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‘ Effecta of themlfffluent on&h‘pb}ul,ation dynamico of Physa’

. 0’-& 3
gyr%na (Mollusca? Pulmono‘),, its lar;'d"‘ ﬁinth paraaites, and

-

populations of Chaetogaator Z Zwman qﬂdgd t. vgghini were otudiad at

¢

6

‘ Wabcmun Luke. Alberta, fro 11 ca Auguot 1973. o \\_—' i

- Thermal effluents‘*creah the rote of developmlant and growth of

t

P. gymna, and allowed continuous’ r*o?&tive activity throughout the

year. These changes, and the increased peri.od of grovth of aquntic

10

'_macrophyteo, resulted in increased population denaities of P, gymna in =
the heated area. Temperatures below 10:'.or small amounts of vegetation
can apparently conttol the population of b, gymha in the winter. f |, 4

l’hermal effluents pnpvided the nececsary conditions to’ maintain "
trematode trenemission thtoghout the year‘, increased the p‘reyalenée .of

< cettein parasites, eapecially metacercarial stegee . and enhanced parasite
populetions in d&nitive hosts during the v‘iinters\/

Thermal effluents eliminated or reduéed'c . limnaei (which are
highly senditive to temperature above 24° C) and C. 1. vagh‘bm from
P. gymn&',g\iring the summer.A These oligochaetes aye. sensit:lwe to high
, \temperatures and may be good indicators of themal pollution.
) \ ( Chaetogaster. 1. _Zunnqez is a very effective agent of biolo..gic,al

\control for tremgtodes wi'th'free-living larval stages. The elimination

\ , : , :
of C. 1. limnaei from P. gyring in the 4heated area during+the summer -

rksulted in higher tpetacercarial infections

Lo Thé Physa gymna—trematode chaetogaster system 1s a complex one,

‘/Ln\which water temperature plays a central ~modifying rolé. The entire
. : . ' '
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‘ a'ysnni,‘itn components, and especﬁliy C’haatogdater 1. Zt}méei and C. Lo

vaghini, show potential as ecdological indicators of thermal pellution:
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R INTRODUCTION ¢4 R

A TV

ThermaIly alterad aquatio environments are becoming commonplace

thrbughout the world. Rapidly increasing demands on energy requirements

N

are promoting the exploitation of energy sources of 'all types.’ H?EFe
uRes %
thermal electricity generating plants, using both fossil and nuclear fuel

are being built increasingly rapidly These bring with them the problem

of disposal of "waste" heat from condenser coolers.

Ry

* For the last: few years there has been much concern among

”biologists regarding the effects of thermal effluents from power plants on

_ the- aquatic habitats important fox fish and other aquatik organisms

R Problems stemming from these - effects will’ be exacerbated by the ever

increasing demands on both power and, recreational facilities due to
, population growth. Increasdﬁ exposure of populations and communities of

aquatic organisms to thermal discharges can thus be anticipated when

’

5 natural water systems are utilized as a cooling source. Hence a critical

need exists ‘to understand how thermally affected (or altered) environments

1

function biologically

The biological effects of thermal*discharges on aquatic ecosystems.
h
are many and diverse They may range from direct‘lethal effects of high
temperatures to subtle changes in behavior, metabolism, performance,'

]
community,structure, food chain relationships, and genetic selection

(Catrns 1968)8 B

o

Reviews dealing with thermal effects (Coutant 1968 1969 1970,

1971 Coutant and Goodyear 1972, Coutant and Pfuderer 1973, 1974) indicate



,ﬂir__idealt withjtheueffects of_heated water_on—estuaries;~rivers~and largee———-—-‘

L. ' " " 2 .

' the amount mnd variety of studies conducted. Mpst of these studies have

: N

lakes. Few deal with relatively shallow eutrophic lakea particularly in

]

. northern latitudes, such as that-of Edmonton.

' A

Lake Wabamun, approximately 65 kilometers (40 miles) west of
Edmonton, is such a lakqﬂ and was - chosen as the site for a long-term
interdisciplinary program, dnitiated in 1968 _with Dr. J. R. Nursall,
Department of Zoology, as the principal investigator Thepreliminary .
results of various studies of this program were given by Gallup (1971)
So far studies dealing with phytoplankton-(Wheelock 1969), rotifers
(Horkan 1971), epiphytic algae (Klarer 1973) and submerged mac@ophytes
(Allen 1973) have been completed and other studies are in the process of

: completion. This prog;am provided an excellent background for work an
°snails and their parasites and an unique opportunity to test the useful~
ness of parasites as indexes of ecological changes -

Over a. half century ago Ward (1919) recognized that the small
organisms are the most\bo:erful biological tools for pollution studies

and he said:. ' _ : . o

" As a means for determining.the suitability.of the water body for.
the existence of fish life and its favorableness for the
multiplication of fish species, it is better to study the small
organisms rather than the fish themsel\gs The fish are evidently
‘less subject than are the smaller organisms to the control of the
immediate environment and better able to change continuously their
position, as well as to undergo for a limited period unfavorable.
conditions without really adapting themselves to the situation.

The points Ward made for small organisms apply particularly well to
larval.helminth parasites and their invertebrate hosts. -

It is generally accepted that the parasite tauna,in an aquatic

‘ecosystem is determined by the interaction of Various biotic add-abiotic



N | Y e "3

\
forceé\fnogiel 1964). This suggests th‘t ecological changes in the

- _,“m,hahitateor_theiorgahismshlivingrthere-uill_be;reflecred_inrrhe_pagasiremum__w___.
fauna and that parasitea ;ay'therefore be good ecological 1ndicators.
The porengial value of parasitea aa'bioibgical tags or eeolokical

indicators has been recognized for some time. Parasite Eags hare been

-

o

g’ed in studying the contioenfal origin of highlgeas saioon stocka in the
Pacific (Margolis 1956). A'parasitic cooepod,'ébhyrion Zuﬁpf, has
prorided information abour the degree of discrereoesa of western North

. Atlantic red fish stocks (Templeman 1950, Perlmutter 1953). Sproston and
Hartley (1941) have used another parasitic copepod (Lernaeoeera

branchialig) to identify the ineﬁore and offshore whiting and pollock In

European watere. '
Q ' . .
Parasitological data were used as auxiliary sources of information
N

about the biology'of Pacific salmons by Margolis (1965). Sindermann

(1961a) has used larval cestodes (érypanorhynchs), a fungus parasite

-

(Ichthyosporidium hoféri), larval anisakid nematodes and a mxxosporidiaﬂ
(Kudoa clupeidae)_to orovide the information that there were no major
]

migrations or‘mOVements between herring oopulatibns from Gulf of Maine

~

. and Gulf -of St.. Lawrence: Parasiﬁological evidence was also used to

support.the changes“in feeding habits of the Atlantic'argentine
< (Argentina szlus) by - Scott (1969). Similarly, Gibéon (1972) has used .
parasites as markers to trace three populations of flounders in the U. K .

and Olson and Pratt (1973) have used parasites as indicators of English‘

.

sole nursery grounds in Yaquina'Bay, gregon;
The study of parasites can be of great significance to establish

the effects of ecological changes in a habitat. Esch (1971) studied the

v e Q



l.‘

parasite fauna of molluscs and fish of an oligotrophic lake compared with

i

that of an eutrophic lake. To.dsi'n the distribution of 'parasiws, he .

proposed a trophic hypothe‘fg based on the nature of predator-prey
relationships in the two types of habitats. Earlier, Wisniewski (1955;
1958) suggested that a characteristic.traitbof eutrophic ecosystems is
that the parasites of fish are mostly larval forms which cuiminate their
life cycles in fish-eatinp birds andemammals. .
d[’\" . The above~mentioned studies suggest that parasite faunas‘are
influenced by changes'in the habitat and hence tﬁat parasites may be a
good measure'of the‘general_ecological conditions.' Aéong other wses,
studies on parasites may be useful in assessing the impact of
environmental pollutantsm Study of:Arai and Kussat (1967) showed that
domestic and iadustrial etfiuengs'diséharged‘into_the Bow River at Calpary
affected”tﬁe distributionAI patterns'of two acaathocephalan'parasites,-
Octospinifer macilentus and Neoechinorhynchus criatatus, in'catostomid
'fishes, presumably by exclusion of their'artﬁropod intermediate hosts.
There have been few published reports on_the'effects.ofithermai .

effluentS‘on'the popuiation structure and species diversity of adult
helminth parasites Esch and‘Gibbous E1970) showed‘that thermal )
pollution dramatically increased the growth of the yellow bellied turtle,“"“
Pseudemys scripta. They also suggested that thermal pollution did not
change tbe quality of the enteric parasite fauna, but did change the
population structure of a few species of parasites (CamaZZanus SP-»
Spiroxys sp.., Neoechznorhynchus spp.). Bourque and Esch (1973) found
that therma11y~a1tered conditions have resulted in decreased parasite

species diversity in P. scrzpta but increased numbers of parasites per

> host.’ Trematodes were adversely affected but certain species of

)



//AF acanthocephaisns increased in heated areas. Eure and Esch s (1973) study

S -——on—iargemouth bass—{Mtcropterus—samedes)—has—ahown—that—thermal—“" e
Leffluents resulted in a larger number of helminth parasites than in the -

e | . s N -:‘«v.\
fish from the unaffected areas. In order‘to understand the reasons for.

-~

these changes in the species diversity and populstion structure of

parasites and théir mode of transmission in ‘a habitat," studigs should also
\

‘be conducted on the intermediate hosts (or invertebrate fauna)’ along with"
B . : : 7T
the definitive hosts. y e ‘ '

Many helmintg\parasites have dpdirect life cyclesiaith

. invertsbratggxas obligatory intermediate hosts.. Among the various @
) ibuertebrates, mollusc constitute an important link in the circulation

»

of parasites. They are k?ligatory first intermediate hosts,of\most of
the Digenea; second intermediatemhosts of many digeneans and intermediate
hosts of some cestodes and ematodes. All of the known mollukcan hosts

helong to the Gastropoda, Scaphopoda and Pelecypoda (wright 1971). Most.

_of°the aquatic interm{\iate hosts of trematodes are benthic and slow

moving. They do mnot generally undergo elaborate diurnal migrations,

although,some do make seasonal of ,hore‘migrations during the winter,
which seem to beitemperature depend nt (DeWitt 1955, Sindermann 1961b;

o Rosan l9§6, Morris 1970). Because of\ their populationlsizes and. their
status as permanent residents,igastropo ] would be especially suitable to
use in assessing the impact of environme tal pollutants, including_thermal

: effluents _ . .
of - a11 the gastropods collecte& at Wabamun Lake only Physa gyrzna |
Say was present in large numbers in both’ the h ated and unaffected areas
of the lake. Moreover, these pulmonate molluscs vere --wsent throughougta: B

the year in the heated area," and they have a vari andiinterestingfw &
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parasite fauna. Backg{:und information on the ecology of Physa gyrina

has bgen provided by the atudies of Deﬁittf(1954a, b, c, lQSS) at

L]

Michig n and by Clampitt (1970) at.Iowa. Hence P. gyrina was aelected as

the mai object of this studx,to investigate how a thermally altered

habitat, n influence the biology of a snail énd its parasites.

oY 0..."

C Poikilother;lc animals are profoundly affected by temperature in .
many ways. Probably no other single factbr has a greater effect pon

, 4 2 .
their general biology. Temperature influences the speed of developmentf

. ,\ . )
the duration of life, the fecundity, and the behavdor

_(Andrewartha 1971). .Molluses and ‘their parasites are no exception;to
thisfrule. Phyaa gyrinaxouiposit only when the water temperature'isv
. raised to at least 10° c (DeWitt 1955 Clampitt 1970), and embryonic‘
development (DeWitt 1954a) and growth (DeWitt 1955 Clampitt 1970) are
| faster at higher temperatures. Temperature has similar influences on,
other -species of freshwater.molluscs, like Aplexa hppéorum‘and‘Lymnae;i
palustris'(McCraw 1970), Lymnaea stagnalis;appresea.SVaughn l953),;

Heligsoma trivolvis| (Morris 1970), and Lymnaea truncatula (Heppleston

1972).

- of the var ous groupS'%f helminths -digen ic trematodes probably
provide the best /material for a study 0of the effepts of thermél effluents
on the. transmis ion‘of parasites. Most trematodes have complex,life E
cycles and almost all the»larval_stages;'both free—living and parasitie,
‘are influenced bytenvironmental conditions, eapeeially temperature twright

1971). Tempe ature is important in determining the rate of development

. ', ~ k'

lluscan stages of digenetic trematodes and hence in the

vents in their life cycle’?Smyth 1966, Wright~l97l)2 T,

; : o
/ : o /’}ﬁ



Most trematode .eggs have to be embryonated in water. the durati?n

i\

(3

',(Rowcliffe and Ollerenshaw 1960) F

"(Holliman 1971). The rate of development and‘hatching of'miracidia vas

"decreased as the temperature of the water was increased.’ They'also'

. were immobile at 10° C. Miracidia of PhyZZodwtomwn fo}zwn, were also -" :

of embryonation and the’ emergence of miracidia are dependent on the water

temperature. Development of eggs was inh‘pited belo#’lO’ C in the case ;

'of Bulbophorus® confuaus (Fox 1965) Bunodera eaccuZata and B. Zuctopercae

(Caunon 1971), C’atylurus erratwue i

Botaloides magna (Priedl 1961),

.’_“ B

Neodiplostomum tntennedzum (Pearson 1961Y and Sptrorchzs seripta

hon 1970), Faacwla hepatwa

shown to be dependent on temperature in Bunodera gacculata and B.

‘luciopercae (Cannon 1971) Spprorchzs 3cr¢pta and S. parvua (Holliman 1971)

and Strzgea tarda (Mathias 1925). ; SN u’

2

Considerable information is available on the effect of temperature

' on the_longevity of miracidia. Oliver and -Short - (1956) and Farley (1962)

showed that the\longevity of Schtstosamatzum dbuthtttp/miracidia was

became moribund below 5° C (Farley 1962) Mobility of Sbhtstosoma manaoni

$ o

miracidia was directly related to the temperature (DeWitt 1955) Athey

~ LS

immobile below 10° C (Pigulevski 1953) T T R _'“_;’/;7,
. v . " ‘

"The rate of infection of snails with SChiStosbma'Mansani'miracidia

was ingreased as the temperature increaaed'(Stirewalt 1954). At 10° ¢

[

very oW infectiOnsoof snails have been established with;miracidia of-.

tobiun (Chu et al. 1966) and 5. maneoni (DeWitt 1955, Purnell .

v1966) When bivalves were exposed to miracidia of PhyZZodistomum-spp.Vat

4—8° c, very low inf¥ctions resulted (Ubelaker and Olsen 1970)
) Larval development in the intermediate hosta is directly related

to water temperature in all the major groups of helminths including

-~
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tremstodes (Stirewalt 1954, Foster 16“ W¥ertor 1968, Nice and Wilson:

1974) Kendall (1965) observed t%p larvae oﬁ Fascz.ola hepatmca develop
xlﬁl .
very slowly at 10° C and the laral deve10pment in the snails was

inhibited below 10° C (KendalL and MoCullodﬂh 1951 Nice and Wilson 1974)

Kendall (1965) also found thst ‘the. pattem of development may be

’

temperature-—dependent' in infecgons main,tained at 20, 7° C no daughter
rediae were produced but in infect}ons maintained at 4—5° c for ldg hours
. daily, daughter rediae we#e produged instead of cercariae A similar .

. 'phenomenon has’ been reported by 5innik"and Dinnik (1956) in Fasctola

.Y K )
gzgantwa ,fhfections.‘ - il -
| / cr T ey

Co 't (192’2) observed that*he temperature of the environmeht has a -
/ 3
very significant effedt on the numberu Sf cercariae emerging from the .

i
‘ F i .
infected’ sqeils. Clrcariag of F. Jrepatwa did not emerge from Lymnaea

t}'unca Za a_;: temperaturzs beloy 9° o (Kendall and McCullough 1951)/
EC (1?65) ‘has indicated :gat cercariae of Bquophorus confusus did not

rge below 12° C and Qumble et al.. (1957) have observed ‘that cercariae

[

{ .
of Schwto%ama japamcum failed to emerge below 10° C. oo

A}

s '
' Very few S Wom cercariae penetrated into the definitive host

; at 10° C. (DeWitt 1§65 Purnell 1966) Olson (1966) has suggested that ‘the

number of CotyZurus erratzcus cercariae which penetrate the fish thosts at-

10° C waf very - lo\v . S
) r

B ;The time required for development of infective metacercariae of
:.-C fZabeZthorms in lymnaeids was correlated inversely with temperature
M'(Campbell 1973) He also noticed that at 12-14" c, development never |
passed the precystic stages in most snails. E . ‘ . .

Temperature may also regulate t:he growth and. mat:uration of adult 4

digeneans in poikilothermic definitive hosts. v-Watertor (1968) has

= . i



. . ) s . v -
suggested that adult Telor8his bonnerensis in Ambystomu tigrinum grew

a2~

faster at higher temperatures, and that there was no: growth at lu C.

: Similarly the rate of attaining sexual maturity and the rate of migration
'.of Gorgodermna vzteZZtZoba to the urinary bladder of Rana temporarza

‘increased as the temperature increaaem 6Mitchell 1973)

In brief, temperature influences various stages in trematode life

cycles. it° affects the development of egga, miracidial activity and

L

longevity, miracidial penetration into the snail hosts, 1arva1 develop-
ment in the'snail hosts, development of cercariae, emergence of

(
cercariae penetration of cercariae into intermediate (or definitive)

'hosts and growth and migragﬁdh qf adult digenedns in poikilothermic

animals. The availableéeigdence suggests that temperatures below 10° C
‘ ®
ns

1 .
are éﬁt 'suftable for tr mission and/or development of most trematodes.
‘However most of this i?format&on has been obtained from laboratory

'°studies. Thus far very few studies have provided appropriate data from

natural conditions,.especially at the latitude of Edmonton c

The population dynamics of trematodes depend not only on host

populations and the physical factors of the environment, but also -on the »

.abundance of some natural enemies.

Many miracidia probably are killed in. tempts to penetrate

'insusceptible snalls (Chernin 1968 Chernin and erlstein 1969)

Miracidia are also killed by mosquito larvae and cretions of a

planarian (Chernin and Perlstein 1971), predation by a rhabdocoel

‘(Holliman and Mecham 1971), and are damaged by Hydrozoa (Mattes 1949)

Enemies of the intramolluscan stages are microsporidian hyper-

. parasites (Schﬂller 1959 1960 Canning and Basch 1968 Lie et al. 1970)

-and antagonistlc larval stages of other trematodes (Heyneman and Umathevy

,

a7 - . N

9)
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1967, Lie et al. 1968, Basch 1970, Lie 1972). Lﬁ and Heyneman (1972)

. . : ~
. reviewed the gspects of inter-trematode antagonism in the view of its

/

possibld role in the biologicalicontrol of trematode infections of
economi importance? . ’

aboratory tests show that.guppies, Lebiafea;reticuiatua, prey
actively on cercariae (Oliver-Gonzalez 1946, Rowan-1958, Peliegrino et . . s
- . al. 1966) and Eowan (1965)'and Pellegrino (19&7).conc1uded that guppies
play an important role inzlimiting the schistosomevinfections of’\
vertebrate hosts in nature.

However, the most important enemy'is-apparentiy an oligochaete,
Chaetogaster sznaez which 1ives in association with\bhéious freshwater
.snails and may prey upon free-swimmi&g”rematode larvae (Khalil 1961 ,

Michelson 1964). . : T, o o ' f\

&

Chaetogaater limnaet (von Baer 1827) is commonly found on the

surface and in the mantle cavity of freshwater gastropods, and the '

d

relationship is usually described as commensalism.» Gruffydd (l965a)
recognized two snBspecies° Chaetogaster sznaez limmaet which inhahits )
the outer surface of the snail, and C. Z. vQthnt which lives in the

- .
renalyorgan. Chaetagaster Z sznaez is generally considered to be a.
commensal a feeds on planktonic organisms (Vaghin 1946 Khalil 1961
Gruffydd 1965b), while C. L. vaghznt livggﬁin the kidney, feeds on the

J

renal.. cells of the Snail and is considered fo be parasitic (Stephenson

%

Although the general biology and population dynamics of G Z

_1930 Vaghin 1946 Gruffydd 1965b)

sznaet were §tudied by Gruffydd (1965a, b) and the behavior was studied

by Buse (1972) , nnst publications concerning 67 1. lZmmaei deal with

) -

the significance of the fact that it will eat and destroy trematode

’
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miracidia and cercariae. Mrazek (1917),jw F»(1931), Buckland_(lgagir_mmum_-

e B

Ruiz (1951) and Khalil (1961) believed that 8. 1. Ztmnaet may be an
important factor in controlling trematode infections. Ruiz (1951) and
.Khalil (1961) showed an inverse relationship,between the degree of
infection of trematodes and the number of C. Z.-Zimnaéifharbored by the
molluscan host Gruffydd (1965a) observed_that fair numbers of cercariae‘
vere eaten by C. Z limmaei and Shigina (1970) determined that 11.7- 51 OZ
of the total food of c. Z Ztmnaez was composgh of cercariae Wajdi
(1964) noticed C. 1. ZLmnaez feeding on Sﬁhtstosama mansonz miracidia and-'
Michelson (1964) suggested thaf’snails With these oligochaetes may be
.refractory to experimental trematode infections ‘
As C. 1. sznaez ¢an occur in high prevalence and intensity among

snail populations Wagin (1931) concluded that they may be useful as

\ 3
agents of biological control in trematode infections of economic

importanc Howev here are no published report indicating that they °
f 8 y

have ever been empioyed
Chaetogaster L. vaghini was reported from the kidney of gastropods
/xby Lankester (1869) Vaghin (1946) Michelson (1964), Gruffydd (1965a, b)
.and Buse (1971) The-general biology and population dynamics have been
studied by Gruffydd (1965a, b) and Buse (1971) Buse (l972) also studied
their behavior in relation to the gastropod host._;

Even though both subspecies of these oligochaetes hafre beén _
studied,in detail in the United Kingdom, ‘nothing is known about the ) *\
effects of elther temperature or thermal. effluent on their biology
Because of their potential importance to trematode life cycles, the

biology of these annelids was added to the study of P gyrtna and its

“helminth parasites _ ' ; .
. » :I‘ . - .
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Physa!gyrtna, its parasites and commensal oligochaetes constitute j

an integrated system, in which’ alf three major components may be affected
m »
either directly or indirectly by temperature4/~ﬂence, thisdlyatem was

' -chosen as the object of a study with the following objectives: C ‘ "

-
1. To establish the effects of thermal effluent on the population

dynamics of P, gyrina. ~ - - B ‘ 3~

25’ To determine the effects of thermal effluent on the helminth

fauna of P, gyrtna.

3. To establish the effect of thermal effluent on the dynamics

of Chaetogaster l. limnaei and 'C. 1. vaghznz.

4. To determine the role of C. 1. limmaei ir controlling the

trematode infections.

- 5. To test whether this system, or any of its components, can be

used as ecological indicators of thermal pollution

v . o~
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GENERAL METHODS .

‘ -

SNAIL COLLECTIONS

Hairston et al.

-

for the quantitagive study of snail populations, useful

situatiens, has been developed.

depends on the objectives of the study

nature of the habitat and the facilities available

”

o~
LYY

(1958) have pointed out ‘that no uniform method

fs all

The selection of a suitable technique

’ecology of the snail concerned’

techniques were used to asgsess the relative densities of snail

populations

1. Snails Collected per Unit Time

»

-
- ™ !
3
.

This methogd, described by Olivier and Schneiderman. (1956),

measures the density of a snail popdlation by the number of snails that

can be collected in a given area in a unit of time.

by Vaughn et al,

:'Q-‘,
Tt was, ifst used

l

many other investigators, including Webbe (1962) Howard and Walden

(1965), Sodeman (1973) and Stirrock (1973)

a reasonable statistical reliability'

This method was rated as the

best sampling technique for estimating aquatic snail populations by the

_World Health Organization (19657,

In _this study, the number of snails that. . could be collected with

>

. 8.dipnet during one half minute was used, as an index to the pOpulation

density ("density ex").

13

The dipnet had a nylon millimeter-mesh bag

gular metal frame, 40 cm'wide by 40 cm long.

. ‘..

A

)

In this study, two .

A

(1934), var,ous modifications were used dubsequently by

* Repeated counts have shown .

o~/



same equipment.

» . A

-'_,Samples _were obtained. £1:om4 -boat_at rest_ by—scraping ~the - vegetat—ion

within 1-2 feet of the surface. When no vegetation was available, the

bottom”was scraped for 30 seconds. The dipnet was emptied i%;o a white:

'plastic plate any snails or egg masses present were cnrnted and the

1/
whole sample was returned to the‘lake. A smal)\izmple of 20-25 snails

- was then collected for parasitological examination, then the boat was

moved to -ahother site in the same general area and another sample taken.

v

Usually 6-to 8 samples werg made at each sampling time. When the snail

v o
populations were sparse, 10 to 12 counts were made. Sampling sites were

' thSen- randomly, but from different regions within the'sampling area.

Olivier and Schneiderman (1956) have showed that the variances
e
between snail counts made’by two men using this technique in the same
1

place were much greater than day to ‘day variances for one man. Therefore,

to minimize sampling e;aor, all samp#;s were taken by myself using the

8.

% " This method is rapid, can be repeated (to give variance .

'estimates) and- does not unduly distutb’ the habitat ior the snail’ popula-

tions. Egg masses, which are attached to vegetation or other solid »h

substrates, and ‘'snails measuring less than l mm, which may pass through

the net or may be located in protected locations in the vegetation, are
U ¢

’probably underrepresented.in tHESe.counts. ‘This technique was adopted as

2. Snails Collected per Unit- Vegetation

After using“the above technique to assess snail population

densities for one year it was obvious that the heated area contained more

dense vegetation and more snails than the control area.. To assess the

v : - ~ oL

the standard index method, and was used from May 1971 through August -1973.
: fo i i . . .
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. vegetation, and returned to the laboratory in a-plastic bag. The

A

relationship between the amount of vegetation and§the abundance of the
-

snails, the number of snails present per unit weight of vegetation was:

; determin\qﬁm \s___j . ' " _"

[}

. Approximately 50 to 100 _grhms of vegetation was collected, taking

P

care to minimize the disturbance to the snails attached to the

vegetation was washed into a large porcelain tray and,sllowed to settle

for a few minutes. Many snails,’including most of the young ones, came

to the surface of the water and were collected The“vegetation was

) checked macroscopically for snails, especially hatchlings (< 3 mm long),

and egg masses.  Then the water in the tray was. carefully emptied and

‘the. ren\\hing snails and egg masses were collected " The vegetation was

blotted to;remove excess water, weighed to the nearest gram, and the

R , / v N . - . .. ’
number of snails .and sgg\masses~per 100 grams of vegetation was
calculated;

" This technique was used through most of one growing sesson; from

_ May 1972 to October 1972.

. . A E
S . . EXAMINATION FOR PARASITES
. <

* At each sampling time, a total of "approximately lOO to 200 Physa

lgyrtna was collected from each area (as indicated earlier) transported

to the laboratory, ashed then isolated in half-pint milk bottles .

containing approximately 50 cc of dechlorinated water ‘The water in the

P @

bottle ‘was checked with a dissecting scope for. emcryed ccrcariac* and

the bottle ‘was, checked for recently encysted metacercariae two or "three

times per day)' OccasiOnally other gastropods were also collected frOm
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the , study areas and observed for larval helminths. No-euantitative‘data
Y%
. was obtained on species other than P. gyrina, but qualitative

. . -

information on the larval parasites was collected.

R N_,,A O TR T RN PATTEAET MAU mhnteeted

Snails that had not ‘shed cercariae after two or three days wvere

crushed\and examined for chaetogasters,-early larval stages and

. metacétcariae. The following data were collected on eacb snail crushed:

length of the-shell‘(to the nearest millimeter), number and,type of
—
germinal sacs (sporocysts or rediae), state of development of germinal o

sacs, - number and kind of metacercariae, number of Chaetogaster 1. limmaet

and C.! Z vaghtnz and any other relevant information.

Snails’ that did release cercariae were kept alive in the
laboratory for a few days 80 that the cercariae could be obtained for .
morphological-studies and laboratory experiments. After obtaining the . S

desired material, the snails'were crushed and examined- as above.

P
~ —

Larval stages were studied using both live and preserved .

:specimens;" Living forms were studied unstain + stained with neutraI

[3

red or Nile blue sulphate. Cercarial measurements were obtained on 1ive'

specimens and on those fixed'according to the method of Talbot (l936).
Three drops.of saturated aqueous solution of neutral red were added to

50 cc of water containing cercariae. The cercar%ae we e,gllowed to
stain for 5 minutes, then an equal volumé of boiling 10% formalin ‘was
.added while stirring. ‘The cercariae were fixed in a refaxed position,;

"with their tails attached. ln S0 far as possible, identification of_tbe
iy ) v o

larval stages ﬁaspconfirned by comparison with known material from' S

enperimental infections and by completion of life cycles. -

o
o

Parasitized-and control snails were relaxed=in 5° C cold water e

[



’“;Nﬁ,lisections were. atained with Ehrlich 8 haematoxylin and eosin.

~ dish for 15 to_20_minutes.-

‘with a few menthol crystals for 30 minutes, shells were removed and the

4+

bodies fixed in Bouin's for sectioning. After fixation, these specimens
, -

' uere dehydrated in ethanol, embedded in paraffin wax, and sectioned at

~

" EXPERIMENTAL INFECTIONS ‘ C.

‘Snails used in the experimental infectiops were raised in the

laboratory and were maintained at 19° to 20° C in glass aquaria with

some gravel and soil. Water in the aquaria was continuously aerated ‘and”’

v

- filtered threugh-gla ass wool and activated charcoal Snails were fed

\

eic]usively on fresh lettuce. Once a month a teaspoonful of ca1cium

-

carbonate was added to each aquarium. The water was ‘replenished every

‘. two or three months. -

4 .
4

Snails used in the experimental’infections were 3 to 7 mm long.
Snails were exposed individually to a known number of miracidia of
Echznoparyphzum recurvatum or . Echinostoma revolutum in a stender dish

Notocotylus ‘urbanensis eggs, teased from mature flukes c011ected from

-

local muskrats, were embryonated at room temperature in a stender dish

for three days, a few snalls were allowed to feed on the contents of the

Metacercarial infections with Ebhiﬁqparyphium recurvatum,
. . o ) : o CL ve . » .

Echinostoma revolutum and CotyZurus_dougZ&si'were obtained by exposing

17

10 to 15 laboratory—reared Ehysa gyrina in ZOQ cc of water containing

-

200 300 cercariae Cercariae usually penetrated the snails within two

hours. Snails exposed to cercariae of echinostomes were crushed after

24 hours to obtain the metacercariae. Snails exposed to Cotylurus

-4
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.douglasi were maintained at rggm\tsfze;jfure in glass aquaria for two
‘months. , A few were examined every~wee 'toonote the development'of

_tetracotyles. Metacerchriae of I,Vo_ftgqoty_lﬁa_,urbgnQSis_, Wwere collected

%

from pieces of lettuce kept for two or three days in the bottle along

with the infected snails. Planarians (Dugesia tigrina) used to obtain

t . +

.metacercariae of"echinostomes were collected from the lake,‘checked -

L

under a dissecting scope for metacercarial infections, then exposed to
cercariae using the same methods as for snail infections.

Young spottail shiners and sticklebacks.used in the experinents
were collected from thevlake when'they firstappearedduring.June. fhey
were brought to the laboratory, and maintained in glass aquaria. A

ample was examined for larval parasites and found to be negative, the

remainder vere 1ater exposed to the cercariae of Ornzthod%plostomum .
ptychochezlus. The exposed “figh were grouped into ‘three groups of' five . -
each ;;dTe;amined fqrvmetacercariae after one, two and three,weeks.

Unfed, one to two day old chicks, purchased from a’hatcherf, were

given metacercariae per os, by pipette or in'a“gelatin capsule. After

infection, they were fed mashed turkey starter. They were necropsied'7A

to 10 days after infection.'

" The mallards and scaup used in this study were raised in the .

) laboratory from eggs collected from‘nests of wild birds. They were fed

ad 1ibitum on a mash diet.

y -

Those challenged with schistosome cescariae were one to two weeks

S
N

lly infected snalls were-

old. The cercariae i ,
. . . ° . - ,x""'! ’ ‘*

used-for experimental infections. Approximately equal numbers of

e -

:cercariae from two or more- snails were used in order to 4increase the_

oo b
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chances that both males and females were present. The mallard ducklings
to be infected were held with their feet suspended in the vessel’

kcontaining the cercariae fqr 30 to 40 minutes. Some cercariae were also
. pipetted into the mouth. In the case or schistosomeAchallen;e; bird fe;;;”“”____
| werecollected 10—14 days poetchallenge, diluted with water in' a special IS i'
flask designed to hatch eggs of schistosomes (McMullen and Beaver 1945),
and looked for freeﬂswimming miracidia. After the 14th day the ‘ducks o
were necropsied and searched for adult schistosomes. 9{
. When challenged with other trematode metacercariae, the ducks
.were.6-8 weeks old and were starved for three hours prior to administer-

ing metacercariae per os. Then they were fed ad 1ibitwn on a mash diet.. ~

. Birds challenged with metacercariae of C dougZasz and V. urbanenszs were

™~

' necropsied after 7 days.
Hamsters (L S.H. strain) and rats used were males, 3 to 4 weeks
- old, fed on ad- thztum Teklad‘Mouse-Rat diet of Teklad Inc., Norman,v

Illinois. They were deprived of food for three hours before infection

4

The parasites were administered per os bv pipétte or in gelatin
’ capsules These animals were necropsied 7 10 days postinfection ' T
Specific details of the other experimental methods are described
J

“in their respective sections. - N ,
. N “ - ’

g

™.




. 1is composed of late Cretaceous and early Tertiary sandstohes and shales,

v

) GENERAL DESCRIPTION e
Wabamun Lake is 1ocated about 65 km (40 miles) west of Edmonton,
at’ 114° 35" W; 53° 32°' N and at an altitude of 723 m above sea level

It is situated in the cold,. temperature climatic region, characterized

[

by having long, bright, and moderately warm summer days and bright, cold

dry winter weather (Kendrew\and Currie 1955) ' It is located in the

Boreal Parkland Transition vegetatﬂln~zone (Moss 1955).° The lake bedrock

with numerous coal seams (Rutherford 1928).  The surface drainage’area
is small with no significant inlet rivers or streams, and. 80 the Iake
levels are maintained by precipitation and probably subsurface flow

-~
(Nursall and Gallup 1971). It is a popular resort and fishing lake, and

is also used as a source of. condenser cooling water for two thermal

power plants. . . o »"’§ : '," ’ .

~N.
Wabamun is a moderately large lake, with-a surface area of 82.5 .

km and maximum dimensions of 19, 2 by 6.6 km but is relatively shallow,

g with a mean depth of 5 4 m. Other morphometric £eatures (Table 1) are

. those given by Nursall and Gallup (1971), contours of the lake are shown,

_ in Figure 1. f, o ,' o ,;‘ . ‘ :;_

4.

Physiographical and topographical.features of this lake are

discussed in"detail by*Wheelock'(1969)'and Horkan'(1971) 'Ice'firstib"

appears on the lake during November and generally increases in thickness

until it reaches about 70 cm (Horkan 1971) . As.in other lakes of this =
- , .-
20- . -
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Table 1. Morphometry of_Lake Wabémup (ffombNursdll‘ahd Gallup,'197ls'b
'Elevafion.A L - e 723 m
K:ea (a) .~ | . o . 82.5 km?
b"Y01ume.(V) , - . ) . AR c;. O;453 km3 
‘Lemgth (L) . - 19.2 km
‘Maximum breadth | . 'i . - D 6.6 kﬁ
‘Mean breadth '(_bﬁ‘ : : - - 4.3 km *
- Maximum depthf(Zm) : M ) '_, } o “- 11.6 m
Mean dép#h'(i) o o | o 3 - "5.4 m;
‘Shore length (L) ' ~;_' : S : | o 5};3 km . -
_Shoreline Aevelopﬁ;ntﬂ(DL) . i’_' L 1.83 |
.A;e; of éurface drainage o b - i i- 372.4 km2

. Note: The-gymbols uéed'are»;hoge of Hutchinson, 1957.

S
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‘Figure 1. *Outline of Wabamun Lake with depth contours and power

L
i

.

plant locations.
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area, the -period of ice cover lasts about six_months,'andcthe lake

remains ice-free for the rest of the year. However, a variable area.

i -

remains ice-free durinh the winter due to ‘the addition of heated water .

- by hurning coal (Allen 1973;. I .

from theltwo power plants. Therefore, unlike others in the ‘area, this

‘lake (or at least a portion of it) can ‘be described as an op&n system{all

‘year (NurSall 1969). Because of this open water, Lake Wabamun is-

inhabited ‘by a ariety o terfowl during ‘the winter

‘
The p

to the sout ¢’lake has\resulted in the establishment of .the two

coal-fired elgétrical penerating plants. Both power plants draw in lakq;

or coo {ng the condensérs. This heated water is then discharged
A TR L

N

—ectly back into the lake. The locations of the two pQwer plants are
shown in Figure 1 <
The first power plant 'the Wabamun plant,'came into'operation

>

during 1956 with an initial capacity of 75 megawatts but it was gradualLy-

increased to its present capacity of 600 Mw by March 1968. The second

plant, located’ at Sundance Was commissioned during 1970 wvith a maximum

capacity of 300 Mw in phase l

—_ v

The dmount of_water used to cool the condensersﬂVaries:seasonally,g

The Wabamun séktion draws about 300-00071mp gal/min‘in-summer May to

“October) and ‘about 150 000 Imp. gal/min’ during winter (Nursall and

Gallup 1971) The heat discharged is sufficient ab'raise temperatures _.

of the cooling water about 8° C in summer and 14°'C ig winter (Nursall

v

" The heated effluent causes localized temperature stratifications

X%
uwhose intensity, depth and extent are determined v local weather

<

=L

fesencs, of exte sive coal deposits 1ying both. to the north and

and Gallup 19M), and represents about 65 percent of the-energy produced,v'
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conditions (Gallup and Hickman 1973 1975) In winter, the thermal -

.

effluents keep an extensive area of the lake ice-free; the.shape and

e —extent- of the lce=free area depends on the influence of wind and curnents

(3

(Nursall et al. 1972).
Submerged and emergent vegetation is concentrated along ‘the.
. shallOWer edges of the lake. The species composition and distributional
patterns have been discdssed in detail by Wheelock (1969), Horkan (1971)
° and Allen (1973). Wheelock (1969) also gave a detailed account of )
‘ phytoplankton. An epiphytic algal community attached to bbzrpus vaszus »
has been extensively studied by Klarer- (1973), Hickman and Klarer (1974a,f'”

-|_

b), Klarer and Hickman (1974) The epipelic and epipsammic algal. |
commu:nym investigated by Hickman (1974), and Allen (1973) and Allen .
and Gorham (1973) studied the growth of submerged macrophytes at Wabamun .
.Lake. Studies on rotifers and macroinvertebrate communities have been
| conducted by Horkan (1971) and Gallup et al (1973), respectively :A
list of species of phytopgankton, zooplankton, submerged aquatic plants
and fish is given by Gallug and Hickman (1975)
!lThe vertebrate fauna is’ mostly composed of fishes, birds and
muskrats Among fishes, Catoatomus commersonzz, Coregonus cZupeafthis,r
Culaea znconstans, Esox” Zzﬁus, Etheostoma ext Ze, Lota Zota, Notropzs
hudsonzusandf@rca fiave§%i:s were cqmmon The avian fauna is mostly
'comprised of aquatic birds;'which use the lake as a. breeding/staging :
area. The important species are malla ds (Anas pZatyrhynchos), blue— ’
’ winged teal (Anan dzscors), shovelers (Spatula clypeata), lesser scaup e
CAythya af?inzs), common goldeneye (Bucephala cZanguZa), white-winged |

‘scoter (MeZanztta dégZandz) American coot (Fuliea amerzcana), various

A "l_grebes (Podtceps spp. ), gulls (Larus Spp. ), and common tern (Sterna

. o . ;: . : S



- | -~ | S ~ /%
hirundo). Muskrats (Ondatra zibethica) are moderately_common,in the

lake. . - A .

e AfEér”su}Véyiﬁg'Eévérdi’gﬁtenE1A1"§anpiiﬁg“E£EE§;_Ehree_sanpiing"'”' o

sites were selécted’ One site ("control" area) is near the intake
canal, the other two ("heated" areas) are near the discharge canal of
the Wabamun plant, which lie on opposite sides of a promontory called

Pt. Allisen (Fig.,2). - - S N
CONTROL AREA
\ , 4"
This is a shallow ‘area with a maximum depth of 1 5 m, situated !
W
 east of the inlet canal (Fig 2) This study area 1is almost identical

A -

to the inlet canal study area of Klarer (1973) and Klarer and Hickman
(1976) which- lies west of the inlet canal. This® study area was covered

_with ice from about mid—November to mid-April, and was ice—free for the

w

Test of the ‘season. Surface temperaturesiwere usually within $1.0° C of

" those obtained by Klarer (l973) This differenge is negligible when '
'compared to the variations within the same day or between various days

(Horkan 1971) ' Klarer (1973) and Klarer and‘Hickman (1974) reported

that their study area was isothermal and. shpwbd no oxygen stratification,

~N
L

due to its extreme shallowness  These. conditions appeared to be true of

my area. as well. The surface temperatures from this area .are given in

e

POy

) Figure 3. o ' ?.: ; L
At the time of spring breahup there was no green emergent or
submerged vegetation, it began to appear during May, incr sed gradually
during the.summer to»a high density during August (Fig.'4j:, then died

- back until there were no green macrophytesfpresent at the time of

‘\h;!



Figure 2' Study areas of Wab

A - control area
B, C -~ Heated-areas

P - Wabamun Power pkant
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freeze-up. In the summer the macrophyte species were varied and gomposed

of Potamogeton lezfomzs, P. mchardsonn, P zoatemfoma,

—eeratophyllwn demerswn,'-h’uphar variegatun,’ Mymophyllwn evabeeaens,

-

Utricularia vulgaris and Chara sp , o o ".;'_ 1; -

33

During the open season, this area was inhabited by large numhers \\“‘.

of a variety of macroinvertebrates comprisihg several species of insect

- larvae, corixids 5. ;ladocerans and the amphipods Gammarus ZacuStyLLs and :

‘ HyaZeZZa azteea. The"molluscan.fauna was~composed of moderate umbers of

"

T*Physa gyrzna, Lymnaea stagnalis, HeZzsoma trzvolvzs and very féw. Lymnaea

elodes - Cpalustrzs) HeZzsama anceps and VaZvata trtcarznata

‘small numbers of spottail shiners and perch During the su

‘waterfowl of a variety of species were noted A few muskrats were -

noticed, especially during fall

- . HEATED AREA -~
The two sampling sites An the heated area are shallow (maximum

[

depth 1. 5 m), one situated immediately west of the outlet canal (B in

Fig. 2) ‘The heated water from -the outlet canal flows directly into this

- area through a break in the canal wall.. The other site (C in Fig 2) is

near: the opening of outlet canal into'the lake and is similar to the out—

let danal area ‘of Klarer (1973) and Klarer and Hickman (1974) However,

since ‘the two sampling sites in the heated area were identical in most

Ax,.

features, during the later part of the study, sampling vas. restricted to

,the first site (B in Fig. 2) This site is referred to throughout the

rest of this thesis as the "heated area."

«

.'. The surface temperatures of this area are illustrated in Figure 3. -
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The minimum surface temperatures recorded were 16° and 18° C dgiing the_<

winters of 1971 and ‘1972, respectively, .the maximum temperatures ‘were

'3l°”“27°'and 28’ C during'l971 ~1972“End 1973 respectively. “As thA
area is. 80 shallow, isothermal conditions and no oxygen stratification
can be expected (Klarer 1973 Klarer and Hickman 1974).

In this area the macrophyte populations began to appear in March

June. They continued to be dense up to November, decreased slightly

during December, then almost disappeared for two or three mQnths. A_few

4

green submerged plants‘were present during this period. The composition

of the aquatic macrophytss was much different from that of the control f

-area. The dominant species were. Potamogeton pectznatus and EZodea
. canadenszs, both of which were'absent,in the control area. 'Besides}<"
-these two dominants,_there were, smaller numbers of P. filszrmzs, é.
uugznatus, CeratopbyZZum demersum, MyrzophyZZum exalbescens and: Chara
- sp. Pbtamogeton rtchardsonzz, P, zosterszrnns, Nuphar varmegatum and-
Utrzcularza vulgérzs were ‘never found in this area.

Ve The heated ‘area’ contained fewer macroinvertebrates and the snail

.,.A T

. . « , , 7
species composition was quite different from that of the control area.

, G
Large numbers of P gyrtna, L. eZodes and V. trzcarunata, moderate
numbers of H. anceps and very few L. stagnalzs and -H. trzvolvzs were
present Gallup et al (1973) showed similar differences in the benthic

fauna of heated and normal ‘areas of the lake.. There were large numbers

of spottail shiners and perch This area harbors large numbers of

increased through the early summer, reaching a high density (Fig 4B) by.

&

waterfowl throughout the summer, and during the winter, ‘the waterfowl vﬁj>'

Ry

' present were.restricted‘to.this area only. A few,muskrats_were sighted:

‘-mostly duringxthe'winter. . .} o »': SR o

“'\ AN
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To aumharize‘ ‘the heated area and the control erea were similar‘k

-

.in their phyaico-chemiCal characteristics, except temperature (Klarer

iy

‘ 1973, Klarer and Hiékman 197&), the speciee composition of macrophytes

: and their phenology was: different (Allen 1973), and the composition S

- of th /benthic fauna was very different between the two areas (Galluptet




‘..

‘'POPULATION DYNAMICS OF PHYSA GYRINA

. g . L R (\ _
‘ Physa gyrtna was found only in areas with shallow water (maximum

1. 5 m) and was usually associated with’ submerged macrophytes, although

' sampled\ n. 1971 in the heated area have b

a'in the winter the snails 4in the heated area occupied a variWty of other'

habitats. : ) IR /

. RELATIVE DENSITIES

Ehe density index (average number of snails collected per “half

.-uminute) in each collecting time is shown in Figure 5.. (In this figure\

and’ throughout the body of the text, the :ata from the two study sites

combined.. The data are

separated ih Appendix II. ) In the control area, the p0pu1ation density

'could be monitored only during the ice-free period It followed a.

4‘\.

- fa’ rly consistent seasonal pattern, with very few snails just after

s ing break—up, increasing in density as the season progressed reaching'

.f a relatively stable level by July, which continued through the last

sampling before freeze-up The maximum density index in the control area

'»~was only 32 the median value was 16 8 snails

In- the heated area, P gyrtna was’ present throughout the year

-~ . -

' Irregular fluctuations were superimposed on a fairly constant seasonal

'pattern, w1th few snails (indexes less than 15) during he winter months

: (December through March), peak populations (indexes .of 140 180) during

" of 40-80.in the fall). . 1§

the summer months (June through August) .and’ moderate populations (indexes

i

36,



‘Density indexes of Physa gyrzna from the control (A) and.
: heated (B) areas, 1971 to 1973 The.heavy line connects

»
~means, the stippled area encompasses the 95% confidence

. limits.

o9
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Population densities were always significantly higher than in the

half minute the median value from May through October was 68.3.

Jae G detm Y

The patterns described above roughly parallel the patterns of
abundande of submerged macrophytes. In particular, the lower densities

of P, gyr;na in the heated area during the winters correspond to periods

" when submerged - macrophytes were very sparse. During that period, snails

T

_were restricted to the little vegetation present or were present on

_dead floating leaves or root systems of Sctrpusror other floating

-

objects.

These observations suggest that the number of snails pre!!nt may
I

‘ be a function of the abundance of submerged macrophytes.f To test this.~

b .
¢

hypothesis, the number of snails per 100 grams vegetation was determined
[

at each sampling period during the summer of 1972 The results (Fig 6)

do not support the hypothesis but show that the number of snails per

unit vegetation was always much higher in the heated area than in the

control area. The relative differences between -‘the numbers per unit

tvegetation in the two’ areas were roughly similar to the differences

between the numbers collected per unit time. Even though the vegetation

1 in the control area was fairly dense in August, the number of snails per

Y

100 g vegetation was only 90, roughly 1/3 the number in the heated area

at the same time, and considerably less than the maximum density of 842

in the heated area during June. s ‘ _ S

< . * 2

dcontrol area at the _same._ timet_ Ihe_maximum denaity~index was~183 per e
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L Figure‘6.

‘..

Density indexes of Physa gyr}na compared with,ﬂzmbers of

snails/lOO g vegetationfin the ﬁontrol (a) and heated (B)

P : .
areas, May. to October 1972 o 5 oo
o é’ Ty _:“ - A'l.
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\ POPULATION S'I_'RUCTURE

- ‘w - w

s In -the - laboratory, Py gyrmna ‘begin- ovipositing :fter they reach'~m~

~

approximately 7 ] in shell length, Therefore, field~collecbed sneils

with shells. greater than ? mm were considered mature, and those witk

a

*c

shells 7 mm or shortet were considered impature. Snails with shells 3 mm o

) .. Y, .
or less in length were considered hatchliﬂgs (cf. Sturrock/l973)

“The overall.size-frequency distribug}on for P. gyrina In the

TR b
IR AR v
R \ o

“contnplﬂarea (Fig. 7) shows a preponderancé of immatures, whereas in the

N
) i " 4, a b L . .
heated area it shows a preponderance of mature Bnails: Figure 7 also

shows“the 1arg3r size range and the higher proportion of larger snaiLa

in .the heated area B

Seaso age stnuctures also differed ‘between areas. ~In the

>

control ared;¥there were very few snails immediately after spring break-

up; most were immatures:r\There were no egg ‘masses or hatchlings (Fbg,.

o . ; M
f S

. 8). lhe subsequenc pattern can.he séen best in the data from 1971. The
proportion of . immatures drogped and that of mature snails increased
.:through July, due to the growth of overwintered anils (as evidenced by
"the hanging size distributions in Fig 9) ‘These mature snails
"ovipos ted, then died out by early August (Figs' 8 and 9) They'were

3 which appeared in June or July and' reached peak :

-

populations in late July and August, startingva new populstion wave of‘

replaced

immatures in late July - and August and mature snailsin. September and

"October However, egg masses were found only in Septembex of 1971, when‘

the proportion of mature snails was high - 7v L
The population structure of P gyrtna during 1972 ‘was basically
&

: similar to that in 1971 with a few minor changes .The. May sample .

."\”-AAZ: -

‘-Xy/
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cow

suggests . that more mature snails overwintered however, that sample wag {=
based on'a véry small number of snails (6) " The larger later ‘samples
suggest that the major proportion of the overwintered snails were - 'Nf

-
immatures. The rate of maturation of the overwintered immatures was .

S (in June) it appeared to be basically simild‘hto‘1971

'somewhat slower, and the rate of maturation of the new generation was

definitely slower (Fig 9), so that mostly immature snails were present

at freeze-up. The pattern during 1973 was harder to discern due to the.fw‘ﬁ

--fewer samples, except for the earlier peak of appgarapge of hatchlings <

,\

In the heated area, the population s}ipcture of P» gyrtna showed '

B -4

little consistent seasonal pattern, egg masses, hatchlings, immatures

and mature snails were present througﬁbut the year (Fig 8) and a wide

\

range of sizes were present at each sampling periﬁd (Fig 9).' The only

_,seasonal pattern suggested by the data is the g;eater proportion of

larger snails during the cooler part of the year (October to April or

B TR B T

- 'EFFECTS . OF TEMPERATURE ON THE DﬁVELOPMENT

_OF P GYRINA EGGS

-~ &

N

¥
\
\ v

Snails measuring over 8 mm were collected in the field brought

.pto the laboratory and isolated in half—pint milk bottles containing

T

‘ dechlorinated water at room temperature (20 ) Egg masses isolated

_'immediately after they were deposited were maintained at different

temperatures (from S5 to 35° C) in dechlorinated water, and observed daily ‘

until the youngé anails broke 7hrough ‘the external membrane of the egg

- mass. S ,_} : ';

~ ,,\\{\ .
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I The results are shown in Ta‘ble'z. ) Between 15 "and. 319, the time o
/ required -for - embryonation and hatching was inversely related to “the.

-

‘“7 - } incubation temperature. At 10‘ development was very slow and7ﬁﬂsx\\few‘

.

lt_i_m_ hatched whilemat 5° or below and 32° or above there was no. development

v

| at all.. ‘In- addition, eggs that had been maintained at 5° for three _'

/
A

mmnths failed to resume development when moved to room emperature.
.n}h
' JIn addition, P. gyrtna transferred to temperatures of 10° ¢ in the.,

laboratory did not ovip<sit. ) , , ‘

S prscusston

.‘ .

There are probably two ‘reasons- for the close association between

-,

P gyrzna and submerged maerophytes ‘}the availability of food and the

“ air—breathing habit of the snails., Physa gyrzna feeds on a variety of

3

materials like dead and decaying vegetation (DeWitt 1955) diatoms,,.

'4

algae ‘and small crustaceans (Clampitt 1970) N Such food items would be o

more available on’ submerged macrophytes than on the mud bottom of the .

study area.

. Like some other pulmonates, P gyrzna must come to the surface of

the water periodically ‘to get air (Clampitt 1970); Submerged macrophytes

o would provide an avenue for this ascent and the subsequent descent
through the water column Such anbavenue of descent may.be essential for
hatchlings to escape thé surface tension.ﬂ | " |

It is clear from the counts of snails per unit vegetation that-“?
the amount of macrophytes present during the summer does not regulate}zf
the population of. P gyrzna in either the control or. the ‘heated areaai

Nevertheless, because of such close associaiipn with submerged macrOphytes

;i
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Table 2.

Iine. (days) to-hatching for .eggs of Physa gyrina at different,
-temperatures _ , ‘ Coe R

)

' Temperature

€0

W
At

" NO. Of_"
egg masses -

' No; of days to hatcﬁing |

First ﬁatgh(, . 50% hatching

55.

10

.23

.28

.30

31

y]-
;-

i o

60

10

/—"\
12

13

No development.fbr 3 months

" 65 "".>/“ -
20-22

2

24-25
‘617 - - . 17718

8-91 . . 9-10 -

. ~ No development
- ,-No development J

t e

-
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populations of P. gyrtna may be 1imited by the very small amount of
vegetation present in the control ‘area just after break-up,'or in the e

‘heated area in the winter.} This suggestion is supported by th f dings ‘ '.'

'of Gallup et al (1973), who showed that mechanical ha fg

aquatic macrOphytes in Wabamun Lake significantly reduced summer
1 S

populations of P. gyrzna -ﬁ

> The pOpulation dynamics of P. gyrina in the control area were
: ‘1,;5a§1¢g11y similar to those described forvthe.same species from other
»' .‘v.."northtemperate 'regions"by Dewitt (1955) fond Clampité (1970). The ‘two.'
ibasic\features commpn to all three,studijs*aae the oyerwintering by"
immature and'mature snails in deep:waterbwithpa migration back into
‘éhallow water duringjspring.andAthefannual Cycle with a'summer |
ipOpulation turnover. Sy o | | |
'The . absence of éggs for 1-2 months prior to freeze—up, the -
absence of eggs or hatchlings immediately after break-up, and the ‘
”inability of eggs to survive prolonged exposure to 5°'C in the
’ H.”. laboratory all indicate that in the control area of Wabamun Lake P.
| gyrtna overwinters only as immature or mature snails. These‘snails -
.apparentlyudid npt overwinter in_the_study area. In each year, there
- was a moderate'population_in the study area atrthe_last‘Sampling period
beforelfreeze-up; but few,’or’no, snails-immediately atter:break7up i
(shbwn”best)in'the.data.fqrfl§72;’Fig:‘Sll" The repopulation of the
";control area was by.overwintered snails;'and tookvplaCe betore.the
lappearance of eggs and hatchlings The source of these snalls was not
l‘investigated but it seems likely that they migrated from.the deeper
j‘.waters offshore, as in P. gmina elsewhere (Cheatum/gﬂaa DeWitt 1955

. Clampitt 1970) or in another . pulmonate,'HéZzsoma trzvolvzs, in Alberta

T
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vrespohsible for the early reproductive activity,iresulting in a- peak of

(Morris 1970). The repopulation appeared-to coincide with the appear-

ance of aquatic macrophytes (Appendix II1).

, The gummer population overturn. appears to be due to a comﬂ.'ation

of three factors. postreproductive mortality of mature snails,

couditions necessary for oviposition, and fhe rate of development and

growth of eggs and young snails. The first is evidepced by the disappear—

ance of mogf of the mature P.‘gyrtna shortly after hatchlings appeared

in the collectiona. It is a common feature among semelparous'organisms,

and has been reported for P gyrina by both DeWitt (1955) and Clampitt_"

"(1970) The midsummer disappearance of the mature snails, especially in

1971, suggests that the reproductive season for individuals is consider-
able shorter than. the four to five month season for this species. |
"The other two factors _appear to be directly related to water
temperature; DeWitt (1967) suggested that egg production in physida is.
stimulated by temperature, but not photoperiod, and that P. gyrtna-ﬁ

oviposit_Only when the temperature of the water is raised“to'at 1east.
_ )

10-12 C'(DeWitt 1955) In the control area, the temperature of the

water was above 12—14 C, and hence provided the necessary conditions

for oviposition, only from May to September.

"The minor variations in &he reproductive activity in the control

S

»varea during'the three summers appear to be directly'related to water,,

temperatures. The continuation of warm water: temperatures late»into

:September in 1971 apparently allowed the relatively large population of

A3 @

~

”_mature snails to oviposit at that time. Similarly, the early break—up,»

PR
- .

"and rapid temperature rise during the spring ‘of 1973 was apparently

L N,
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hatchlings in June, at least a month earlier ‘Ean in the other years.

As evidenced by the laboratory ekperiments, the rate of embryona— -
tion and hatching is directly related to water temperature, as reported '
w.,earJ.ier by- DeWitt (1954&).~»Theuratezof~grqwth~ofwf%~gyrtna and--other- -
gastropods is,also directly related to water'temperature (e.g., DeWitt;g
(1955) Clampitt (1970) for P, gyrmna, McCraw (1970) for L.. palustr18°
Heppleston (1972) for L truncatula, and Shiff (1964b) for Bulinus
CPhysopszs) gZobosus). The data from this study agree. There was no
s‘gnificant growth over winter, as evidenced by the similar meam lengths 3
and size distributions d& the populations at freeze-up and break-up
' (Appendix I, Fig 9) The rate of growth of immature shails into the
mature size classes was slower during the coaler summer of 1972, resulting
in very'tew'mature snails by fneeze-up. ‘The faster growth rate_in 1973

appeared to be'due to the early spring'and-generally warmer conditions

o

that summer. :
To summarize,,the pattern of the P, gyrina population in(the

: : . ' , . . : -
control area appeared to be as follows: The population overwintered as.

mature or immature snails off the control study area, presumably in deeper‘

,water, and migrated Iack into the area as the macrophytes developed :The- -

mature snails ovipos ted and died; their numbers were replaced, then

augmented by the growth and maturation of-overwintered immatures. The

peak- of oviposition and hence the peak in numbers of hatchlings and the

~

maximum population.size, depended on the relative numbers of mature and

‘immature snails overwintering and on the rate of growth of the immature.

s ~

¥ £ sn231s, determined by spring and early summer temperatures. The pest-— .

o - : i : ‘o ST ‘ :
Jikioducqives died, and the new generation grew at a rate depending on the

~

sadlih



. . A . \\\\ ' . .
4 | / - T s :
. . . ‘ . . v -\ ’"‘

late summer and fall temperatures, with some fall oviposition if -

conditions were particularly favorable. ,

- L
EY X W

The pdpulation dynamics in the heated area are quite different.

Growth and reproductive _activity was continuous, not seasonal as attestedew-ww

N

by the presence of mature snails, egg masses and hatchlings throughout

the year. _As a result, the population at all times of the year consists

of’several‘broadly overlapping generations. 'These findingsicorrohorate‘
xpthose_of'Agershorg (1932) who found that.é: gyrinaoin warm waste waters in.
Illinois grew andloviposited:continuously'thrOughout thetyear.

Although growth and reproduction continued throughouththe y ar,

* there was a definite annual cycle ff population size, with maximal

. populations in summer and very few snails during the wintér. The low

'

populations during the winter were correlated with and presumably due to,
the absence of aquatic macrophytes._ The population build-up during thef

spring seems to be mainly due to the reproductive activity It was not
&

clear what happened to the majority of the P, gyrtna at the‘tlme of the
‘. ]
early winter population crash. Howeveg? there was some evidence to suggest

that they might have drifted off the study area along with dead floating
vegetation._ Despite the dense stand of aquatic macrophytes in the heated
area during the summer, there was never much dead or decomposing -
vegetation in the area during the winter. The absence of any large _ ,.

quantities of dead macrophytes in the shallow area suggests that the dead

v

vegetation might have drifted along with the current of water flowing

-through the study area from the‘gutlet canal and/or by‘wind‘action.' The
S T
, P. gyrzna agsociated ‘with the macnophytes woufd presumably drift off with

‘ . . . . ] . . B N . . - 7

TS : A < ' l

) . - P Catd
-

"; During the summer, the higher temperatures produce earlier hatching,‘

]

]
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a faster growth rate, and earlier maturity~and obiposition--in general,,
\ . 4 . . o

a shorter generation time. This‘shbrt generation time, and thé oper-

7‘

lapping generations produced by the continuous reproduction 3llow the

" rapid bulld-up of the p0pulations to very high’ densities whenevep there .7

was sufficient vegetation present. Agersborg (1932) also suggested that

"

the conditions‘in'the warm waste water resujted in higher population‘

_ densities of P gyrtna, and Shiff (1964a,. c) ‘showed that higher
. o 0

temperatures increased the intrinsic rate of natural increase of Bultnus
o S '
_gZobosus~ .

The data suggest that the population dynamics of P, gyrtna are

ontrolled by two major factors rgte of reproduction, and the a;ount ofm'
aquatic macrophytes present~< The*iatter apparently sets a ceiling, which ;
effectiVely Iimits the populations of P gyrtna during the winter
(extending into spring and’ early summér in the control area) During the
‘gummer., the ceiling is apparently high enough so that rate of reproduction.
"of the P. gyrzna population,takes over as the primary. control. Since the
 thermal effluents at Wabamun- Lake have harked effects on both the rate of
reproduction of P. gyrp;a and the amount of aquatic macrophytes, they
have markegly altered the regular pattern of P. gyrina populations and

have provided the necessary conditions to build up very ‘high population

g densities7during thezsummer;"
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A total of 7,305 Physa gynna, 2 1Qj £rom the control axea and - -

}

I,‘

5, 199 fram the heated area, were examined for larval helminth pardsites _

Betv;}een May 1971 and August 1973. ﬂe results are summarized in Table 3. ;

@

-Four species of trematodes were found in tl;g control' area, seven in the

|

/" heated area. Among the sever, species of trematodes, Echinoparyph'bwn .
EAT T . ’ .f

recurvatwnjf Ormthodmlostmum ptychochezlus. and Apatemon graczlzs are, '

-" 3 - . L - SRR - . .

reported from P na fD"ra . "{j‘.f s‘t- time;‘ L }

N .
. ‘~‘_~

Ny
The aeasotgl prevalencqg»'bv, totc e&ﬂ with germinal sacs.
. “ Pl

s

e t'
» . J
o patterns and Ievels of infection in the tyo ’areas..

x"

e (reii ae or sporocysts), and r.he total met_ ’;‘rfﬁr}x infectioh? in the two

- ‘ "J‘/ﬁ . ) . N i' Y ‘/ L]

h ar as are$shom ¥ re 10.- The two' meahu Lo ow entirely differem:
| B ’e gu 4

. -'., . i»' ¢ ' Vo v
Rt ‘_:-,, In the control area, infections with germnal sacs increased in ; o
. " : .!r P
p'r&valence through the early sunnner, reaching peaks of 35950% in July,“ \

)

‘ then declined to relatively 1ow levels (102 or 1ess) Metacercarial

T infections in the control area were generally lltbw, none. were present e

¥

inmediately after break-—up, they gradually appeared in low proportions .

14

e . during the summer, reaching peaks of 15- 202 and’ declined towards the end

of' the summer (Fig 10) &,;'f.r;' ;j o {:", 4

-

¢ .

In the heated area, tnfections with germinal sacs were present '

throughout the year, but showed a typical seasonal pattern of lgw levels

‘.‘J

from May to September (less ‘than SZ except in 1971'), and signif‘icantly o

higher levels during the inters (20—402) These higher levels almost

'reached tg sumer peak levels of' infections in the control area. Z o

3 -

Although the prevalence of germinal sac infel;ions wa/a’T\v\during the
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" Overall prevalence of helminth paraeites in Physa gyrzna
collected from Wabamun Lake, 1971-1973 T

-

.Nd;-exémined'

eifwwWWWQHeated-__;;eei__
5,199 - v

uu;-;WWUT;MAControl—ww;w
2,106 -

RS e * v

. Infected with: . ¥

Echinoparyphium recirvatum
'.Cereeriae*
Metateércariae

Notocotylus urbanensis j

'_fCefcatiae . S

2

Metacereariee'
CotyZurus dougZas'z, o

' ™ Cercariae o

2

175 |
% 4.5 3,632 69.9

68

'\
BT -3

0.2

13 0.6 1,797

N \Metacercariae 33;6{”'

Onghodzplos-tomwn ptychochezlus o L T L - -
"~ ‘.ﬂ\. Cercqriae* . . ;A 6 H ‘Ab ‘)4 ‘Aj .l}é.l o
5 Apatetlan gracilis :'}"".:: : | ; ."‘,"‘(ft? ’

Cercariae*

!P Trtchobzlharzza cameroni .

‘ﬁ“ : Cu
’ . B

Cercariae ‘“

4 B

Irzchobzlharzta physeZZae
R i q,"

R Cercariae .

&‘. AN

K Sporocysts (unidentifiable)

_ Total snails infected with
germinal sacs™

'Total snails. infected" witﬁ

- ’; metacercariae )
. . '
, _ \ .
. ] . T e =
S O ; ’ i ‘
New host record. o
s
' . . : ’ . » . L. : > = ,
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~the heated area. during tde winter a relatively larger area was sampled ‘to

ma o . o . S e

( . s——'m

L & .
summer in the heated area, the actual number of infected snails per.. square

meter is greater than in the control area or the heated area during the

winter. Because of sparse snail populations in tﬁi!control area and in’

Tk

"obtain fewer snails wheLeas a very small area was: sampled to obtain a l

"o

larger sample of snails in the heated area during the\summer."
-

_ Metacercarial in&ectiond‘in the heated .area were considerably

. A .
higher than infections with germinal sac¢s in the heate area or infections

w

' of either type in “the control area (Fig Table 3) Fluctuations were

. irregular but included decreases in prevalence duringAthe winters.

e
Vi ia
B

The overall proportion of germinal sac to metacerial infections was (

very different in the two areas,vin the control area it was l 0 6 ‘whereas

. in the heated area it was 1: 11 8._

~ p << 0 001)

concurrent infections were very common (28.7% of all the snails)(/p/the

- the prexalence oﬁ metacercarial infections increased significantly\with

».... ' -

. Concurrent infections of P gyr%na with more. than ‘one species of

germi al ‘sacs were very sparse'p only four double infections were found

PR

all in olving E. recurvatum, the most c mmon species.

]
Only two concurrent infections with metacercariae of E. recurvatum

and those of C. dbuglasz were found in the control area, but such

"heated area (significantly more than expected X2, 1 d f = 375 2

o . . .
- e B coa e L e

2

In each area, the total prevalence of germinal sacs, the prevalence

of each of the two’ common species Gﬂ recurvatum and N urbanensz ), and

"\\ C

~ ,4,
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Larval trematodes found in other species of snails frourfhe study

. areas are listed in Table 4 None of the larval stages present in P,

gyrzna were present in other gastropods except the germinal sacs of A

-

graczlzs (rare in L. eZodbs) and possibly the metacercariae of E.

recurvatum (see species account . below)

LN R »"EFFECTS“QETEMPERAI_.'URE dN LARVAL STAGES

o
-

Effect bf Temperature on Hatching of' E iecurvatum Egg_

'hatch miracidia was inversely related to the temperature (Tableg? PR

. examined‘for emerged cercariae aftef one, two and thrge hours. If

l{ R -’-..‘_'

ngs of E. recurvatum were teased from mature flukes collected from'

laboratory-infected animals, usually chicks. Some eggs were also

uﬁ?colleceed by maintaining live echinostgpes in 0. 85% NaCl at rooT’

temperature for 4 to 5 hours._ Eggs were washed two or three times in

i

;dethorinated water, then incubated in stender dishes in dechlorinated

*
water'at 5 lO 15 20 25 28 and 30° C and examined daily to determine

)
.

the time required for the emergence of miracidia.~

At water temperatures between 15 and 28°# the’ time required to -

Y

,#;‘

:or below 10° there was no deveJ‘pment for three months. At 30° ess than _

o 25% of the eggs hatched et !: “' S '41-1} N

R . P IR

~-

”;’Effect of Temperature on the Emergence of Cercariae :

(

The normal time of cercarial emerEéﬁ” at room temperaturef(19-20°'

JC) was determined for field*collected %nails infected with 6 species of 3

PR

“','cerCariae. Half—pint milk bottles containing the infected snails were

-Q. .
transferred from room temperature o a 1ower test temperature one hour

,?n'm . PR ]
prior to the usual -time of cercax;al 2mergence. The bottles were . %;‘in;

‘ "-»,

S

.. . - -

- : N .
S “

AL : ia :
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CTabiq;&..'Larvai helminth péiésites;qf'othet,gastrppods‘frbq:Wabamdn Lake

. e ’
" Prevalence**

' é *krare < 3. OA,

J’ a

mmon > 3. 0Z. o 9;“

B4

: ‘ - ';' o ;Contrdl ' . Heated
Snail hosts * - Larval jhelminths* . area, area
F L . ° . '
‘”Helisoma”frivolyis' Petasiger 8sp. i rare -
6 v Tylodelphyis sp. - “rare -
Zygocotyle‘ Zunafa ‘ .'con.uno_n. - F
. . ) ‘) . ) B
Lymnaea elodes Apatemon gractlzs - T - rare
Echznostqmﬁ?evolutzm - common
E. reuolutym-metace:cariae' - common %
' Notocotylus attenuatus - ' comifon*Tee
v; ﬁnidentified cotyluridf' - rare
~ Unidentified plagiorchid - ‘common |,
(Sp. A): - :
"Lymhaea stagnalis- Notycotylus attenuatus | éoﬁmqn -
- : : % » '

e 'Unidentified strigeid ‘common -
Valvata tricarinata ."iéhthyocotylhfus érfatibué . rare common
‘ Sanguznzcola Zaphophora . absent " rare!

7 Unidentified plagiorchid o absent . rare
' (Sp B) o 3
i],Echinostome metaczfcariae, ~ absent rare
R . pe ) c‘ & 07
*Germinal sacs unless otherwise sta eﬁb ’ ! v



. Table 5.

at different’ temperatures

Time (dgyé)”to hatching fof_eggs of Echingﬁary
: /

/

/,.

/|

phium becu?vatum

Tempefatufe

.0

o

Number pf/déys-to.reléaSe miraéidia

' No. of eggs

Miﬁimum
L AN .

s0r

66

«

5 .

s 4601' ' N& development for 3 months
T \ P _ :
~'10 35 S ~ No development for 3 months
15 40 - 28-29 29-31
_ o S , - e
& - . S B o
20 60 11-12 12-13 -
.25 50 9-10 Slo-11
- B EARI
28 SR 7- 8 Rt A
L ‘ ‘ C ~ b ) . . o U ’
. f . . RO R T
300 35 7 . ko
. . / S . ST SR ol e
. *Less than 25% hatched. o o ~
: . . e s B S N
\_ : 'mn .
- g
»
/ ’ ’



 gyrina are given below‘in’separate species accounts. -

: receptacle, as opposed to its presence. 'In'additfon,-"one:of the most .

‘N\

positive, the snails were returned to room temperature, and’ the. experiment ;

/’f

was repeated the following day, at 8 lower temperature.. If the snails

,,did not_shed cercariae,ltheyrwere left at. the. test.. temperatureifor an»i_mlm_m

additional 10-12 hours to test for any delayed release of cercariae

The results are summarized in Table”6. In five Q{’the six species

: cercariae emerged inpapparently undiminished'numbersvdown_to 15°; at 14°

: all five species emerged, but in markedly reduced numbers; at l3° or .

1ower, no cercariae emerged _The cercariae of T, cameront however,

[ 4

emerged in large numbers down through 12°, with reduced numbers emerging

even at 5° C. R L _

SPECIES ACCOUNTS
-»",oi,.‘ S o

The identificatigm features, basic*life cycles, general prevalence

=,

and seasonal quctuations of each of the trematode species found in P
B

L
¢

Ebhcnoparyphzum recurvatum (Linstow, 1873) Luhe, 1909

.-

The taxonOmy of the E recurvatum—E fZexum complex is unclear

Najarian (1961) states that E.: recurvatum can be distinguished from E.

fZaxum by the following characters miracidium with two pairs of eyespots,

- . [

as opposed to one paif three pairs of gland openings at the oral sucker

of cercaria,as opposed to. four’ pairs; and the absence of a.seminal .

“

'characteristic features of the adult of. E ﬁZemum is the protrusibility of

the-acetabulum “ o " (Najarian 1954) and he also sugge‘ted that it is

q RN

‘characterized by 17= 25 indentations along thetﬂge of the ventral sucker

!
In the present st&dy, these characters coqld not be used, or gave



o - v
N |
Ty : - 68
N . \
. )
- I - g TR s - T o *\‘ ;
d X
- - } .
s .
. Table 6. Effect of temperature-on the emergence of cercariae:
t ' ' R . ' . ) PR L, C .
‘ ) ol i_" B
I‘.x '

L - "~ ., Number of snails\she
Temperature (°C)
'_v .

i ‘cercaride at

S

. \,lq

© . 1

m. 20 18 17 16 15 14

13 12

10

; '/‘,Phyéd gyPina
 EBehinoparyphium recurvatum 12% 12 12
Notog .Z;{s.-_zfrb'ménsie ek g §

T R . ”_yj; A
: - . -
o - S

Tricl}iobil_harz‘{l_éz‘,can’re.roni g% 8 8

Lymnaea elodes Ty

" Echinostoma revolutum * - 6% 6 ¢

1 : 'i".iﬁa.gidf'chj_.d‘(SP-lA.) T 6% .6 6

T

gk

Gk
4xk

T 2%k

C€° (. ©

o
o

00

4k

0

§ *Sample was subdivided into two groups ‘€rom 17°-
. ‘simult:aneously at two temperatures : .

- R ,-..-'h‘.

*#Only few ' cerciriae emerg’ed .

o~

and below and used
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conflicting results. The appeara ce of the eyespots dqﬁended on the

* \\.

' amount of pressure on the covers ip. With Iight pre ure, there was one

/similar to those described for E. """ fZeEum*“':‘”'
' .

“pair of banana—shaped eyespots,

by Najarian (1954) Witw i reased pressure, the single pair resolved

\
H

into two pairs. These pairs had ‘two different arrang&ments, one for each

strains described below (Fig. 12) The arrangement of the

snail strlin" is similar to that described for E.‘recurvatum by Rasin .

< 2 n

933) I &ould not be’ sure of the number of gland opgpings at. the oral

- sgiié?’ZE enough cercariae to be able to evaluate it as a taxonomic

W

g

character. It may be valid but would ‘be very difficult to use. The _
e * » . ) >
. acetabulum in my live specimens was protrusible, but devoid of indenta— a
'" tggns along the edge. Live adults, serial sections and permanent mounts

were studied but’ no definite seminal receptacle was ﬁound._

‘In addition, during the present study, two types of "E.‘recurvatum

@

cercarfae were observed from. P. gyrzna. The major d;fference betwgenﬂthem
was their specificity to different second intermediate hosts in the ‘ =
laboratory, planarians (Dugesta ttgrzna,fapparently a new host record)

or snails. The "planarian strain" can also be distinguished from the

I
snail strain" by morphological and behavioral features. The former are

" - ——l T

-

charact rized by ar longer tail shorter body, and shorter ventral sﬁEEEf“‘"*-

(Table 7). They began to emerge from the snails somewhat earlier (8 as ;g

s

.opposed to 10 AM) but emergence ‘times overlapped broadly 1G] AM ‘to 4 PM as

opposed to 10 AM to 5 PM). The reaction_ towards light and the general

swimming patterns are similar in both types of cercariae, but they
K}

diffagsd in their resting position, "planarian strain" cercag?ae always

concentrated in the upper 1gers of 'he water column whereas "snatl N

o

.' b
strain" cercariae always settled at the bottom ofthe container.

r‘ Y
af
-
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' ’I‘able 7. ,;fMeas{mements (mean in microns * S.E.) of" snai,l and planarian 2
- ﬂﬁg strains of E‘chznoparypmum recurvatuyn cercariae fi%ed in hot S?

L formalin ‘o L % NORE
T 0 S T S JC L |
.'-.. i ,x‘k o ) . ,_A.‘ T « . A ) ' -

L' — s > } L

?. ] Y e . ,,-1 L ] N . L N

+

’ - " N ""’:? ‘p “U C .. .k.' r‘ - . '”‘. . ' . ‘ :")\? \‘
. e ha : > -Snall strain ... Plamarian st,-r.a%n- i &
B AT L B §44 PR T L ! :ﬁﬁ‘ . o 0w e R -
. o ": . . . o LR . 30 ‘ ? . ‘

e "
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- r,l 3 :

@ Body length .. e | 323% 7.8 }. S
Body width : . 158'¢ 2.6 |
o Length of - pail R
- vy o® L .ol
.7 Width of taik TR
are - o
Length of oral,. suckerh AN
Widtﬁ‘ of *orai sucker T C _ PP e, T ’éd;" 3. 5 R
} v v‘ LS i ‘ P e ’ <t '._'e. ) ‘F : -

Length of Vent 1 sucker

y Width of ventral sucker 72: >
Length of pharynx L '

- ‘ Widtli vof pharynx

| Yy oo e
i 2. o .
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e o At least 100 metdurcariae from planarians were fed to each of\ twa :
. AN : '
1 hgh'?#;g and tué %hicks.r The chicks were examined 6~ 7 days aﬁ_terr " 8
~ i.v“exposure—,—anﬂ harbored“only & and 5~ mgtu{;‘e'“E.. rfeuwatum., Th—Hémsters “*_
+ were examined 10 days after exposbre they harbored -a tqgal of 110 worms, s
1""‘"» é}lﬂnature& ovel} 3 mm in length aﬁd containing 30= =35 we:Ll-developed"‘esgsw |
.. ‘/".. .. | "v“‘.‘f,, At léast 100 metacercariae from snails were fed to each of 10 ks

. c .
¢ a

chicks, 2 mallardS, 2 hamstérs and 2 rats, adults were obtained from all
) ¥ .
_the hosts infected However, ‘only J@ aduéts were recova;ﬁd from the

beggs. : Specimens obtained from the othetr hostgygvﬁre fullx grown and

v ,,,‘ contained 20—30 eggs ‘on the 7t:h day«.J- Except 'ln nhe hamsters, the adults .

- c -~

_.. | | # - J} J \ S f.
Data ~on the relative propor'tions of the sé'éq s,:ﬁnfected with the

s

.

' -(two strains fwere available only from January 1973 on. 7the proptbrtions

°.‘ B ) Q -
O were roughly equal -,2 "snail" to" 5 "planarian strain in the u:ort‘trol ~ar;& ”u‘
" ‘; l ’
. . . ! " :. n .
j__during the. sumx‘ner of 1913 d\d 8 "snail" to 5 "planaria strain in the T
e e \ -2 "._ . - .‘: < : LI d B TN
o 3 S T ‘, : ﬁ.
p ) h ate area from Januar to Aug ust 197‘3 o T . ‘
Q. S e.'\ d\ ” an y . f; Ml R ' e e
“ . . All these observations, plus the }inqusceptibil.i!y of l%cal L. :' ', «
elodes and IJ stagnalzs (both"re‘c'orded as first intermgdiafe hoats of E R

.&#,‘

"

, ' recurvetwn elseWhere, McDonald 1969) to~1aborat3r infection with <




' alternatively, a species complex with many local siblir/g species, and’ may , :

i .
: [

xplain why the literature‘gp the larval stages ie so confuaing.
t K

) &['m”@"_bompléx'épecies, wi!h their multiplicity of 1oca1 races (and‘races T
- S ‘ ol

of their molluscan hosts) are common occurrenceJ in trematoﬂes (Wright ‘

’ - ! /-v

N

1971) Ueually, they are similar morphologically, but differ markedly in -

)

vl some of their biologica1 characteristics, such/as growth raQe,legg »

. vl wf .
production maturation.time or pathological eﬂfects on their hosts.‘

T - '
£s

 Thé s intraspecific variations are determined by the basic ecology of thet

host-parasite relatiqnships. Since the developmental phy logy of

a!IE
populations o£ Bprasites is closely geared to that of thei olluscan‘

_"1ation exerts a selective influence over: its 7“_,.-7

.

hosts,'every hos‘
- A -

K

parasites (Wright 1971) Such intraspecific variationsare well marked in

& .
some cases, suc.h as Schwtosama Japamcum (Hunter et al._1952[,. DeWitt.

o
RN

1954, H&t and Hsu_ 1959? s. haematobmn (LeRoux 1954, Wi ight %7, -

’ 5 .
. a

S Pagprna 1968 Webbe and James 1972) and i tnteré%watum (Wnight ot al Vﬂ;

B *sf.-
.o u..-,\". AN ,
. ~

PR ff;- : All of these parasites are medicaiég important and ther9¥;§£‘ Qﬂkt »

o

1972) N

g receivedﬁp great deal of attention Similar'difgerences betwign strains

.. i . M ,l" . -‘f N i
R of many#%ther parasites, wﬂich have not fgséived'tﬁ%ﬁsawe attentipn,‘ ss_
T . \‘.

)

'.yTQQ to be expected.";The only available example nog;of medical impoqtance is

»

it the fl:arval «complex of Posthodzplostomwn mzm.mwn FOur different cercariae e

ot ,‘. h

,Iv‘.d

have been described (Bediﬂg.%band ﬂhade 1967), experimeatally, eaoh of

Y

;i,~thgm produced metacercariae, and adults, identified aﬁ those of P, mznzmum.}sg\

PEFEr Y



for the‘ centrarchid' line. ’ ‘Avault and Smitherman (1965) fou.hd. 'tha‘t the. - S

u

"centrarchid stra,in" is not only specific to the mar‘icular family, but R .
4 \. : .‘t‘ :","

3

T also showed varying degrees of infectivity to ind: ual spe’%es within‘ ""“t‘"“ﬁ_"
o R B3 . . A N '

o the family T - : Cem .7-, T ‘ .. b

R

Adults of P mnzmwn mature quickly (in 32 hours-~Miller ‘1954) and’
o ’é“ . .
presumal?ly hAVe a short life span (4 -5 weeks is -usual for such strigeids), .

i
{2y

'\'a features which Wrig\ht (I971) suggésts increase' the chances ﬂbf intraspecific

!
divergence by red%cing »genic exchange between populations. In this case,
B Wy ‘
‘&:f
at least “the short life span and intraspecific var tion ‘are acicordpanied P
- s } T
' by a, 1ack of host specifiq.ity in the adults. "I‘he susceptible hosts: ‘
[ L. ,“’V

include 4 classes and 15 ordis of \)/Ertebrates (Ulmer 1961, Palmieri 1973)

The 1arval complex & E recurvatum appears to be similar to that

R 4 W
of P mnzmwn The cercaniae (and miracidia) of ‘the obvious strains .

'_ differ more than the adﬂts, and the most obvious difference is a -

_ differential spe 4 licity to Second intarmediate hosts. E’chznoparyphzum

No,

: recurvgwn is a So similar to P mmmwn in hav&ng a short 1ife span (4-.5
o weeks) -and %in ein‘g infectiv‘to a wge variety of birds and mammals "

(McDonald 1969) “The adul°ts are morphologically sim?“fgar but,’ unlike » ,_,“_____"_-4‘

- & those of P mn‘z,mum, appea‘red to diff‘ér biologically, aé 1east in their
/_3 : Y ] ‘ent;mn hamstgrs. o -7'; ; , ,' ° ‘1‘;» A 4

-r;‘ R The ecological dﬁferegces .between the two locﬁ strains of E'

Vi i S -

& . r;ecu.rvatm a're intriguing, and Suggest tha‘t thay are undergoing a processw :
s -,mf‘di\\_r—_e\rgence towards .th'e formation of isolated 1oea1 ho;t parasite ' v

~

compatibilities (cf Paperna 1968} “one completing the life cycle vthrough - S '

l

Physa gymna and waterfowl (sn 1 strain), and th.e other through Dugesma :

- q L tzgmna and muskrats (planat“ian strain)a . co
"b ST i'&.- ) ’ « % L L .

Sthnkard (1957) commented that "thept“?b‘lem of intraspecific

. A
. o
. i, . o, - . - S I Sy
R e K A .ﬂ;-_' R . PR ' : o g
. JRSs A, . e . ’ . . R _can S P S
. L

'z

S A - R - 3 .
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O vsriation in parasitic flatworms are formidable but not insuperable.” It .

*

is quite evident that more information must be obtaihed n order to fully

-——nl~~mm_understand ‘the- ecological‘host*pirssite relatfanshina of the strains of

-a
v

: v

.,_Erecw»vatwn I

The taxonomic problems with echinostomes do not end with the

ecognition of two local strains of. recurvatum._ Encysted echinostome
}r

B e

. BTN,
tfﬁm?\ tacercariae are difficult to identify,_they must be excystéﬂ nd their

s

v

{
DY
ﬁﬁgl‘; *collar spines examined or fed to experimental hosts. -Three to four
)

_ hundred oé,the metacercariae from about 20 P ‘gyrina were fed to o
. ) .
) laboratory-reared chicks, only E. recurvat%m were recovered, suggesting

. T';,; tha; E,: recurvatum was at least the predo%inant species present\ However, f
RS
iﬁbhtnostoma attenuatum which also has 45 Qpllar spine  with 5 corner‘

v . .

. “ﬁk*..
ST spines, is'a comhon parasite of local coots (Colbo 1965) A 1 ted

P .
» [
N v

¢:; ° number of observations on infections derived from eggs from,adultSVin ’

B coots indicate that ‘both redial and metacercarial stages of E. attenuatum i'*ﬁg
¢ . by oo

will develop in P gyrzna, but that the metacercdriae did not develop to

f';adults in*chicks.. Metacercariae identified here as “E. recurvatum may, . iy ;f

LI : . R :‘ Cos f‘;‘

b

A theref%re include SOme E. attenuatum (or other species) 2o T e _' g

Echinostome metacercariae were also recovered from L elodes and

J‘:?‘V trzcarinata from the heated area.; When.fed to chicks those from L'

F - eZodés produced only Ebhinostoma revolutum adults, never E. recurvatum o o

\"'.Too few metacercariae were'recovered from V trzcarznata to attempt o '
- . ? .

Laboratory infections.* Their identity is unknownﬂ In ?he laboratgry,
.ué'

, H ancepé H trzvolvzs -and V trtoarmnatg were readily infected with b' L
’ * # - “; I‘ . 4‘

metacercariae of E. reaurvatum but only a few encysted in L. eZodes and el

-"",_.,‘ ‘ A
_®mone in L stagnglzs.:._~i




B , ' 77
Voo an ..' R
e o At Wabamun Lake, re ial- and cercarial stages of E. recurvatum were, .
ST recovered only frOm P gyrwna, never from other species of molluscsn ,
[ N o . . “.."

‘a a.

o

‘ local ducks, and from muskrats (University of Alberta, unpublished

records)s All 15 muskrats taken in winter from Wabamun Lake were

R : x o . .
e infected, with a mean'intensity of Qg,hwhereas_Only 1% of 238 muskrats ‘:

?: L T . L ! n‘ . “.‘ ’ .o T T } s
j - taken from Big _Island Lake, east of Edmonton, were infectéd, with a mean

v

-,

- ,intens‘ity °.'f,'3"
™ . at Wabafun Lake %
| ¥ intensity of 165 J.
| in Alberta had a prevalence of 217 (n = 33), with a mean intensity of 20

- \(.
and a maximum intensity of 50. *»The population of E. recurvatum from the

_ mallards collected during the wig,ter at Wabamun Lake was comprised of one- °

: day old td fully mature digeneans containing eggs. e

e (XY

= - The overall prevalen

' of E. rjcurvatzin rediae in the control area
.-ﬁa

: w;, : ‘7

v Vheated area (6. 87) (Table 3)

- {, v o
misleading—,, _however, because of vastly different seasonal distributidns of

E'. recurvgztwn redial infections in the tWO areas (F‘ig. 13) In the

‘~"v~ - e pe el R ] ‘.‘.4 ‘e

. control arqﬁ, redial infections were absent at sting ,br*—up, reached a Nm -"

090

i~ i peak prevalence (approximately 302) during‘»'Jul ‘then essentialli ‘V' e

- -

In,the heated area, the rediae of E’ r'gqtrvatwn were present'

‘vanished. - R ﬁn S :Q-' y%\o‘- R R : oY
. L . -"~.‘€-. .'~' R : o

2
o

*_ . )“ " : T
L g %
prevalence was low %rit% the sunnner }except. in

throughout the year,
‘ P
19713 hqjt ﬁonsivderably higher during the’yinter.' The ximum p vj' ence%

was 33¥&during January 1973 In Ohe heatec%garea, 1nfecy:rons durf 't_he. :
7 g . ':

”er -were ﬁi a@l .staéﬁrs of develog&t., Most we.r_ .feleasing oercariae, \

L3 " S “"’* &b
By « . ) + _'.‘.“ . IR B
‘b‘ . gh‘{' S 3"- o - - » ] Ly N ¥ T e S

h .

o K

SRR 2 ) o PR Tl RN jﬁa . e
oA T a CE e ¥ RS S s TR T e P

Mallards collected during the summer. in other lakes .

“‘“"“““‘Adults ofE. reaurvatm have been reported fr almost all” the species‘ ‘of  —

Among the mallards, 92% of the 12 ‘taken 'du‘rilng ‘the -winter o

ere* inf"ec-ted‘ ‘with a mean intensity of 226, .h'an'd a maximumw -

LS

: The overall prevalence fi‘gures are somewhat

© e
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but some wgre of very ypung rediaey and others were in very young snaﬂls,

4 / .
- . oy

pyegumably those hatched during the Jinte . - - ".wh' .
- . i T . T - - T “‘“ﬂ—"" ':‘;"
,‘“" R Snails infected with echinostome metacercariae ‘were very scarce Jin E@ P
. o ¢

the control area (Fig 10 Table 3), with a mean. intensity of 3. 3 E;yen .

PO thOugh there were significant numbers of redial infections in fhe control
area, they were not followed by significant numbers of metacercarial //

-, /;‘ 2

infeotions. No metacercarial infections were present in the c(m/tr/t;l area -

I

5 at the time of. freeze-up. e ’ o T g
L o ,..ﬂ Ty o @ - S VoL $ 9 |
R j;he beatedv area,v metacercarial infections wére found in\a large -

_r
L

..’,.?5‘ - proportion of the. snails (68 2/), and the mean. intensity was._ also high

. “"‘”9 .

(l8 8,), Metacercaria], infections were also found in young snails, which )

X . . . s .
» e PR :
P

B .prw.qﬁably hatched during the winter. . o o *,.,
woweotyzus urbanenszs (Cort, 1914) Harrah 1922 i

Cercariae of this species we,,i’e identified by diffe&nciar_ing them

O rbm the 4088’1}' related IV attenuatus by the ~position of the excretory \

; i""(joining anterior to the median eyespot) and their specificity to

._’V‘_P. gyrzna, not?‘lymnaeids, as pointed ougby Herber (1955) and Acholonu and A

-

Olsen (1967) Tﬁis identification was érerified. By exposing 2 chicks, 2 K »

' umallards, 2 hamsters and 2 rats to metacercariae obtained in the - g

'.,wj e

laboratory from snails shedding th‘ese cercariae.: One immature N.

urbanenszs was obtained from a mallard 3 days after infection T
i . "?’._1 The adultsﬁdf thi.s monostome. are normally parasitic in/T fkrats
ot ' X © SR T
T, (Herber 1955 McDonald 196‘9) All 15 muskrats collected durin~ the winter |

- ¥ s
, from ' "_ aih n Laké‘- harbored N banéns‘bs with a meannintens,

-y




S ' Larval stages of this trematode were recovered only from P. gymna.

They were the second most abundant. of the germi*l sac stages, and 'were

“ffound in 3.2% of the snails from" the control area, significantly more

»(Xz, 1d. f., = 27. 05; P <0 OOl) than t‘.heR 1 4% from*; 1 area _ .
* ': (Table 3) Snails releasing cercariae but not, ot}’. ) Jja’bly had -
notccotylid metacercariae encysted cn their‘shells.“ o j‘ 3 ? e
‘f'f o | _ ‘. 'i‘here was no clear‘ seas’cnal pattern of infectionsfin the control .
\ . prea. %A fe"enails with redial infections were collected immedia £ ’.13"

and the se

ToNwr ) I oK u!my

N v Yy '
L. a ' aé'ona- i
o

13'?5 redial :inf 2

' during the winter. 1

<~ -

during_-,\the x;itrte'r, especially in yOun'

. Cofylurus dovﬂlasz (Cort' lél?L n co‘u{h' ’ - '
o 'rfme cercariae of this species of str:[.geid were easily ;Ldentlfied

e to the Cotylurus type, based on the cercarial charactehrs' (4 PEHetratlon .v;,‘f‘,u‘v |
e glands Situated in front of the ventral sucker between t‘be"qeeae, fl;me 'b

s : e o g
cells 2 x [(2 +2) + (2 o+ 2 + [2])] 20), and t re,;&'g the} | |

. : -metacercariae (encysted in pulmonates, pea.i‘—shap_ s ody) as polnted ou'tv by‘- “._?\
‘ .'Niewz.adomska 61971) The cercarial measurements vv‘rere generally 51milar t:o
S those Of CeI’ca.ma dongasz Cort 1917 (Tablef8), except. ,for minor j; : ' 5 ;
| ' dlfferences in‘the lengths of the tail stem and furcae nd,ghe. Size of.the‘ ,t i
LT : , " c.._.‘ .- . _‘,,‘, _ . - ‘ B ) v, v el E

@-' o R ot e B AN o T ﬁ
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"Table 8. Measurements (mean in miqi:ons-

86

. * \
t S.E.) of cercariae of Cotylurus -

. doug lasi
) N, B
e ——— - :
: - ,Présen; studyl utj_l:ivier andAVCort’\»]A.HQ?ol)
n - *\ N 30 Y. i
_Body length . 205 + 1:7 I 1984 2.0
Body width : ' 58 + 2.0 38t 0.3
Tail stem length 138 + 1.2 184 + 0.5
Tail stem width 44 + o'.e”_ 32+ 0.3
Furcal 1engt‘h B ¢ / 165 * 11 . 2207 £ 1.0
Furcal width . { 182706 .
Leng’th of oral .su-cket. | 43 ¢ -0‘.6 ' ' 55 + 0.4
K Wiith of oral sucker - 29 % 0.5 * 18 ¢ 0.1
K ‘Length of vgt;tral ‘sucker a 32 % 04 - . .
. " Width of qéﬁtra1, sucker T 32% 0.4 23 ¢ 0.1
\ / " _
> | . o Y., :
N
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suckers. Cenoarta douglasz has been: described fron physids, including
b, gyrtna, in chhigan (Olivier and Cor%,1941) They indscated that the

germinal sacs of c. dauglaaz are specific to physida and that cercariae

a-\

ékii develop into tetracotyles only in members of the Physidae, in

S cop rast with the related Cotylurus fiabslltfbnmts which 1s specific to
. 4"*

'  lymaeids onIy (Cort et al. 19410 The adult of C. dougZast is not known.

Cotylurua douglast constitutes a new combination. L. 2

‘.'5‘.’ b

. | 'lnfthe laboratory,.these cercariae readily penetrated P. gyrina

© «" and developed into tetracotyles (metacercariae) in 6 weeka at room

A ,.
." v

'Ltemperature. Tetracotyles did not develop in lymnseids. Phyaa,qutha,

. ‘but nonerof_bhe other. snhils examined, were dlso found naturally infected - -

with the tetracotyles.
& K 2R : e , : : 4
o, All the ex imental animals (1 chick,. 2 mallards, and 3 scaup)
were. negative three dayl after challenge with tetracotyles! Even though

I
adults were not obtained experimentally& there are some indications

1%

suggepting that the larval stages of C. douglasi are pr, ably those of

( Cbtylurus hebraicus Dubois, 1934. Cotylurus hebrazcus is. fairly common

in this area in. waterfowl, and were found in the few mallqrds collected at :

-

Wabamun Lake during the winter (University of Alberta, unpublished B R
% _
. results). As most of the‘species of Cotylurué are known to have a short

life span in‘the definitive hosts (Basch 1969)4kthese”infections must

“" have been acquiri during that winter when: the énly common cotylurid

tetracotyles I : of were those of ,.C. lasi. However, this presumed

1 ntity can be confirmed only by completing the life cycle in experimental

hosts. .,_-‘ . : : . / ‘ ’ g

3

Sporocysts,of this trematode were found -sporadically. in P. gyrind..

In the contrdl area, only 3 infected snails were found, all during the o

e . . L - .

- ) . .
. ’ .
.

(3
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N Do ¢ o o
P aumm'eg of 1971. , In the heatednrea. infeet:lono were pruent aporad'lcally

A}

. .in each iumer. but were abeent during th‘ winters.
. J . Infect:lono with t_ racotylea verebgl‘lgible t the control area,

| | X

S,

- where they were present in. *out one-thl,aihhthe anails with a mean -
V.

1n_tenaity‘of 3.8._ They were%-:{eent thi'ou’hou‘ ‘the year. although the

v

f 'Y
L cone:lderably lower (about 9 4 of ;h‘snalla) (Fig..14), and they were found

i

T only m the larger snails; no tetraeogh . werd found in young snails

o hatched during ‘the winter. . ) : , ] ) . : ) .-
R ' ; o ' : »
Omzthodzplaatorman ptychachazlue grau.:, 1917} Dubois, 193 ' ‘ *

Cercariae of. this speciea, can be aeparated from thos@of the
‘ related, sympatric genus, Poathodtplostomwn, by ‘the absence of pigmented

eye spots. ' They developed into a’ neaacus type of n;etacercariae in- spot—

o : g 3 -

’\‘ tail shiners, but not in ae‘cklebacks. Such qetacercariae were very

common :Ln spoa_/ail shiners in’ Wabamun Lake; specimens fed to chicks

produced adults &0. ptychochetlua (R. Leong, pers. “comm. ).

)The life cycle of this di.genean was described by Hof fman (1958b),

‘ .
adults are mrasitic in mergansers and other f:l.ahv-eating birds (McDonald
. )
1969) Naa gymna and Notropw hudsonius are new host_ recdrds

\.,

\ Only three infections with the sporocysts* of this speciee were
foupd, alI in the heated area during the summer. ) \
i ?.“ v : - , 3 N 2

‘ -

Aj\patemon gaczlw burti (Miller, 1933), Dubois and Rausch, 1960

~

The cercariae were identified by the morphologica.l and behavioral
-
¢ 3
features described by‘Stunkard et al. (1941). Germinal sacs were

\
aoriéinally described from H. trivolvis and L. humzZz-a, thé: inﬁectibns in

. . A4 | . . . ..
» __,\f o (, , Ky
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ke -and are’ commonly eﬂfountered injlpcal ducks (University of Alberta.

. area during the ‘summer of 1973. : o - ' . ;

]
A
A}

P. gymna conatitute a new host record. " ..
Theae cercariae nomily develop into tetracqtylea in leec‘hea
(cercariae recovered in this at:udy did not encyst in L. eZodca and P...

gy#ina); adults are paraaitic. in a Variety of waterfowl (McDonald 1969).

LY

unpubliahed records) * Only two infect:ions were founddgoth in the haated v .

’,.

Sk,
. w

‘ by Wu (1953). o

Trichobilharsia came'rani Wu, 1953

general behavior. and eapecialiy their behavior. towards light. Measure-

3 ' r
N x

ments were sllght:ly smaller than, but generally simiIar(' ta, those given

The 1life cycle of this speciea was described by Wu (1953)-, adults

- are proBably parasicic‘ in wate_rfowl. However, all 6 mallards exposed to

cercariae in_t:he 'laboratory were negative by both fecal examination/and
neeropsy. ) T _' C

® Snails infected with this schistosome were rarely found in the

cont:rol area, and only during July and August:.o In tfze/heat:ed area, the

.prevalence was low, but infeeted snails were present throug‘hout -the X?ar.

.

There vas a slight, but significant, increase ‘of prevalence from, 0.3%

during the summer to ljduring the winter (X2, 1 d.f. = 4. 17, p <O. 05).

¢4

‘ Some very young snails, which hatched~during the winter, ‘also -harbored

sporocysts: of this trematode. o - N Y

Trichobilharaia physellae (Talbot, 1936), McMullen and Beaver, 1945
\ - . g -

‘Identificatiqn was based on the morphology and general bel'_xavior df

the cercariae as given by Cort and Talbdt .(1936). ‘These cercariae haire‘
. . "y -
' °© . : - N

Cercariae were identified as those of T. oanerom. becausé of their o

[}

i

p
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P 3 - .\ 90
be?n reported previously from physids and the\udults
" are parasitic in‘waterfowl (MeDonald of‘tﬁ’t "
Y X - : '
avian s istosome were found only twipl. both in the heatp ‘drea during

e

‘the winter of 1972, . .-

. A}
[

DISCUSSION | &
o _ . - : &%
A“"

Trema tedes—in—almoet—ali—bodies or water in Albértaq'how a.seasonal ™

4
pattern of transmission. This seasonal pattern ig most obvious inathe trema- _,

‘tode fauna of grebes (Gallimore 1964), coots (Colbo 1855), leseer scaup. and.

rdddy ducks (Graham 1966) " In general, “the trematodes of these waterfowl '

L

f'fhawed peak popula;ions in the spring and fall. The spring population

‘appears to be derived from infections in overwintered intermedilte hosts

"(not xpparent in the data from éhe control area in this study, but a;%%rent )

Lpopulation give rise to infections in the ' new season's young snalls, from

"in other ‘unpublished records University of Alberta) Eggs from this

E *

-

-

which the fall populatioﬁ7is derived. Obviously there is no transmission

1@0 snails during the period of ice cover. .

)

Definitive hosts which ‘are active under the ice such as fish -and .

i a

muskrats, probably acquire trematode infection% during the winter from s

already availablé infective stages. Howevet, because of_the~effectsnof

..

temperature on the development of eggs and early ‘germinal sacs of various
trematodes, these infections are apparently,not tranamitted,to snails b

. . ‘ - ,
“during.the winter. For‘exanple Tedla and Fernando (1969) showed pea% % . o
prevalences and intensities of Bunodéra Zuczopercae in yellow perch during ”;;;'

the winter. However, Cannon (1971) showed that the eggs of B Zuctqperoae

. did not develop at 4°. Therefore, temperature aione may be responsible for

T . i . ,? . >

B ey e . L. !
L h . oo
R S e -
. N - . T
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mintutmoughout the yesr in the heated area.. The g
pA a -, N . .. . [N

. , ' Y £
of E. ﬂauwatm, N. urbanensis, T. oameront dhd T. physellae were fres

-y LS .
B diugrcercariae4in—the—winter;—and-t :
vertebrite hotie gh‘»intermediste hosts appeared to be contin?d/ 1 bi
, \f 2
T the yeer._ The e!fect of the’ thermsl effluents in keeping gﬁter P "irf‘
:—-’“ ¥ “
tQmperatures at 15° or above throughout the winter appears to- bey%ritﬁqel
. . T L)
y in keeping these life cycles going.. _ T T _"_- . t’ .t

Germinal sacg of the three strigeids. Cs dbuglast, 0. ptyahochezlusn
and 4. graczlzs, were not present dpring the winter. - The last two were

rare, and their absence during the winter may be due to the smaller

t

number of . sﬁails examined (1,181 from Novemberfto April versus 4, 018 from

' May to October). However, the interruption of the life cydle qﬂ'C. .

douglasi was apparently real as evident by the lack of new tetracotyle

-

infections and the decline in the general prevalence of‘tetracotyle

q

N
infections in P. gyrvna during the.winter. It is not cleat why the life '

.
»

-cycle of C. douglasz was interrupted during the winter. If C. douglast =

£ T ar - - G-

.

and C hebratcus are in fact the same, definitive hosts (and indeed

infected definitive hosts) were present during.the winter. It may be that
-the specific reqnirements for transmigssion of this species'to its snail
“_ ! host are different from those of the other trematodes. , _ ' E f%
./7' - Light has been shown to be essential for hatching of the eggs of | | )‘“
Fu3c1ola hepatsca (Rowan 1956, 1952), and Erasmus (1972) concluded chatb

J) N it s an important factor in influencing the hatching of other operculate 8

N
o

-
-
.
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i }ggo

R iighg to hatch than\\he*o her tre-atodes ‘of fhis study. In addition, the

-

7

\ : .
'h.ge“of C. dOuglaaféz;nd other dtrigeids?) may require more' .

hpsthfin&ins behlvior of.m racidia can be breken dovir into four phases-.
. ¥ LY
- a dispersal phase, selectiqh of the general environment of the snail,
ﬂandom search, and a shortFrange atfraction to the anail-host (Wright
i S :

' 1959 4Cab1e 1972, and othqrs) \ The photic responsea - the miracidia

appear to be involved primarily in the first two phaees. these Yesponses *
-\,are closeiy tied to the reaponses of the snail host.(ﬂright 1971, Cable.

1972). Takahashi et»al. (1961) found that the phototaiis of miracidia'of .

Sehgstesoma Japontcuqrdepended upon an interaction between the'intensity -
~ of the light and the agbient temperature.u They responded positively to
\
“any light intensity at 15°, only'to intensities of 2000 lux or less at

20°; and only to intensities of 50 lux or less at 30°. Some similar (but‘

r
_‘unknown) interactions between temperature and light mdght produce, in '(

miracidia of C. dougZasz, responses inappropriate to finding the general

location of the P. gyrzna. \ _ : . . T &

9 - In addition to suitable temperatures (and other physical conditions),,
". pepulations of definitive ﬁasts are essential to keep the life cycles of

trgatodes going. Of the 'four species of ‘trematodes w'ith active life

cycles ih the winter, three are parasitic in waterfowl,\and two in musk- .

- rats. Muskrats are normally active throughogﬁ the: year, whether there is )

.open water or not. Waterfowl are not. The presence of open water at .

Wabamun Lake allows some waterfowl to overwinter there.l Because of the »
,progressively more’ limit;d open area during theé’ winter, all the waterfowl
present are squeezed into a more and more restricted area.l This helps to “
abuiid up higher densities of helminths, parti; by concentrating the eggs
of helminths, enhancing the cantact between the snail hosts and miracidia,‘
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and partly by enhancing tranamiesipn from anaila to waterfohl“ As a’

'

reault the defiﬁitive host populationa, both wtterfowl and muakrata, An
| L] v L} .._/ L)

the open areasxof Wabamun Lakq during the winter showed a conaidarable
- 4 id
_-iucrease in thai'eneral prevalence and intenaity of trematodes,
N - s@ . '
-« Thae. preaence of dense populations of paraaites, sgecialfy E.

)
rd

reaurvatum and ﬁfhiltosomes, can be detr;;Lntal qo the’ overwintering

';populations of” waterfowl, particularly the malﬁ?rda.‘ Their population at

4

'._Wabamun Lake gradually declined as the winter progressed,, undoubtedly due
to umfavorablﬁ conditions, presumably including declining food sdurcea.-

The tean emaciation index (Gornwell and Cowan 1963) of overwintering

’

mallards ‘was .79 (suggesting mainutrition), in contrast to .9, in mallards.

taken during June to August (B. Calverly, bo‘;. comm j. The lowest

) \

)maciation indexes were 66 and .67, in mallards which harbored 1,181 and
! 1,650 E. recurvatum respectively, considerably greater than numbers of

this trematode found in other local dabblers (Univeraity of Alberta,

T unpublished records), and may be sufficient to cause pathology. Soulsby
(1955) iﬁdicated shat several mute swans killed by large numbers (aftual-
numbers not given) of E. recurvatum were characterized by emaciation, a

marked absence of internal fat, diarrhoeic feces, and a marked catarrhal.

"enteritis. Similarly, Annereaux (1940) indicated a severe inflammation

'of the intestinal myucqsa associated with only 267 adult E recurvatun in

]

the duodenum of a domestic turkey Other records of pathology and’

mortality of waterfowl attributed to this echinostome have been reviewed

by McDonald (1969) - {5 s ”_; | _é. S

In addition, because of the available open water st Wabamun Lake

early arriving waterfowl in this area might go to Wabamun Lake where they

o
may be exposed immediately to high concentrations of infectivelstages of

L ]



tremltodos. Infectiona picked qp at Wabanun Lake might be directly

. R
B AR eary T ‘,&-4-"“
-"'.’."-,. g

) tgl to these birda, oF - \jmé'ﬁtiohaimight be carried to surrou d-

. ~

‘the young birds produced later;_-At present there is no evidence,for o
against, such an overall enhancement of parasites in the general region.

The iower prpv lence of getminal sac infections in the heated area’

during the summer is of equal iq;erest. Several factors may be involved.

v VA v
Ewers .(1964) foun that the prevalence of trematode infections varied'

.

wiﬂ[ the density of snails, tHe prevalence in dense populatiogf (>20

anailsﬁsq. ft ) a8 significantly lower than that in less ‘Wense snail

L -

populations (3:2 snails/sq. ft.). The same number of successful
. . >
miracidia ,(or eggs) will obviously give a lower prevalence in a more
e dense snail population, purely'through dilution by more uninfected«snagﬁs.

The longevity of miracidia is reduced by higher temperatures

.

g (Oliver and Short 1956, Farley 1962), thzs might also be contributing to.

a lower infection rate by reducing the chances of contact with the snail
N .
,hosts. . .
- s )

. In,,addition, during zﬁsumer, the waterfowl and muskrats are .

[
-

spread?all oJer_the lake through their territorial activity, thereby
\ .

reducing the concentration of helminth eggs in_ the heatéd'area.'
- . A third feature of interest is the pattern of metacercarial
" infections in, relation‘to the number of>germinal sac infections. Meta-

A cercarial infections in the control area were very low despite t

relatively high level ofrgerminal sac infectibns The same_pattern was .

: : present in‘the heated area during'the winter, whereas duning the summer, .
4 y
' he reverse was true--there were high levels of metacercarial infections

>

d spite low 1evels .of germinal sac infections. Najarian (1954) foqu




. N
. . : . - .
’ L]

thﬁt a sihglé Baturally infqpted anail releasedb900 to 1,300 cercariae af .
E. flexum per day for at least 5 days. At that r&te,' even the vety,lov.'

rates of E reaurvatum 1nfection in snails in the heated drea during the
A}

summer would be aufficient to saturate the snail population with

~

metacercariae (as was the cdsg). Thereéfore, it is the law prevalence of

metacercarial infections in'the control area, and in the heated afea

» during the winter, despite che highet~prevalence of. germinal .sac infec-

—4 N [y ..

tions, that must be'explained. The most likely explanation 1s the

‘apparent protective action of Chaetoggster»l. limmaet, which will be

discussed in the following section. /- o ., .



'CHAETOGASTERS

oo/ : o ' R DN o . .
. \ . ¢ . . v n. .
_ . Both types of chaetogasters were preaent in both study areas. :
) C e
Chaetogaster 1. sznaet was presaent ‘on the head, foot and in the mantle

1Y

eavity of P, gyrmna ‘and other gaatropode (H. anoeps, H. trzvolvta, L.

eZo&Es, L. etagnalza, Fbrrmssza 8Py Gyraulue sp and V. trzcarznata)

. (Fig. 16A). ChaetOgaster l. vaghzﬁz was found in the kidney of P. gyrzna,

L. elodes and 4. trivolvis. - Comcurrent occurrences were commdrr;

/
especially in the heated area. ; . . .0
”

. ', Chaetogaster 1. baghini wag rare in the control area, infecting
only O, kaof the snails. lIn the heated area, it was moderately ebundant -
i
(32. 9% overall), but its prevalence varied considerably Tntsd was aq

apparent seasonal variation, with relatively,high prevalences during the

-

winter (30—70%) declining'durinj/;hérsummer and reaching values close'€5—
<

zero in laye summer (Fig. 17) aetogasters of this subspecies appeared

to have no significant interactions with othet,paraaites of the snail. \
. ] ¢ | -
Chaetagaater L. ZLﬁnaeL, ip contrast was very abundant in the

’ N
control are’F occurring on 92, 7% of the snails with a mean intensity of

10.1 annelids/snail There was arconsiderable decrease in its.prevalence y
in August 1971 but not in any other periq§ (Fig. 18). In the heated

’ area, it was. only moderately abundant;, oﬁcurring (overall) on 36. 6!Epf

a

the snails with a mean intensity of 3. 6 annelids/snail. This subspecies

h

T -was even more seasonal in abundance than C. 1. vaghznt during the winter

-*

(October through May), the mean - prevalence was 702 with a mean of. 5.0

annelids/snail whereas during the ‘summer (June through Se{tember) the
. N —— *
- - S < 96
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0" Figure 16. 'P%Qsa gyrina harBorfng bh&étogaster L.

Chaetogdidter k. lirmaei contaiﬁing ingesfed cercariae

;Z%mndei (A); - v
' |

< ”»

' of [Echinoparyphium recurpatum (B), and Cotylurus sp.
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_ Seasonal changes:in the prévalence of Chaetogaster 1. W

‘v&ghini'in'the control (A) énd heated (B) ‘areas, Méy‘
. “ 7 -

1972 to August™ 973.
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. Fijufe 18. Seésoﬁal chahgeq’in the presence of Chaetogaster 1.-

limnaei in the control (A) and heated (B) areas,.
/ . . o .

_ May 1971 to August 1973
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A%

" '
. .

fiean prevalence was 132; with a mean of 3.Q annelids/snail (Fig. 18). ~

. b ) ) - .
‘Periods of declining or low chaetOgaster populations in the'heated

\

R ‘area‘corresponded‘tO‘periods‘in‘w ich'water*temperatures—were—high*{2#‘ N

or above--Figs 3 and 18) ) The major decrease in C. Z Ztmnasz in the

L1}

: control,area in August 1971 followed the only period of high water R

temperature that summer. Because of these observations, the relationship i

. ) A\( o L]
between high temperatures gmnd survival of C. 1. limmaei was tested in the
. : / , . _ ; -

L4

laboratory. ‘

i ‘ '. . K ‘a . .
Fiel@—col ed snails with chaetogasters were put. in 1% ethyl

-
L

carbomate (urethane);'within S to 10 minutes all the C. 1. limiaei were

free\from thé snails. The chaetogasters were pipetted into another‘stenderl‘r

dish and washed with dechlorinated water.. Known numbers were added to
individual snails in separate dishes." Within a few minutes they were

settled on the snail. These snails with chaetogasters were allowed to
: acclimate at room temperature for one. day. ‘ ‘. L

T

The snails with known numbers of C. L. sznaem were.maintained in

- ’
half—pint milk bottles at different temperatures from 5 to 30°~C in lake

,water along with a small piece of fresh lettuce. The snails were checked
every day, the number of chaetogasters present.recorded and the water
. ireplaced Y th fresh‘lake water. “The experiments wére COntinued until all
- . the oligochaetes were el%minated S o ‘: : ;l ' . R
? . The results suggest that temperatures above 24° are not favorable
for survival (Table 9). At 5 to 20°, chaetogasters survived for up to 2
months withouf¢any decrease in’ their numbers, whereas at temperatures of
24° and above,_the'annelids abandoned the snails at a rate directly

related-to the temperature. At temperatures of 25° or more, all annelids

. A(’f_~$;>Yt within a'week.»_All annelids which abandoned the snails died'within

” .
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Table 9. Survival time (days) f& Chaetqggéter i. lumaei on Physa

gyrinag at different tem eratures

|.

Temperature : - No. of L » S
(°C) oligochaetes » Maximum - .

¢ Number of days

.

50% survival i

15
.20
C 24

25

26 -
28

30-

10

80 , ‘. ' .*.'
‘80 - *
s
100
g0 .20-25
60, . 4-6
80 WP R

ﬁ\*‘f .80 - . 2-3°

60" 1= 2

.

¥

\

%*

*Experiments terminated at 60 39{, with no 10;4

. : . K]
. )
of oli#goch‘_aetee.

e 7;]
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a few hours, without attempting to reedﬁﬂblﬂsh on the same or other snail.

As observed previously, C.. Z sznaez actively feed on a variety

A8

.ofwcercariae,“_Cercariae_nfejL_xecurvaigm iﬂghznostamasrevalutwn,JNA

5’ \

M
urbanénsis, T. cameroni and several“dtriggid cefcariae were observed in

the intestine of . Z sznaez Hggure 16B-D hows| (. L. limaei contain-

ing cercariae of E. recurvatum énd C'otyl;“;ia#F « -UpAto 6-8 of the smafief'

C e ‘, e, o

'cercariae, such as. those. of Cbtyiu§ys spp. “A. gractl 8\ or Ichthyoootylurus .
| erratzcus but only 1 2 of the larger cercariae such as those of E.

recurvatum or N urbanenses, could be-ingested over ‘a short time These
observations led to a seriég of exﬁ%rimeq;s on the effect of C. 1. lirmaet

: 20 % " C .

on invading trematode larvae » : s

Chaetogaster Z sznae* werefobtained as descriﬂhd above. In one .

w

set of experiments, individual coﬂ@rol snails, with no chaetogasters, or
’ ‘
tl;ose with 5, lO or IS—SZO c. Z& Z'wmae'b, were isolate;!\ in stender dishes,

I ‘
then exposedito known numzef%}of miracidia or cercariae. of E.,recurvatum -

. Ig thersecond sst of expefiments, all control snails, and all those

b.'with thé same number of chaetogasters, were put in a single dish and a
%nown number gf miracidif or cercariae of E %ecurvatum were added. (This
. 9 . -

'experiment was also run using cercariae of Ebhzngstoma revolutum )

" » Snails exposed tH miracidia were kept: in stender dishes at room
, e . . .
= tbmperature and thecked fof developing rediae 7 10 days after exposure.

Snails exposed to cercariae were kept in dishes and checked for meta- L
. .9

cercariad after 24 hours.‘]f
’ -4

In the experiments using miracidia of K. recurvatum the number of
~miracidia which had successfully penetrated and developed was inversely,

vand significantly (X2 3 d f! = 9 04, p <0. 05) related to the number of

4

c. 1. sznaez_present (Table 10). The protective action was significantly
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| Table 10.. Influence of Chaetogaster 1. $immaei on the rate of infection
‘of Physa gyrina exposed to chinoparyphiun recurvatum
miracidia ' o 3
\ " Isolated snails Grouped snails .
‘No. of C. L. limnaei o s 10 1520 0 5 10 1520
‘No. of snails exposed - 20 20 20 20 20 20 20 20
; No. of miracidia used , ¥ 20 20 20 20 - 20 <0, 20 20 - -
- No. of successful 9 4 5 1 L 410 2 1 0
5 - miracidia. - : ‘ ’ B '
"% Percentage of - . 45 20,25 5 56 10 5 .0,
successful infections - : e L
7 _
e E
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’ifable 1r. Influence of Chaetogaster 1. limmaei on the rate of infection
‘ of Physa gyrina exposed to cercariae of Echznoparyphzwn !
recurvatum . - , ,

.A‘

.
-

Isolated sﬂ;iis . r " Grouped snails

T
N
5 #

%j."of_c‘. 2. limhaet 0 5 .10 i5-20 .0 5 16 .15-20
~ " No. of .gnails exposed . 20 20. 20 20 @"' 20 20 20 20

_ Total no. of cercariae "-  . : _ : . ‘ :" : L h
. used I, . 100 100~ 100 100 - 100 100 100 100

LN .

Total no. of‘encysteé's“ '
metacercariae 88 . 76-..59° 35 - 92 - 49 - 26 11

€ e L s
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Table 12. Influepce of Chaetogaster l. limmaei on the rate of infection °
L of grd Physa gyrina exposed to cercariae of Echinostoma
. ‘revolitum e g o .

[ A \ - . et

L

J ) ° 3 .
. No. Sf\c. 1. limmaei 90 54 ' 100 .15-20
o . ‘ A e S T
\No. of snatls exposed = ¥ .20 20 20 ' 20
Totai_nd; of cercariae ) ’ 100" ; 100 . r '100 100
used - ' R o :
: v N : . A .
“Total no. of encysted ' 65 , 17 : 7., 5
metacercariae ; . '
“ A . _ (J ‘ .
. ’ )u
. ; ‘
" . 3 J
o _J‘,.
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the opposite direction.. However, in the experiments,.cercariae

R 109\

iﬁproved when the snails were grouped (X2, 3 d.f. = 23.05; p '<0.001).

t A : ‘
Only one of 40 snails was infected when there were 15 or more oligochaetes.

‘ i
per. snails - - o .
g ,
The number of cﬂ%;ae ‘which pen_arated and encysted @ks also,

inversely related to the number;of_the.oiigOchaetes present (Tables li,

A}

M

12). Again, the protective action was greater when the snails were
grouped than when isolated (Table 11)

-

Observations made durin& ‘these tests, and at other times,
-

-

inditated-that.the protection provided by the chaetogasters ‘was due only'
»partia11y to iagestioq of the invading cercariae;' The cﬁaetegasters also
appeared to ob;truct the eercariae_and prevent theirvpeaetratton'iato the—.
snails. The anterior ends Qf”thevdligocaaetea protrude into thé water
surrounding the snail (shown 15 Fig; 16A) -and are in constant°motion, as
though searching; ‘Cercariae approachiag the oligoch%etes are somet}ﬁes
eaptured by qhem,'put mbre frequently, the cercariaeveseape and swim in.

repeatedly'attempted to reach the snail. Some were eventually successful

others were ingested by the oligochaetes, while still others were

',eventually foqu dead at the bottom of the container, possibi&ydue to the

exertion of their repeated unsucceseful attempts to reach the snail. Dead

cercariae were observed only in the dishes containing snails with

-

chaetogasters, especially when'there were 10"or more eligochaetesr Dead =

" cércariae were never observed in ‘the controls.

Sy

e

R e
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o . \DISCUSSION

S (S S A G O S SO

* The seasonal dynamics of Chaetogaster . sznaez in the heated area

Ne » - . ;‘-‘ L2

were closely related to the water temperature. The maximum critical

‘temperature is about 24°; higher temperatures are lethal for these
) ) . ‘

. ) . " Y .
oligochaetes. The revival of the (. l. limaei population- corresponds to.
the reappearance o} lower temperatures. Because of 1its sensitivitv, c. 1.

Ztmnaet would. seem to be an exfeldent organism to use asgnn ;ndicator of

thermal pollution. However, its populations recover fairly rapidly,

which might tend to reduce its usefulness . A '

/
Chaetogaster . vaghznt showed a similar seasonal pattern, also
n
o * related to water temperature, 4in the heated area. However, the most

| striking feature is the ‘almost complete‘lack of C. Z. vaghini infections
in the control area. The seasonal pattern suggests that c..l. vaghznt is

. somewhat more tolerant of warm water than is C 1. limhaei. If this is
accompanied by a lower, tolerance to lower temperatures, c. 1. vaghtnz may

be a useful indicator of thermal pollution Unfortunately, the»t@prmal?

L4
* relations of c. 1. vaghznz were not investigated in the present study, and

further investigation of the possible uge of this oligochaete as-an»

indicator is needed

Several authors (reviewed in the introduction) have shown that, in

the laboratory, - the predatory.activity of C. L. limaei can reduce the
o . S -
rate of infection of snails by miracidia or cercariae of various trematodes.

My obserVations agree. “In . the laboratory these oligochaetes are very

active, and can’ capture even the cercariae of N. urbanensts, which usually
- .

encyst on a’ substratum within 3-5 minutes after emergence.° The food of

- .
~C. Z. Ztmnaez consists mainly of planktonic organisms (Gruffydd 1965b),

1



Y

- they probably feed on any free—swimming organisms available} especially

-

I ,mthose in..close con.tact_witli the snatl, . -, o o

-The predatory activity is important but my. laboratory observations~

suggest that thk obstructive behavior of C. I sznaet, which has not been

1

®

reported previously, is also important. This ofstructive behavior of
'.these oligochaetes may be due to their unsucce sful feeding activity.

This obstructive action may be of even greater significance in the field

where because of the unlimited area, larvae.which are repelled may not- be

[ \

" able to make repeated attempts to penetrate the same snail

Previous studies have shown the effectiveness of C.- L. Zimnaei in

o '~

Ithe.laboratory; The present study provides the first field data on the:
regulatory'importance of these oligochaetes. The protective action of
c. 1. Zimnaei‘is evident from the very low metacercarialiinfections 4
L>-'uh;never c. L. Ztmnaet were prevalent, and also by the differences in the G
seasonal pattern of redial infections of E. recurvatum‘and N, urbanensis

_ in the control area. -There nere no. redypl infections of E. récurv&tum

) o

aﬁter August (despite suitable temperatures and other favorable conditions),
whereas N. urbanensie redial stages were present right up- to freeze—up
The chaetogasters controlled the infections ‘with the echinostome, inwwhich

the snail is infected by penetration by the miracidium, but did not control

. a
the infections with the monostome, in which the snail is infected by )
eating the eggs.

+

- ‘ Over the past ten years there has been an increasing interest in
. r

the biological control of snail-borne. diseases (reviewed by Berg 1973).
The field data and- laboratory experiments of the present study strongly

— '
suggest that C. 1." limaei can regulate trematode infections_in field ]

populations of snails.
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"A review of publications dealing with various larval trematode -
' :

infections in snail populatisﬂs suggests that the i ortance of c. Z.
Ztmnaet may have been overlooked The-results of verious surveys show

,considerablngariation in the total prevalence of germinal ‘sac infections,'

'abundance of chaetogasters would be very useful in interpreting these
variations in the data obtained from field samp1Es (and perhaps also ‘from
laboratory experiments, since chaetogasters-are common in many 1aboratory
_snail colonies) - More information is needed,- especially from field data,

' correlating the abundance of C. i. Ztmnaet and larval trematode infections

;:7 .in various snail;populations. : Co Ny f

Y

ranging from 0.5% (McCoy 1929) to 95.5%-(Cort et al.™ I§377“"D§f"on the T
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R & . SUMMARY AND CONCLUSIONS
T ,

It is obvious that the Physa gyrina?tremstode-Chaetogaster 1.

" lifmaet system ig.uef} complex. Each of'the m.‘ajoi:‘“iiompsﬁéﬁfé'"ff‘tit'éi'ééti'""'"‘“"~

3

.with the others, and those interactions are ;Ldified by many external
factors, either directly or indirectly The most important of these
_external factors are temperature, light, vegetation and the populations
of definitive hosts The interactions are summarized in Figure 19
Interactions betwepn the three major components determine the main
characteristics of the system. Increases in the snail populations |
obviously increase the populations of chaetogasters and of t}ﬁmstodes by
'providing more susceptible hosts, increases in chaetogaster populations
generally decrease trematode popula:ions by preventing new infections,
andlincreases in trematode populations decrease snail populations, by~
affecting the fecundity, ‘and probably the 1ongevity, of the infected
bsnails. ' e r 4
| These »basic character,istics are"modif-i@ several,'e'xterna‘l
"q factorsr Light may influence miraci hehavior, therehy affeCting
‘parasite populations, however, the main effect of light on the system
(other then through its heat-producing radiation) appears t& be through
:its effects on vegetation, particularly the low limits on® vegetation in& .
winter; The vegetatidn affects ‘the system primarily by'setting low '
limits to the snail populations when vegetation is scarce. The size of e
the definitive host populations influencEs parasite populations by
affecting rates of transmission to the snails, some also reduce snail .
populations through direct predation._ High parasitevpopulations appear
to have'dbtrimental effects on'some-definitive hosts. B -

)

Ca - .,: | | 1131]
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Fiéuré _'19., In_t:e\rac'tions within\ the Physa gyrina - trematode’ - o
Chaetogaster 1. limmaet system, and the major extermal
;factérs influencing that éystem in Wabamun Lake, Alberta

 (for explanation see text).

v llQlllil‘ Intérac;iong between primary ‘cpmponents
———— Diréét effects 'Ovtll_ primary components S
————-- Indiréc;: ef‘f.:'ect:'s_v. - \ |
- Négativ'e 'effe.ct; on the _covn;ét-m’e:t;t\ o

; + Positi\-re-effecf oh tl-u_a éomponent; |

o ’ Aitefation of that componet.x.t' hvas no effect either before

; _ér_affér a posItive ir.1flu.e-nc‘e; : S o

» 7 'S.ugg-e.s.u‘dng the- possithale,- reiatio'pship-- " I v. R

. O Influehces not _invéstigated in this study
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The central.role of temperature-as a modifying factor‘in the
' / R E )
system is well shown in Figure 19. Temperature exerts a direct iqfluence, .

not only on all three components of the system, but also on the other

three major external modifying factors. There is a threshold effect in

y

. its action on’ snail and parasite populations; the threshold for both is i
~

approximaEEIy 10° c. Its crucial action on chaetogastera is a ceiling.~

effect, essentially'eliminating the annekids at temperatures above 24° C
The major influence of temperature on definitive‘populatiohs, light;uand',
vegetation.in this systeﬁ.is through provision of ice—freefareas during

the winter. 1 ' ' R
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Appendix III.  Raw data for estimating the number of snails/lOO g
o vegetation .
\Q E " » v v . - e >

& Control area: . = —" . .. ‘Heated area

Date " - — — - - " —
‘ Wt. of vegetation . - No..of Wt. of vegetation ~ No. of
sampled (g) ~ snails ' sampled (g).- = snalls

10-5-72 Noféeget%;IBn o O :fgp.'f.];‘ ," 121

24-5-72  No VEgététiap:' | 'v‘7'  7 46 a5

5;6—72 No iégetatidn'~(: . - _n-” | i3t "91’: - ”} ’ ‘129&.5;
.'?0-6j72 Too sparse végeﬁgtion o ‘ i_:;}#§f  '39}'( 1'”15 :197
. 28672 fs R o us T o4
" ;14ef472j  ;_  isbﬁf-,ji i '65? L g 1@@ .

a-7-12 o 18 a3 a0

28—§r72 L1200 o1z g - . 110

- 23-8-72 . Too dense vegetation . - - Too dénse vegetation .
. 31-8-72 Too*dengé,vegétatibhA ~¢ . Too deﬁée'vegetatiohf

1249-72 0 Y Iss - 9 g0 .- ... 130
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