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Ve ABS'I’RACT
Thls study was prompted by several unsuccossf’ul attempts at establishlng laboratory

T

ST i T SR P PANEERE Slon Soous

| tnl‘ectlons of Poqr‘phorhynchus bulbocolll In its tntermedtate host Hyallela azieca, for .
laboratory experiments on rainbow trout, Salmo galrduerl one ot‘ lts deflnltlve hosts The aim"
of this study was, therefore, to determine whether « or not all gravld fenfale P. bulbocolll carry
rnfecuve eggs and, also. whether or not thetr egg tyoductlon and development are ml’luent:ed

: by segson, the srte occupted in the intestine of the def initive host, and crowdmg "
| Monthly samples of the mtermedlate and the definitive hosts were collected watlﬁsand

* and gill nets, respecttvely from May through July, 1985 and from May through September,
1986 fron't {I‘ yrrell Lake, a natural saline, eutmphtc laKe situated approxtmatel) 52 km
south-east of Lethbrtdge Alberta Canada (49° 23'.N, 112° 15' W). The intestines of the

ldeftmtrve hQsts froln oesophagus to anus were removed and drvrded into-10 equal se‘ctrons
The numbers of non- gravrd females (without shelled eggs), and male, gravrd (with shelled
eggs) and ripe (wrth shelled "acanthors) females of each of four colour morphs were
determined. For each. section, d sample of gravrd and ripe females of each colour morph was/

\:_;removed' measured, and .‘u‘sed for infection experiments '

L3N

: thh the excevtton of two, small age 1+ fish, all. frshes were found infectedswith

' Pamphorhynchus bulbocolh in all months sarnpled The statistical dtstrtbutron of the numbers

-of worms.in individual fish was markedly skewed, suggestmg an aggregated distribution.
. Intensrty of infection was fdund to be dependent on the sex and age of fish, being higher in
females and older ftsh no mdrcattorr of age resistance. was found. Intensrty of infection was %
high in May through July, and decreased through August and September. Invasion by new |
worms occurred throughoutthe year and was hjgli in spring and fall a.nd "a low in early
.. summer (July). | ‘ | | |
Growth and development were strongly correlated with the colour of the worm.

' Cream coloured worms were small, with the mean léngth of light yellow yellow, and dark

yellow worms mcreasmg with. mtensrty of colour Eggs were relatrvely undeveloped in

- cream-coloured worms,,showed_mcreasmg development in light yellow.and yellow worms, and



- females. Only eggs t'rom dark yellow female::’ ga\( successt‘ul lnfectlonug Hyallcla amca m

the laboratory. $0 dark yellow females were considered ‘s rtpe ferftales ( bearing shelled

-

acanthors). .
;o Bothy egg productlon (by gravitl f emales) and egg release (by rtpe females) depended
on season, both bemg low in June, reaching a hrgh in Ju{y. and dec\reasmg the rest of the - Y |
summer; 1n fact egg release was restricted to earl): summer (July). | E
Po;nphorhynchus bulbocolli exhibited habitat s.pecil' icity.°abou} 83% of all age and sex
\l catego%s of worms preferentially occupying the'dO;SO%_région (sections 7.and 8) ot‘ the
intestine. There wae no evidence of any migration f ro‘nr one area of settlément to an area of
maturation, However. small, ;ecently acquired worms and non-gravid females were relatively
more abundant in the unpref erred‘less populated'sites (sectic:ils 3-6, and 10), whilst gra\:id '
females were relatively more abundant in the preferred, heavily populated sites {sections 7 and ;.
: 8)‘; relatively more large, unfertilisedlfemal'es, th:se which would‘be‘ expected to be fertilised ..
" but were not, occurred mainly in the 80-100% region Tt is’con'clude.d that the distances
separatil* male ahd‘female worms may have prevented copulatron , .
Further evrdence indicated that the 80 100% r‘egr‘on 1s not a suitable habrtat “The older :
and more mature yellow and dark yellow v(’orms were completely absent f rom the 80-100%
regron being restrlcted mamly to the 60-80% reglon thrs suggests that survival is better in the
f60 -80% region and poor in_the 80- 100% region. 'I‘he cream:light yellow ratio, whrch should be
| inversely related to development was srgn;,frcantly hrgher in the 80- 100% regton suggestmg
. that worms do not live to egg-releasing age in thrs region. And generally, male and gravrd o
“‘\J&ales in section 10 were srgmf 1cantly smaller in size than those- in other sections. T
Evrdence is provrded to suggest that in the search for a densify -dependent process
'capable of regulatmg the size of intestinal helmmth populatrons in the definitive host, the
f eedrng habits of the host should be 'taken into consrderatron,_ not only its.age or size. ‘
Evidence obtained orx the ef l‘ect of crch’ling on the i)opulation of Pomphorhynchus’ bylboc_olli .

was not conclusive: o L
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B ’l‘he use of permanent saline lakes for sport fishenes ts ol” conslderableunterest ln the -
bwestern pratrles ol" Canada One sucl'l lake 1s Tyrrell Lake southeast oli Lethbrtdge Alberta
Wthh has been stocked with ratnbow trout Salmo gatrdneri and managed as a sport l‘ ishery
 since 1962 o ‘v S 3 : "\ ‘
| Tyrrell Lake isa natural lake lo/c.ated wrthtn 2 shallow; basm surrounded by htghly
. mineralised sorls in an arid regton ‘with strong wmds uarm summer temperatures and
f luctuatmg water levels It is a closed system wrth no outﬂow mto the dramage svstem except w
" when wﬁater levels are exceptlonally hlgh (Fttch 1980) Lower lake levels; therel‘ore result in -\
‘ hlgh saltmty predommantly sulphate btcarbonate and sodium. The lake is eutrophic, with a-

E _hxghgbxologtcal_ productttltty (Fttch. 1980). . _
| , Planting of rain \6w trout/ began in 1962; this was followed 'by further stocking‘s- ln"v -
1963, 1966, 1970 and 19:‘1 ;and anpually from 1974 through 1985. The growth rate of the
vi‘ntroduced rainbow tr0u¢ was found to be two to three and half times faster than trout of the '
same origin stocked in other southem Alberta lakes; datly growth rates were as htgh or hlgher :
than reported in the literature for the spectes The stockmg densrty had no effect on the
growth rate (Fitch, 1980). |

.) The exceptionally high growth rate, however, was accompanied by limited survival.

' Prior to 1974, the’ catch consrsted of age classes 0+ 1+, 2+ and 3+ (79 19, 2 and 0. 2% A

| , respectrvely) but since ID?)R consisted almost exclusrvely of 0+ and 1+. (92 and 8%,

: respecttvely) By 1980 ival rates were 13% for age class 0+ to 1+, '3.8% for 1+ to 2+
and zero for older age classes. Tyrrell Lake therefore presents afi 1sher1es management ‘ 1

- problem in that even though growth rates are htgh survxval is very poor 'I‘hls poor survxval

‘ ‘has been ascrtbed toa number of factors mcludmg high sahmty, htgh summer temperatures

- low summer oxygen levels (fltch 1980) and parasites. ’ ‘ |

’ High salmtty. in 1tself does nos seem to be a. problem Ratnbow trout survrve TDS
concentra 1ons of up to 19,340 mg/1 and sulphates up to 9600 mg/l in a hxghly salme . |

o Wyommg lake (Gordon, 1963) Gordon ( 1963) also mdtcated that rambow trout are

< 11"



+ ! seawater (Brett 1974) Thus rambow trout are known to tolerate a wlde range of water

X: sea. They have been succssful in.

, ’,aquaculture operations ln brackrsh water (Murar ‘ani Andrews 1972 Tatum 1973) and in

f

. chemrstry condiuons and can survrve well under puhdl’dons more extreme than those of Tyrrell

Lake (Fttch 1930) s e |
- Frtch ( 1980) suggested that severe tempermes could be caused by a cowbmatron of ‘
high ambrent temperature low wind action and low lake levels, condmons whrch do occur at

the lake The lrterature contams conﬂrcung reports on the ef fect of temperature on rambow.. "

i ;trout Cherry, Drckson and Carms (1977) reported a lethal temperature of 27°C whrlst

Soldwedel. and Pyle (1968) observed surVrval at 29°C. Such hrgh- temperatures have been

“recorded only once at Tyrrell Lake. It is possible that the duration of the lethal t.emperatuﬁre

may be an important factor rf SO0, temperature is- probably not a lrmmng factor, because of

the farrly uniform summer temperatures (Fitch, 1980) a W %:

|
"‘Davis (1975) reported that oxygen levels ‘below 6 m;/l caue& resprratory problems m

rambow trout and that the minim equu'ement is affected by acehmatron temperature

ater chermstry and fish size. Dis oxygen is at its lowest i rmd-vsummer in Tyrrell :

Lake A critical level of less than 3 mg/l was found in July, 1977,\but there was no- evrdence

of a frsh kxll assocrated wrth this condrtron and survrval rates were{ higher than in prevrous v

years (Frtch 1980). In addmon, Frtch (1980) 'reported wmter oxyge levels less than 6 g/_l |

. in, at least, four out of ten years Between October, 1978 -and May, 1979, there was a

. srgmfrcant reductrpn in the trout populauon at a trme when oxygen levels were usually 5 mg/l

or more ll:'rtch (1980) recognrsed the potentral of oxygen as'a hrmtmg factor but concluded

‘that the- poor overwmter survrval was not due solely to oxygen levels Rao (1968 1971)

A\
investigated the rnﬂuence of salinity on- oxygen consurnptron in rambow trout and found that

oxygen consumpuon was lowest at 7500 mg/l and that ‘the consumptron at 7500 mg/1 was not
srgmfrcantly dif feren from that at 15 ,000 mg/]. Smce salinities at Tyrrell Lake exceed 7500

mg/l, the interaction of sahmty and oxygen levels is probably not an rmportant factor.



' . Reduced overwinter survlvm was obaet‘v, mrﬁnﬂ ini ‘h° “mm of ,‘,97 B m

same time, large numbers of tntestinal worrns were noted m the ftsh lt was eallsed L

: presence “of parasrtes could be an tmportant factor in fish survwal Therefor’; a sample of’ ‘1”‘ :

-Tairibow trout was sent w0 Dr . C Holmes Umversrty of Alberta Canada. or examlnatron '
of par_asttes in January, 1982‘. All twelve frshes had egtten_slve numbers of the acanthooephala'n ,

Pomphorhynchus bulbocolli in their intestings, concentrated mainly in th&nld- and hind- gut

~ where ion regulation occurs (Ando et al.,/1975)..No other parasites were found. Like other

@

species of Pomphorhynchus P, bulbocollt' etrate deeply into themtestmal wall, to or e)ven
through the serosa, drsrupttng the muscularts and sumulatmg an extensive ttssue capsule and
‘ also erode the mucosal surfaces they c /ntact K¢ Charrcham and Bullock 1967 Hme and
Kennedy, 1974a; McDonough and Gleason 1981) In heavy mfectrons they stxmulate
~ extensive adhesxons that bind together loops of the intestine or even bind the mtestme to other
organs or to the body wall (D}‘. J. C. Holmes, personal communication). Oneobvrous_ .
conclusion was that the. parasite could have a very considerable influence on the digestive |
physrology and ion regulation mechamsms of rainbow trout |

There is abundant ev1dence in the lrterature that parasrtes do have a negatrve 1mpact

) on their hosts and may. kill them However Holmes (1982) gued that the pathogemcrty of
helmmth parasxtes depends largely on synergism with other a ents tncludmg predators .
(Holmes and Bethel 1972 Anderson 1979), weather patterns (Holmes Samuel and Stelfox _

’ unpubhshed) genetrc background of the host (Wakelm 1978) the degree Fand effecttveness of ,
the(host s 1mmune system (Mttchell 1979), the host' s general condition or plane of nutntron '
(Anderson 1979), social status (Jenkms et al 1964) or amount of stress (Ould.and Welch
1980; Anderson and May, 1981) That the rmpact of parasrtes on their hosts rnvo‘lves - ‘
synergxsm wrth other factors i is the subject of current research (Ash and Crompton 1984)

: Crompton and Hall (1981) stressed the importance and ‘complexity of these relattonshtps

| The observed pathology. together with the htgh salinity of the lake, prompted a study

on whether or not P. bulbocolli has any mfluence on the host s l'eedmg, assimilation .

effrcrency, growth, mortaltty and ion regulatton tnechamsm suffrcrent enough to cause the



. occupted in the intestine of the definitive host, and crowding.

| ACANTHOCEPHALAN LIFE HISTORY PATTERNS

"i"parssit load and salidlty on rainbow trotlt was not possible lt requlred a2 steady sowe of

- Ainl‘écted tntermediate hosts Hyallela azteca. Whlch were not readily available in the field.’

p Therefore it was necessary to establish % laboratory supply of infected xntermedxate hosts

Several attempts at establishmg the laboratory supply of larvae failed, and it became evident
that more mformatton on the basic life history of the. parasite was required. Apparently.
Jensen's- (1952) report on the life history of the parasite lacked some vnal mformatton These’

expenments f ailed probably because not all gravnd female Pbmpharhynchus bulbacollt carry

'4

Reproduction .
. The terms mature (capable of producing ova) and gravxd ( egg- beanng) have been

used somettmes mterchangeably. to describe the reproducuve condition of female

. acanthocephalans A.brief description of the reproducttve system, as prov1ded by Crompton

]

( 1985) will serve to dtstmgm;h between sexually mature, graVid and ripe female

q,l

' acanthoeephalans e ; =

The reptoductiye syswm:'of female 'acanthocephal‘ans consists of three main parts: 1)
gonads from which ovarian balls develop to produce oocytes and, eventually, eggs (or shelled

acanthors)., 2) ligament sacs, and 53) an efferent dtict system made up of a uterine bell,

~ uterus, and vagina. The ligament sacs are hollow tubes in the pseudocoel which extend from
‘ the proboscis to the utenne bell. In Archiacanthocephala and anee.nthocephala they are
| »‘,paued a dorsal and a ventral one which lLie i in contact ‘with each. other. Palaeacanthocephala

' have .only one hgament sac which ruptures eaxlv in sexual development

The reproducttve system of immature: female acanthoeephalans consxsts of ovaries

- located mtlnn the dorsal hgament sac (m Arcln and anmthocephala) or in the single

? xnfectiVe eggs and, also egﬁ production and development are influenced by season, the site -



+

llgament sac ln Palaeacanthocephala. The ovaries break up lnto fragments termed ovaflan o
balls, that l‘loat f‘reely in the pseudocoel (after rupture of th! llgament sac in ‘

Palaeacanthoccphala) or in the dorsal ltgament sac The ovartan balls consist of a central

syncytmm from whtch oogoma (unmucleate cells) separate passing to the pertphery wherej

‘_ oogenesxs continues, eventually produgmg mature oocytes (the fertllisable umt) which lie just

beneath the surf ace of the ovanan ball. At this stage, the female is sexually mature and -

¢

- capable of being fertilised. (The term "mature” should be used for females which have

, . - o . : /
reached this stage, but it is frequently used to refer to any female containing only ovarian

balls.) During copulation the male grasps and surrounds the posterior end of the female with

its everted bursa and sperm are discharged ‘into the uterus via the vagina. The male then

drscharges a cement secretion whrch sets as a plug, the cement plug. in the gonopore of the
f emale preventmg the escape of spermatbzoa The spermatozoa pass from the vagina, up the
uterus to the uterme belLﬁrom which they escape into the pseudocoelom amongst the ovarian
balls. The spermatozoa penetrate the surface of the ovanan balls and enter the mature
oocytes, their cytoplasms and, nuclei fusing to form the zygote. A fertrhsatton mem'brane is
-produced to bloclt polyspermy; this membrane becorhes the outer envelopePof the egg or
qshelled acanthor. Cleavage begins while the zygote is still attached to the ovarran ball, but the
embryo soon detachﬁs from the ovarian ball and floats free in the pseudocoelom where
further developmen: occurs. As it develops, some of the nuclei continue to divide, with some
of the resulting 'cells developing into a series of rnernb_ranes. so that the rnature emb‘ryo or
shelled acanthori has three or four membranes:.' &épendmg on species. Most of the nuclei,
however, contract into tiny, dense bodies which begin migrating inward to form a central
nuclear rnass (or‘mesoderm) which w’ill develop into all the adult’struetures extept the i
tegument and lemnisci. Further development of the mature, shelled acanthor cannot occur
. until they are eaten by the proper mtermedrate host. -

Normally, the membranes and the central nuclear mass develop at the same time, so -

that fully shelled a_canthorsv have a fully developed central nuclear mass. Femaleg with these

shelled acanthors,.with nuclei well con_cent_rated in the centre or fully developed central



developed central nuclear mass are. "ripe".

St

nuelea’r mm. md stt.t'rounded by the full complement of n emhranes. are called mvld
‘f'emales l-lowever in some acanthocephalans such as Pamphorhynelm bulboeolll ‘the egg

membranes ( shells) develop more rapidly (or under dll‘l‘erent condmons) than the embr\l)

itself; in such cases, females with shelled eggs are gravid l‘emales whereas those wlth a fully

1,

A
"o

There are two main ways in which the mature shelled acanthors can get to the

mtermedtate host. In some species of acanthocephalans the entire female body is shed as a

tbag of eggs or shelled acanthors by the definitive host mto the envxronment and the shelled

acanthors are reléased on disintegration of the body. In other species, the shelled acanthors

are moved from the pseudocoelom into the dorsal ligament sac from where they : are engulfed

into the uterme bell. The uterine bell sorts out the shelled acanthors, returmng 1mmature ones
le‘

» to the pseudocoelom' mature ones are passed through the uterus into the vagina and,

eventually,. end up with the mtestmal contents of the deftnmve host and passed out with the
[ 'F

faeces. S J,'g“ o
e

In some acanthocephalans such as Echmorhynchus truttae cystacanths (the infective
juvenile in the intermediate host) become sexually mature in the mtermedxate hos®and

copulation starts about three days after estabhshment in the definitive host ( Awachre 1966)

[therefore, all females in the deftmttve host are sexually mature and can becomé fertilised (and

gravid) shortly after establishment in the del't'nitive' host. Other species of acanthocephalans,
for exetmple Pompho"rhynchus bulbocolli, must undergo a period of several weeks of growth
and development in the the definitive host before becoming sexually mature (Jensen 1952)

only then are the females capable of becommg feruhsed and gravrd
d S

N - e

Of the factors that are kriown to inﬂuencf acanthocephalan life history patterns,

Seasonal Pattel:ns

seasonal patterns have attracted the most attention. The seasonal patterns of prevalence and

" intensity of infection, recruitment, loss, sexual maturation, egg production, and egg release in

 parasitic helminths (including acanthocephalans) in freshwater fishes, and the factors, abiotic

¢



and biotic, which inﬂuence»ther\h.‘hggbecn extensively reviewed by Chubb (1982), Chubb
(1982) also took a look at the seasonal patterns of occurrence of parasitic helmlnths in. l‘ive

to

, major cltmattc ones, tncludmg the Subpolar region where A ria,. ,Canada (and the present

study) is located. He showed that. even withm a climatic zo . there are conslderable

dcies and, furthermore, warned

Neoechinorhynchus rutili occurred during winter and spring in Lota Ioth, but in sprin‘é’.and ‘
summer in Ru’zilus rutilus; recruitment occurred all year round (Malakhova 1961). Leong
(1975) reported that in Cold Lake, Alberta Echinorhynchus salmonis showed peaks of
prevalence and mtensrty of infection in Coregonus clupeaforrms in both mrdsurnmer (July)
and early winter (December), but showed no seasongd pattern in Coregonus artedis,
recruitment into both hosts was more or less constant throughout the year. In Coregonus
nasus collected from the Bay of Bethnie Finland, prevalence of E. salmonis was low in
winter, increased to a peak\ }m‘ midsummer, and decreased through the rest of the summer and
fall, whereas the mtensity\of mfectton showed no clear patterns; recruitment occurred in early
summer, autumn, and ‘winter (Vatltonen, 1979). It is clear from these examples that parasitic
| helminths do not necess;rll's"?shbw the same pettern wherever they occur.

A number of factors are known to besinvoived in the pr'oduction of seasonal patterns -
of prevalence and intensity of infection, recruitment, and loss. These factors include
availability of infective larvae and the feeding pattern of the definitive host, extreme
tempf*rature vanatlons and the immune response of the host |

k - Awachie (1965) found that the intensity of infection of Echinorhynchus truttae in

brown trout was high in summer (June through September} and low in fall ang winter

(October through April); he correlated this ’pattern with the seasonal variation in the feeding



activity Bf the trout, as determined by chengulntempeuture
lrttersetlon of temperature and:host immune re3ponse also tends\g ,

cycles ol‘ occurrence .of paraslttc helmlnths Avtallon et al, (1973), Corbel (1975) and Cortrell
(1977) have shown that the f lsh lmmune system depends on temperature and is more e’V'ldent
~and rapid in action abovd 10°C, Kennedy and Walker (1969) hypothestsed th\ seasonal
'changes in resistance to mfecttons were dtrectly dependent on temperature They found that in
winter when temperatures were low reststance was also low l‘acrlttatmg esta‘bltshment of
Caryophyllaeus laticeps in dace; rising temperatures in Spring tncreased resistance to new

\

* .invasions, Htgher summer temperatures mcreased resistance to a _point where'not only newly
acqutred worms were eliminated but also already establtshed ones were lost. They concluded
on the baSIS of laboratory experlments that a strong temperature dependent response by the
fish was responsrble for the drsap;earance of C Iattceps in summer. On the other hand,
Pomphorhynchus laevis, which does not exhr'bit a seasonal cycle, showed a much weaker
response to the host immune system at higher temperat{ures (Kennedy, 1971). This hypothesis
has been applred to explain summer loss by Kennedy and Walker.(1969), Awachie (1972),
Anderson (1974, 1976), Eure (1976), Moravec (1979) and others. However, Kennedy and
Walker ( 1969) -could not detect any anttbodtes to the antigens of Caryophyllaeus larzceps in
Leuascus leuciscus. Furthermore, Harris ( 1972) has demonstrated that Leuciscus cephalus
produced precipitins against Pomphorhynchus laevis, but worm numbers were not aff ected
Harris (1972) suggested thamle immune system is not important, at least in some specres .
and McArthur (1978) contends that the role of the fish unmune system agatnst helmmth ; '
parasxtes is uncertam Natural mortalrty of already established worms may also.account for
the seasonal loss of adults as observed by Kennedy (1972c) where host reaction to P. laevis
, Was unable to eltmmate the worms ‘even though the worms provoked antibody production.
Chubb (1982) recogmsed four broad groups of parasitic helmmths based on the time
of year when they mvade and become establrshed in the definitive host. These are invasion 1)
in early spring throbgh early summer, for exanle Neoechmorhynchus rutzl: in Cyprinus _

Carplo from Czechoslovakia, (Tesarcrk 1970, 1972) and Pomphorhynchus bosmacus in

0:1 ) ’ >~



Leuciscus cephalus albu: from Yugonlnvia (Kuic, 1970). 2) in summer throuah nummn ox ‘
early winter, for example Neoechlnorhynchus tumidus in coregonids from USSR, (Bauer
1959a); 3) in auturhin, winter and early spring, f‘of example Echinorhynchus salmarus in Perca
flavescens from Lake.Ontario, Canada (Tedl# and Fernando, 1969, 1970) and
Acanthocephalus parksidei in Catostomus commersoni, Lepomls cyanellus, Semotilus
atromaculatus and eight other fishes from Pike River; Wisconsin (Amm 1975b) and 4) all
year round, even though establishment may be hxgher at one penod of the year, for example
Echinorhynchus trunae in Salmo trutta from a stream in Wales (Awachie, 1965) and
Pomphorhynchus laevis in Leuciscus leyciscus (Hine, 1970) L. cephalué(l(ennedy 1972¢),
and Cottus gobio (Rumpus, 1975), ali from Rl&!{ Avon, England. The first three groups
exhxbxt a strong seasonal pattérn, the fourth a limited one. '

It is evident from the li,terature that in some species, less of parasites is tied to egg
release. Muzzall and Rabalais (1975;, b), for example, reportcd.at,ﬁat in July the populatiga{n of
adult Acanthocephalus jacksom;:declined abruptly so that by the end of summer none was
;:resem in the intestines of the hosts. The female worms, :ontaining sheljed acanthofs, were
passed out whole and, in son'xe fishes, aoulel be seen hanging out of the anus. They suggested
that the shelled acanthors were released throu"gh disintegration of the female worms after they
have been voide‘c’l‘: A similar situation has been reported for Acanthocephalus lucii in Perca
ﬂuviatt";;;s by Komarova (1950,). Komarova (1950) indicated that in summer adult parasites dit
and shelled acanthors are released by gravid females.

Chubb (1982) recogmsed four main seasonal patterns of egg production (and
release") 1) gravxd from spnng to early summer, e.g., Proteocephalus percae in Perca
Sluviatilis from U S. S R. (Ieshko et al., 1976), and Tnaenophorus nodulus in Esox lucms from
W4les (Chubb, 1963) and U.S.S.R (Kuperman, 1973) 2) gravid late spmﬁ to summer, e.g.,
. Neoechmorhynchus tumzdus in coregomds from U S.S.R. (Bauer, 1959a); 3) gravxd spring to
- autum, €.8., Leptarhynchmdes thecatus in Ambloplues rupesms from Wisconsirt (De Giusti,

1949) and Neoechmorhynchus longirostris in Dorosoma cepedianum from Illinois (Jilek, 1978)

and 4)-some gravxd individuals present every month in mid-latitude zones, even though peak



g8 productlon is probably durlng summet, e.g., Acanthmphah luca ln hrca ﬂuvlalll.r
from USS. R (Malakhova. 1961) or Lota lota from USS.R. (Shul"man etal, 1974).
Echlnarhynchu: .ralmonls in Coregonus artedii and C. cIupeafqrmls f rom Cold Lake, Alberta

»

(Leong, 1975; Holmes et al., 1977), Osmerus mordax f16m Lake Michigan (Amin and

" Burrows, 1977) and Coregonus nasus from Fr;l;nd ( Valtonen 1980a, b); and

' Pomphorhynchus btdbocolll in Castostomus commersoni from ‘Maine (Lawrence, 1970) and in
C. commersoni, Cyprinus carplo and othcr flsh species from Stlver and Tichigan Lakes e
Mrchlgan (Amin, 1987a) The first three groups show a marked seasonal pattern the fourth a
limited one, _

A number of factors have been suggested to influence maturation of helminth
parasites in fish. The most frequently suggested faotor is temperaturi In his study of
Neoechinorhynchus tumidus in eoregomds Bauer (1959b) reported that at the end of June and
beginning of July the acanthocephalans were small and immature; in September large worms,
the females with shelled acanthors were found Jrlek (»19758) working on M. longrrostrrs in
Dorosoma cepidianum at Crab Orchard Lake Illrnors U.5.A, noted only immature worms in
March Sexually mature wbrms were found in late March, and throughout the spnng\and
summer; he suggested that hrgher temperatures were responslble for the sexual maturatron of
the worms. This strmulatory effect of hrgh temperature on growth and sexual mﬁluratron has .
been reported by several workers, including:Amjn (1987a) for Pomphorhyncims bulbocolli.

Chubb (1967) also pointed out the srmxlarrty in times of sexual maturation of
different species in different hosts and the correlation 'with temperature and suggested
temperature as the causal factor. However, Kennedy (1975) pointed out that, because of lack
of expenmental evxdence thrs suggestion should be applr%-‘wnh caution. The reason for
caution is best illustrated by Proteocephalus percae in.Perca Suviatilis.

Willemse (1965, 1969) demonstrated tltat when water temperature was increased m a
tank containing P. ﬂuviqtilis infected ‘with undifferentiated Proteocephalus petcae, raoid

differentiation of the cestodes into mature worms with normal genitalia resulted and

concluded that sexual maturation was controlled by temperature. However, Wootten (1974)



observeg that sexual maturation of the cestods population commenced in Decemaber and
January when water temperature wag 2-7.5°C and was suill falling. Wootten (1974) also

,‘

observed that sexual maturation of the cestodes coincided with maturation and spawning of P.
Sluviatills and concluded that endocrine levels of the host might be invoived in sexual
maturation of this and other cestodes. Simflar close relationships between sexual maturation
of helminth parasites and maturation of their hosts have been documented by several workers,
including Amin (1975b) for Acanthocephalus parksidei and Amin (1978) for Echlnorhynclfus
salmonis. Hm‘vever. other instances are known where host hom:pnes. apparently, have no '
influence on-mat¥ration. For example, Muzzall and Bullc‘)& (1978) observed gravid worms of
Neoechinorhynchus saginatus in both small, sexually immature and lérge. se;mally mature
Semotilus corporalis. .

In sor;me species, the sexual maturation and egg production pattern is associated with
the a'vailability of the ime\rmcdiate hosts. Muzzall and Rabalais (1975a), for example, found

gravid worms of Acanthocephalus jacksoni in all months except August to October, a period

when the intermediate host, Lirceus lineatus, was absent. In Neoechinorhynchus rutili, Walkey

(1967) found females with shelled acanthors in all months oV two-year period, but there
. ’ ™,
was a marked annual sexual mataration and egg prqdﬂctio(x cyclejwhich coincided with a
. F Y

seasonal availability of the intermediate host, even though tem

Habitat Specifici ‘

Seasonal-patterns of migration along the length of the alimentary tract of fishes to
favourable sites have been reported (Amin, 1975b; Amin and Burrows, 1977; Tedla and
Fernando, 1969, 1970; Valtonen, 1980b; and others). In some species of parasitic helminths,
there are even seasonal differences in distribution along the length of the:‘alimentary tragt,
e.g. Neoechinorhyﬁchus cylindratus and N. proxiloides (Amin, 1986). The distribution and
survival of pa;rasitic helminths in the alimentary tract has been assumed to be dependent on
the phases of digestive activity or inactivity, and the morphology, histology, or physiology of

the alimentary tract ,(Crompton: 1973). Study of the distribution of helminth parasites and



‘ '__reproductron (Crompton 1973) The quesuon then WhICh rmmedtately comes. to mmd ls

.«\ L
4 3 v

whether or not there lS a relattonsplp between the site occupted and how well the parasrte "4

o

_,/ Crompton ( 1973) has revrewed the events that lead to the estabhshment of” adul "

helmmths tn therr srtes and recogmses three mam groups Group 1are those whose 1mmature ‘

. stages arrtve dtrectlv at the site of adults; e.g. Pal ymorphus mmutus (Crompton and

.Whltfleld 1968 ngard and Crompton 1977) and Pomphorhynchus laevzs (l\enned\ et al

1976) In all these cases no dtfference» was found in attachment srtes Hetween male and

female worms and there’ was no movement up or down the alrmentary tract Kennedv et al.
: (1976) repor@ed that P. laews pref ers a parttcular regron of the mtesttne but can establish,
'survri:;e and grow in other regtons as well "The' greatest mean and rnaxrmum lengths were
recorded m the preferred regton both measures declmmg anterrorly and postenorly Kennedy '

et al (1976) concluded that onlf unsuxtable physrco chemrcal or feedtng condttrons affect the . =
: growth of the parasrte not the site 1t occupres However the dtfferences in 51ze (egg
' productron") between the preferred and unpreferred srtes may be an mdtcattonbof dlff erences

.

V‘m frtness Hutchmson ( 1959) workmg on Hydattgera taemaefomus gave an tndtcatton that

) vf itness may depend on the srte occupted since worms located in the postertor unpref erred

'regron had abnrormally low glycogen content and were below average size. On dt%?te other ‘hand, -
: »dtfferences m s?ze could be due to dlff erences in age Wthh cannot be determmed for worms \‘ .,
Cin natural mfecttons Dif ferences m age should be reflected m dtfferences in- the dtstrtbutton .
- ’.of 1mmature and mature worms No such diff erences\were found ( Kennedy ez al 1976)
: suggesttng'flr’at the drfferences observed were due to dif ferences in fttness between sites.
Group 2is compnsed of specres in whrch there i is emtgrauon of 1mmature stages int

N the drrectrog of gastromtestmal flow to- the srte of adults e. g Acarghocephalus jacksom

(Bullock 1963) ,Echmorhynchus truttae (Awachte 1966) and E salmoms (Valtonen 1980b)

] Valtonen (1980b) sIudred the sex ratto bodyflength and embryomc development of E

N



*ll “l

) ) ,that the f 1rst and second portions are equally rmportant because the parasrtes can grow and
mature there but do not stay there f or long The drf f erences in frtness observed are ‘
' confounded wrth age and the 1rnporta?ace of the sne occupred cannot be determmed
mdependently ' | o

‘To the thtrd group belong specxes hke Monili formzs dubius (Burlmgame and Chandler ’

1941), whose 1mmature stages emigrate agamst the direc i

3astrorntest1nal flotho the

site of the adults. During the course of infection of .M ‘ , mts the ‘posrtth f -the

worms moved steadily forward (Burltngame and Ghandler ‘9& Most of the worms became

' _attached in a zone begmmng 10 cm behmd the stomach and extendmg to 60 c¢m behind the
o .
stomach Burhngame and Chandler (1941) regardecs this area of the mtestme as the zone of

. vrabthty for M. dubzus because worms whrch Failed to establish themselves in this zone or

failed to move mto it early in therr development drd not survrve Maxrmum growth ccurred ;

in the anterror part of this zone, in spite of more crowdmg
It appears that habttat specrftcrty, at least in some specres in groups 2 and 3lis
'correlated with btochemrcal changes in the deveIOpmg worm (Goadchrld and Wells -1957;

Archer and Hopktns 1958 Hopklhs and Hutchmson 1958 Mettrrck and Cannon 19 0

~Uglem and D 1972) In the most revealmg study Uglem and Beck (1972) have

v demonstrated at in concurrent mfectxons of Neoechmorhynchus cristatus and
Neoechznorhynchus crassus in large-scale sucker Catostomus macrocherlus N crassus
_ attached in the antenor mtestme whllst N crzstatus occupred the posterior- mtestrne

Subadult* of N. crzstatus had a mean attachment point 6 cm anterior to that of adults a d

“occupred a tength of mtestme tw1ce that occupled by adults No drfference was found in

“+



* distribution of adult and subadult N. crassus, They ‘monstrated that young N, cristatis

possessed; more .APaseﬂ;(ammopéptidase) actxvity per milligram ot‘ worm protem than- drd'

adults As the worms grew and developed there was a loss of APase aCthlt)' a posterior ‘

I gratron of the population and an increase in habitat spectl‘ lCltYr N crassus (group 1,

| according to Crompton 1973) on the other hand neither mrgrated nor showed apprectable

| ‘changes in APase actrvrty with age, sugges‘tmg that the decreased APase acuvrty w1th age in N.
cristatus is correlated with its posterior migration and mcreased habttat specificity ( Uglem and -‘
Beck, 1972). Uglem ~and Beck ( 1972) f urther observed a relationship between worm APase “
actrvrty and’ worm ‘location in the intestine. They demonstrated that the anterior host mtestme
‘whtch was occupied by M crassus (wrth less APase actmty),;’had 2 high APase acti_vity,' whilst -
.'N. »cristatus twhich. had‘ a.hi‘gh APase activity) ocCupied the posterior intestine which was
nearly devoid of APase actrvrty Thus if a paraszte ‘was located where APase actrvrtv in host
mtestmal tissue was high, it was less dependent on its AQPase actrvrty In other words the |
locatron of the parasnte 1s correlated wrth its APase requtrements In groups 2 and 3

] "’lterefore the site may be actrvely selected in response to changes in physrology associated -

'

w1th ageing . ( '
":“érowding i
The preferentral occupation of specrf ic regrons of the mtestme may lead to crowding,

: the level of which may be related to the age or size of the defrnue host. Brown (1986)
dernonstrated in laboratory infections that within each srze class of rambow trout, theré was a.
-cerlmg level of mtensrty of 1nfectron wrth Pomphorhynchus laevzs and correlated this level with -

: the srze of avatlable gut habrtat He suggested that thrs was a density- dependent process
capable of regulatmg parasrte population size. This hypothesis has also been demonstrated xSy

: Uznanskr and Nickol ( 1982) ina laboratory pOpulatlon of Lepomrs cyanellus mf ected with -

Leptorhynchotdes thecatus

Brown (1986) apphed this’idea to a natural mfection of Pomphorhynchus Iaevts in -

Leuczscus cephalus where he observed that the numbers of P Iaews increased wrth the length
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‘ }of the fish host. and suggested that the increase was related ~to the absolute area of intestine

avatlable for pagsneﬁttachment On the other hand, accordrng to Walke» (’1967) Hrne and .
l\ennedy (1974b) Muzzall (1980), and others lntensrty of infection varies proportionallv wrth
age of the host because older and larger hosts consume more fi ood and, thereforé, acquire
more parasrtes than younger and smaller hosts. |

In most flshes the intensity of mfectron increases as age or size of the host mcreases
and it would be expected to be limited by the size of available habxtat in the rmestme‘. Results
obtained by various workers in the field tend to g‘ive conflicting conclusio‘nS' some show
| density - dependence others do not It is, therefore 1mportant to support field data with
laboratory expertments m order to clanf y f ield pamrns

Othqr eﬁfe‘cts of crowdmg demonstrated by several workers are extension of the site
‘ _occupied and reduced esta:bhshment surv‘val growth egg productton and fecundity (see
review by Chappell and Pfke 1976). Burlrngame and Chandler (1941) and Holmes (3961)
have demonstrated, in laboratory 1nfectrons of the rat, that Moniliformis dubzus spread out, at
high densities, 'into_ zones that have been_sparsely"occupied in lighter infections. This
" phenomenon has been demonstrated in other acanthocephalan species; for exa'mp'le
' Echrnorhynchus truttge in Salmo truttae (Awachle 1972) and Pomphorhynchus laevis in |
goldfrsh (Kennedy 1972b) ' S o Y.

¥

Burhngarne and Chandler (1941)vreported that the éstablishment of secondary
ih‘feétions of Moniliformis dubius was 'inhibited by the presence of worms from primary
’ -infections and attributed this to competitiod for suitable sites of attachment within the "zone
of uiability" such that worms which failed to esta'blish' themselves in this zone or move into it
early on in development farled“ t@rvwe In contrast, Awachie (1972) showed that, in |
experimental infections, the establishment of Echmorhynchus truttge in secondary and higher
.- order infections was little affected by the presence of parasites established in.earlier |

-infections, and suggested that the difference between E ‘truttae, on the one hand and‘ M.

dubms on the other is probably due to the fact that E. truttae, unlike M. dubius, can establish-

&
I 4

and survive m all parts of the mtestrne



"of Pamphorhynchus laevls in secondary rnfectnons in laboratory infected ratnbow trout He 1

showed that when pre- estabhshed parasrtes were small ( less ‘than 7 days old) and therr
: 'numbers less than the carryrng capacrty of the infected host, then supenmposed mfecuons are
possible On the other hand when the worms of the pre exrstmg mfectron were large and |
mature the number estabhshmg in supenmposed mfectlons decreased In contrast, Kennedy
(1972b 1974) has demontrated that in laboratorv mfecuons in goldfish (in which there is
lrttle growth and no maturatnon of thé parasites), there was no relatronshrp between the rate :
of estabhshment of Pomphorhynchus Iaews and the sizé or presence of an exrstrng{p&rmary |
' mfectrda Thus the size or age of the worms in a pnmarv mfectron has a brg influence on
estabhshment in secondary mfectlons
On the effect of crowdmg on growth (size) Burlingame and Chandler (1941) and
" Holmes (1961) demonstrated a significant decrease in the size of Momlz formis dubzus and
Hymenolepzs dtrmnuta under crowded condmons In contrast, Brown (1986) showed that, in
laboratory -infected rambow trout, there was no signifi icant dif ference rn the mean mdxvrdual
wet werght of male and female Pomphorhynchus Iaews recovered from fish orrgmally given 5
20, 50 or 100 parasrtes * ‘
The number of gravid f emafes rnay- decrease under crowded conditions. Holmes etval.
. (1977) showed that in natural mfectrons of Coregonus clupeaformzs wrth Echmorhynchus o
salmonis there was a density- dependent regulation of egg production by the acanthocephalans }
' in mdrvrdual frsh They obtarned a srgmfrcant negatrve regressron of the percentage of gravid
females on intensity of mfectron They, however did not see any correlauon in erther C.
| artedii or Oncorhynchus kzsutch |
High densrtres may, however, have some beneficial effects especrally in species
requrrmg cross -fertilisation. Awachie (1966, 1972) found that most female Echmorhynchus
truttae from the intestine of brown trout exposed to heavy mfectrons bore young, developmg
_ acanthors Whlch were free in the body cavrty, whilst in control fish with low numbers of

' worms the females were only at the ovarian ball’ stage He concluded that the mmal presence

‘e



of lnrgmnumbers of worms int I:he mtestinc ensurede wlier fenilia n"and develd opme

‘ eggs Chubb ( 1964) found that, in graylmg.\a‘ch and pxke relauvely few female
K Echmorhyhchus clavula hadw;helled acanthofs, Mst in the eel’ lhe maJomy of the f emale
| worms contained shelled acanthors He attnbuted the greater productivity in the eel to the
hngher concentrauon of worms in theu' mtestme but, aiso, recognised tha; this could be‘due to
a greater physiological compatibility with the eel. |

The crowdihg ef’ fect has been related to competition for oxygeri (Read, 1951).

- competition for carboh'ydrates ('Read.'1959; Hoﬁnes-, 1961/;1"iiﬂoberts, 1961. 1966; and others).
elaboration of inhibitors. ( Zavras'and Roberts, 1985), in;erference with each othe}rs oehaviour
(Park, 1962) and, possib'ly, host’ immune respbnse which results in loss of worms (Chappelly
and Pike, 1976) Host immune response has also been impl‘icated in site extension. The
anubod) response of the host may render the normal sne unsuitable for further occupauon

/ and in.doing so, mmate an emigration or extension of site (Brambell 1965 Ogilvie, 1965

Connan 1966; Panter, 1969), or degradatxon of the tissues in the site by earlier occupants
' (Shostak 1986). No wholly satisfactory explanauon has yet been provxded for the crowdmg
. effect and it could be that different factors or a combmauon of factors are responsxble for the
; observed ef’ fects in different systems

Most of toe investigations into host-paxlasivte relations have involved separate stuoies ‘

 on seasonal patterns, habitat spscificity, and intréspecific‘crowding effects, the latter mainly

' ih laboratory infections. It wouid be expec;ed that in systems where very disﬁnct and K
prominent seasonal pattcrns of intensity are observed, there might _be ‘seasonal changes in site

‘occupied and some crowding ef’ fects.‘ In this Study,of the P. bulboColli-White suckerlsystem,

therefore, an attempt will be made to relate all three phenomena from field studies.

e
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Tyrrell Lake (Fxgure 1) isa natural lake situated approxxmately 52 km south- -east of

Lethbndge Alberta,, Canada (49° 23" N, 11’2’ 15 W), ina ‘semi-arid cllmate with an annual

precxprtatron of about 300 mm, It occupres an area of 375 ha (975 acres) at an elevatton of

960.4 m (3151 feet), wrth a mean depth of 3.8 m (1" 4 feet) (Fitch, 1980) It is located

within a-shallow basm surrounded b» hlghlv mmeraltsed soil in an areawvith strong wmds

o

warm Summer temperatures and fluctuatmg water levels { Fltch 1980) Dramage from the lake

is ‘periodic so that 1t becomes 2 closed svstem with no outflow into the dramage system when

water level is below 959.3 m (Fitch, 1980). The lake is unp‘rotected from any winds and this ¢
allows for contmuous circulation, resulting in in a falrl) umform temperature. regime (Fitch,
1980). Maxnnum summer surface temperatures occur in] uly. the mean summer temperature

being about 14°C with no apparent stratrfrcauon Dissolved oxygen concentrations fluctuate

~ but there is, apparently, a low in mid-summer whjrch may reach a cntrcal level of less than

Lot

3.0 mg/l. Dissolved oxygen concentratrons also fluctuate in wmter and may reach low levels

—'7 o

of less than 6.0 mg/l in some years (Fttch 1980)
- Tyrrell Lake is very saline, with sulphate ( 1235 5400 mg/1) and bncarbonate (177- 882

mg/l) being the predominant anions, whlle chloride. is of minor 1mportance (35-185 rng/l)

lSodtum is the predornmant catxon (555 2500 mg/l) calcxum and magnesnum also ogcur in high

concentrations (Fitch, 1980). The concentratrons of thesevmajor chemrcal constituents follow

a seasonal pattern low in spring. increasing in summer and reaching a- maximum in early

. autumn, ’I‘DS (total dissolved solids) range from 2500- 8875 mg/1. Turbidity fluctuates o

_ between 2.6 and 15 m (Secchx drsk depth), bemg hrgh in spring, decreasing throughout -

summer and increasing agam in-autumn (Fltch 1980)
Bef ore the mtroductlon of rambow trout, Salmo gazrdnerz in 1962 there were only

white suckers, Catostomus cammersom fathead minnows, Pimephales promelas and brook

strcklebacks Culaea mconstans in the lake Occasronal adults of five other species. of fish,

18
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- chub, Caueslus plumbeus and lake whitefish Coregonus clupeaformls. have been collected.

Fuch (1980) concluded that they are probably migrants frgm the drainage system (i.e., they
have not formed self - sustaimng populations in the lake). Neotenic tiger salamanders,
Ambystoma tigrinum, were also callected in all months during the course of this study. It has
been suggested that the chemical composition of, the lake is not suitable for the reproduction
of the f is:h species, with the exception of the fathead minnows and brook sticklebacks (Fitch.
1980). Since 1985, when this study began, the only large species of fish that has been caught
is the whie sucker, conf irmjgé ;he'g su’ggestion' that it is a permanent resident in the lake. That
" the others were found.because_ of periodic and irregular movements into the lake ie borne out
by the collection (fer the first time eince 1985) of one large, uninfected whitefish, at a time
N when the water level was being raised with water from the surreundiné drainage system.
Tyrrell Lake is eutrophic, with a high biological productlivity;..the total weight of
benthic. invertebrates is 61.29 g/sq. m. The\zooplankton pobulation is made up ot: copepods °
( Diaptomus'sicilis. Diaptomus nevadensis, and Acanthocyclops vernalis), cladocerans (Daphnia
pulicaria), oetracods and rotiferans, the latter two occurring only in emall numbers. Benthic
" invertebrates are chironomid larvae oligochaetes (Tubifex), amphxpoda (Hyallela azteca),
and fairy shnmps (Branchmecta coloradenszs) Lmle is known about the phytoplankton %j
the lake. Aquatic vegetauon is limited to a'few specnﬁ predominantly Potamogeton )
o pectinatus. Further detaxls can be found in Fitch (1980).
¥ 7 B INTERMEDIATE HOST
™ Monthly santples of the intermediate host, Hyallela azteca were collected by sweepmg
with a $mall- meshed dip net in shallow areas, within 10m of the shorelme They were
trans;é‘:'ed to Edmonton in covered plastic buckets containing aerated lake water and, in the
laboratory, gradually acclimatised to aerated, dechlorinated tap water by gradeal dilution of
the lake water over a .period of two weeks. The amphxpods were examined and cla551f 1ed as to

sex, mfected or uninfected, and reproducnve condition of females (breeding or



'C. DEFINITIVE HOST ‘ ' -~

The definitive host, white sucker' (Catostomus commersoni), were collected with gill
nets in July 1985, and from May through Septe ber. 1986. The July, 1985, sample consisted
of three age classes of fish, whilst the rest consisted of three-year old fish only. They were
transpb?ted on ice and kept in the laboratory at 4°C for three days or less, depending on their
number. Within this period each fish was tagged, its length and weighl taken, the reproductive
condition of females determined, and the alimentary tract, from oesophagus to anus, removed
for parasite e(ammauon A sample of scales was also taken from the left side of the body,
just beneath the dorsal fin, of each fish and stored in’ 70% ethyl alcohol for age
determination. In determining the age of each ’f ish, five clean scales were spread out and
pressed flat between two microscope slides held together with adhesive tape. The scales were
allowed to dry overnight and then the number of growth rings was determined with the help

of a microfiche reader.

D. STUDY OF PARASITES ) ..‘) ‘

The freshly removed inteselne was uncoiled and ‘divided into ten equal sections, section
1 being the enteriormost and section 10 the posteriormos’f (Figure 2). Each section was then
opened up longitudinally, its average width taken, and a sample of gravid female
Pomphorhynchus bulbocolli of various colour morphs (see below) removed, measured and kept
in 0.7% saline for infection experiments. Each of the ten labelled sections of intestine from
each fish was then placed in a laBQUed petri dish, covered, and stored in a freezer for
examination at a later date. At the time of examination, the intestinal sections were thawed,
placed in saline (to facilitate removal of the parasites without loss of the bulb and probosei‘

for ten minutes, and the parasites were removed with the help of a pair of forceps,

transferred. into distilled water to stretch out, and each measured. The number of males,

‘non-gravid fcmales, and gravid females of each colour morph in each section was determined.

VS
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FIGURE 2: Intestine of white sucker showing sections 1-14.

(Modified from Amin, 1975b)
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Non-gravid females wereclmlﬂod Al thouwithout shelled eus and gnvid renulum
those wiih shelled eggs. The maturity of males was not deter.;nined because the large numbess
made histological examination impossible. Males and gravid females were hrbitrarily.dividéd

info four categories based on their colour, i.c., cream, light yellow, yellow, and dark yellow.

L4

The types of food in the intestine were also noted.

E. INFECTION EXPERIMENTS

Study of the amphipods collected from Tyrrell Lake indicated that they could be used
for infection experiments experiments immediately after collection bccaﬁse of the very low
prevalence of infec:ion. even after they were quarantined for weeks. Each freshly removed,
livé and unfrozen gravid female P. bulbocolli of known length, colour, and section was leésed
apart in Smi of 0.7% saline, and the solution, containing eggs, was then added to finger bowls
~ containing 100ml of dechlorinated tap wvater and about 50 amphipods which had been starved

Y

overnight. The amphipods were allowed to feed on the eggs overnight, after which they were
wash::d free of eggs and transferred to large culture bowls containing dechlorinated tap water.
At weekly intervals, samples were removed and dissected for larvae. The experiments were
carried out in an environmental chamber at a temperature of 20°C.

Samples of eggs obtained from gravid female'§ of known l;ength’. colour, and section
and used in the infection experiments were stained in eosin and examined under the compound
microscope. Approximaiely 1000 eggs were examined from each female worm. Eggs were
classif‘ied intd four groups, according to the presénce or absence of shells and th: extent to
which‘nuclei were concentrated in the core of the embryo. Thé groups récognised were - Stage

1 (fer'tilised. but little development) through Stage 4 (shelled, with nuclei tightly packed in the

core of the eggs) (Figure 3). The percentage of each type of egg present was then calculated.



Stage 1 | . “stage 2

Newly fertiliged Early stages of developmén%‘w

Stage 3: partially ripe , Stage 4: ripe, infective

FIGURE 3: Stages of maturation
in the intestines of

of eggs of Romphorhynchus

white suckers.
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" Al data gathgred were analysed statistically with analysis of variance and coveMance,
A regression or chi-square. where appropriate. using programs in BMDP (Dixon, 1983), MIDAS
(Fox and Guire, 1976), and SPSSx (Nei, 1975). A type 1 error of 5% was allowed. Variance /o
' me(an ratios were used 1o test for over-dispersion or aggregatian and, where necessary, the' .
data' transformed. All statistical analyses involving percentages were arcsine-transformed.
Welden and Slauson's (1986) interpretation of regressibn statistics was used, where the slope
indicates the strength of the relatiguship and R-square indicatés the relative importance of the
relationship.

~ Some studies on the habitat specificity of intészinal helminth parasites involved a
direct measurement of the prebise location of the wom;s. In this study, however, it was
inipossible to measure the precise location of the worms because of the large numbers of
worms encountered. The locations of the median, antetiormost and posteriormost md:v}duals
as well as the range occupied by the worms, in each fish mtcsune wgge, theyefore calculated
and expressea‘ as percentages of the length of the intestine, using a FORTRAN program
written by Drs. J. F. Addicott and ,J . C. Holmes, Deparument of Zoolbgy,'Universilty of
Alberta, Edmonton, Alberta, Canada. Within a section of the intestine, individuals were
assumed to beé equally‘spaced'. with the space between the end of the section and the first (or

i

“ .
last) individual assumed to beone-half of the distance between individuals. Statistical analyses

on these distance measures were done with the programs mentionied above.
, . |
G. TERMINOLOGY ¢
Samples of amphxpods and white suckers were collected from Tyrrell Lake in only five
(May through September)’; eut of the twelve months. The term "season” , as used in the

following pages, s, refers to this period. J



A INTERMEQIATE HOST
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’occasronally and in small numbers were algae and molluscs . ' o o

~ ‘does net stenhse the amphrpods

R EARTR B S SR NI RESULTS = ., o
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a The mtermedrate host H yallela azteca was present in aﬂ summer months and

bsamples of whrte suckers obtamed durmg the summer all had large numbers of them m thexr

mtestmes dﬂo samplmg for H. azteca was done in the winter, but rambow trout in one samr

>

‘obtamed f‘rom Tyrrell Lake in January. 1982 had large numbers ol‘ them m therr mtestmes

e May July however there were relatxvely more chrronomrd larvae and Daphma iﬁ the
- ,mtestmes ol' the whrte suckers These data suggest that the mtermedrate hosts are avatlable

: and are fed upon all year round by the defmiuve hosts but in sprmg and(early summer

©

. (May July) when water temperatures were rlsmg and feedtng mcreased more chtronomrd

a3

: larvae and Daphma were eaten compared to August September Otheér items of food foﬁn&t

B IS
4 3

A AN
v

Prevalence (percentage of hosts mfected) was. very low in all months (Table 1) iny

e

a smgle P bulbocalh ‘was'fi ound in each mfected amphlpod but concurrent mfecttons of larva

P, bulbacollz and larvae of an umdentlfled polymorphrd acanthocephalan were also f ound on
/ rare occasrons There was no mdrcauon of a seasonal pattem of occurrence in the mtermedrat
,,host ('l'able L 1986 data)(Cht square 0. 530 DF*—4 Prob 0 9705) Prevalence was,

. f howeVer apparently hrgher 1n 1986 than in 1985 “ j .

Breedmg of the mtermedrate host occurred durmg spnng and summer Bqth breedmg

; (those carryrng eggs or embryos in the brood pouch) and non breedrng females were f ound 1c

| L be mfected (Table 2) Thts suggests that unlrke some other acanthocephalans P bulbocallz

¥ . . N
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Month " Male - ﬁ ‘. Female ) th‘;‘l“  Total :
Nurhbér ’ Number ._ Number .' - Number ‘Nﬁmber Number
~ "Examined Infected Examined- Infected :Exé‘imined. Infe,c;éd (%)
May 85 19 1 54 5 0 6(09)
My - - g7
wnss %9 1 el3 7 012 808y
jun 86 - L 638 9 (1:4)
ui'se 219 2 a8 4 w1 sy
Aug's6 - : : : 522 9 (1.7)
Sept '86 - 47 10 (1.5)
|
‘[
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- . Table 2: Larval. gomphorﬁynch;;sgu(aacom in bresding and non-bredding female Hyallela -

azteca.

<

o,

Morilth

‘Breeding
Uninf- . - Infe-

“ected - T  cted

Noné-bre‘eding

Uninf- - ‘ - Infe

ected cted .

May.

June

July

Total

201 ' 1
367 ' 4

146 o2
n4 7




. OB.DERINITIVEHOST .. 0o

Wrth the exceptron of two small, age I'fi rsh all fish were infected in all months

: sampled The statistical drstnbution of the numbers of worms in rndrvrdual fi tsh was markedl\

skewed (Figure 4) For each of the collectrons shown in Table 3, the variance was

signif’ rcantly largerthan the mean, indicating an overdrspersed (aggregated) dtstrrbu‘tion.
Under' such conditions;-means and variances can be misleading. Therefore all da'talo'n |
mtensrtv (total number of worms per ‘infected host) were log-transformed (log (x+1)).and
all statrstrcal analyses were based on log-transformed data This transformatron did reduce the
overdupersron consrderably. as can be seen in Table 3

Intensity of mfectron was found to be dependent on the sex and age of the host

Females harboured more worms than males (Table 4) so the sexes were kept separate in alL

' staustrcal anal_yses involving intensity. The July sample included three age groups. whereas all -

-other samples consiSted of only three- year oid f ish' therefore, the July sample was used to

determme the relattonshtp between rntensrty of inf ectron and age of hosti: ‘l'lte mtensrty of

mf ectron showed a srgmfrcant regression on age (p = 0.0007), although the relationship was

weak (slope 0. 31 worms (log umts) per year) and of little rmportance (R? =0.19), mostly
\

due to the strmlarrty between two- and three-ye’rsh (Table 5) Thére was no indication

of age resrstance in either sexh Because of the srgnr 1cant age. effect only three-year old fish

. were used in subsequent analyses%olvmg rntensrty

OFrgure 5.illustrates size drstnbutton of male, non- gravrd and gravid female parasites.’

The size at conversion of non-gravid females (those w1thout eggs) to gravrd females (those

-
with eggs) was approxrmately 10. O mm: Copulatron as mdrcated by the presence of a cement ‘

cap, f irst occurred in this size group It should be noted that those few non-gravid females in
larger size classes were found mainly in unpreferred srtes (see section D Table 19).

Further growth and development of gravrd f emales can be assessed by thetr size and

k the relative development of the eggs they cohtarn Both measures were strongly correlated wrth

the cololtr of the worm, suggestmg that dark worms were older than light- coloured worms.

Cream-coloured worms were small, with the mean length of light yellow, yellow and dark
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FIGURE 4: Distribution of numbers of Pbmphorhynchus
bulbocolli in individual white suckers.
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Figure 5: Size distribution of male, non-gravid (NGF) and gravid
female (GF) Pomphorhynchus bulbocolli in white suckers. All
data combined. '
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"yellow worms increasing with the intensity of the colour (Table 6) Eggs wernohuwely
‘undeveloped in cream-colourcd' worms, showed increasing development in light vellow and
yellow worms, and fully developed, presumably ripe, inf ective engs were found orly in the
dark yellow females (Table 7). (The sample size is ’s;nall but the trend was strongly supported
by Qn-quantitative observations made on all the sp;cimens examined in the course of the
study.) Only eggs from the dark yellow females gave successful infections of Hyallela azteca

in the laboratory (Table 8).

- C. SEASONAL PATTERNS

There was a clear seasonal pattern of intensity of infection. In both male and female
fish, int;:nsity was high from May through July, and decreased through August and |
September. Despite the variation in the data, this pattern was highly significant (Table \.4).

- There was also a clear pattern in invasion of new worms, as indicated by the number
of shxall (up to 6.00 mm long) P. bulbocolli. Small woi'ms-were found m all months
(including one winter sample of rainbow trout obtained from Tyrrell Lake in 1982). The
numbers of small worms were low in mid~sumiﬁer, but high in May and in September (Table
9). This pattern suggests invasion throughout the year, with lower invasion in mid-summer,
possibly complicated by more rapid gfowth or more rapid elimination of incoming worms at
the hfgher tempefatures of mid-summer or a combination of these factors. The consumption
of relau‘vely few a‘mphipods in mjd-éummer may also be a factor.

The‘ cotrelations between tﬁe colour of a female, its size, and the development of its

n&rM

of egg production and release. Preliminary analyses (analysxs of covanance using 1ntensnty as

eggs. allows colour to be used as a measure of development in assessing the seaso” Ly

the covariate) indicated that the percentages t&le graV1d f‘emales (GF), cream (C), light
yellow (LY), yellow (Y), and dark yellow (DY) were highly variable among fish, but did not
depend on the sex of the host, nor did any show significant relationships with intensity. The

. data can, therefore, be analysed with a si-in‘ple one-way analysis of variance.



Table 6: Mean length (mm) of_Pomph;

’\‘Im bulbocolll of different colours in white

suckers. All data combined. (Standard deviations in parentheses) N

Male Worms

Female Worms
*
Colour Number Ave. L Number Ave. L
of worm of worms (mm) of worms (mm)
1.

: Cream 1966 12.3 (0.07) \\ 2305 9.8 (0.04) ¢
Light Yellow 2523 13.5 (0.05) <7 " 1705 11.7 (0.05)
Yellow 253 14.9 (0.17) 88 13.1 (0.25)
Dark Yellow 28 16.9 (0.45) 11 13.5 (0.92)

,} Anova Table (Female worms) RN
o .
/
7
Source $S DF MS F , (/ Prob.
|
;2

Between 3057.43 3 1019.14 169338 0.0000
Within 28.68 4766 0.0060
Total 3086.12 4769




ki

" Table 6 continued:

" Anova Table ( Male worms).

- Source

s

MS  F " Prob;
," .. : . "’V ‘.""‘ ‘ "‘

“Between

Within -

406653
285

Toml 408838

4105
a0

0,003

135551 - 254687 . 00000

=)
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Gravid females (ereatn. light yellow and yellow phases) were l‘ound ln all months. but |

| ripe females (dark yellow colour) were found only in June July and AuguSt (Table 10)
'Although no samples of white sucker were obtamed from T)grell Lake in winter, those
| obtained from Muriel Lake Alberta, in February had non-gravid, cream, ltght yellow and
yellow ( but no dark yellow) females, as did rainbow trout obtained from Tyrrell Lake in
‘ January. 1982 The. number of gravid females (GF) (used as a measure of 88 producnon)
(Table 11) and dark yellow females (DY) (used as an mdex ol‘ egg release) (Table 12)
depend on season, both being low in Julne reachmg a high in July, and decreasmg the rest of
the summer (Frgure 6). :Dark yellow females formed only a small propomon of the females,
-suggestlng that either only a. small proportion of the females actually release eggs or dark
E yellow females complete their development raptdly and have a short ltfe span. Thits invasion
~ and egg producuon occur all year round,’ mcludmg winter, whilst complete egg development
" appears to be limited to the summer perlod - G
» Table 13 shows a companson of the survival or deve!mment mdxces among months,
~ and the statlsucal analyses indicate that there are no sxgmftcant differences. However there
seem to be a pattern. The cream:light (C:LY) yellow ratio indicate that in June and July loss
or developinent were about the same. Between July and August the ratio increased . suggesting
either a loss of light yellow worms or less’ conversion of cream worms into light yellow worms.
the decrease in intensity of infection suggests that there was a net loss of light yellow worms.
Between August and September there was an increase in the ratio, suggesung mcreased
development mto hght yellow worms or a loss of cream worms; the decrease in mtensny of
K mfectwn dunng this period suggests there was a net loss of creamn worms. The lxght
yellow yellow ratio (LY: Y) decreged gonslderably between June and July, suggestxng good
development into yellow worms ora loss of light yellow worms. the mcrease intensity of
mfectton suggests that there was a net development into yellow worms. The ratto returned to
lngh values ih August and Septem suggesting exther a loss of yellow worms or poor
development mto yellow ‘worms; tmease in mtenslty of mfectton during this period

s. It seems, therefore, that between.July and

e
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MEAN NUMBER OF WORMS

oo L N
: May June “Ju‘ly' . Aug Sept -

MONTH . L

Flgure 6 Seasonal pattern of egg productlon (gravud females GF)
, and egg release (dark yellow females DY) : :



L -""August when there was a drasttc drop in. the mtensxty of mfecuon there was a loss of 'light'

_ _yellow yellow and dark vellow w

Males were smaller than f emale orms and dlsappeared at a smaller srze than f emales

AN

,(Frgure 5) In old acanthocephalan popula 1 me specres females occur m hrgher L

proporttons than males suggestmg earlrer'. | -males (Armn 1986 1987a, Valtonen 1980 ‘
$ . and others) To test thls the male 10’ female ratlo was compared among the vanous colour e

' morphs the results (Table 14) mdtcated tha,t 1he ma]e to female ratlo decreased S1gmf 1cantl» |
) 'wrth mcreasmg colour mtensxty (Chr square 141 408 DF 4, p 00000) However the } ’

o percentage_of males did not decrease m fish t,al:en‘ in late summer (Table 15), suggestmg a |

" high turnover of males: ”



. »Table 14 Male f‘emalj ratxos (M F )

Wamphorhynchus bulbocolh of different colour n-

whxte suckers All data combmed ” -
o . R S £
B ~Colour No. of No of - M:F |
o ‘of Worm. Ma)és Females - Ratio
Cream  * 7364, 913 - 0.81
LY 4856 7333 .0.66
Y™ 121 374 0.32
DY 48 0.33
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D HABITAT srncmcm L o

: mcreasmg. both antcriorl_y and posgpribrly.,' whilst"the proportion of gravid fema

[ 2

Frgure 7 shows the overall drstnbunon of worms along the length of rhe rntesune

- About 83% of the worms (all age and sex categorles combmed) were concentrated in the 60 -

.

80% regxon (sectxons 7 and 8). mdrcatmg that thrs regron was’ preferenually occupxed

For statxsncal analyses. the location of the medraath antenormost and postenormost

individuals, and the range oééupred, in individual flSh. were used. The age of the host had an

effect on the location of the medianth and last individuals, but niot on the first individual or ~

. the range occupied (Table 16). The medianth individual was located more anteriad in older

fish relative to 1+ fish, possibly because more worms were found in older fish. The sex of B
the host was found to influence the location of the medianth and anteriormost individuals and
the range; the median and anterior positions in female fish were located more anreriOr relatir'e
to miale fish (vTable 17), again possibly because female . ish harboured more worms than male
f ish. (See section on crowding below for a more. co)rnplete discussion. )

When the dlstnbuuons of small worms, males, nion- gravnd and gravxd females were ’

T

compared the locations of the medianth mdrvxdual were found to be the same (Table 18); all

e N

.age and sex categories of worms ‘preferenually.occupred sections 7 and 8. There was significant

variation in the anterior.and posterior positions, and in the range occupied (Table 18); most

of this variation appeared to be associated with the small worms,: which occurred in small

- numbers. There was no evidence for any migration of worms from one area of settlement to

an area of maturation.

-

non- gravxd and. gravrd females among sections (as measured by the percentage among all

-7 through 9, about twice as hlgh’m secuons 4 through 6 and almost f our umes as hrgh in

“section 10 ( Fxgure 8) The proportion of non-gravid females was lOWest m E ions 7 and 8

s, on the

‘other hand, was highest in sections 7 and 8, decreasing anteriorly and, especially, poeteriorly

T

r

o worms in the sectron) showed that the relative proportions of small worms was low in secuon .



% OF TOTAL WORMS

.« " SECTION

FlGURE 7: Overall dlstrlbutuon of Pomphorhynchus bulboco/h_  '
among intestinal sectlons of whlte suckers.
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FIGURE 8: Relative distribution of small Pomphorhynchus bulbocolli
along the length of the intestine of white suckers.



(Figure 9) Thus small worms and non- gravid females were relatively more abundant in the
“unpreferred, less popu}ared sites, whilst gravid f emales were more abundant in the pref’ erred
more heavily populated sites. These patierns suggest either that establish"bnt is low 1n alread}
heavily populated areas Or that grosyth. egg producti"on or reproductive activity is lovf in the
less populated areas. The srgnifrcancg of crowding will be. covered below. However, large (10 1
- 12.0mm) females which would be expected to be t’emhsed but were not, occurred mamlv in
the 80-100% regron sections 9 and{O (Table 19) this suggests that thrs region may not be as
suitable an envrronment. The presenee of males of average size in the 80 - 100% region in the
fishes with these females sd;gests that a complete absence of males was not responsible for
~ the females not being fertilised; however, the distances separating male and female may have
prevented copulation. ‘

Unlike in other“analyses, all measnres of the distribution of the various colour morphs
differed significantly (Table 20). The medians of dark yeliow and yellow worms were. located
further anterior than those of cream and light yellow worms; in addition, these older worms
were relatively more concentrated in section 7 (Figure 10). Although;on average, the yeliow
and dark yel‘low worms did not extend as far anteriorly as the cream and light yellow worms
(Table 20), dark yellow worms did occur as far anteriorly as section 3 (Figure 10), indicating
that the anterior portions are potenfially suitable habitats. Cream worms reach furthest ‘
posteriorly, and dark yellow worms the least posteriorly. In. fact, the older and more ma,tnre
yellow and‘ dark yellow worms were corfipletely abser_rt from sections 9 and 10 (Figure 10).
The net ssult of these distributions was that the range occupied was greatest for cream
worms, and more restricted for yellow and dark yéllow worms (in part, due to small\
populations). r

: There was a signif icant:variation in three of the four measures (all except range) with
season, but there was no apparent trend (Tablc 21). At high intensities (May through July),
the worms were concentrated in sections 7 and aﬁ with not much spread but, contrary to
expectatron at lo\w intensities (August through September) they were less concentrated in

Dt

sections 7 and 8 (Figure 11).
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FIGURE 9: Relative distribution of non-gravid (NGF) and gravid
(GF) female Pomphorhynchus bulbocolli among sections of the
‘intestines of white suckers. ' : .
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The seasonal pattems of mvasion and ldss of 'qmts may be responslble for the observed
drstrrbutron The loss of older worms was prunanly from the dense populatrons in sections 7
* and 8 (note changes between May through Julv and August and September (Frgﬁ 11), »
whgeas estabhshment was more evenly spread through sectrons 6-8 (Frgure 12) the, | et result '

‘.v‘.‘, \

bemg a small change rn the drstnbutron of worms wrthout any apprecrablet change i inth

Preferred srtes ‘£ - o O E

‘ To determmé whether oI not there was an equal development of wormé among
L

equrvalyrt to tha.t in the other parts of the inteSINENE (ol a,r the end of the invasion

%rrod &pre weie hrgh RIopQ; ns of cream gol “ s rn sectrons 9 and 10, whereas .

'burlt up. agarn toa hrg‘ . tember the prbportrons in the other sections remarmng o f‘,
i TRl 3
vrrtually unchanged ‘l'hrs pattem along with’the presence of relatrvely few light yellow

wormsh thrs regton suggests that relatrvely more young worms were lost f rom the 80 - 100%

regron and. that worms do not lrve long eiough to attam egg reledsmg age in this portron of

: -the rntestrne The hght yellow yellow'r as hlgher in: the preferred srtes and decreased

©. £ R T

. antertorly, suggestmg that Survrval or development to the yellow stage is poorer m the

-

Kl

preferred srtes. contrary to ei@ctatlon (Figure 14) ‘ S : | Q |

._; T Table 22 shows that the srze of ‘the w&ms vanes stgmfrcantly between sectrons 'I'wo
l’%ohservatrons can be ma'g'le prte the absenee of any. trend aeﬁ)ss sections. Frrst ‘non 4grav1d :
: ‘females m sectrons 3 9 and 10 were larger probably due to the occurrence of the relatrvely '

-~ high proportrons of large unfertrlrsed females in them Second other categorres of worms

*

3 were generallymaller i section 10

?eﬁ surnmaryt. ,all age and sex categorres of worms were concentrated -m sectrons 7 and

8 lrres ctﬁe of season Three lmes of evrdence su‘gge '

, mtestrne rs not a surtable habrtat Relatrvely more large ¥ nfertrhséd fernales wl'uch would be
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: expected to be fertlllsed ‘but were.not, occurred in sections 9 and 10. The mlo o:

light yellow worms. whleh shou_ ??be inversely related to development was signll'tcantly lngher
" in sections 9 and 10 And generally. male and gravid l‘emales in secnon 10 were srgnifrcahtly

_smaller in size than those in the othgr sections. | g

E. CROWDING T o S
Stepwise regression analysis was used to determine the relationship between mtensrtt
""'of‘ infection and hos& age, size and mtestmal length in each sex of host; the results are shown :
in Table 23. The most important mdependent variable was host size (r’=0. 42 slope=0.12
worms (log units) per cm. inctease in size of host, prob=0.0001 in male fish; r’=0 18, |

¥

slope=0.03 worms (log umts) per cm. increase in size of host, prob=0.0276 in female fish).
) { 'l
Once host length was factored out, the only other tmportant.vanable was gut lenigth (in male

fish; r=0.65, slope— -0. Qz‘worms (log umts) per cm. increase in gut length prob=0. 0210)
Age was not lmportant m elthe’r sex: It is therefore concluded that 1ncreas1ng mtensrty is
‘vessentrally a function of host swe S )

One common effect of crowdrng on helminth pOpulauons is that the range occupled 1s
extended but there is no change in the pref erred location. That is, the fi 1rst mdrvrdual would
be located more anteriorly and the last individual more p‘o‘Stenorly, but the location of the
t change wrth mcreasrng mtensxty of rnfectron To test for these _

r
f locatron in mdmdual fish were regressed on mtensrty 'l'he

results (Tahl 24) were as expec
* whereas %ion of the first wo

moved signif icantly posteriad, and . Ege ran

medran individual woul
patterns, the f our par’ameter(
'l‘he locatron of the medtan werm did not change,
| ved srgnrfrcantly antenad ;.hat of the last worms
ied was signifi 1cantly. extended with

1ncreased 1ntensrty/The regressron statisttés‘(’r able mdlcatet at these patterrls ;e stro g,‘

~ length with each lbg mcrease in mtensrty) and account f or rnoderate propo rom



O Table 23: Stepwise regression analyses of intensity of infection wit
' bulbocolll on age (yrs) size (cm), and intestinal leng;h (cm) o}‘ whue §

* (x + l)transf ormed intensity date from July sample nnly)

“ .
' : .« ! . v
AN . v : .t

Female Fish |
* bl
Source ' Ss . DF MS
‘Reg. 04914 1 N 0.9u4 5.5050 0.0276
Eror 21425 24 0.0893 ’ .
4+ :Toul 26339 25 | |
_ ‘T‘W‘v o R-Square=0.1866 SE=0.2988 -
\_}éﬁable_ Partial - Coeff S.E  T-Stat: -~ Prob
4 \ — | ) ' - B A ‘
‘o *  Constanis . 13467 e 0.4230 31837 0.0040
o, _ o - T O
& Size - 0.4320 ©0.0320 0.0136 . 23463  :°  0.0276
" Remaining Partial : ~ Prob |
. ‘ ) |
Age . 0.0215 - e 05630
Int, L. | -0.0411 3 " 0.8453
- N ! . . - . . 0#— _




. LI .

Table 23 continued: R L L
G W ' ¢
W Male Fish
: ¥
E 4 :{ v{‘?’
M ," * : i ‘ . .
Source SS DF MS F Prob.
. ¢ \. vy )
Reg. 4.5867 2T 299 10.2260 0.0005
[ . 6.2792 28 0.2243°
Total 10.8660 30
R =0.6497 R -Square=0.4221 SE=0.4736
Variable Partial Coeff ~  S.E T-Stat Prob
. Constant 0.2491 0.7003 0.3558 '0:7247
Size 0.6496 - 0.1174 00260 45215 0.0001
Int. L. +0.4196 -0.0229 0.0094 -2.4459 10.0210
Remaining . . Partial Prob
Age 0.0761 0.6947
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oL 'range also urcreased acwur{tlng fof 329 and 22% of the vmance. | S

the locatron of the medranth cream o hght yellow worms However the anterror posltton of

g‘ cream and hght yellow warms Wore@ed anterrad approxrmately 5‘& and 4/0. reSpecttveh , k'.

/
of the gut’ length wrth each log m(:rease r{mtensny accountmg for 17% and 8% of the

and lrght yellow worms\vere moved abou ,'4% postertad

. vanance The postenormost\cr/ m_

| Wlth eaCh 108 increase in mte}isrty acce unun&for only 19% and 1]% of‘ the val anc‘“

T The range occupre‘.may be extended under crowded condttrons because new amvals

tend to estabhsh more antenorly or postenorly. or both To test. thrs the percentages of
small recently acqurre‘d worms (of the total number of small worms estabhshed in the frsh)
‘in sections 7 and 8 (cornbmed) and 9 .and 10 (com'brned)\vere regressed on: total number of

' worms (log trans‘ ormed) 'l;he hypothesrs 1s that W1th mcreasmg mtensrty of mfectron

. relatrvely more 'mall worms would estabhsh in the less populated unpreferred sectrons9 and

\l%whrlst there would be a negatrve relatronshrp in ehe heavily populated preferred sectrons 7

and 8. The /r/esults (Table 26) 1nd1cated no relatronshrp in any month wrth the exceptron of

| - uly, wh?n the relatronshxps were opposrte to those expected ' ' c
fTo determme the effect of crowdmg on establrs rnE'nt / survrval the percentage (of

the t¢tal nﬁfn{er of worms m the frsh_e of small recent‘y acqurred worms was regressed on '4

mte{rsrty (log transformed) The expectatron m thrs c e, was that as the number of worms

rcreased the propornon of worms estabhshmg woul<{ d€c'r“ease The results presented in

/ Table 27 1nd1cated a srgmfrcant decrease wrth 1ncreasmgs mtensrty in June July. an_cl August. L

A P
4
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*'different mbnths. ,

N

Month "DF' Section Coeff " Prob . R
Jufte L1 748 075 0.1798 0.14
1,12 9410 o024 04037 0.06-

* July 15 748 0.58 " " 0.0082 u_o»..7‘8'
s 9+10° 024" 00082  0.78

Avgust 1,11 748 . -045 0.39%0 007
1, 11 9+10 0.27 - 0.5943 £ 0.03
Sept S 1Ln 748 001- . 0.9882 0.00
1,11 9410 -0.04 07871 001




. white suckers

EE

 Morith

1,12
15
L1

0.0276 0.9
0.0065 0.89
00070 o7

S . L1 - 0.8644 0.05 0.003 £ 0.007
‘w‘& . ‘ . -
v .



. wlth a log lncrense in lntenshy) snd lmportent (accountlns l‘or \.MM of the vsrlenee)

Crowding is known to result in poor survlvnhor development. to test thls the survlvsl
/ development indlces (cream: llght yellow and: ﬁght yellow yellow ratios) were regressed on N
_intensity’ '(fog- transf‘d‘rmed) ‘The results presented in Table 28 indicate that crowding has no 3

ef fect on survival or development to the next stage. ' , o ' [ ;
| | -One other common effect of crowding is a reduction in size of wm'ms Two analyses
were used to mvestigate this. First, the size of cream and llght yellow worms (whrch occurred
in 1 \ge .numbers in all months) were compared among months In July. most categories of
worms were signifi 1cantly qnaller than those in other months (Table 29) Thrs was the month T
" with the fewest small worms the smallest proporuon of non- gravrd females, the most gravrd
-‘ females and the highest intendies. Second the sizes of wQ.rms in the July sample were -
regressed against igtensity (log transformed) As can be seen in Table 30, With the exceptroh"*p |
of cream gravrd females, there w}s no significant change in the size of the worms as mtensrty
-incr sed The absence of a consrstent correlation betmn worm size and mtensrty weekens &
(but Roes not elrmmate) the case for an effect of crowdmg on worm growth (see Drscussron)

-To deterrmne whether or not crowdrng has any effect on egg productron the ‘ /
percentage of gravid femalgs was regressed on mtensrty (log- transformed) The hypothesrs ‘
being testod is that as the number of worms rncreased the propottion of gravrd females would ,

' decrease The results, presented in Table 31, showed that the expected negatrve correlatron was
‘obtained only in June; for other months there was no correlatron between egg productlon and

intensity of infection. S Ny E 4 _ R
- \ . . . - i () ‘
Ma\se in maturation with increasing intensity could be due to increased

copulation and, therefore;'fertilisation; To test- this »hypotheSis, the proportion of gravid -
| females . was regressed on the number of males (log-‘transforrned) With the 'ertceﬁtion of July '

(which .,howed no correlatron) an unexpected negatrve correlatron wal obtamed in all other

months (Table 32) ) ‘ - ' .

Jaom:



™ Index f‘r\v{on,th DF F. .Prob - Rt. . Coeff

\L*LY hme oLss oM oae 08, 2247

o July LSS 0573 S g0l 291
LY:Y June . L2 ..l1;095_6' . 0o 4k
Cdly L2 o2ms . osx f oon




suckers in different months.

Number

Ave.L (mm) ™SD

Month'

S of Worms /_

. R -
June 890 9.50 0.05.- ’
July j687 10.15 0.07

- August (’285 10.00 - 0.14

Seplember 443 9.80 - 0.12
Prob 0.0000

June 344 12.29 © 0.1l

July - 722 -10.85 . 0.08

Augusf 31 205 oD

September 353 12.4 012
Prob 0.0000:




0.07

" July 762 1182
August 288 12,7 0.11
, . September 37 1278 0.31
F 4518.72 . Prob 0.0000
| ® U
LY GF June 612 14.01 0.09 |
July 955 12,73 0.08
August 517 13.65 010 1% .
| September 439 14.33 0.11
F 40562.59 Prob 0.0000




I V.Agf;s‘,ﬁ,w T = By ...,v g

Table 30 Summnry ‘of regrmlou lmlym of mean length of uch colovf morph of

suckers. (July sample only) .
A ., ' —
- : Section 7 SR
. - , - .
Colour  Sex DF F Prob R R? ~ Coeff
Cream  Male 1,18 2995 01005 03778 0.1427 +1.8382
|  GF 1,18 25732 01261 03537 0.125] -1.3646
LY Male 1,18 0.6805 ~ 04202 01909 00364 . 2.2889
GF 1,19 18792 0184 03000  0.0900 +1.2202
Y  Mae 1,9 00002 09899 00043 000002  -0.0252
GF 115 0.0391 0849 00510 0.0026 0.2685
Section 8 ' /

Coloyr Sex DF F . Prob R - R? -~ Coeff
Cream  Male 1,22 0378 07141 00789  0.0062 0.2348
GF 121 ' 64549 0019 04849 0.2351 10588
LY Male 1,20 00044 09480 ' 00148 00002  -0.0574
GF 1,2 089%2 0351 01979 00391 . -0.5334
Y Male 1.4 06530 , 0464 03746  0.1403 1.6150

GF 1,8 3.1174  0.1155 ~ 0.5295 0.2804 -3.7811




o S e - B e
yia.:.»,.v;v%w‘fr‘.:qu‘.‘(wyﬂt;.d.: feian g i . ; s . - 5.

Table 31° Sumnmy of Woa amlym of ﬁmonu;e (uc&m mnlformed) of mvid .
female romphmmm butbocolll on intensuy of infection (log ( x+1) mnnformed) in white

‘ suckers in dlfferem monzhs

Month DF F Prob R! Coeff
June 1,58 4.1112 0.0472 0.07 - -0.09
July 1,53 3.3894 0.0712 0.06 ° 0.08
Aug 1,48 11,1502 0.2889 0.02 .0.04

Sept 1,40 2.6158 0.1137 0.06 -0.09

!

~ Table 32; Summary of regression analyses of the percentage (arcsine- transformed) of gravid
female Pomphorhyn% bulbocolli on the numbers of male P. bulbocolli (log

(x+1)- transfofd) in white suckers in different months. _

f . |
Month DF F Prob R?. . Coeff ‘
June 1,58 6.4881 ©0.0135 L 010 -0.11
July 1,53 0.2599 0.6123 0.01 o 0.02
August 1,48 52547 . 0.0263 010 -0.09

Sept 1, 40 9.8964 0.0031 020 -0.16
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. Crowd!n: dld’w'thp w mmm: oftct on m&mw Wi s prcingr . -
(arcsine- tun(formed) of yenow and dark yeliow worms (mbuud becauss of thiﬁ"lmll
numbers) was mmsed on intensity (log- mnsformed) the mulu showed hummm: ;
correhuon in either June or July (the two months wuh the biphan inummes and the huhm
numbers of yellow,and dark yellow worms) (Table 33); this siggests that crowding has no

* significant effect on embryontdoh \i{owever regression of the numbe‘ of yellow and dark
yellow (combined and log- transrormed) on intensity (log- lransformad) gave a signmcam

' posiuve correlation with jntensity (Table 33).

s
*



33: Summary of Tegression analyses
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T “lh"*te’d‘fb“dft*."aii‘d' stinction n m ravi ipe
females acanthocephalans, based on theu reproductive cycle In tlus seetmn the subJect 1s
':,dtscussed further along wrth some of its eeological unpltcauons - I
ln the present study, females Pomphorhynchus bulbocolli became ‘sexually mature at, 10
| o mm’ when almost all became femhsed and were converted mto gravrd females. however a

few sexually mature b}lt non gravrd f emales (wrth unshelled or unfertrhsed eggs) larger than
; ‘, lOmm were found The paucrty of such females suggests that the processes of mate- ftndmg
‘, : _and ferttlxsatlon are effi lClent thetr presence may mdrcate a breakdown m one. of these

A\l

processes Only rf a clear dlstmctton 1s made between sexually mature and gravrd worms can o

3

.the effectrventss of these processes be evaluated Sexually mature females are therefore n0t /
| necessanly 5av1d and a clear drsttnctton should be made between sexual maturatron and ej»
producuon CooL | .t | v “ |
RS Smularly, gravrd female acanthocephalans do not all have eggs at the same s}é/ge of -

embryonatton ‘For exatnple 1n thrs study, four colour morphs of gravxd females were found

'. The lrghtest coloured females were the smallest and therr eggs were m early stages of

embryonatlon whrlst the darkest fi emales were the. largest and were the only énes whrch
' .carned npe and mfectxve acanthors The presence of gravxd" females § .often ..been_ i

at the same time (or -

1980 Gleason 1984

: mterpreted as mdrcatrng thgi\mfecuve egss could be (or are bemg) shet
o from that host spectes) (for examples see Holmes et al 1977; Muz
o ;and Walkey. 1967 ) Such mterpretatrons could be grossly in err ] '1f (as in thrs study) only a-

. fsmall proportron of females are actually carrymg fully embryo ated eggs, or 1f npe females

“are ltmted to a restncted group of host specres A sxmtlar e or may be the Inde
B _of some unsuccessful attempts at estabhshmg mfectrons rn the laboratory It 1s theref‘ore ;
| “‘rmportant that a clear drstmctlon ‘be made between gravrd (egg producmg or egg bearmg) and

-npe (egg relvasmg) f emales



3 maturation of worms In tlus srudy. a strmlar relattonshrp between colour. slze and stage of

' ‘embryonatton was found ln Pamphorhynchus bulbocolll Many other adult acanthocephalan
) spectes for example Polymorphus mmutus a‘re also coloured In such spectes colour may be a

useful 1nd1cator of age or maturatton Van Cleave & Rausch ( 1950) suggested that the colour

,rnrght be due to carotenords and ‘Barrett. and Butterworth ( 1968) 1denttf1ed the ptgment m the,

| g cysracanth and adult Polymorphus mtnutur asa carotenord esterrf ted astaxanthrn The

f unctton of carotenords in acanthocephalans rs not known In an attempt to establtsh thetr

| ;role m adult P mimaus Barrett and Butterworth (1968) fed laboratory mfected ducks

. “xt

| cardtenotd def icrent dtets Adult P mmutus recq\vered from the dncks were nearly colourless

and yet appeared normal tn size and produced vrable eggs suggestmg that the prgment has no-

' v necessary relattonshxp with. erther growth of the worrns or the maturattononggs It seems
. LA % .
: theret‘ore that the prgment is obtatned from the dtet and i “absorbed_ in mmute quan__tttres

- "studres of the rate parameters whrch control the flow of orgamsms through a parasrtrc hfe , -

cycle have been made in' only a few cases Holmes et al (1977) for example derrved relatxve

_'__.flow rates for Echrmrhyncbumalmonzs ina communrty of frshes in Co

concluded'tha‘t‘most of' ‘.the flow-'of E. salmonis in ‘the‘sysitem eras th'rou 1 whrtefrsh based on °

" the relatrve numbers of gravrd females of each host specres It was assumed that all gravrd
‘females in all the host specres produced the same number ol‘r eggs and that those eggs were
. _mfectrve or were at the same. stage. of embryonatron Gravrd f emale E. salmoms in whrte

- suckers collected fmm Munel Lake Alberta dtffered in 1ntensrty of colour (personal

noted by Anderson (1976) one of the mam drfftcultxes-m' these ‘odelsxts that.quantxtatrve a ;

-



_ different host specres This hag

uggesung that at any One time only a small proportion of the females were actually releasing

" infecuve eggs (or that ripe females have a very short lif e span and drop out or ‘die shortly
‘after egg release) If thrs proportion, differed amongst host spectes the relauve\\\numbers of
rlpe females could have been very different than the relatrve numbers of gravrd females G "
amongst host specres Thus the use of rtpe mstead of gravrd females in- the E s\zlmonis fish.
" model could make maJor dtff erences, in the f low rates derived. The same argument suggests

. that cautron should be used m makmg predrcuons about the populatron dvnamlcs of parasmc

\

v helmmths based on gravrd rather than ripe females AR B S T
A. SEASONAL PATTERNS A
I the mtroductron it wal shown that the brology of a grven specres of

.acanthocephalan rnay vary from 'ne geographrc locauan to the next, whether in the same or o

en recognrsed by Chubb (1982) and r¢ ported ina number of
" -parasrte specxes mcludrng Pomp/mrhynchus bulbecollt Amm (1987a) found in a number of

k host specres ( mcludmg Cyprmus carpio: and Carostomus commersoni) that prevalence and

[l

mtensrty of mfectton with Pomphorhynchus bulbocolli mcreased from low in the autumn (late

October through November) to maxrmum in- the summer months (June t‘trough July and

early August) recruttment occurred throughout the year In Cyprznus carpm both prevalence

' and 1ntensrty of mfectron were low in autumn decreased in. wmter tncreased in spnng. and

o reached a hrgh in sumgfier; recrurtment was hrgh in autumn, decreased in wmter peaked in .
'sprmg, and decreas in summer (Amm 1987a) In Catostomus commersom prevalence was h
.“highest i in autumn and decreased to about the same level in sprmg and summer and mtensrty ‘
v of rnfectxon was hrghest in autumn ‘and very low in sprmg and summer recrurtment occurred

) matnly rrﬁpnng (Amm l987a) - | | ‘ '

Seasonal cycles have also been reported for some other P bulbocollr frsh systems

"Lawrence (1970) reported that in C. cammersonr from Maine, U S A., prevalence was hrgh



‘ mtact) were found then Prevalence and intensity, @nfectfon of Leuctscus cephaIus albus : '

early summer (July), and decreased in late summer

-

t¥ a- low in wlnter (January

“t

' through March) whilst mtenslty of infection was low rn autumn decreased ut wlnrer. fand

;mcreased through spring (Aprll through June) toa maxnnum in summer (July through

September), recruttment did not occur in winter ‘Qecau’ Yo rmmature females (with ovaries

A / l N
T h
frorn YugoSlavra wrth P bosniacus peaked in summer (August) (Kazic 1970) »

< In, the present Studv prevalence of rnfectton of C. commersom with P, bu!bocollz was

o 100% m all months but’ mtensrty of mfectton was. hrghutn spring, mcreased 10 a maximum in

srecruttment occurred throughout the

year Thrs pattern is srmrlar to that reported fo or the other P. bulbocolll fish systems

) .‘mentroned above wrth the exceptron of that reported for for C. commersom by Amm

‘ ( I987a) Amin ( 1987a) indicated that the autumn peak in C. Wersom may have been due .

to the presence of a large number of female frsh (75%) rn the

2, but this is not
o ;,r'_’ N :

satrsfactory. another factor may. be esponsrble for thrs

of rnfectron of whrte suckers wrth P buIbocollz

) A The seasonal pattern of int!
~observed rn the present study is undou tedly due to a shifting bal ce between recrurtment

and loss of worms Infi ectrve larvae were avarlable all year round so intensity of infection
‘mcreased from May to July probably due to tnereased feedmg by th whrte sucke as water
temperatures rose and decreased due to reduced feedrng at the lower ater temperatur f
-August and. September. " " ‘ o

’ Amrn (1987a) rndrcated that the type of seasonalxty where greatest egg productron
prevalence: and intensity of mf‘ecuon occurs in summer and greatest recrurtment occurs in
autumn and summer could be related to extreme seasonal temperature variations whrch usually
rnvolve freezrng-over dunng the wmter For exam\p\le in southeastem 'Wrsconsrn |

Acanrhocephalus dirus f rom Prke Rrver whrch freezes over i in the wmter showed peak >

prevalence mtensxty. and egg productron in spring in both creek chub and whrte sucker




v ‘1987a) and Tyrrell Lake (the site of the present study) freeze over ln wlnter and the act that :

‘\C cammersanl showed a dif ferent pattern from the other f ishes studied by Arhin (1987a) and

' the present study suggests that freeze over is not the only factor in play The vanatrons in the
detarls of the seasonal cycle therefore. suggest the interaction of vanous factors some of

v whrch are temperature host feedmg actrvuy, avarlabrhtv of mfectrve lar‘ migratron of the

mtermedrate or def rmtrve host, composm of the vertebrate community, and the type of

-3

~water body T .
; of small recently acqulred worms would be

‘ hrgher inJ uly, when feedmg was more mtense Recruitment appeared to occur through'out the
year presumably due to availability of infective larv;e (although data from the wmter perrod :

lt would be expected that the proportr ‘

are scarce) but there was, “however, a midsumrrter' low. Three factors actin‘g independently"or
in an interactive manner, could have caused the low level of fecruitment in July These are 1)
a change in the food habrts of the fish, 2) temperature dependent reJectron response descrrbed

by Kennedy and Walker (1969) and 3) faster gr’owth of the newly established worms at the

higher temperatures of July L o R &

In July, as Opposed th’ the other months white sucker nsumed relatively more f ood‘;

items (algae molluscs etc. ) other than amphrpods Data wert not adequate to assess whether
they consu ed less the same, Or even larger quanutres of the mtermedrate host The fact that
Tecruitment was low suggests that they may have eaten less but some other factor(s) may be
in operation too. a o SR . R ’"_ |
| | 'Th temperature dependent host reSponse put forward and demonstrated by Kennedy
. ,’and Walk I (1969) an:bl(ennedy (1971) could have been responsrble for the pattern ot‘ |

‘recruitment observed i in the present study The proportron of newly estabhshed worms

decreas d between May and July, when temperatures were rrsmg, and mcreased in August and

e, when temperatures were dropprng, a pattem consrstent wrth a -

temperature- dependent -Tesistance,



and July They further reported that in the intermed.iate host Gammarus pulex later stages |

of larval P. laevis occurred in greater proportions in summer The prOportion of acanthellae

in the earlner stages of development mcrcased as temperatures fell, reaching highest values in.
:wmter and decreased as temperatures rose, Teachxng low values in’ summer Awachle (1966)
) demonstrated in expemnental ml‘ectlons at vanous temperatures that growth and * _ |
| development of Echinorhynchus truttae in Ga»tmarus pulex was retarded at low. temperatures.
', In ‘one experrment conducted at 2-4°C, only sphencal and earher stages were recovered af ter -
136 days these stages were normally recovered aftter 20- 24 hours at room temperature
Stmrlarly, growth and development of E. truttae in the defWVe host Salmo trutta. were
mhlbrted at low temperatures (Awachle 1966) This apparent effect of temperature on:
_ growth and development combined with Armn ) (1987b) observatxon that growth of
| Pomphorhynchus bulbocollt was most rapid i in worms less. than 6 mm in length could in
add:tron explaxn the low pmportrons of recently acqurred worms (up to 6 mm in length) and
" non- gravrd female P bulbpcollt encountered in July in the present study. "
' Another factor m&addmon to reductton in feedmg actlvxty, wlnch may have '

contrtbuted to the deehne’ln rntensrty of mfectton in late summer is the loss of worms Two
' types of losses may be dxstmgutshed prereproducuve (cream llght yellow, and yellow worms, -
probably due to maxrmal effects of crowdrng in July, as demonstrated by Brown ( 1986)) and‘
| 'postreproductrve (dark yellow worms). The survrval indices (cream lrght yellow, light
yellow: yellow) indicate loss of worms between July and August when the 1ntens1ty of
mfecnon dropped sharply There was a shght mcrease tn t(he cream: lrght yellow ratlo and a

sharp mcrease in the hght yellow yellow ratto durmg thlS period, suggestmg a strong

pre reproductrve loss



« ?varlatlon ln the occurrence of gravld females) ln the present study, botlt tlte percemne and

‘numbers of gravrd females reachlng hlgh levels ln carly surr?mer and colncldlng with the
period of high water temperatures A similar pattern has been reported for Pomphorhynchus
| bubocolliby Amin (198%). S
One other feature of the biology of acanthocephalans which may exhibtt a seasonal -
"pattern is egg release (by ripe females) For example, Brattey (1988) reported a seasonal cvcle
of egg release by. Acanthocephalus lucli in perch egg producnon reaching a peak in spring and
' summer and egg release prObably occurting in summer and fall. This may be dift’icult o
detect, especxally in s:tuattons where gravrd fi emales and rrpe fi emales are not dxstmgutshed
For example Gleason (1984) reported that gravrd f emale P bulbocollz occurred all year round
and -implied that egg release occurred all year rOund However after f inding tha't recruitment
in the amphipod intermediate host was seasonal Gleason (1987) suggested that egg release by
| P bulbocolli may be seasonal In the present study. ripe females were restricted to early \
summer suggestmg that egg release was seasonal | ‘
There are, apparently, two types of egg release by acanthocephala'ns. species in which

worms (in¢fuding ripe females) are shed whole (e.g., Acamhocephdlus Jacksoni - Muzzall and

Rabalais, 1975b) and those in which shelled acanthors are dlscharged into the intestinal lumen

of the defmrtrve host to be eventually, passed out with the faeces (e.g., Polymorphus mmutus

- Whitfield, 1970) In the present study, the disappearance of ripe, females comcrded wrth a

sharp drop in mtensrty of tnfectron suggesttng that Pomphorhynchus bulbocolli belongs to the -

first group and does not release shelled acanthorg into t,he intestinal lumen of the ftsh host.
Many studies have indicated that in acanthocephalan infections the sex ratio varies

from close to unity in new mfectrons to one significantly in favour of females in old

. rnTecuons (Awachie, 1966; Crompton and Whttfreld 1968; Amin and Burrows. 1977; Amin,

1987a;and others) This phenomenon has been demonstrated in laboratory mfecuons by '

| Awachte (1966) who found that male Echmorhynchus trustae began to drop out of the .

.
intestine of brown trout by 45 days and none remained after 82 days postxnf ection; females

)

[



| weeks (Awichie, ""963). In the presen tudy. the male to t‘enule rutle also beeeme
"progresslvely smaller with lncreaslng aolour intenslty These verlatlons ln sex fatio: wlth age
- suggest that males dle earlier than females. - . :

The generally held view is that l‘emales occur in relatlvely larger numbers than md@\
in old acanthocephalan infections because males die after copulation. If thrs were so, it would
be expected that the ratio would' change in favour‘ of females with season the ratio being close
to: umty at the time of recrurtment and in favour of females at the time of sexual maturation
and’ egg producuon Amin and Burrows (1977) reported such a pattern in Echinorhynchus

‘ salmonis the sex ratio bemg close to even in winter (time of recruitment) and shif ting in
lfavour of females during spring and early summer (time of sexual maturation and egg

| production). In contrast Gleason's ( 1984) Amin's (1987a) and the present stidly indicate

| that the sex ratio of Pomphorhynchus bulbocolli does not change signif icantly with season,
castmg doubt on the suggestion that males ,gle after copulation. Kennedy (1972b)
demonstrated, in expenmental mfectrons Iﬁat female P. laevis were relatwely more abundant
than males during the first two weeks of the mfecnon but, thereafter, the ratio was in favour
of males. It appears therefore that some other factor(s) rather than death of males after
copulauon is involved. One possibility is that females absorb carotenoids at a faster rate,
therefore develop a deeper colour despxte bemg the same age. '

The mfluence of temperature consrdered the-most 1mportan't environmental factor
controlling the seasonal cycles of parasmc helminths, has been discussed by Chubb (1982). Its
role, as it relates to recruitment, mtensnty of mfectron and growth and development has been
mentroned abc:ve Other aspects of the blology of parasrtrc helminths which have been
reported to be influended by temperature are egg. production and embryonatron

There are confhctmg reports,in the literature about the effects of temperature on egg
production and embryonatron in parasitic helminths. Data obtained from laboratory
expenments by Brattey (1982) support the hypothesis that embryonatton 'is controlled by

temperature. He demonstrated that Acanthocephalus lucii infections in perch kept at 19 and




12°C developed shelled acenthogs in abght 3 mtm respectvely. At 5°C, owgver,
embryomtbn was almof completely lnhibited so that shened acanthors were not eompletely
developed after 13 weeks. In the present study the restrictio of ripe females to the time of .
{ cial for embtyouation Although

temperature does not sesm to be a critical factor in the prod f

rising water temperatures also suggests that temperature is ¢

- fexgales were found in other months, including winter). hig sh i
by ' Y

accelerate the process, as evidenced by the relatively high p ". i

July. This lends support to Kennedy's (1975) warning that { ¥ §

temperature and sexual maturation / egg produg

.some systems other factors seem to be more i )
The relationship between hormone levels of the female host zand sexual maturation /
egg production of helminth parasites have been documented by several workers including
Kennedy (1969, 1975), Wootten (1974) and Amm ( 1975b 1978); in all such cases sexually
mature or spawning females tend to have relattvely more gravrd worms. No such evidence was
found in this study. gravid females of all the colour morphs occurring in both sexually
immature and mature female whtte suckers. Host'horm_one levels, therefore, are not important
in egg production and embryonation in this system.
So far, it has been concluded, from this study, that intensity of infection, egg
production, and egg releasé\‘sﬁgw rseas0nal pattems. often correlated with temperature. But
what role does temperature actually play in determxmng these patterns" It has been 1mphcated )
in all the patterns seen in this study, but to answer the question prectsely will require
laboratory experiments. The difficulty associated wrth estabushmg laboratory infections, TS
. unfortunately, made such a'study impossible.
B. HABITAT SPECIFICITY
Pomphorhynchus bulbocolli, like most parasitic helminths, exhibits habitat specificity,
all age and sex categories being concentrated in the 60-80% region of the intestin:. .irrespective

of season. Amin (1987b) pointed out that there is no migratien of P. bulbocolli from an area

» o .
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hooke. end neck in recently eequlred Juveniles eneble them to deueh mo
reattach, .Within 2 3 weeks af‘ter ingestion however, there is a considerable iycrease in /lhe size

of these structures such that, once amcmd worms 6 mm or more in length cagnot deuch
and reattach, l.e they are ineapable oi" migration and live the rest of their lives wherever a:;,':i
they initially established Muzull (1980) obtained similar results in white uckefs, P
| bulbocolli being concentrated in the 60-80% region of the mtestme with no evidence oi‘
~ migration, Similarly. no evidence of migration’ was i'ound in the. ptesent study; there was no
difference in attachmem sites between males and fefnales no difference in sex ratio beiween
sites, and only minor differences between young and old worms Pomphorhynclms bulbocoIIl‘
obviously falls into Crompton ] (1973) group 1, parasites which arrive directly at their final
site. | '

Small worms and non- gravrd females constituted relatively higher proportions bi the
total numbers of worms in the unpreferred sites, whilst gravid females constituted relatively
higher proportions in the preferred sites. These patterns would suggest that either
estabhshment was lower in the already heavily populated preferred sxtes or that growth,
mating, or long-term survival was lower in the unpreferred sites. However,_ the actual |

numbers of worms establishing was highest in the preferred éites. eliminating the first
possibility . ’

R

In natural mfections 1t\ impossible to determme the age of the worms and, ‘

therefore their growth rates. However, in such inf ections, the size attained may differ ;~
betwetn optimuim and unsuitable habitats. In natural inf) ections of Pomphorhynchus laevis in
grayling, chub and barbel, Kennedy et al, (1976) recorded the greatest mean and maximum
lengths in the preferred sites, with both measures declining anteriorly and posteriorly.
Kennedy et al. (1976) suggested that unsuitable physxco chemical or feeding conditions were
responsrble for this. In the present study, worms, of the same colour class were approxrmately

the same size in all sections (except section 10 wltre they were smaller) However, because

the range of the larger yellow and dark yellow worms was.more restricted to the preferred

v



among sectlom. Growth rates could be greater in these reglons. but that could be dewcted
only m experimental infections. “ '
- Differenced in egg produetlon among sltes could be due 10 reduced chances of matlng
“in the unpreferred sites. In the present study, large, sexually matuxe females which would be
expected to be fertlllsed but were not were found primarily in the unpreferred sites, and
almost entlrcly in sections with few worms. Although males of average size were almost
' lways present.in the same (or adjacent) secuons distances separating male and female

worms in these low density conditions could ha)& prevented copulation. nr ortunately.

)

specific locations of individual worms were not recorded, so this possibility cannot be tested.
In any case, there were few lafge. unmated females, suggesting that problems with mating are

not common.

-

. There is more evidence for reduced survival in the non-preferred sites. The constancy
ol‘ the cream:light yellow ratio between sections 3 and 8-suggests that the worms can
establish, survive and develop equally well::to the light yellow stage in these regions of thc.
intestine. The significantly greater ratiod in sections 9 and lO plus the absence of yellow and
dark yellow worms in these sections, suggest that worms do not live long endugh in this region
to attain egg-rele;smg age. In addition; comparison of the light .yeUOw:y'ellow ratio indicates
_that surviyal and development to the yellow stage is not the same in all the anterior sections;
the ratio is high in sections 7 and 8, the preferred sites, decreaSing anteriorly. This pattern
suggests that survival is pagrer in the prefemd secuons a suggestion that does not completely
agree with other data. Perhaps. sumval is actually better in the preferred sites but
density-dependent constraints make development tnto the later stages more difficult in these
sites (See Crowding for further discussion). o
Complete development, therefore, depends on the site occupied. _Although‘it may be
difficult to do (especially where large numbers of parasites are involved), comparison of the
developmntal stages of female worms )between sections may reveal similar difl‘_erences in

fitness bet\/w.en sections in some systemns which have been reported to show no such



| niaturruon of eur but ooncluded that Pompherhynchp lam.r is able to reproduce outrioe or
its preferred aone because rernales containing shelled eggs were found in all the regions of the

alimentary tract in which the parasite is found,

- The unsuitabillty of t.he 80-100% region may be due to the physico-chemical and
feeding condi'tions present there. As discussed above. almost all the worms in that section are
cream in colour, and the ewdence mdxcates that they do not live to egg-releasing age there
Figure 2 reveals that the 80- 100% region is the posteriormost pomon of the alimentary tract.

V'In most organisms, relatxvely fcw digested products reach there, and relatlvely little absorption

takes place there. .

In congclusion, f itn&{pf Pomphorhynchus\ bulbocolli depend’on the site occupied.
Larger worms and relauvely more egg-producing and egg-reieasing females are found in the
60 80% region than in the other regions, in spite of the large numbers of worm$ encountered
in these optimum sites. The 30 60% reglon is a potentrall& suitable site but apparently.
survival to the later stages, yellow and dark yellow, is poor, whrlst worms in- the 80-100%
region have difficulty suzvmg or developing to the lrght yellow stage. The 60- 80% reglon is,

therefore, the best site, followed by the 30- 60% regxon the 80-100% region is the worst site.

C. CROWDING
It wauld be expected that the restriction of Pomphorhynchus bulbocolli to the
preferred sites in the intestines of white suckers, and’ the large numters of worms encountered

in the present study would initiate some density- dependent processes which would result ina

decrease in fitness as intensity of infection increases. Thgesults obtained were, however, not

overwhelmingly conclusive.

There was no conclusive -evidence for acceptance or rejection of the density -dependent
process described by Brown (1986), but there was ev1dence for site extension. Evidence
obtained for reductron of estabhshment survival, and growth were contradictory, and there

was no evidence for either a negative or positive effect on egg production. The only conclusive

-
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evdence obwnad m. terefors, on gtu tiasion, __
In the present study, a positive correlation wu round between lmenl:ty and lennh of
. white sucker, and (in male fish) a negative one between intensity md deviations from pher~

average gut length (i.e. when fiah length was kept constant). Neither of these two results 1
f prove the presence or absence of a density-dependent process which determines the number of
worms which an individual can sustain, and neither does it diu:ount the altemtive hypothesis
. that larger and older fish have more worms slmply because they «mwme more food. The |
negative correlanqz between intensity of infection and the devzauons from Lhc average gut
length may be attnbutable to the f cedmg habits of the fish and the condiuons in its gut. In
many species, the length of the gut is a fugction of the dngestabnlny of the dxct Whitesuckers
feed on a vanety of xtems, including amphipods (high gligestability) and algae (low
digestability). Thus, fishes with gut lengths above average xﬂhy be feeding more on
non-infective food, than on amphipods, thus reducing exposure to infective cystacanths.
Thus, it appears that the feeding habits of the host are unportant and should be consndered
along with the age or size of the host. - '

The range occupned by the worms extended boui ﬂ\t:;:)rly nd posteriorly as intensity
increased. However only the range of cream and;hght yellow wagfis were extended,
suggestmg that these relatively young worms were forced to establish in the unpreferred sites.
The reason f Or this is not clear. ) .

Brown (19Wated a density-dependent establishment and survival of
Pomphorhynchus laevis in laboratory-infected rainbow trout. A siﬁiilar phenomenon may be
operating in the present study, the proportion of small, recently acquired worms decreasing as
-intensity increased, but whether this was due to a direct decrease in the proportion
estabhshmg or death was not clear. The development or survival indices showed no signifi fcam '
relatxon with mtensxty. suggesting that the decrease in the propornon of small worms is
probably due to a reduction in establishment, not death.

It was indicated that the light yellow: yellow ratio was higher in the preferred, heavily

populated sites, suggesting poor survival or development to the next stage in these sites.
/
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dark worms are restrtcted to the preferred srtes and that thetr numbers mcrease thh tntensrty, ;: o

suggests that worms survrve better in the preferred srtes but under browded condrttons thetr i 3

”aboratory expertments mvolvlng prrmarv and secondary‘ f

deveIOpment may be slowed down.}-' 1

Cae,

mfecttons camod out over 4 penod of ttme wtll be needed to clartf y the mfluence of crowl"

on esrabltshment survrval and development to the next stage

| The srgmftcant seasonal pattern of 1ntens1ty resulted in sngmf icant dtfferences m the
srze of worms among months in the present st)tdy J uly had the smalle(st srzes of worms and
the htghest mtensmes desptte the relattvely lomntake and the htghest temperatures Wthh
should result m faster growth Regressron analyses, however fatled to reveal any such k
relattonshtp probably because of the mrxed ages of worms dealt wrth emphastsmg the need
T or laboratory’expenments ke

Increasmg ’ﬁrtensrttes may have one of two effects on egg productton m _

A

' acanthocephalan populattons a negattve effect whtch results ina decrease and a posmve :

' effect W/hlch results m an an tncrease in the percentage of gravrd females Two processes may .

be assocrated w1th the posrttve effect a densrty dependent chemtcal sttmulatron of

reproductton such that worms become reproductrvely actrve at an earlter age in ]Ehe presence of

- other conspecrftcs or 2) as’ 1ntens1ttes of mfectron mcrease the problem of patrmg is resolved < t,' ’
"_ SO that the proportton of ferttlrsed females also tncrease To test the ftrst hypq Mls and the
‘;_negattve eff ect, the percentage (arcsrne transf ormed) of gravrd females was regressed on.
mtensrty (log transformed) no sxgntflcant relauonshrps were obtamed suggesttng the’ absence
-Efl‘of both the negatwe and the posmve effect For the second hypothesrs the percentage -
(arcsme transformed) of gravrd females*&dlés regressed on the number of males o

"._"(log transformed) the results showed an unexpected srgntf tcant negatlve correlatron
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FIGURE 15 Mean number of tunnels and percent survrv#r of PR
Pomghorhynchus bulb';%ollz in the intestines of whitesuckers’ from Muriel Lake, '
Albe;ta The "tunnels” are the connective tissug capsules formed bythe .
penetratlon of the intestinal wall by the proboscas ahd neck and seen onthe.

' «serosa Calculatlon of percent survival (number of worms present in'sectionx
100/ number of "tunnels™.in section) was based on the assumptron that each
B worm formed a "tunneP' the: dnsadvantage here is that sometimes, espec:ally m o

- sections 7-and 8, the number of worms is greater than :he number of tunnels
in. whlch cases % sumval was taken to be 100 -
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reproductxon (Strecker and Emlen 1953) The absence of any correlatron between the

percentage of gravxd fi emales and the i mtensxty of mfectton suggests that there may, be no
I densrtv dependent regulatton or stunulatton of ege. reproductton in this' system In addluon
| ', the lack of a correlauon between the percentage of gravxd females and the number qf males i
: suggests that in thrs Pomphorhynchus bulbocollt whtte sucker system mtensmes are such that »f.,‘ b
: patrmg is not a problem even though the probabtlrty of patnng may be low in unpreferred
| sites. The overall densmes encountered would theref ore tend toensure trans tssxon and
v_;perpetuanon of the speczes | | i}
vadence ‘has beengprovtded to show that survival 1s better i m the preferrgd hethly
populated sites and that: crowdmg does not srgmfrcantly mfluence surv1val but it _ay‘slow o
: : down development The results on growth (sxze) were t:onfhctmg, probably becaus of the
‘ drfferent ages of wormfrnvolved and a negative effect on egg productlon could not\be

[

ehown The mconcluswe results demontrates the diffi 1culty associated with. determmmg the
' effects of crowdtng from fxeld data, and the need for laboratory expenments to gnve some

msrght into freld srtuatxons

k.D,CchLUSt'oNK e e

| A clear drstmctton has been made between gravrd and‘npe female Pomphorhynchus
ibulbocolh m the present study and ev1dence gathered 1nd1cate that 1) only dark yellow females
' Carry rtpe mfectrve eggs 2) ripe females are restncted to the summer perxod 3) complete

‘ development depends on the srte occupled and 4) that crowdmg appears to have :some-
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