpopulatlons. Consequently, 

s •• ple. fro. tha two locations vere not pooled in later 

Sex ratios vere not calculated because spatial 

.e,regation of .exe. iB known to occur in thls spacies 

(Gilbert.on, 1980). The.e inter- and lntra-population 



( f 

55 

d1ffarenc .... aln b19b119h~ tb. dlffScu1tl •• ln co.,ar1nt data 

on ftatural population. of .tlcklebacka. A .a.pl. collected at a 

.paciflc location .. y not b. rapre.entatlv. of the population a. 

a no1e. 

The t1.1~,of Uab collection and the .ethod. u •• d .ay 

a1ao aff.ct th. co~.ltlon of any aa.,l.. In aoae populatlona 

di.1 change. ln the •• an aize of stlcklebacka occur ln the 

littoral zone (Manzer, 1916). Stlcklebacka are co •• only 

coîlected using elther dip nets, .elne., or .1nnov trapl, or 

lo.e co.bination of these .ethods. Sticklebacks heavlly inf.cted 

vith Schi8tocephalus s011dus are readily visible fr08 above 

because of the lataral displace.ent of their white ventral 

surfaces and they are easi ly caught (Clarke, 1954; Ar •• and 

Owen, 1967). As a result, dlp netting and to a lesser e.tent 
# 

.eining are probably biased towards the collection of infected 

fi.h. Reilftchen (1982) found that significantly hlgher 

percentages of fish Infected with s. solldus occurred in 

collections made with a beach seine than with minnow trapl 

durln,g the same periode Since he do es not indicate whether the 

trapa were placed outslde or within the seining area, It is not 

possible to determine whether this result reflects different 

levels of bias in the two methods towards catching infected fish 

or the spatial segregation of infected and uni'nfected 

sticklebacks in the lake. Minnow traps probably provide the 

least biased samples and have the advantage that they may be 

placed at any depth, howevar, frequently the catches taken ln 

these traps ara too low for them to be effective (Arme and Owen, 

1961, the pre.ent author). 
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?here are •• ny reports that infection vith ~ aolidus 

affects the reproducti ve develop.ent of G. acule.tus. Meak ins 

(1974.) cOBpared the Gonadoso.atic Indices of infected and 

uninfected sticklebacks and found that during the breeding 

•••• on the G.I. of uninfected flsh vas significantly higher than 

th.t of intected fish. In the autu.n following the breeding 

.ea.on Ar •• and Oven (1967) and Meakins (1974a) found the 

situation reversed, infected f1sh hav1ng aore ovarian tissue 

th.n uninfected fish. In the latter situation the ovarles of 

infected fish exhibited increased corpora atretica. This 

condition has been sU9gested ta indicate that the fish v.r. 

unable to spawn (Kerr, 1948). A feaale vith a G.I. of 45' vas 

'ound at Mata.ek Lake in late August 1981, vell after the 

ter.ination of the breeding season. This fish had a P.I. of 21' 

and had apparently failed ta spawn. Pree.an (1965) found Ul.c. a 

P.I. of up to 7.St had no discernable effect on the Ilaturation 

of the ovaries whereas aaturation was ~evented ln aIl fe.ale. 

vith a P.I. greater than 15'. The macroscopic examination of 

the ovaries from sticklebacks collected at Mata.ek Lake in June 

1983, revealed that aIl designated 3++ fe.ale. had lIIatur. 

ovaries vith the exception of four fish which were imaature, 

three of the se fe.a1es were infected with ~ s)olictu!:_ These 

ll.h had P.I.'s of 30, 25 and 25' reap.ctiv.ly. AlI .atu~e 3++ 

fish were uninfected. 

Pennycuick (197ld) described a n.gative correlation 

b.tween the develop.ental state of the gonada of both aale and 

f •• ale sticklebacks and the P.I. and prevalance values. Ara. and 

O"en (1967) and MePhail .nd peacock (l983) reported sl.11er 
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effecta on ovarian develoPII!tnt. AlI of the •• author. exaained 

these relationships for aIl age cla.ses coiiectively on the 

a •• umption that it i5 usuai for Gasterosteus aculeatus to breed 

in its first year of life (based on the findings of Jones and 

Hyne. (1950»). Since sticklebacks fro. so.e populations do not 

'.ature until"they are two or three years old, and the level of 

infection co •• only vari,.s with host age (se. next chapter for 

details), the relationshlp bet"een infection levels and the 

state of reproductive develo~ent should be exa.ined separately 

for each age class. Althouqh the nUllbers of Infected fish found 

during the breeding season at Mataaek Lake were low, the data 

support the hypothesls that infection with S. sol ictus retards 

ovarian maturation in adult fellales (aged 3++). The G.I. value. 

of 0+, 1+ and 2+ fish were vlrtually always less than 2' 

throughout the sampling season, regardle •• of the degree of 

infection. 

In sI tuations where lIaturation 15 coap1eted in infected 

fish, eg9 nu.ber may be reduced (Coad, 1972; Meakins, 197.a). ln 

s.ting experi ... nts parasitlzed fe.ales, recoClnlzed' as gravid by 

.ales due to the parasite induced abdoainal distension, were 

a05tly unreceptive to lIale courtship. The one feaale that 

re.ponded destroyed .the nest. In other instances the frustrated 

aale elther drove the female away or attacked and kll1ed 

her. Grossly distended parasitized males were unabl. to 

construct nests (Arme and Owen, 1967; Meakins, 1974a). 

Arme and Owen (1967) also looked for de1ayed gonad 

aaturatlon ln liaI es. They dld not flnd any pron9unc:ed or 

constant differences evident in gro •• or histological appearance 
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betw.en the testes of infected and uninfected fish. McPha i land 

Peacock (1983) found no di fferences in infection levels between 

reproductive males and t·he population at large. In con,trast, 

Pree.an (1965) found the testes in heav i ly infected males to be 

saaller than those in uninfected males. 

Liqula infections have simi 1ar, but more extreme effects 

on reproduction in roach CRut! lus rutllus), bream CAbra.ls 
; 

br •• a) and dace (Leuciscus leuciscus). Even single infections 

r.sult not on1y in retarded oogenesis but also in inhibition of 

spermatogenesis (Arme, 1968; Arme and Owen, 1968; Sweet1ng, 

1976). Ar.e (1968) found that Iiguiosis in roach also produces 

changes. in the host pituitary, in the ceIIs responsible for 

producing gonadotrophins. In three-spined 8ticklebacks there is 

apparen'tly no d1fference between the p1tuitaries of f1sh 

infecteà vith Schistocephalus and uninfected fish (Kerr, 1948; 

Arae and Owen, 1967). Doyle (1978) studied Schistocephal.!:!.!, 

infect ions in the n ine-spined st i ck 1 eback (Pung i tl us punq i tius) , 

and found that Schistocephalus prevents spermatoqenesis and 

vitelloqenesis in this host, regardless of the degree of 

parasitisme Meaklns (1974a) suggests that retarded ovarlan 

aaturatlon in three-spined stick1ebacks resu1ts from the 

parasites competing direct1y with the host for avai1able energy 

resources. This May account for the apparent lesser effect of 

the parasite on testicu1ar development because egg production Is 

far lIore expensive in terms of energy than spermatogenesis. 

Schistocepha1~ ls a1so reported to affect growth in 

sticklebacks (Lester, 1969; Pennyculck, 1971d). In the present 

study, a significant negative correlation was found to exlst 
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between the dry weights and lengths, and Parasite Indices of 

infected 1+ sticklebacks, indicating that the parasites are 

responsib1e for the retardation of host growth. It was not 

possible to determine the effects of parasitism with ..ê..!. sol idus 

on the growth of oider stick 1ebacks because these were largely 

un):nJected. From the reg ress i on Il néS fi t ted to the data fo r 1+ 

sticklebacks col1ected in September 1981 it may be extrapo1ated 

that st ick 1 ebacks wi th a P.I. of 35 % (the mean for the age cl ass 

at this t1me of year) weigh 40% less and are 13% shorter than 

their uninfected counterparts. It 1s probable that these values 

are 0 verest imates because the mode 1 requ ires tha t even very low 

Ievel's of parasitaemia have a significan~ effect on fish growth. 

This may be the case during the winter months when food ls 

scarce, but, 0+, and 1+ st iek 1 ebaeks (wh i ch we r e a Il appa ren t l Y 

infected) showed growth Increments between September and 

October, imp1ying that food avai1ability was not limiting".lto 

growth at this time. Penllycuick (1971d) ca1eulated thé 

re1ationships between th'e intensity of parasitic infection and 

both condition factor (weight/length 3) and length. Using these 

relationships she ca1cu1ated theoretiea1 values of the condition 
~ 

factor, length and hence welght of uninfected fish. She 

estimated that in the period from August 1967 to April 1968, 

when the mean P.I. for aIl age groups fel1 between 30 and 35\, 

infected sticklebacks weighed, on average, 25% less than they 

would have if unlnfected, and that the retardation of growth .. as 

more pronounced in older fish. Such retardation of growth as a 

resu1t of infection with 5.s01 idus may account for the 

differences l,n the size of stiek1ebacks from the two sample 
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sites in the present study, sinee 1+ fish collected at the South 

eamp had a significantly lower lDean welght and mean lenqth and a 

significantly higher P.T. than those eollefted at the North 

camp. 

The possible effects of Schistoeephalus solidus on the 

population dynamies of Gast_rost.eus aculeatus are discu.sed in 

Chapter VI. 
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CBAPTER V - CRARACTERI STICp OF TH! INFECTION' OF' SCRI STOCEPRALUS 

SOLI DUS IN THREE-SPINED STICKLEBACICS AT "ATAMEIC LAitE 

INTRODUCTION 

Seasona1 variations occur in the infection patterns of ~ 

sol idus in ~ acu1eatus (Clarke, 1954; 'reeman, 1965; Arm. and 

Oven, 1967; Chappell, 1969a; Lester, 1969; Pennycuick, 1971a; 

MacLean, 1974; Peacock, 1979: Gl1bertson, 1980; Reimchen, 1982) 

throughout the geographical range of this association. Infection 

levels are similar in the two sexes (Freeman, 1965; Chappe11, 

1969b; Pennycuick, 1971b; Gilbertson, 1980), but, vary with ho st 

age and size (Clarke, 1954; Freeman, 1965; Arme and Owen, 1967; 

Chappe11, 1969b; Lester, 1969; Pennycuick, 1971b; Coad, 1972; 

Gilbertson, 1980; Reimchen, 1982). 

Distributions of Schistocephalus in three-spined 

stick1ebacks are overdispersed (Pennycuick, 1971c). The 

plerocercoids exhibit extensive somatic growth in this host, and 

in areas where Infection levels are high, p1erocercoids 

frequently comprise between 20 and 40% of the total host-
f' ., 

parasite mass (Arme and Owen, 1967; Pennycuick, 1971b; Peacock, 

1979). Occasional1y, the weight of the parasite burden May 

exceed that of the host (Arme and Owen, 1967; pennycuick, 

1971b). Experimental evidence (Meakins and Walkey, 1973) and 

field data (Vik, 1954; Orr and Hopkins, 1969; Lester, 1969) 

indicate that plerocercoid growth is density-dependent. The !!!. 
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vitro growth of plerocercoids of Schlatocephalus 1. d •• cribed by 

McCaig and Hopkins (1965) and Sinha and Hopkins (1967), and 

details of the l.!!. vivo growth of plerocercoids transplanted from 

one three-splned stlckleback ta another are given by Braten 

(1966) and "'eakins and Walkey (1973), however, there 1s little 

information available regarding the grawth of the parasite in 

the field. 

Recruitment takes place primarily in the spring and 

su •• er lDonths (Hopkins and Smyth, 1951; Clarke, 1954; 

Pennycuick, 1971a; Meakins and Walkey, 1973). Pennycuick (1971a) 

reports that sOlDe new invasions occurred during the winter 

.onths in4 population of sticklebacks in England, however, thi. 

i, unlikely ta accur in regions which experience much colder 

winters (Chubb, 1980). 

In this chapter, the infection dynamics of ~ so(f,lldus in 

G. aculeatus at Matamek Lake are described. One of the specifie 

aims of this investigation was to follow the progress of the 

i{1fection in relation to the life history of the host. 

Consequently, it will be seen that the infection variables have 

been determined separately for different age classes of 

sticklebacks. The aquisition and subsequent growth of a cohort 

of plerocercoids are monitored, and multiple infections are 

examined to obtain an estimate of plerocercoid growth and 

longevity in the field. 

The infection dynarnics of Schistocephalus in Gasterosteus 

at Matamek Lake are compared with those previously described for 

populations from other locations, and diseussed in relation to 
</l' 

both field and laboratory studies. 

" 
\ / 
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RESUL1'S 

Seasonal variations in the parasite prevalence, ~.an 

intensity (i), abundance and l'lean Parasite Index (P.L) of 

sticklebacks collected at Pltatamek Lake froll July 1981 to June 

1983 are presented in Figures 9 to 12. 

in Tables i and ii of the Appendix.) 

(The data are tabulated 

Fiqures 9A to 12A show the values of these variables for 

aIl stick1ebacks co11ected on each samp1ing date, irrespective 

of the age of the fish. Henceforth in the text these samples of 

fish are referred to as the ·comp1ete- samples. Data from both 

samp1e sites are presented. In Figures 9B to 12B, seasonal 

variations in prevalence, l'lean intensity, abundance and l'lean 

P. 1. for s pe c i fic age c 1 as ses 0 f fis h are g ive n, w i th the da ta 

from the South camp excluded, because it ~~s not possible to 

determine the ages of fish from that location. 

Prevalence values for the complete samples were below 

10% at the onset of sampl ing in June 1982 and June 1983. 

Preva1ence increased throughout the summer, reaching values of 

99% and 89' in August 1981 and August 1982 respectively, and 

then dropped slightly ln September and October (Figure 9A). 

These high prevalence values ref1ect the age composition of the 

samples. In August, Sept.ember and October, 1+ fish 

predominated; virtually 2111 these fish were infected (Figure 

98). The drop in prevalence for complete sampl~s in September 

and October resulted from the inclusion of uninfected young of 

the year (0+). Mean intensity and P.I. values for complete 

samples also increased as the summer proJ3ressed, reaching 
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Figure 9. Sea.onal prevalence value. for stieklebaek. 

Infeeted vith ~ solldus, 1981 - 1983. 

A. prevalenee values for aIl stleklebacks eolleeted 

on eaeh sampling date, irrespective of the age of the 
\, . 

fish. .. - South camp •• - North camp. 

B. Prevalenee values for specifie eohorts of fish • 

• - 1+ (1981) •• 7. 0+ (1981), 1+ (1982),2+ (1983). 

0- 3++;(1982). 0- 0+ (1982),1+ (1983). A- 3++ 

(1983). 
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Figure 10. Seasonal Mean parasite intensities for 

three-spined stickl ebacks 1 nfected vi th S. solidus. 

A. Mean parasite intensities for aIl infected 
~ - / '~ 

sticklebacks co11ected on each sample date, lrrespective \ 

of the age of the fish. Â - South camp •• - North camp. 

B. Mean parasite Intenslties for specific cohorts of 

fish •• - 1+ (1981) •• - 0+ (1981), 1+ P982), 2+ (1983). 

o - 3++ (1982). 0 - 1+ (1983). 6. - 3++ (1983). 
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Figure Il. Seaaonal changes ln the abundance of 

plerocercoids of S. aolldus. 

A. Abundance of S. solidus in aIl atlcklebacks 

col1ected on each sample date, irrespective of the age of 

the fish. • - South camp •• - North camp. ' 

B. Abundance of !:.. solidus in specifie cohorts of 

sticklebacks •• - 1+ (1981) •• - 0+ (1981), 1+ (l982), 2+ 

(1983). 0- 3++ (1982).0- 1+ (1983). A- 3++ (1983). 
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Figure 12. Seasonal changes i", the Parasi te Index of G. 

aculeatus infected vith S. solidus. 

A. Mean (shaded) a(1d maximum (unshaded) Parasite 

Indices of aIl infected stick1ebacks co1lected on each 

samp1ing date, irrespective of the age of the fish. 

Â 1 6. - South camp. ., 0 - No rth camp. 

B. Mean Parasite Indiœes of specifie cohorts of 

fish •• - 1+ (1981) •• - 0+ (1981), 1+ {1982), 2+ (l'983). 

o - 3++ (1982). 6 - 3++ (1983). 

() 



( 

w4 ... -(0 
c 
a: 
~2 -

)( 80 
w 
Q 
Z -

J 
1881 

J 

-- ...... 
~ ... ...... ...... ...... ...... 

i A S i 0 i " J' 
1882 1883 

ç---------. 
o '-:'~S[A r SOi (J J 

1982 1983 

.J) 

A 

B 



( 

____ "" •• -_. __________ ._~-_. __ •• _----_._--- - __ o. -

, . 

68 

maximum values in October, at the end of the sampling period 

(Figures lOA and 12A). Seasonal variations in the prevalenee 

and Mean P.I. did not differ greatly from year to year (Figures 

9A and 12A), however, there was a marked differenee in the Mean 

intensities of complete samples of sticklebacks collected in 

1981 and 1982: in August 1981, x=4.3, range (1-24); in August 

1982, x-1.7, range (1-7) (Figure IDA). 

From August to October the average P.I. varied from 30 to 

40' (Figure 11A). Maximum P.I. values greater than 50' were 

recorded from July through October in 1981 and ln August 1982, 

ind icating that sorne st iek l ebacks carry a paras i te burden which 

exceeds their own body weight. 

l t i s po s s i b let 0 folIo w the cha n g e sin pre val en c e 0 f a 

cohort of fish during the first two years of life (Figure 98). 

The young of the year were uninfected in September 1981, but by , 

late October 1981 18' of them were infected. The preva 1 ence 

dropped to 3.2\ in June 1982, started to fise again in ear1y 

July, showed a maximum rate of increase in late July and by 

August preva1ence approaehed 100%. Al though no more samp1es 

were col1ected in 1982, the trend in 1981 suggests that the 

prevalence would have remained high in this age elass for the 

remainder of the sampllng season. Th e 2 + ye arc las s wa s po 0 r 1 y 

represented in June 1982 and 1983, but the available evldenee 

indicates that the prevalence dropped dramatically over the 

second wlnter of life (1982/83) to a value of less than 10% in 

June. 

The 2+ year class was absent at aIl othe'r times during 

the sampling period; thus, comparisons between the infection 
II,. 

. " 
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characteristics of different age classes are largely restricted 

to the 0+, 1+ and 3++ year groups. Prevalence values of the 

cohort of fish designated as 3++ were margina11y higher than 

those of their 1+ counterparts in June and early July 1982, but 

for the rest of the season prevalence in this age group was 

lower than that observed in 1+ fish. Mean intensities of both 1+ 

and 3++ fish were simi lar in 1982 (Figure lOB), and the mean 

P.I. values of the two age classes followed a similar pattern to 

the prevalence (Figure 128). 

Seasonal data on prevalence and mean intensity are 

summarized in Figures lIA and lIB which show the changes in 

r~lative density or abundance (prevalence x mean intensity) of 

plerocercoi ds of Schi stocepha 1 us over the sampI ing per iod for 

complete samples and specifie age classes of fish respectively. 

Abundance was at a minimum in June, however it increased from 

August through October in 1981 and during July and August 1982, 
~ 

inaicating that sticklebacks may become infected or reinfected 

at any time from July to late October. At the North camp, the 

maximum rate of i ncrease in abundance of paras i tes occurred in 

late July 1982. A relatively greater increase in the abundance 

of plerocercoids of ~ solidus was observed in August 1981 at 

the South camp, however, these data ~hould be viewed with 

caution because mixe~ sampling methods were employed at this 

location. The abundance of parasites in complete sa~ples of 

~'t i c k 1 e bac k s d r 0 pp e don e h un d r e d fol d b et we e n 0 c t 0 ber 198 1 and 

June 1982. 

Seasonal changes in the distribution of Schistocj;!phalus 

in complete samples of Gasterosteus col'lected between August 

.. 
r' 
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" 1981 and August 1982 at the North camp are shown in Figure 13. 

The inerease in the number of uninfected Hsh in September and 

October again reflects the recruitment of fry into the fish 

population. Although the majority of sticklebaeks in 1981 had 5 

pl erocercoids or less, severa 1 fi sh ha rboured greater nUlllbers of 

parasites, a few having more than 20 plerocercoids. One fish 

aeasuring 49mm eollected in September 1981 vas found to harbour 

40 paras i tes. Between Oetober 1981 and June 1982 the shape_of 

the distribution changed dramaticallYi by June 1982. 94' of the 

fish sampled were uninfected (as compared to 20. in October 

1981), with the infe(tted fish carrying only one plerocercold 

each. By Mid July the majority of fish were still uninfeeted 

and the maximum number of plerocercoids found in a single host 

was 3. In ear l y August nea·r 1 y 70. of the Hsh were infected and 

by late August almost 9o, of the fish were i'tifected, and up to 8 

pleroeercoids were found in a single host. When the 

distributions for August 1981 and 1982 are compared, the 

differences in the levei of infection between the two years are 

readily apparent. 

Since pleroeercoid weights may vary by two orders of 

ma.qnitude within a given host, it is considered that Parasite 

Indices, rather than numbers of plerocercoids, give li better 

indication of the level of infection in the host population 

(Arme and Owen, 1967). Seasona 1 changes in the frequency 

distributions of Parasite Indices of aIl infected fish are given 

in Figure 14, vith the frequency distributions of specifie age 

classes superilDposed on the origInal histograRls constructed for 

complete sampI es. Wi thin each sample and wi thin each age cliS. 

f 

! 
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Figure 13. Se •• on.l ch.nge. in the distribution of 

plerocercolds of S. aollc1us in G •• cule.tus. 
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F 1 Cl ure 1 4 • S e a son ale han <) e sin th. f r , q U -;Il C Y 

distributions of Parasite Indices of/infected 
ti i' 

sticklebacks collected at the North camp, 1981-1983. 

Stick1eback ages are indicated by shading. a - age 

'-- unknown. • - 0+. • - 1+. 61 - 2+. ,. - 3++. 
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) v 

the Parasite Indices'cover a wide range of values. It seems 

11kely that the observed differences in P.I. between 1+ and 3++ 

fish (see Figure 128) reflect differences in the samp~e si~es 

rather' than aetua1 differences, sinee the ranges of the P.I. 

ya lues are s Imi 1 a r for the two age 9 roups when they coex 1 st. 

#Para.ite Indices of less than lOt are relatively uncommon in aIl 

sa.ples exeept those co Il ected ln Ju 1 y. These lov va 1 ues a ra 

Indicatl ve of prey iously uninfected fish ha v ing beeome infected 

vith slDall pleroeercoids. The disappearanee of heavily infected 

st.lcklebaeks between Oetober and June ls particularly evident 

trom thla figure. 

A cOllpariaon of the frequency distributions of the 

velgh"ts of plerocercoids from infections of different 

intensltle. ('igure 15) indlclÎtes that plerocercoid welght ia 

inversely related to the Intansity of the infection. 
i 

Conaaquently, only data from single infections vere used to 

exaalne pleroeercoid aquisition and growth because the mean 

parasite Intensity varied bet"een sampI es. Since single 

infections vere relatlve1y uncomllon in many sa.ple., all 

.v.iIable data fro. both samp1e sIte. vas used to exa.ina the 

•••• ona1 change. in the ..,elghts of p1erocercoida from single 

infections. The data are pre.ented as a co.po.fte seasonal 

.erie. of plerocercoid velght frequency distributions (Figura 

16). Plarocercoids velghlng leS8 than 20_9 dry welght vera 

found predoalnantly ln July and It vas possible to folIo" the 

growth of this cohort of July recruit. untll the end of the 
., 

A sl.llar •• rles of histogra •• , in vhich only the 

Jlerocercoida fro. single infections of hosts of known ag. are 

( 

/ 
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rigure 15. rre.quene!. distributions of the wa.gbt. of 

plerocercolds of S. solidus fro. infections of cl,lff.rant - , 

inten.lti ••• Only data on plarocercoids fro. 1+ 

Itlckl,bac~. collected ln Sept,.ber 1. pr •• ented. 

•• r 

Î 

1 

1 

i 
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ri9ure 16. S.asonal .. eigbt: frequenc::y distribution. for 

plerocerc::oid. df S. solldua fro. a11 single inf.ction •• 

Data fro. the South ca.p are dl ffer.ntlated by shadin9_ 

AlI other dat.a co •• fro. coll.c~t·lWls .ade at the Nortb 

ca.p_ Overlap betw •• n adjacent distributions 1. shawn, by 

cro •• -batchlnCJ • 
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1 ~ 
Included,jls given in Flgt1re '17. Although the majority of small 

pie roc ,ei coi d s se e n i n - j u l y we r e fou n d i n 1 + fis h', a f e" 3 + + fis h 
/ 

also / acqui red the infection. Since preva lence approached 100' 
, 

in 1+ fish by late August, recruitment in September and October 

would necessarily have resu1ted ln multiple infections and Is 

only apparent ,in the young of the year. Wi th the exception of a 

few very small wor's «4mg dry weight), which were probably 

early recruits, most JP..f the single plerocercoids found in June 

( weighed over 40mg (dry weight) and came from 2+ or 3++ flsh. It 

ls probable that these worms were at least a year old. 

A composite growth curve for single plerocercoids in 1+ 

flsh over one season is presented ir:t Figure 18. It can be seen 

that single plerocerco.lds acquired in the.~.~ar1y summer attained 
l '> 

a .ean dry welght of approximately 57 mg by the end of October. 

As previously mentioned, plerocercoid weight was observed 

to be inversely related to parasite intensity (see Figure 15). 

The ré lationship between lIlean pl erocereoid dry welght and 

parasite intensity, for 1+ fish collected in September 1981, ia 

cjiven ln Figure 19. This partieular sample of flsh was selected 

to examine this pheno.enon because the 1 evel of infection was 

high at thls ti.e (preval.nee-IOOt, i-S.l (1-40) and •• an 

•• 1.-35') and be-cause this sa_pIe contained lIore flsh than any 

other. Th •• ean plerocercoid dry weight decreases vith 

incr •• sing" paraaite Intensity, the .ean welght of vor •• ~roll 

flah havlng ten or IDore wor.s belng 1ess than one'\.fi fth of the 

Wlelght of plerocereoida fro. si ngle infections. '!'he •• an welght 

of the l.rg •• t pl.rocercold per fi.h al.o decrea ••• vith 

Incre •• ing INIr •• ite Intenaity (ae. Figur. 20) • 

( -- . 
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Pigure 17. Sea.onal, veight frequeney distribution. ~or 

p1erocercolds froll stick 1 ebaeks wi th sing le infections 
<l> 

co llected at the l4-.orth camp. Th. age of the host 18 

indicated by the shading. B- 0+. 0- 1+. S- 2+. 

'. - 3++. ~ ( 
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Figure 18. Growth curve for plerocercoids of s. solidus 

from single infections of 1+ sticklebacks col1ected in 

1981 and 1982 at the North camp. 0 - 1981. • - 1982. 
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Pigu·re 19. Relatlonship between aean plerocercoid wight 

and parasl te lntensi ty for pl erocercoids of !.:.. BoliduB 

fro. 1+ stick lebacks collected in Septeaber 1981. Sa.ple 

Bizes are given below each point on the plot. 
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Figure 20. 
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fl 

Relationship between the •• an w.lght of the 

large.t plerocercold of ~ aolldus per fish and the 

par •• lte intenslty for 1+ stickleback$ collected in 

Sept •• ber 1981. Sa.ple slzes are qlven below each point, 

in the plot. 
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""e\\ r.1.tionahlp bet" •• n tbe .ean P.r •• Ite Inde. and 

par •• I t. int.nai ty 18 .lso of inter •• t C •• e Figure 21). At lov 

par.alte inten.iti8. the P.I. Incr.a.e. vith incr ••• ing para.ite 

{ntenaity, but at hlgher int.naiti •• it r •• ehe •• plat •• u, .t 

approxlutely 451 • 
... 

Sine ••••• on.1 vari.tion. in .bundane. indie.t. tb.t ao •• 

recru! t •• nt •• y occur in S.pt.ab.r, th.n i t folIo". that ao •• of 

th. a •• ll pleroc.rcoids found in fish collected in S.pt •• ber 

"ere nev reerui ts. rro. the exa.i nat ion of th. veight. of 

pleroeercoids froa double infections (sea Table ili in the 

Appendlx) a p.ttern e.erged: el ther CA) a sa.1l pleroc.reold va. 

tound vith a large plerocercoid (the latter being co.p.rable in 

.iae to plerocercoid. found in Single infections); or (8) both 

pleroe.rcoids vere of si.llar 51za being sm.llar than the large 

pleroeercoids froa type -A· infactions. Type -A- infections 

accounted for 19' of the double infections exa.ined. It is 

pro~able that the s.all plerocarcoids in type -A- infectlona 

".re n.w raeruita. Proa Pigure 15 it .. ay be seen that for 

paraaite int.nait!e. of 2 to S, plerocetcoida of 4119 dry veigbt 

or le.s appear to for. a talrly discr.te cohort set apart froa 

th. rest of the pl.rocercolds. On the as.uaption that thes • 

... 11 INra.i tes are nev recrui t. and that aIl plerocercoids of 

coaparable size are also new recruita, regardle •• of the 

intensi ty of infection, aIl fish bear ing plerocercoida of 4.5119 

dry veight or l~sa were oaitted and the relation.hipa betv.en 

a a an pl. roc e r coi d we i 9 h t , .e a n w. i 9 h t '0 f th. 1 a r 9 a st 

plerocercoid and P.I. and parasite intensfty vere then re­

exa.in.d. In addition, the sa •• relationshipa vera ex •• IneeS for 
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l'lgure 21. Relat10nabip betv •• n ••• n Paraaite Index and 

t:be par.site Intenaity for 1+ aticklèbacks collected ln 

S.pte.ber 1981. Sa.pie slze. are glvan below aach point 

ln tbe plot. 
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atlokleback. collected ln Oc~ober. !he d.ta .re shown in Pigura. 

l11A-P in the Appendix. ("l'he rel.tionship bat"een plerocercoid 

dry weight and parasite lntenaity for 1+ stick1eback. collected 

in October 1981 (Figure Iv in the appendix) 18 given, to shov' 

that the rellOval of .11 plerocercoids .easuring <".SIte) is .lso 

ju .... i fiable fO/r the October sa.ple.) Al though the s •• ple sl,ze. 

are conslderably •• aller the aa.e pattern. are apparent. !hu. it 
~I 

i ••• su.ed that the relatlon.hlp. betw.en •• an plerocercoid 

veight, weight of th. larg •• t plerocercoid and ••• n P.I •• nd 

par •• i te intensi ty, 9 1 ven ln rtgure. 19-21 are not unduly 

affec:t.ed by the pre.ence of ne" recruit •• 

DISCUSSION 

... 
At M.t ••• k L.ke the nu.ber of infected fi.h w.. la. 

(prev.lenee <lOI) at the beginning of the .a.pling sea.on in 

June of bath year.. At the end of the s •• pling •••• on in 

October 1981, nearly ail fish ver. infected. St.ilar increas •• 

in preval.ne. ov.r the su ... r .ontha have b.en reported for aIl 

populations of Scht.toc.pha!~ in Ga.t.ro.teus .tudl.d 

•••• onally ln Horth .\a.rica to dat., although •• xi.ua pr.valene. 

l.vels vary betw.en the •• populations, ranging fro. 50 to al80.t 

100' (Pre •• an, 1965; ".cLean, 1974, P.acock, 1979, Gilbert.on, 

1980, Rei.chen, 1982). ln the pr ••• n-t .tudy the overall 

Parasite Index (P.I.) also increasad fro •• pring through autu.n 

to approach ••• an value of 41' ln October. P.acock (1979) 

not.ct that the .. an P.I. of infecteeS fi.1t fro. 8riti.h ColWlbi. 
"'" 
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rose .',nifle.ntly tbrou,hout th. ,rowing •••• on to re.ch • 

• a1u. of '25. in S.pteaber. 

Cbappel1 (1969.), Pennycuick (1971a), and Arm. and Ow.n 

Cl"7) de.cribe the aeasona1ity of populations of sticklebacks 

infeeted vith Schiatocephalus in the U.K .. Chappel1 (1969a) 

found prevalence to be bighest (SSt) in a May/June coabined 

••• p1., and the .ean paraaite Intensity also reached a maxi.u" 

(1-1.6 range-1-4) at tb!s time of year. Pennycuick (1971a) 
1,) 

noted an increase in the prevalence, lDean intensity and P.I. 

fro. June (prevalence-72t, 1-1.4 and P.I.-20.) through October 

(preva lence-98t, x-a.s and P.I.- 3 St). Arme and Owen (1967) 

eoablned tb.ir data into quarterly means, making the trends a 

littl. le •• discernibfe, hovever, prevalence vas highest (96t) 

ln April-June and July-Septe.ber in 1963 and the Mean parasite 

lntensity vas at a maximum (X-12.3) in April-June of the same 

ye.r. 

The infection 15 not evenly distributed between host age 

cl...... Prevalence levels in 1+ flsh at Matamek Lake vere 

found to be considerably high.r than ln 0+ and 3++ fish. Maximum 

prev.lenee values were 100t, l8t and 30t respectively. Infected 

fry vere only found in October. The aean parasite intenslty of 

3++ flsh va •• argln~lly higher than that of 1+ fish in 1982, the 

coablned .eana for June, July and August of that year for th. 

tvo _ge clas ••• w.re 2.0 and 1.5 respectlvely. The mean 

p.r •• it. inten.ity in 1+ fish the previous year, bovever, 

re.ched a a.xlau. of 7.3 in October. Young oft the year nev.r 

b.d aor. th_n one pleroc.rcoid. Coad (1972), W'ho also .a .. p~ed 

stlcklebacks .t M.t .. ek ~ke ln August 1970, reported prevalence 

., 
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values and,aean Intensitles of 0, 90 and 681, and 0, 1.7 and 1.9 

for hls deslCJnated 0+, 1+ and 2+. age classes respectl vely; the 

mean Intensi ties were comparable to those found at Matamelt ln 

August 1982. Freeman (1965) and Lester (1969). found that 

preva1ence was highest ln an Intermediate size group of flsh and 

Arme and Owen (1967) found that the mean P.I. and parasite 

intensity were inverse1y re1ated to fish size (young of the year 

were not included in their samp1es). Pennycuick (1'911b) a1so 

found that the prevalence, mean parasite intensity and mean P.I. 

vere highest in 1+ fish, although 0+, 2+ and 3+ fish vere aIl ~ 

heavi1y infected. In aIl the aforementioned studies maximum 

preva1ence 1evels were high, frequently approachlng 1001. In 

contrast, in the populations described by Chappe1l (1969a,b), 

Gi1bertson (1980) and Reimchen (1982) prevalence rarely exceeded 

501 and prevalence increased with fish age. 

In areas where infection 1 evels are _very hlCJh a few boats 

may harbour large numbers of p1erocercolds. Pennycu1ck (1971a), 

Hopkins and Smyth (1951), Arme and Owen (1967) and Smyth (1946) 

descr1be sIngle hosts Infected with as many as 106, 130, 138 and 

140 plerocercolds respectively. In the present study the 

_ax!mum number of p1erocercoids found ln one sticltleback vas 40. 

In populations where multiple infections are common, the 

velght of a given stickleback Inay be exceeded by that of 1ts 

paras! te burden. Sticklebacks wi th a P.t. greater than SOI were 

found at Matamek Lake in August, Septeaber and October 1981, and 

!n August 1982. One flsh collected in October 1981 had a P.I. of 

621. "Naxi.ua P.I. values of 621 and 691 bave been reported by 

Pennycuick (197lb) and Arme and OWen (1967) respectlvely. 
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, 
In the present study the parasite abundance in 1+ flsh 

, 
and in complete samp1es of fish in August 1981 was more than 

double that of comparable flsh co1lected in August 1982. 

Differences in infection levels from year to year are also 

described by Arme and Owen (1967) and pennycuick (1971a). In 

the population examined by Ar.e and Owen (1967) the prevalence 

and .ean intensity of Schistocephalus and the mean P.I. 

decreased from 100., 46.5 and 47' respectively in 1962, to 59', 

10.5 and 40' respective1y ln 1963, to 36%, 1.3 and 15' 

respectively in 1964. Pennycuick (1971d) also noted annua1 

var.iatlons in the relative strengths of stickleback age classes. 

Consequently she proposed a mechanism to account for a 4 or 5 

year cyc l ica l fluctuation in Gasterosteus and Sch istocepha 1 us 
t 

1 
po pu lat ion s • 0 n the as s Um p t ion t,h a t a he a v yin f e ct ion w i th 

plerocercoids of Schistocephalus makes hosts more susceptible to 

predation and to morta1ity due to other stresses, Pennycuick ,. 
(1971d) suggests that the infection bui1ds up in Gastetosteus 

.culeatus until Many fish die, are eaten by predators or are 

prevented froll breeding (see previous chapter). This causes a 

graduaI decline in the numbers of fish in the population and 

benee t~e size of the parasite population. As the number of 

fish de~reases and the infection becomes lighter, breeding 

beco •• a aore succesaful, hosts are generally less vulnerable to 

predation and morta li ty due to other stresses, and the number of 

flsh in the population increases. This in turn enables the S. 

aolldua infection to build up once more. These fluctuations 

vould be .odified by othfr external factors, such as food 

aupply, vint.r te.perat4re and the abundance of other host 

I~ 
",_ .. n 

Il ~ -.' - ... ! 

, 
,j, .' •• _~.. _ _.Il •. 
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species ln the l Ife cycle (pennycuick, 1971d). 

Between Dctobe rand Apr 1 l (1966/1967) and Septembe rand 

March (1967/1968), pennycuick (1971d) co1lected 89 'dead 

sticklebacks from the edge of priddy Pool. The p1erocercoids 

contained in these dead flsh had a larger Mean welght than those 

fou n d 1 n 1 1 v e fis h ; and the me a n P. I. 0 f -t h e d e a d fis h wa s 36 , 

as compared to 27% for living flsh. Pennycuick attributed the 

death of these fish to a comblnatlon of thei-r high leve1s of 

parasi ti sm, harsh wi nter cQnd i tions and scarci ty of food. 

There is' much evidence to suggest that heavy burdens of 
\~ 

Schistocephalus impose stress on their fish hosts and May 

contribute to host mortal ity. Lester (1971) reported that 

parasitized sticklebacks die sooner th an uninfected fish when 

kept ln aquarla, mortallty rates rlsing when the parasitlzed 

fish were subjected to dietary and high temperature sçresses. 

Pascoe and Mattey (1977) and Walkey and Meakins (1970), and 

Pascoe and Woodworth (1980) descrlbe in-creased mortality in 

parasitlzed flsh subjected to dletary stress and Increased 

cadmium levels respectively. Threlfall (1968) attributed a mass 

die-off of three-spined sticklebacks to joint stress imposed by 

high levels'of Schistocephal~s solidus and the ectoparasite 

Argu1us canadensls. ,Vik (1954) noted that the fat deposits 

commonly assoclated with the alimentary canal of sticklebacks 

were absent in parasitized sti,cklebacks. The role of 

Sch·i stoce pha 1 us in r e ta rd i ng sexua l matu ra t ion in f ema le 

sticklebacks was dlscussed extensi vely ln the previous chapter. 

These pbenomena indicate that the plerocercolds compete wlth the 

host for energy resources, and ln heavy infections the parasites 

1 
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deplete host energy reserves and divert host energy from 

reproduction for their own use (Meakins, 1974b). The significant 

differences in the lengths and weights of infected and 

uninfected individuals (Pennycuick, 1971d; present study) 

suggest that infected fish are unable to meet the increased 

energy requirements imposed on them by their parasite burden. 

Consequent 1 y, when food i s sca rce i t seems 1 i k el y that se 1 ect ive 

mortalityof heavily infected fishwill accur because thesefish 

are already suffering from some measure of starvation. Walkey 

and Meakins (1970) suggest that at a time when food supplies are 

low, 50 i5 the feeding rate of fish but 50 also should be the 

calorific demands made by the parasite upon its hast. 

Consequently they state that decreases in the prevalence of 

infection resulting from the starvation of 1nfected f1sh hasts 

are unlikely to occur. However, evidence presented by Spencer 

Davies and Walkey (1966) indicates that thermal accl iméttion 

occurs in plerocercoids, that is, their rate of metabolism at 

low temperatu res i s h ighe r than expec ted, and Si nha and Hopk i ns 

(1967) report that plerocercoids will continue ta grow in vitro, 

albeit to a l imited extent, at temperatures as low as 4o C. Thus 

the energy demands made by the parasites during the winter May 

be higher with respect to host supply than in the summer. In 

the light of Pennycuick's (1971d) findings that the mean P.I. of 

dead fish collected over the winter was higher than that of 

living fish, it does seem highly probable that selective 

mortalityof the most heavily infected fish does occur when food 

ls scarce and worm burdens are high. 

Such mortality may account for the decrease in infection 
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levaI 'Il th re.pact to host aq. ob •• rved ln populat Ions vhen 

infection levels are hiqh (Pennycuick, 1971b, Ar.e and aven, 1967; 

present study). Once acquired, plerocercoids are not lost froll 

the abdominal cavity, thus, any drop in the infection level 

from one age class to the next must reflect selective mortality 

of infected fish. 

In the present investigation, prevalenca, lIean intensity 

and mean P.l. values dropped dramatically over vint."er, 

sugqesting that paraslte-lnduced mortal ity May have occurred 

during this period. Sinee the preva lence of Schistocephalus vas 

100t and the mean P.L was approximately 44' (hlgher than tha't 

reported for dead fi5h by Pennycuick (1971d» in 1+ fish in 

October 1981, lt 15 probable that parasite-induced mortality may 

have been partially responsible for the absence of 2+ fish in 

1982.. In add 1 tion. sel ectl ve morta 1 i ty of i nfected fry May ha ve 

oecurred sinee the prevalence in the young of the year also 

dropped between October 1981 and June 1982. (Plerocereoids of 

Triaenophorus nodulosus are reported to be responslb1 e for the 

mortality of burbot fry (Lopukhlna .!.!!.!. 1973». Thus, ve .ay 

have witnessed a crash in bpth parasite and host populations, 

such as that proposed by Pennyculck (1971d). This vould account 

for the lower mean parasite intensities observed in August 1982 

as compared to August 1981. Rovever. it is also possible that 

the samples eollected were not represent4tive of the total 

stickleback population in the lake; because spatial segregation 

of sticklebacks of different age classes 18 known to occur 

(Rogers, et ~., 1967, cited by Manzer, 1976). Tvo year old 

fish may have been present outside the sa.pl1ng area. Infection 
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levela in the 3++ class vere lower than ln the 1+ claas, and 

this lIay provide indi rect evidence for paraslte-lnduced host 

Ilortality, but it should be noted that the infection level of 

the 3++ age class may have been underestimated, because the 

sa.ples were collected from stieklebaek breeding grounds, and 

ev idenee sU9gests tha t infected st 1 cklebacks are less l1ke l y to 

breed than uninfected fish (see previous chapter for details). 

Thus, lt 18 diffieult to assess to what extent the 

observed seasona 1 ity of Sch istocephal us in Gasterosteus, at 

Matamek Lake, ls a product of parasite-induced host mortal ity, 

be it mediated IndlrectlY by increasing the vulnerability of the 

host to predators, or directly by making excessive energy 

dellands on the host, or seasonal changes in the relative 

distribution of infected and uninfected stieklebacks and fish of 

different age classes. pope (1973) exami ned the stomach 

contents 0 f brook trout (Sa 1 vel 1 nus fontina 1 is, a rctie char 

(!!.!vel1nus alpinus) and rainbow smelt (Osmerus mo .. rdax) from 

Matamek Lake over the summer of 1970 and found that stlcklebaeks 

(three- and nine-spined) were of re 1 ati ve l y li t t le importance ln 

the diet of these three potential flsh predators of 

Gasterosteus, and that of the sticklebacks eaten, the majority 

vere nlne-spined stick l ebacks. It thus appears that preda tion 

by f1sh is nat a major source of mortality in three-spined 

stieklebaeks at this location. This may explain the apparently 

high levels of infection. At Matamek Lake the temperature of the 

vater is at a lIinimum of 4-S o C for 7 or 8 months of the year. 

Under sueh continued adverse conditions any additional stress 

" ,,' . ~ __ ? ~~_ -' .. ~-t 
:: 
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gr •• tly decra •• e. tha chance. of .urv i val. 'rhere i. sufflclent. 

evidence in the lit.erature t.o indicate that infection vith 

Scblltocephalus do •• cause stress to Gaat..ro.teus, espectally 

"hen Infection levels are high. Consequently, it seeas very 

probable that paras i te-induced host aortal i ty does contr ibute to 

the .easonal dyna.Ics of the populations of Schiatocephalus and 

Gasterost.eus at Mata.ek Lake, although the .anifestation of this 

phenomenon Is undoubted 1 y dtstorted because of the non-randoa 

nature of the sallpl es. 

In some popu 1 ations the appearance of s_all plerocercolds 

ln sUck lebacks (used as an ind ication of pa rasi te recru! t.ent)-

ls reported to occur year round (Clarke, 1954; Pennycuick, 

1971a,). However, Pennycuick describes the peak of the infection 

as occurring in July. Hopklns and Smyth, (1951), Lester (1969) 

and Peacock (1979) a1so descr ibe recrui tment as occurring 

primarily ln the summer months. At Matamek Lake parasite 

abundance was low in June and eaz;,J.y July, increased lDoat rapldly 

ln late July and continued to increase throuqhout the sa_plfng 

period in each year, indicating that recrui tment cOlllaencec! ln 

Julyand continued for the rest of the salDpling season. 

Slnce a st 1 ckleback DuSt eat an 1 nfected copepoc! to 

beco.e infected, the characteristlcs of the infection in . ~ 
sticklebacks depend to a large extent on the population dyna.lc. 

of the copepod and procercoid populations, and stickleback 

feeding habits. The .. ost detalled description of the diet of G. 

aculeatus Is presented by Bynes (1950) for three populat Ions of 

sticklebacks in the U.K., however, several other authors have 

exa.ined the st.o.ach contents of stlcklebacks fro. a vide 

, ' 

J 

1 
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yarlety of habitats (Markley, 1940, Gr.enbank and Nelson, 1959; 

"aitland, 1965; \!falkey, 1967; Abde1'-Malek, 1968; Valdez and 

Re1m, 1971; Pope, 1973; Manzer, 1976; Rei.chen, 1982). Some of ........ 

the .ore common food items reported {nclude diptera and 

cbironollid larvae and pupae, ollgochaetes, cladoceran., 

copepod., a.phipods, ostracods, stick leback egg8 and larvae and 
)-

occa.lona1ly algae and higher plan.t Ilaterials. Seasonal 

y.riations in the composition of stickleback di.ts occur; these 

are frequently related to the seasonal abundance of food lt •••• 

Sticklebacks are opportunlstlc in their feed'ing habits, feeding 

on whatever Is Most readl1y avai1able. The composition of the 

diet ia however lilDited by stickleback size, smaller fish are 

restr i cted to the sIDa Il e r prey i tellS, a.s they grow a wider ranc;Je 

of potential prey becolDes available to them .. The r el a t ive 

contribution of copepods to the diet of sticklebacks varies 

between popu 1 ations. Ma rk ley (1940), Ma 1 t land (1965), Pope 

(1973) and Rei.chen (1982) desçribe copepods a~ being of little 

l.portance, whereas Kynes (1950), Greenbank and Nelson (1959), 

Valdez and Helll (1971) and Mànzer (1916) describe copepods as 

being very lmpor tant in the d iet of Gasteros teus. It la 

dlfflcult to IDake a quantitative comparison of the' re.ul~s 

presenteci by th"e authors because the .. ethods used to in.dicate 

tbe rel ati ve i.portance of food i tells vary between' stud i es (se. 

Bynes (1950) for a discussion of the different .ethods used) 
• 

and sa.ples for ana 1 ysi. have been co 11ected at di fferent ti.es 

of the year. In general however, copepods, and other small 

{te •• such as cladocerans, predominate in the 'diet of sllall 

atickletfacks whereas, larger ite .. s, su'ch as insect larvae and 
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papae, p~edo.in.t. in the diet of 1arg8 individuals. Although 

copepods do not comprise a major cOllponent of the bulk of the 

stollach contents of older sticklebacks they are found, and the 

probabll i ty of a flsh beco.lng infected wi th Schlstocephalus ls 

-
related to the number of copepods ingested. At Matallek Lake, a 

s •• ll nu.ber of 3++ fish contalned single a •• 11 plerocercoids 

sugge.tln9 that these worlls were recently acquired. The Increafle 

in prevalence and .. ean parasite intensity with host size, 

reported for several populations of stlcklebacka (Chappell, 

1969b; Gilbertson, 1980; Relmchen, 1982) also sU9Qests that 

older fish continue to plck up new Infections. Abdel'-Malek 

(1968) reported that stickleback fry feed aillost exclusively on 

copepod na upli i and copepod 1 te stages, thus st 1 ck 1 ebac ks lIay 

b~co .. e infected in their fiest yelr of life. The extent to 

which fry becoae Infected probably depends on the relative 

ti_lnQ and length of the stlckleback spawning season and ot th. 

period when copepods contain infective procercoids. Pennycuick 

(l97lb) found that 79' of 0+ fish collected at Priddy Pool w.ra 

Infected wi th Schistocepha 1 us (1-3.0). In the present study the 

.axillum prevalence found in 0+ flsh was 18' eX-I.O). Although 

the lIajor period of recruit.ent cOIl.enced in July at both 

locations, spawning occurred as early as May at Priddy Pool as 

co.pared to late June at Matallek Lake, and It 1. probable that 

the fry at Matamek Lake dld not start to fead on copepodites 

unt! 1 late in the selson. In addi tion, further recrui t •• nt also 

occurred during the wi nter at Priddy Poo 1 which lIay account for 

the hiQher infection levels in fry at th!. location. 

Di.pto.us Ilinutu. and Crclops scuti!er are two of the 
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.oat abundant zoop1ankton specle. which occur at Mata.ek La"e. 

{"sinee several related species of Diaptollus and Cyc10ps are 

reeorded as being suitable fish intermediate hosts (Hopkins and 

S.yth, 1951; Clarke, 1954; Dubinina, 1957; Orr and Hopkins, 
, i 

1969), lt see •• likely that one (or both) of thes. tvo sp.cle. 

acts as the intermedlate host f9r procereolds of Schistoc.pha1u. 

at Mata.ek Lake. The seasonal changes in abundance of the •• tvo 

cyclopoid copepods at MataBlek Lake, l'n 1970, are described by 

Pope (197,3). Boers and Carter (l978a,b) axa.lned the lift 

histories of these two specles at Lake C22 (locally known •• 

reci le Lake), whlch 1 ies approxi.ately 3k. northeast of Mata •• k 

Lake (see Pigure 1). Al though C22 ls considerably smal1er thaft 

Nata.ek Lake and probably warms up lIore rapid ly in the spr1ng, 

the Ihmologlc:al characterlstics of aIl the lakes ln the Mata.ek 

watershed are v.ry sillllar (Pope, 1973), and It s •••• 11ke1y 

that the life histories of D. IIlnutus and C. seutifer would be 

.1.i lar at the two locations. 

Copepodids are 1I0re frequently lnf.cted th"n •• ture for. 
4 

of copepods (Clarke, 1954). Since procereolda take 2-4 week. et 

l,oC to develop ta infectivity (Clarke, 1954, MeCaig and Walkey, 

l'S4) and •• a Il var •• are not f ound 1 n lit 1 ck 1ebaeks 1 n ' any 

abundanc. unt Il .id and 1 a te J'u 1 y, we can aIlSUBl' tha t the 

copepods start ta beco.e lnf.cted ln late June. Tbis correlates 

"e11 vith the occurrence of peak denait1e. of cyclopold 

copepodids ln late June (Pope, 1973) and 1I0re specifically vith 
\ 

peak dens i tie. of copepodlds of cyc10es .cut i fer and Diaptollu • 

• 1nutua in June and July, de.crlb,d by Boers and Carter 

(l978a,b). These authors also reported .th"t copepodid. of the., 
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two .peel •• ver. lound untl1 late Septe.ber when the last s •• pl. 

v •• collect.d. E<JCJ8 take approxlmattly 4 wteks to hatch at 18-

190 e (Clarke, 1954), thus we may assu.e that the 8ggS whlch 

ultlaately gave rise to the s .. all plerocercolds seen in July 

t1rat start to dev.lop 1 n late .. ay fo llowl ng lce-out. 

When an Infective plerocercoid ls eaten by a plscivorou~ 

bird, egg production co •• ence. within 36 hours, th. adult vor. 

only spends )-4 days in the defini t i ve host (Hopkins and Say th, 

1951). Thus it is conceivable that the ••• 11 pleroeercoids s.en 

in July Ilay be the offspring of tho.e eaten by pisc1vorous birds 

at the end of May. Alternatively, the e<J9- lIay have accumulated 

in the lake as a result of predation ln the fall and re.ained 

dormant over winter to hatch in the spring. Tho.as (1947) 

describes increasing temperature and light intensity as 

providing suitable sthluli and conditions for developaent and 

hatching of eggs of Schiatocephalus. It seems feasible that If 

the conditions are not favourable for developaent in the autu.n, 

then d.velop •• nt .ay be prevented unUI conditions improve ln 

the spring. _ Many other species of lnvertebrates, including 

copepods, have resting stages wh1ch enable the .. to survive the 

vlnter. Clarke (1954) reported that one batch of 

Schl.toctphalus e9gs collected in May, when kept in :o!itro, 

-continued ta produce coracid1a for 6 Montha, although the 

aajority hatched vithin the flest few weeks. The overwintering 

of Sch1stocephalus 8g9s could provide the parasite with an 

efficient means of ensur Ing that the hatchlng of egg5 coincides 

vith the maximum abundance of suitable copepodids. 

A further point worth mentioning i8 that infected 
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cop.poda have be.n reported to 1 i ve for thra. lIontha (Cl arke, 

1954). Elgmork (1959) and Cole (1955) (both cited by Watson and 

"'Lawler, 1965) de,scribed the life cycles of two species of 

Cyclopa, and noted that a proportion of the copepods descend to 

the .adi.ents and pasa the SUIIllller ln a dormant cond 1 tion in the 

• IV copepod 1 te stage. If proeereoids are ~ble to survive in 

ce.ting eopepodites then the longevity of the infective 

proceccoid will be increased, th us increasing the probabi li ty of 

trans.ission to a stick lebaer host and possibly accounting for a 

pe rio d 0 f r e cru 1 t •• n t 1 a ter in the se as 0 n. At pre sen t , f 1.1 d 

data regard lng the bio10gy of Schistocepha lus outside the the.e­

apined sticklebaek 18 lacking. Until the situation 1. rectlUad 

aucb bypotb •• as r •• ain purely speculative. 

One 0 f the .. 0 s t s tri k i n 9 'c h a r • c ter 1 • tic. 0 f 

Scblatocephalua i5 the large size attained by th. pl.rocercolds , 

ln the sticklaback hosto Sinee the plerocereoida apparently 

live and continue to grow for as long as their fiah hoats, th. 

alze atta1nad by plerocercoids dapends partially on the 

longevity of the hosto McCatg and Hopkins (1965) reported that 

the large.t plerocercold they found weiqhed 93 l8CJ (dry wetght). 

In the pre.ent study .. o~t 0 f the paras i tas we ighed lea8 then 

8011<) (dry w.ight,) hovever a s.all proportion wer. 1.rger, the 

larqest velghing 128 _g (dry veight). Thia plerocercold v •• 

found in the largest flsh collacted, a fe.ale lIeasuring 78 •• 

and It seells like1y that thls indlvidual •• y have be.n older 

than . most 0 f the othe r s in the sample. Pennycuick (l971b) 

describes findlng a plerocercoid of 0.62g (fraah v.ight) ln a 3+ 

-. -----..... .... -" . 
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fl8b.~olll9 the c:onveralon facto. for vor_ vaighlng ove. BollI. 

91ven by McCaig and Hopkin. (1965) (dry weight/wet "eight-33., 

the dry v.ight of this very large worll is estltaated at 200_9_ 

Th. only other cestode which exhibits such extensive somatic 

grovth in it. inter.ediate hoat is Ligula intestinalls. 

In vitro growth studiea of plercercoids are deseribed by 

"cC.tg and Hopkins (1965) and Sinha and, Hopkins (1967). Growtb 

la slow between 4 and 7 0 C, between 7 and 23°C the growth rate 

iner.a ••• exponentially, maximull grovth occurs b.tveen 23 and 

27°C, and above 27 0 C the grovth rate decl Ines. (Water 

t •• p.ratures above 220 C wou1d rarely, if ever be exp.rience<! in 

the fi.ld.) The qrowth and consequent pathological eff.cts of 

pl.rocercoids of Schistocephalus on Gasterosteus are thU8 

t .. perature related. The diff.rences in the te.peratur. r.ql •• 

experl.nc.d by populations of Schi.toc.eha~ throughout the 

rang. of the spec ie. _ay account for 50 ... 0 f the oba.rved 

y.rlation ln inf.ction patterns as a direct resul t of the .ffect 

of t •• perature on Wonl grovth. Growth 15 not only relat.d to 

t_perature but al.o to plerocercold slze; th. grovth rat. of a . 

pleroc.rcoid of double the veight of another has approxiaately 

ba 1 f tb. .pee 1 flc 9 rowth rat. (McCa Ig and Ropk i na (1965). Th 1. 

pbeno •• non Ilad. It dlfficult to cOllpar. qrovth rat •• found ln 

tbe field vith thoae lro. in vitro and ln vivo grovth studie., - --......... 
because plerocercoid slze. in .ddi tion to te.peratur •• n •• ded t.o 

be co.parable. The .ajori ty of tha experi •• nts vere carried out 

on wor_ 1... than 20119, whareas Ilost of the data avail able tro • 

... ta •• k Lake for the analysia of vora gro"th, involved larger 

.or ... In only one ,\nat.anc. vere 

[ 
dl rect co.par I.on. f ••• lble. 
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rro. data presen ted by McCa Ig and Hopk 1 na (1965) 1 t can be 

•• ti.ated that alter 16 daya at approxiRtately 22 0 C a 

plerocercoid of original dry weight of 8mg weighed 27mg (dry 

"eight) • The mean dry weight of plerocercoids from single 

Infect ions at Ma ta.ek Lake in .id Ju 1 y 1982 was al so 8 IIg. 

Alt.r 14 days at an approximate water te.perature of 210e (at 1 

d.pth of lm) the .ean dry welght of plerocercoids vas 26.5ag_ 

It thu. appears that ln vitro and in ~growth lIay be silai1ar, 

but further, lIore extens 1 ve co.pa ri sons shou 1 d be IDade be fore 

.rriving at a conclusion. 

'ollo111ng the surgieal techniques of Braten (1966), 

.... kin. and Walkey (1973) surgically tranaplanted plerocercoidl 

of known weight into uninfected fiah, and subsequent1y IIOnitored 

plerocercoid growth in single, double and live wor_ burdens. 

They were able to affirm and quantlfy the observations of 

.arl1.r authon (Vik, 1954; Orr and Hopkins, 1969; Lester, 1971) 

that depresslon of gfowth oecurs in lIu1tipie infections, the 

extent of the depreaaion increasing wit.h higher nuabers of 

vor_. This pheno.enon a1so occurred in stick1ebacks at .. ata.ek 

Lake; both the .ean plerocercoid weight and the weight of the 

larqest plarocarcoid'" per fish dacreased as the parasite 

Intenaity ineua.ed. 'rhis phanoaenon 1. wideapread in hel.inth 

intections, eapec ia11y in cestode populat ions where i t is RIOU 

frequently referr'ed to as the ·crowdlng effect· (after Read, 

1951). The majorlty of references ta this effect come from 

atudie. on 'By.enolepi. spp. (Read, 1951; Roberts, 1966; Jones 

and Tan, 1971, Mos., 1971; Ghazal and Avery, 1974; Hesselberg 

and Andreas.en, 1975; Befus, 1975) and Dlphy110bothrlua spp_ 
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(Aneter •• n, 1972, RaI vor •• n and Andersen, 197e) ln av lin and 

••••• 11an de~initive hosts. There art very few reports of 

c:rowdi n9 effects vi th!n 1 n ter.ad i ate hosts, al though there i s 

evldenc:e that the growth rate of cestode procercoids in copepoda 

.. y be density-dependent (Rosen and Dick, 1983). 

l'roll lIaturation studias Hopkins and "cCaig (1963) 

reported that it tak.s thre. Ilonths at 190 C for plerocercoids to 

attain a fresh weight of 50119 (approximately 14_9 dry weight) 

and to bacome fully infective to ducklings. Maturation Dlay occur 

ln sIla11er worms, but, evidence suggests that the smaller vor •• 

are 1e.s ab! e to re ta in t hei r posi ti on in the in testine of the 

def ini ti ve host than luger ones. In October 1981, plerocercoids 

rangin9 from <lmg to almost 100a.g (dry waight) were found in 1+ 

sticklebacks, the major proportion welghing between 10 and 401119-

It th us appears that most of the plerocercoids at Matamek Lake 

a r. po t e n t i aIl Y li b l e to i n f e ct a n a v i an ho s tan d co m pIe te the 

11fe cycle within three lDonths of a stickleback becoming 

ln~.cted, despi te densl ty-dependent growth. In wo rm burdens 0 f 

lov intensi ties, growth and deve lOPIDent to i nfecti vi ty and to a 

state of readiness to mature May be achieved within a shorter 

tl •• periode It shou1d be noted, hovever, that Hopkins and 

McCaig used chlckens and duckl1ngs vhic:h were only severa l weeks 

old in their studies because the proportion of p1erocercoids 

vblch beca.e establ i shed decreasad in older bi rda. 

In the present investigation, the Parasite Index 

inc re.sed vi th incr easlng paras i te nuabers and then reachad a 

plateau. Mo.. (1971) and Ghaza 1 and Avery (1914) ob •• rved 

.. 
:- ~~~. ~ ~ ~':.i 
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slal1ar relationships between total parasite biomass and 

parasite intenslty for Hymenolepis microstoma and Hymenolepis 

nana in the intestines of their respective hosts. They 

attributed these relationships to density-dependent growth of 

th. pacasi tes resu 1 ting from competi tion for 1 lml ted resources. 

Al though densi ty-dependent growth undoubted ly pl ays a ro 1 e in 

determlning the form of this relationship in Schistocephalus 

populations, other factors may be involved. There is strong 

evidence to indlcate that hlgh infection levels do cause 

stick 1 eback Morta li ty and i t i s poss lble that the pl a teau at a 

Parasi te Index of 45' represents an approxlmate 1ethal leve1(' of 

para'sitaemla to sticklebacks at thls time of year such as that 

de8cribed by Crofton (1971). Individual variations are to be 

expected, but tin genera l, para 51 te 9 rowth beyond this thresho Id 

value May result in host mortallty. If this is the case, the 

value at which the P.I. reaches a plateau would obviously vary 

in response to env i ronmen tal condi tions, such as temper ature and 

food availabl lity. 

It is not known what resouree 15 1 imiting to the growth 

of plerocercoids in sticklebacks. Evidence presented previously 

indicates that plerocercoids do compete with their hosts for 

energy resourees, and it is possible that a specifie nutrlent la 

limiting. From the examination of heavl1y infected sticklebacks 

ft i8 immediately apparent that the plerocercoids are very 

tight1y packed together in the abdominal eavity. Thus, it Is 

also possible that it 15 not the host supply of nutrlents that 

i8 lillliting .E.!!!.!.' but, that the uptake of nutrients over the 

surface of p1erocercolds 19 impeded because physical spaee ls 
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CHAPTER VI - OVERVI EW 

From the analysis of stickleback size frequency 

distributions it is estimated that three-spined sticklebacks, 

Gasterosteus aculeatus, at Matamek Lake, Quebec, live for at 

1east three years. In general, females mature for the first time 

in the spring following thelr third winter of life, at the age 

of 3+. Breeding takes place in June and ear1y July. 

The highest infection leveis with Schistocephalus solidus 

were found in 1+ fish. It is likely that this results directly 

from stickleback feeding habits because copepods generally 

comprise a major proportion of the diet of young sticklebacks, 

wher~as larger fi sh pref e r l arger food items. In f ect i on 1 n the 

young of the year is probably limited by their size, with only a 

few attaining a large enough size in thelr first year to feed on 

this food source. 

The major period of parasite recrui tment commenced in 

late July, at a time when copepods are very abundant (Pope, 

1973; Boers and Carter, 1978a,b) and warm temperatures are 

conducive to fish feeding and rapid growth. It i5 proposed that 

the July recruits were offspring from eggs which started to 

develop at ice-out. It is not known whether these egg5 

accumulated in the autumn and remained dormant over winter, or 

whether they were depo5ited by piscivorou5 birds feeding on 

infected sticklebacks in late May/early June. In either case, 

the onset of embryonation at thls time wO\.lld result in the 

release of coracidia in late June, simultaneous with the first 
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peak in copepod densi ty (Boers and Carter, 1978a,b). Recrui tment 

continued throughout the ice-free periode Sy the end of October 

1981, the preva 1 ence and Mean i ntensi ty of 1 + stick 1 ebacks had 

reached values of 100% and 6.8(1-25) respectively. The 2+ age 

class was apparently absent in June 1982 and poorly represented 

ln June 1983, but the limited data indicate a huge drop in the 

level of infection in the 1+ cohort over the winter, to a 

prevalence of 5% and a rnean parasite intensity of 1.0 in the 

spring. Although the absence of a 2+ year c1ass May be 

explained in terms of spC!tia1 segregation of different age 

classes of sticklebacks, and the change in the infection 1evel 

can be attributed to the changing spatial distribution of the 

uninfected and infected sticklebacks in the population, it seems 

likely that selective mortality of heavily infected stick1ebacks 

occurred over the winter. 

This assumption is based on the following evldence. 

Flrst of aIl, the Mean Parasite Index of 1+ sticklebacks in 

October 1981 was 43.8%, considerably hlgher than that of dead 

fish (mean P.I.-36') collected by Pennycuick (197lb) during the 

winter at Priddy Pool in England., Secondly, in the sliaii 

proportion of 2+ and 3++ sticklebacks which were infected, the 

parasite intensity did not exceed 5. In contrast, multiple 

infections of up to 40 plerocercoids were found in 1+ fish. 

5ince plerocercoids are not lost froll sticklebacks, the drop in 

the infection level between age classes probably reflects the 

loss of heavily infected individuals froll the population. 

Mortality rates of infected st1cklebacks are reported to 

increase when the f1sh are exposed to other str •• s •• ( ••• 

f , 
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previous chapter for details), and thus it ls likely that 

parasite-lnduced mortallty ~ould occur predominantly during the 

wlnter months when food is scarce. In addition, infection data 

of young of the year indicate that selective mortality of 

Infected fry also occurred during this periode The selectIve 

IIOrta li ty of heav il y infected hosts has been proposed to occur 

ln other cestode infections of intermediate hosts: procereoids 

of Triaenophorus crassus in copepods, Cyclops bicuspidatus 

tho.asi, (Rosen and Dick, 1983); cysticercoids of Hymenolepis 

diainuta in the flour beetle, Tribolium confusum, (Keymer, 

1980); plerocercoids of Diphyl1obothrium spp. in Aretie char, 

!!..!.yelinus alpinus (Henricson, 1980; Curtis, in press); 

plerocercoids of Triaenophorus nodulosus in burbot fry 

(Lopukhina et aL, 1973). 

lt has been suggested that infection with Schistocepbalus 

aolidus predisposes st~lebackS to predation since the 

abdo.lna 1 dl stens i on of the host caused by hea vy pa r asl te 

burdens apparently impairs their swi .. lnq ability and makes the • 

.ore easily visible (Clarke, 1954; Arme and Oven, 1967; Coad and 

Power, 1973). In addition, Giles (1983) found that\t"fected 

sticklebacks recover .are quickl y frolll a fr ightening overhead 

sti_ulus than do non-parasitized individuals. Th.re are several 

exa_ples of the .odification of the behaviour of intermediate 

hosts by parasites (Ho1_es and Bethel, 1972). When 8uch 

8Odiflcations make the host aore susceptible to predation by the 

definitlve host, parasite transmission is enhanced. If, hovev.r, 

the behavioural change. also _ake the inter.ed1ate host more 

susceptible to predators which do not serve a. deUni tive hoat., 
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th en the chance. of survi val of both t.he ho.t and para.l te 

decrease. 

At Matalllak Lake three-spined sticklebacks were not found 

to be an important food ite. to the piscivoroua fish specles 

present (Pope, 1973), thus it appears that. predation by 

unsultable hosts is not a lIajor source of Ilortallty of 

sticklebaeks at this location. This aay account for the high 

infection levels observ~d. 
/ 

Infection vith S. solidus vas found to retard hoat 

9rovth. In general, infected 3++ fellales did not lIatur., even 

when only a single plarocercoid vas present. The only gravid, 

infectéd fa .. ale found had apparently falled to spawn. 

Dens i ty-dependen t grovth of plerocercoids was exhibi t.d 

in multiple infections. Thus it vas not possible to 

differentlate betveen plerocercolda of different age on the 
~ 

basis of their size. However, data on single infections 

indicated that fev plerocerco ids 1 i ve for more than one y.ar in 

stlcklebacks at Mata •• k Lake. The iaportanee of crowdin9 on, 

dlfferentiation of larval foras Is not weIl und.rstood and Is 

fr.quently overlooked a8 a factor in transalaslon. In a rec.nt 

study, Rosen and DIck (1983) showed that intensity of infection 

of Trlaenophorus crassus in Cyclopa bicuspidatus tho ... i affecta 

host longevity and procercold growth, differentiation, and 

infectivity. Results of the present study indicate that 

infection vith plerocercoids of S. solldus affects atickleback 

longevity. Sine. pleroeercoids aust attaln a certain alze to 

beco •• infectlve to pisclvorous blrds lt i. i. po.sible t.hat 

densi ty-dependent grovtb of tbe plerocercold. doe. reduc. tbe 
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• 
trana.~lon of the parasite. to the final hoat. Kennedy (197&) 

suggasts) that intraspecific co_petItion between parasit.s ln an 

individual host Ilay be a .. echanislI ln regulating parasite 

populations. Until .ore 15 knovn about the size at vhich 

plerocercoids beco.e Infectlve and are able to lD~ture ln the 

definltive hosts, it i8 not possible to determlne whether or not 

denaity-dependenee actually operates as a control .echani •• ,in 

r.gulating the size of Schistocephalus populations. Regulation 

of parasite populations lIay a1so occur by death of h •• vily 

infected hosts when the parasites are overdlspersed wlthin the 

hoat population (Crofton, 1971). The data presented here 

indicate that selective IIOrtality of infected sticklebacks doe. 
, 

occur and 1 t i. probable that thi •• erv •• to regulàte paraalte 

nuabers. 

Parasite. can regulate tha population dyna.lc. of' the 

ho.t through e,ffects on survival and reproduction (Ander.on, 

1979). Infection vith S.solidus does affect the survlval and 

breeding success of sticklebacks, and on thes. grounds, 

hnnycuick (l971d) proposesl that Schistocepha 1 us causes ''"Cycl ic 

fluctuations in both 1 ts ovn and the host populations. In the 

pre.ant study It vas found that on1y the uninfected fe.al •• 

.atured and bred. Thus i t app.ars that on1 y the proport 1 on of 

the population vhich .. nag.e to escape the infection are able to 

prop~9ate th. population. Whether or not Schistocephal'!! 

actually regu1ate. host nu_bers depends on whether thi. 

proportion ia .aa11er than that vhich vould nor_ally reproduce 

ln an unlnfected population. 80l.e. (1982) suggests that in .. ny 

ca.e. ho.t 80rtality due to parasit •• uy be co.pensatory rather 

• 1 
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t.h.n adcSltlve to other .ourc •• of -.ort.lity, and thu8 plr.alt,. 

.,y not play such an iaportant role in regulating host 

POPUlations. Jn the absence of comparative quantitati ve data on 

stick 1 eback abundanca and the reproducti ve potent hl of Infectad 

and unlnfected populations, i t is not yet possible to deter.lne 

"hlt ,part Schlstocephalus .ay play in regulating the POPulation 

dyna_lcs of stick lebacks. 

McPbal1 and Peacock (1981) studied a population of three­

,plned stlcklebacks ln B.C. The sticklebacks exhlbited a life 

spin of a littla over two years, vith fe.ales IDaturing for' the 

fir.t tilDe when one year old. Infection levels ln .a.ple. 

co.posad of 1+ and 2+ fish were lov during the breading .e.80n 

and 1 nC,reased ove r the su ... e r. These authors hypothes i ze that 

.election has acted upon Schistocephalus populat~ons and as a 

resul t the adverse effects of plerocercolds on sticklebacks are 

delayed unt! 1 alter the host has reproduced. At Mata.ek Lake 

•• ny sticklebacks became very heavlly infected ln their second 
, 

Y"f of llfe and only the survlvlng uninfected 3++ fe.ales 

ahowed signa of lIatur i ty. These Und Ings do not support Mc'hal1 

and 'eacocks hypothes1s. 

lt appear. that the infection dyna_Ics of !:. .olidua ln 

~ Iculeatus depend largely on environ •• ntal con.tralnts .uch •• 

the Ivailabi,llty of other hasts in the llfe cycle, pred.tion 

pre •• ure and the te.perature .nd photoperlod regl.e. In 

addition, the genetlc heterogenelty of the host Ipecles •• Y 

contribute to the obaerved varlabll1ty of infection pattern. 

throuCJb dlfferences in the life hlstory and beh.viour of 

~ifferent stlckleback genotypea. 
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Icbl.tocepbalù ... y exert re9ulatory .ff.ct. on lt. ovn 

population .lz. and tbat of lt. host, but th., extent to vbi,ch 

thll actually oecura viII depend on the interaction of .any of th... internaI and external factor •• 
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'19ure 1. Cwaulatl ve length freq"eney di.tribution for 

.tlcklebacka collected .on 30.6.82 plotted on probabill ty 

paper (.). -The distribution co.prise. two curv •• 

connected by a point of inflexion, indicating that the 

distribution is bi_od.l. The two co.ponent curv •• are 

replotted .eparately (0). By fitting a lin. throu9h 

the.e points the •• an and 90t confidence 1 iaits of e.ch 

of tbe tvo .ode. can be •• tl .. tttd. 
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F1gur. 11. L.n9tb frlq ... ency diatributlon. of •• 1. and 

f •• a1. stlckl.back. collected at th. South ca.p, July 

1981. 
J' 

A. 80th .ex •• co.blned (n-175). 

8. r •• al •• (n-SO). 

c. "al.. (n-S9). 

(lt v •• Dot poe.ible to •• x alx of tbe Ueb.) 
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rigure Iii. Relatlonlhlp. betveen .ean p1erocercoid 

vetCJbt, •• an .eight of the larg •• t pleroc:.rcoid per fi.h, 

••• n Parasite Index and parasite Intensity for 1+ 

Itlckl.backs co llected in Sept •• ber (A-C) and October (D­

r) 1981. AlI f1sh contalnlng pl.rocercol~. veighlng <4.5 

lM) dry weight vere exc1uded. S •• ple siz •• are given abov. 

the pointa in plot. A and D. 
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Pigure iv. Prequency distributions of the weights of 

plerocercolds of S. solidus frolll infections of different 

1 nt. n s 1 t i • S'. 0 n 1 y pl e roc e r col d s f rOll 1 + S tic k 1 e ba c k 5 

col1ected in October 1981 are inc1uded. 
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'nIbl.e i. S-W<7V'l infect.i.m data for ail -.pl.- of stidt.lebadc:s. 
inespecti \le of agI!, col.l.ect8d at: Mat!IIek Lake, (U!Ibec. 

&.plJ! M!a'l parMi te ~œ~' 
Date sùe ~, i.ntemu. ty (rslge) Min:--Max. 

South ~ .. 
9.7.81 170 71.8 5.4 (1-23) 2S. '1 0.1 60.3 

1.8.81 66 90.9 3.6 (1-10) 28.6 0.2 47.9 

18.8.81 151 100.0 4. 7 (1-22) 34.1 0.1 57.0 

28.8.81 198 100.0 5.9 (1-29) 35 ... 15.8 53.8 

North Ca ..... 

16.8.81 1.29 99.2 4.3 (1-24) 37.6 0.1 60.9 

ll-D.9.81 157 93.6 5.3 (1-40) 34.8 U.9 60.5 

~30.10.81 230 79.6 6.8 (1-25) 40.9 0.1 63. 7 

16.6.82 100 6.0 1.0 19.3 4.0 32.8 

30.6.82 149 2.0 1.0 4.5 0.1 12.4 

14.7.82 160 li.3 1.3 (1-3) 8.9 0.1 24.6 

28.7.82 92 58.7 1.5 (1~) f3.1 0.8 46.7 

11.8.82 164 68.3 1.6 (1-6) 28.2 5.4 50.4 

25.8.82 165 89.1 1.8 (1-8) 30.3 U.2 55.6 

12.6.83 1.50 4.7 l.0 19.1 0.2 29.8 
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~le il. Sn =-.] infect:i.œ data far' ...-ct fic aIJI! cl • Il of st1cS]~ 
col lec:t:l!ld at: tha !brth 0IIII:> of Mal JI al LIb, Owte:. 

~le MIlan Ptia.1.b! MaIn Pannta 
DIIIt::e 1qe size ~, int:. .tty (ranr;Je) IndIIx , 1 

~ 
~ 
; 

16.8.81 1+ 117 100.0 4.0 (1-19) 37 •• 4 , 
~ 

il-D.9.81 ()+ 8 0.0 ! 

1+ 129 100.0 5.3 (1-40) 34.8 

29-30.10.81 0+ 50 18.0 1.0 6.3 

1+ 143 100.0 7.3 (1-25) 43.8 

16.6.82 1+ 63 3.2 1.0 13.6 

)+. 24 U.5 1.0 18.6 

30.6.82 1+ 89 1.1 1.0 0.1 

3+. 43 2.3 1.0 12.4 

14.7.82 H- ill 11.6 1.2 (1-3) 8.S 

)++ 21 1 •. 3 2.0 (1-3) 14.1 

28.7.82 1+ TI 63.4 1.. (11) 23.0 

)t-+ 10 30.0 1.7 (1-3) 17.0 

1l.8.82 1+ 133 70 •. 7 1.6 (11) 29.0 

)t-+ 10 30.0 2.3 (1-5) 20.9 

25.8.82 ()+ 12 0.0 

1+ 139 97.8 1.7 (l-7) 30.6 

U.6.83 1+ S2 3.8 1.0 0.2 

2+ 13 7.7 1.0 26.9 

3+. 62 3.2 1.0 27.2 

1 
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'DIble iii. Pai.zed <hy ~ of plel:oau:alidll fxaD 1+ sUdtl"",-*" 
hezbraD"ing cbb.le ~, ool.lact.m cm 11-13.9.81 at the lbth c.p 
~ Mat k LIke. 

'1)p! ~. infact:.i.aw 

Plemaeralid 
dEy.mç#!t! (DgII) 

62.9 
46.5 
69.3 
49.6 
48.1 
51.6 
51.0 
51.6 
40.5 
44.9 
29.8 
71.8 
43.1 
51.2 
50.0 

0.1 
2.3 

·2.4 
0.9 
0.8 
0.5 
0.9 
1.5 
0.1 
0.3 
0.1 
1.2 
0.1 
0.2 
0.6 

50.7 
55.2 
26.6 
48.3 
41.2 
63.5 
35.9 
56.3 
49.1 
53.9 
46.4 
42.7 
51.5 
53.6 
40.9 
38.6 
50.5 
45.7 
41.8 
37.6 
48.6 
29.9 
44.3 
32.1 
60.8 
73.2 
43.1 
22.9 
63.3 
31.5 
35.7 
~.!' 

37.9 
54.7 
23.8 
35.0 
17.1 
57.8 
27.1 
49.6 
20.0 
33.6 
42.0 
34.2 
37.8 
55.5 
42.3 
21.8 
33.6 
42.0 
44.4 
39.9 
55.9 
~.9 
32.6 
25.5 
34.4 
13,9 
~.1 
34.2 
29.9 
54.9 
n.8 
~.5 

'l)Pe ,. ~ oant'd. 

p~ 

dly~ 

32.2 
45.0 
34.5 
35.4 
44.7 
35.4 
44.7 
35.4 
40.8 
n.6 
54.3 
38.1 
60.6 
44.1 
38.2 
51.2 
50.4 
44.0 
44.2 
47.8 
46.4 
50.4 
32.1 
38~1 
32.2 
24.8 
33.8 
31 .. 8 
31.7 
29.5 

1 36.6 
310.7 
35.2 

20.9 
31.6 
44.0 
32.2 
35.2 
37.9 
35.2 
37.9 
28.7 
32.9 
51.3 
39.8 
43.8 
30.9 
31.2 
49.6 
27.3 
20.3 
34.4 
44.1 
32.9 
32.0 
25.4 
22.0 
20.8 
21.8 
22.7 
27.8 
28.6 
29.0 
24.6 
216.1 
22.2 
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'DIb~ iVe Mtt ~dEy ~ ratiœ far ___ Iatat ati,*let.u, 
t:.bU.r CNMi_ lad ~coidI ~ Sdd.W'i'.l,. .,Udœ, Il''': • .s iD 
70' alc:d1ol.. 

Ratio of Jky wt:. ~) 
wt wt..l.dry wt.. Max. Min. n r 2 

evi.acerated 
stick).,.... 3.27 729.6 JO.7 150 0.999 O.OOC)l 

0Vu::ieII 3.40 94.0 0.1 16 0.997 0.0001 

3.Dt ?O •• 0.1 7 0.998 0.0001 
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