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A species rich and prevalent larval digenean fauna was found in lymnaeid snail
populations from two lakes in northern Finland (Kuivasjirvi and Pyykosjérvi populated
by L. stagnalis and L. peregra, respectively) and ten years later in a third lake in central
Finland (Kuuhankavesi populated by L. stagnalis). Echinostomes were common to all
lakes, one species overlapping between Pyykdsjarvi and Kuuhankavesi (Echinostoma
revolutum). All three lymnaeid populations also harboured xiphidiocercariae of
Plagiorchis elegans, furcocercariae of Diplostomum pseudospathaceum and Tricho-
bilharzia ocellata and the monostome Notocotylus attenuatus. A consistent seasonal
pattern of infection was recorded for four of the parasites in Pyykdsjérvi, although
annual variation in mean prevalence was generally significant. Annual parasite species
composition within the three lakes was relatively stable despite the long dormant winter.
This may be due to the over-wintering of larval digeneans in infected snails that then act
as a source of reinfection of bird definitive hosts each spring.

(Jokela & Lively 1995) and host resistance
(Webster & Woolhouse 1998). They are also of

Snail-trematode systems have recently attracted
considerable interest from evolutionary ecologists
studying the evolution of sexual reproduction (re-
viewed by Lively 1996), host-parasite co-evolu-
tion (Lively 1989, Dybdahl & Lively 1998), the
effect of parasitism on life-history evolution

enormous medical importance as 113 digenean
species have been reported from human hosts and
the schistosomes alone infect in excess of 200
million people (Crompton 1999). Despite this,
however, long-term changes in snail-trematode
systems and the digenean fauna of northern snail
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populations have been poorly studied.

Knowledge of larval digenean trematodes in
Finland is particularly limited with only two pre-
viously published studies (Wikgren 1956, Niewia-
domska et al. 1997). Wikgren (1956) described
twenty-three species of cercariae and Tetracotyle
metacercariae from four freshwater snail species,
including Lymnaea stagnalis and L. peregra, col-
lected in the Tvéarminne archipelago of southern
Finland. Niewiadomska ez al. (1997) observed nine
cercarial species infecting a population of L. stag-
nalis from lake Kuuhankavesi in central Finland.

L. stagnalis and L. peregra are widely distrib-
uted throughout Europe and Asia, their geographi-
cal ranges extending to North America and North
Africa for L. stagnalis and L. peregra, respec-
tively. Both species serve as intermediate hosts to
a considerable number of digenean parasites, par-
ticularly for species maturing in aquatic birds
(Erasmus 1972). The extreme seasonality in cli-
mate in Finland has not restricted the distribution
of L. stagnalis or L. peregra, both of which occur
throughout the country (Hubendick 1949).

This article examines material collected from
three separate lakes in Finland: two in the Oulu
region of northern Finland, which are in close prox-
imity but populated by different Lymnaea species
(L. stagnalis and L. peregra), and a third lake in
central Finland with an abundant population of L.
stagnalis. In addition to the geographical and host
species differences, a period of approximately ten
years separated the sampling of the two northern
lakes (1982-1984) from that in central Finland
(1993-1995). The aims were to examine the ef-
fects of host species difference and geographical
separation on the lymnaeid parasite fauna within
the lakes and to study how the long dormant win-
ter period influences the seasonality and annual
stability of larval digenean populations.

2. Material and methods
2.1. Study lakes

Lakes Pyykosjarvi and Kuivasjérvi are situated
to the north of the city of Oulu in northern Fin-
land (Fig. 1). They are interconnected, with wa-
ters from Pyykosjarvi flowing through Kuivasjarvi
and into the Gulf of Bothnia. Both lakes were
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eutrophic during this study. At the time of sam-
pling, Pyykosjérvi contained a population of L.
peregra but no L. stagnalis were present, while
Kuivasjirvi contained mostly L. stagnalis and very
few L. peregra.

Pyykdsjérvi and Kuivasjdrvi are middle-sized
lakes, approximately 1-1.5 km? in area, with
aquatic vegetation consisting mainly of Equisetum
Sfluviatile, Schoenoplectus lacustris and Nuphar
lutea. The lakes are ice-covered on average from
October/November until May and water tempera-
tures reach a maximum in excess of 20 °C in July
and August. Many thousands of birds stop off to
feed in the lakes as they leave Finland on their
winter migrations, particularly gulls (Larus spp.).
The lake areas are also important nesting locations
for aquatic birds and a variety of bird species feed
in the lake throughout the open water period.

Kuuhankavesi is a mesotrophic lake north-east
of the city of Jyviskyld (Fig. 1). Sampling took
place in a hypereutrophic bay opposite a wood
processing plant. The bay contained an abundant
population of Lymnaea stagnalis but very few L.
peregra. The lake is ice-covered from November
until early May and water temperatures reach a
maximum in excess of 20 °C in July and August.
The aquatic vegetation in the sampling area con-
sisted of Calla palustris, Menyanthes trifoliata,
Nymphaea candida, N. tetragona, Nuphar lutea,
Equisetum fluviatile, Utricularia vulgaris, Myrio-
phyllum sp. and several Potamogeton species. A
variety of aquatic birds feed and nest in the area
including gulls, several species of Anatidae and
swans.

2.2. Snail collection

L. peregra were collected monthly from Pyykos-
jarvi during the open-water period between May
and October in 1982, 1983 and 1984. Random
grab sampling throughout the lake was initially
attempted but was unsuccessful. Snails were there-
fore collected by hand along a 50 m stretch of
sandy beach, in parallel lines approximately 1 m
wide and extending from the shoreline to a water
depth of 1 m. Between 30 and 50 snails were col-
lected along each line depending on their popula-
tion density, which was greatest in June and July
and at a minimum in May and October.
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Fig. 1. Study lakes and
their location in Finland.
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L. stagnalis were collected monthly from
Kuivasjarvi between June and September 1982
and two further samples were taken in June and
September 1983. Sample sizes depended on the
availability of snails but mostly exceeded 30 and
were maximal from June to August. Sampling was
carried out from a boat, the snails being picked
by hand from the water surface and the aquatic
vegetation along the shoreline.

Kuuhankavesi was sampled for L. stagnalis
monthly from June to September 1993. A further
sample was collected in July 1995 to confirm the
identification of particular parasite species. Sam-
pling was carried out from a boat, the snails being
picked by hand from the water surface and the
aquatic vegetation along a 50-m stretch of the bay.
Monthly samples in 1993 exceeded 200 snails,
whilst the single sample in 1995 comprised 122
individuals.

2.3. Parasite identification

Shell length (mm) was measured for each snail
apart from the June 1993 and July 1995 samples

from Kuuhankavesi. The soft tissues were either
teased apart or compressed between two glass
plates and examined under a dissecting microscope
for intramolluscan stages of digenean parasites
(sporocysts or rediae, cercariae and Tetracotyle
metacercariae). The morphology of cercariae was
studied using newly emerged, live individuals
observed under a light microscope immersion ob-
jective. Measurements were taken as an aid to
identification from cercariae killed by heat, in
water, or fixed in ethanol. For some species of
cercariae chaetotaxy was studied after impregna-
tion with AgNO;.

2.4. Statistical analysis

Proportions of infected snails were compared
within and among the three lakes with the y-test.
Seasonal and annual variability in infection were
examined statistically only for Pyykdsjérvi, from
which adequate data were available for all three
years of sampling. The effect of month and year
on the prevalence of infection was tested sepa-
rately for each of the parasite species using logis-
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tic regression analysis. Only ‘old” over-wintered
snails that were born in the previous summer were
used to avoid variance caused by recruitment of
the new, uninfected cohort from July to August.
The binomial variable ‘infection’ (infected, non-
infected) was used as a dependent variable in a
stepwise logistic regression model. ‘Year’ (1982,
1983 and 1984) and ‘month’ (May, June, July and
August) were used as categorical covariates. De-
viation contrasts were used for both of these, and
the first class was treated as a reference class. The
model that provided the best fit to the data among
all possible models, including models with inter-
action terms, was selected using a forward
stepwise procedure. The significance of the ef-
fects was estimated with the likelihood ratio sta-
tistics.

3. Results
3.1. Life history of the snails

The life span of L. peregra in Pyykosjdrvi was
approximately one year with egg-laying from the
end of June until mid-July. The first juveniles (<
5 mm shell length) appeared in August and the
oldest individuals (> 20 mm shell length) began
to disappear around the same time. Some of the
juveniles successfully over-wintered and survived
to breed during their second summer. Conse-
quently there were two distinct cohorts of L.
peregra sampled from Pyykosjédrvi during any
particular year: over-wintered and young-of-year
snails.

L. stagnalis from Kuivasjdrvi and Kuuhanka-
vesi were able to over-winter a second winter and
reach a maximum age of 2-2.5 years and a maxi-
mum shell length exceeding 50 mm. Egg laying
was observed from June until late August. How-
ever, it was not possible to separate the snail popu-
lation into age cohorts on the basis of the length-
frequency distribution of sampled snails.

3.2. Levels of infection

The overall prevalence of larval digeneans, in-
cluding Tetracotyle metacercariae, was extremely
high in both L. peregra of Pyykosjérvi and L.
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stagnalis of Kuivasjirvi in each of the years stud-
ied, reaching in excess of 70% and 85% in Pyykos-
jarvi and Kuivasjarvi, respectively (Fig. 2). Meta-
cercarial cysts formed a large component of the
overall parasite burden in Pyykosjarvi (pooled
prevalence 37.8%) and Kuivasjérvi (64.0%) and
frequently occurred in joint infections with
cercarial species (prevalence 6.8% and 24.9% in
Pyykdsjarvi and Kuivasjérvi, respectively). How-
ever, no metacercariae were observed in L.
stagnalis from Kuuhankavesi where infection was
only with cercarial species and the total preva-
lence was somewhat lower (Fig. 2). If metacer-
carial infections are excluded, the prevalence of
cercarial species did not differ significantly be-
tween the pooled data of Pyykosjirvi (38.9%) and
Kuivasjirvi (42.3%) (y*-test, P > 0.05) but was
significantly higher in each these lakes than in
Kuuhankavesi (28.6%) (y*-test, P < 0.001 in both
cases).

Levels of infection were compared between
Kuivasjirvi and Pyykosjérvi separately for 1982
and 1983, pooling the data for months when the
lakes were concurrently sampled (June to Sep-
tember). The overall prevalence of infection as
well as the prevalence of Tetracotyle metacer-
cariae and of cercarial infections was higher in
Kuivasjérvi than Pyykosjarvi in both 1982 and
1983. However, the only significant differences
between the two lakes were for overall infection
and for metacercarial infection in 1982 (y*-test, P
< 0.001 in both cases). Comparing pooled data
from June to September for all years sampled, the
prevalence of cercarial infections in Kuuhankavesi
was significantly lower than in Kuivasjérvi and
Pyykosjérvi (y>-test, P < 0.001 in both cases).

3.3. Parasite species in the study lakes

Cercariae of nine species of digenean parasites
were recorded from L. peregra of Pyykosjérvi and
also from L. stagnalis of Kuuhankavesi (Table 1).
The cercariae from Kuuhankavesi were identified
and described by Niewiadomska et al. (1997).
Echinostomes were not identified to species in
Kuivasjdrvi but were recorded as a group. How-
ever, L. stagnalis in this lake were infected with a
further four cercarial species and Tetracotyle meta-
cercariae.
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A. L. peregra
(Pyykosjarvi)

Prevalence %

Fig. 2. Annual variation in
overall prevalence of lar-
val digeneans and infec-
tion with Tetracotyle meta-
cercariae in the three
study lakes.

1982
(615)

1983
(552)

Echinostomes were common to all three lakes,
one species overlapping between Pyykdsjéarvi and
Kuuhankavesi (Echinostoma revolutum). In addi-
tion, all three snail populations harboured xiphi-
diocercariae of Plagiorchis elegans, furcocerca-
riae of Diplostomum pseudospathaceum and Tri-
chobilharzia ocellata and the monostome Noto-
cotylus attenuatus (Table 1).

The prevalence of most individual cercarial
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B. L. stagnalis
(Kuivasjarvi)

C. L. stagnalis
(Kuuhankavesi)

1984
(397)

1982 1983
(154)  (35)

Year (sample size)

1993
(1265)

1995
(122)

Total infection @ Tetracotyle metacercariae

species was low (Table 1 and Fig. 3). Of the nine
cercarial species in Kuuhankavesi, only two ex-
ceeded 1% in prevalence (E. aconiatum and P.
elegans). However, there were interesting differ-
ences between lakes in the dominant cercarial
species. Monostomes (N. attenuatus) were the
most common type in L. peregra from Pyykosjérvi
(15.7%), echinostomes were highly prevalent in
L. stagnalis from Kuivasjirvi (30.2%) and xiphi-

Table 1. Species occurrence and total prevalence (%) of digenean parasites of Lymnaea peregra and L. stagnalis
from three lakes in northern (Pyykdsjarvi and Kuivasjarvi) and central Finland (Kuuhankavesi). Sampling years

and numbers of snails examined are in parentheses.

Cercarial type Species Pyykésjarvi Kuivasjarvi Kuuhankavesi
(1982-1984) (1982-1983) (1993-1995)
L. peregra L. stagnalis L. stagnalis
(1564) (189) (1387)
Echinostome All echinostomes 6.0° 30.22 10.2
Echinoparyphium aconiatum 0.0 9.7
Echinostoma revolutum + 0.3
Hypoderaeum conoideum 0.0 0.1
Echinoparyphium recurvatum + 0.0
Echinostome cercaria sp. |l + 0.0
Xiphidiocercaria Plagiorchis elegans 10.3 3.7 17.3
Furcocercaria Diplostomum pseudospathaceum 0.8 4.2 0.6
Australapatemon minor 1.2 0.0 0.2
Trichobilharzia ocellata 4.2 1.6 0.1
Cotylurus sp. 0.0 0.0 0.1
Monostome Notocotylus attenuatus 15.7 3.2 0.1
Metacercaria Tetracotyle sp. 37.8 64.0 0.0
Total Infection (%) 69.4 81.5 28.6

@ Echinostomes recorded only as a group in Pyykdsjarvi and Kuivasjarvi and not identified to species in Kuivasjarvi.

+ Present but prevalence not recorded.
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diocercariae of P. elegans were dominant in the  echinostomes, P. elegans, N. attenuatus, T.
L. stagnalis population from Kuuhankavesi ocellata, D. pseudospathaceum and A. minor var-
(17.3%). The proportion of snails infected with  ied significantly among the three snail populat-
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ions (y*-test on pooled data from all years, P <
0.01 for each species). Only Cotylurus sp., which
was recorded from a single snail from Kuuhanka-
vesi but absent from the other two lakes, did not
differ significantly in prevalence between sites (-
test, P > 0.05).

No multiple infections of more than one
digenean species were observed in L. stagnalis
from Kuuhankavesi. However, joint infections
were recorded in 7.4% of L. peregra from Pyykos-
jarvi and 28.0% of L. stagnalis from Kuivasjdrvi,
in most cases between Tetracotyle metacercariae
and a cercarial species. In Pyykosjarvi, Tetracotyle
co-occurred with all cercarial species and in three
combinations the prevalence was significantly
higher than that expected by chance: with P.
elegans (2.30%), N. attenuatus (1.73%) and
echinostomes (0.9%) (y*-test, P < 0.001 in all
cases). However, only 1% of L. peregra from
Pyykosjirvi were concurrently infected with two
cercarial species (7. ocellata with P. elegans, T.
ocellata with N. attenuatus or P. elegans with D.
pseudospathaceum) and in no cases were the num-
bers of joint infections significantly greater than
or less than expected by chance (y*-test, P >0.05).

3.5. Seasonality and annual variability of in-
fection

Logistic regression analysis of over-wintered L.
peregra from Pyykosjirvi revealed a significant
effect of both month and year on the prevalence
of Tetracotyle metacercariae, echinostomes and
T. ocellata, but no significant interaction between
month and year (Table 2). This indicates that there
were similar seasonal profiles in each year but
significant differences between years in the mean
prevalence (Figs. 3 and 4d). T. ocellata peaked in
infection in July but the maximum prevalence in
old snails in this month was lower in 1983 (5.6%)
than in 1982 (21.2%) or 1984 (25.0%).

In the case of D. pseudospathaceum, only
month had a significant influence on prevalence
and no difference was found between years (Ta-
ble 2). Neither the seasonal profile nor the mean
prevalence therefore differed significantly be-
tween years. However, this was a rare parasite in
Pyykosjirvi (Table 1), as was A. minor, for which
both the seasonal profile and the mean level of
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infection did differ significantly between years
(Table 2). The peak prevalence of A. minorin over-
wintered L. peregra was only 1.0% and 1.3% in
July of 1982 and 1983, respectively, but 25.0% (n
=4) in August 1984.

For both xiphidiocercariae and N. attenuatus
there was a significant month effect and a sig-
nificant interaction between the effects of month
and year, indicating that the seasonal profile dif-
fered significantly between years (Table 2 and Fig.
4). However, the effect of year on the prevalence
of infection was a significant only for N. attenu-
atus.

Therefore, of the seven trematode species or
groups in Pyykosjdrvi, four had consistent sea-
sonal patterns of infection (Tetracotyle metacer-
cariae, echinostomes, 7. ocellata and D. pseudo-
spathaceum) while annual variability was signi-
ficant for all species except xiphidiocercariae and
D. pseudospathaceum.

In Lymnaea stagnalis from both Kuivasjérvi
and Kuuhankavesi, the cercarial infection in-
creased from the spring to a maximum in Sep-
tember when the last samples were collected (Fig.
5). A significantly higher prevalence of cercarial
infection than in June was recorded in September
in Kuivasjdrvi (y*-test, P < 0.05) and in Septem-
ber in Kuuhankavesi (y*-test, P < 0.001). The
prevalence of Tetracotyle in Kuivasjirvi was high-
est in June and July but there was no significant
variation in prevalence among sampling months
(x*-test, P> 0.05). It was not possible to distin-
guish separate age cohorts of L. stagnalis from
length-frequency distributions in either lake, but
the greater the shell length size class the higher
was the prevalence of infection. In the largest and
oldest snails from Kuuhankavesi (shell length >
45 mm) the prevalence of cercarial infection was
96.6% while that of P. elegans exceeded 70%.

L. stagnalis were collected from Kuivasjirvi
in only June and September of 1983. When com-
paring the pooled data from June and September
of 1982 (n = 48) with that of 1983 (n = 35) there
was no significant difference between years in the
prevalence of any cercarial species (y>-test, P >
0.05 in all cases) but the prevalence of Tetracotyle
metacercariae was significantly lower in 1983 than
in 1982 (y*-test, P < 0.001).

For Kuuhankavesi there was no significant
difference between the single sample of L. stagna-
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Fig. 4. Monthly variation in prevalence of the main cercarial species and Tetracotyle metacercariae in over-
wintered (filled symbols) and young-of-year (open symbols) L. peregra from Pyykdsjérvi in each year studied
(1982-1984). Numbers of over-wintered and young-of-year snails examined in each month are indicated at the

bottom of the figure.

lis collected in July 1995 (n = 122) and the July
data from 1993 (n =206) in the prevalence of the
dominant P. elegans (j*>-test, P>0.05) but a large
and significant difference in the prevalence of

echinostomes (y>-test, P <0.001) (Fig. 3c). Many
of the rare cercarial species in Kuuhankavesi were
observed in only one of the two years that sam-
ples were collected.

Table 2. Logistic regression models for the probability of infection by various trematode species in relation to
study year and month in Pyykdsjarvi. The likelihood ratio gives a test statistic (x?) for the statistical significance
of the change in the fit of the model if the particular term is removed. The difference in the degrees of freedom
(df) between the corresponding models (with and without the term in question) is indicated.

Term Change in log likelihood if term removed Likelihood ratio df P
Tetracotyle metacercariae

Year —801 126.0 2 < 0.0001

Month —758 41.57 3 <0.0001
T. ocellata

Year —207 21.01 2 <0.0001

Month —243 93.86 3 <0.0001
Xiphidiocercariae

Month —410 61.91 3 <0.0001

Year x Month —395 30.63 6 <0.0001
N. attenuatus

Year —453 9.53 2 0.0085

Month —485 73.30 3 <0.0001

Year x Month —459 20.70 6 0.0021
Echinostomes

Year —291 6.63 2 0.0363

Month -301 26.95 3 < 0.0001
D. pseudospathaceum

Month -72 27.97 3 <0.0001
A. minor

Year —74 17.03 2 0.0002

Year x Month 77 22.56 6 0.0010
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4. Discussion

A high prevalence of larval digenean infections
was recorded in the two lakes of northern Fin-
land, which are in close proximity but populated
by different Lymnaea species, although overall
L. stagnalis from Kuivasjidrvi was more heavily
infected than L. peregra from Pyykosjérvi. In both
lakes, the parasite fauna was dominated by Tetra-
cotyle metacercariae, which were absent from the
population of L. stagnalis of lake Kuuhankavesi
in central Finland. However, when excluding
Tetracotyle, the prevalence of cercarial infections
was significantly higher in northern Finland than
in central Finland, or in the Tvarminne archipelago
of southern Finland studied by Wikgren (1956)
between 1946-1952. Interestingly, Wikgren also
recorded a greater prevalence of cercarial infec-
tions in L. stagnalis than in L. peregra.

The present data for Finland as a whole dem-
onstrate species-rich and prevalent lymnaeid para-
site faunas when compared to earlier studies in
other countries reviewed by Erasmus (1972) and
more recent investigations in Europe and North
America (e.g. Mangagonzalez et al. 1994, Toledo
et al. 1998, Yoder and Coggins 1998). This is
likely in part to reflect the type of freshwater habi-
tat. Erasmus (1972) noted that the prevalence of
infection in snail populations is typically higher
in still waters such as Finnish lakes than in flow-
ing waters such as the stream investigated by
Yoder and Coggins (1998) or the river basin sam-
pled by Mangagonzalez et al. (1994). Further-
more, prevalence has been observed to be lower
in larger waterbodies (Erasmus 1972). This could
account for the higher levels of infection in the
two smaller northern Finnish lakes as compared
with the larger Kuuhankavesi. It is also consist-
ent with the observations of Wikgren (1956), who
recorded a higher prevalence in snails from pools
than those from shoreline areas of the Tvirminne
archipelago.

The parasite species composition of the three
lakes showed a considerable degree of overlap
despite the difference in host species between
Pyykésjarvi (L. peregra) and the other two lakes
(L. stagnalis). This reflects a relatively low
specificity of the digenean larvae for their mol-
luscan intermediate host and also the fact that all
the species recorded mature in aquatic birds, in-
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Fig. 5. Monthly variation in prevalence of the domi-
nant cercarial species and Tetracotyle metacercariae
in L. stagnalis from (A) Kuivasjarvi in 1982 and (B)
Kuuhankavesi in 1993.

cluding migratory ducks. Furthermore, only one
species (D. pseudospathaceum) utilises fish as
obligatory second intermediate hosts. Meta-
cercariae of this digenean locate in the eyes of
various fish species and the adults are intestinal
parasites of fish-eating birds, particularly those of
the order Lariformes (Niewiadomska 1996). Five
of the larval digeneans of the present study (E.
revolutum, E. recurvatum, H. conoideum, A. mi-
nor and N. attenuatus) were earlier recovered as
adults from ducks (Anas spp. and Aythya spp.) col-
lected from Hailuoto Island in the Bothnian Bay
(Brglez & Valtonen 1987). The same population
of birds also harboured a separate Plagiorchis spe-
cies (P. laricola) and Cotylurus cornutus. Due to
the close proximity of Kuivasjirvi and Pyykdosjirvi
itis inevitable that cross-infection of the lakes with
larval digeneans will occur as birds move between
them.

The parasites which did not overlap between
the two species of lymnaeid hosts included those
known to be host specific, such as Echinopary-
phium recurvatum, which is restricted to L.
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peregra, and the morphologically similar Hypo-
deraeum conoideum found only in L. stagnalis.
However, considering echinostomes as a group,
all the cercariae of northern Finland were also
present in the central Finnish lake. Previous in-
vestigations of parasite communities in lymnaeids
conducted elsewhere in Europe and North America
have rarely achieved the level of identification of
this study and frequently identified the parasites
only to type or genus. It is therefore difficult to
make general conclusions about whether the high
parasite overlap recorded here is a typical pattern
or characteristic of palearctic lakes.

It was notable that the dominant cercarial spe-
cies was different in each lake (N. attenuatus in
Pyykosjirvi, echinostomes in Kuivasjirvi and P.
elegans in Kuuhankavesi). However, without know-
ing the actual bird definitive hosts for these larval
digeneans it is not possible to determine whether
variations in their prevalence between lakes are
accidental or related to bird host distribution.

Tetracotyle metacercariae dominated the para-
site fauna of the lymnaeids from both lakes in
northern Finland although the prevalence was
higher in L. stagnalis from Kuivasjirvi (64.0%)
than in L. peregra from Pyykosjérvi (37.8%). The
metacercariae were not identified but may have
represented more than one Strigeid species. How-
ever, as adults of C. cornutus were noted to be
highly prevalent in Anatidae from the same area
(Brglez & Valtonen 1987) the metacercariae in
lymnaeids from Pyykosjérvi and Kuivasjéarvi may
have been partly of the same Cotylurus species.

Several freshwater snail species, including
lymnaeids, can serve as first intermediate hosts to
Cotylurus species. Curiously, no Cotylurus cer-
cariae were observed in either L. peregra of
Pyykosjérvi or L. stagnalis of Kuivasjérvi, despite
the high prevalence of Tetracotyle metacercariae
in both of these lakes. Similar results also trou-
bled Wikgren (1956), who commonly found Tetra-
cotyle cysts in all Lymnaea species he dissected
but rarely observed the cercarial stage. Yoder and
Coggins (1998) also noted that metacercariae of
Cotylurus flabelliformis were highly prevalent in
L. stagnalis from a stream in southeastern Wis-
consin but sporocysts and cercariae of this species
were rarely found. A solution to this puzzle may
have been found by Campbell (1997) who studied
the host-finding behaviour of C. flabelliformis cer-
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cariae for five species of snail host. The cercariae
displayed chemo-positive attraction to the snails,
especially to L. stagnalis, were host-specific and
did not penetrate the snail which produced them.
Therefore, the Tetracotyle species in Pyykdosjérvi
and Kuivasjdrvi are likely to use lymnaeids only
as second intermediate hosts and alternative snail
species as the first intermediate hosts.

The seasonal profile of cercarial infections dif-
fered between the two Lymnaea species but fol-
lowed very similar patterns to those reported pre-
viously (Erasmus 1972). In Pyykdsjirvi, the preva-
lence of cercarial species in over-wintered L.
peregra increased from spring to late summer,
when this cohort of snails died out, and there was
a subsequent accumulation of infection in young-
of-year snails born in the summer. Furthermore,
logistic regression analysis revealed a consistent
seasonal pattern of infection in each of the three
years studied for four of the seven species or groups
of parasites in this lake. For the longer-lived L.
stagnalis in Kuivasjédrvi and Kuuhankavesi there
was no complete disappearance of adult molluscs
in late summer and cercarial prevalence contin-
ued to increase throughout the open-water period.

There was significant annual variation in in-
fection in Pyykdosjérvi with all larval digeneans
except D. pseudospathaceum and xiphidio-
cercariae. However, the parasite community struc-
ture and species composition remained approxi-
mately constant during the three years of study.
This stability in the parasite communities is quite
remarkable considering the long dormant winter
period, which breaks the transmission cycle of the
parasites each year. Migratory birds gradually lose
their parasite infections during the winter migra-
tion and the time spent in the wintering area
(Erasmus 1972). However, there was clear evi-
dence in this study that larval digeneans can over-
winter in their snail hosts. This must help to both
maintain infections within the mollusc population
and also act as a ‘seed’ for re-infection of aquatic
birds returning to breed in the spring, who will
then begin to deposit parasite eggs into the lakes
in early summer. The complete re-establishment
of parasite life-cycles each spring via the adult
birds must therefore be a very rapid process.

However, it is probably the juvenile popula-
tion of birds in each year that plays the key role in
maintaining the stability of the lymnaeid parasite
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communities. According to Brglez and Valtonen
(1987), the Anatidae of Hailuoto Island acquire
trematode infections as juveniles in the nesting
areas. The juvenile birds will therefore not only
obtain parasites of local origin but they will also
rapidly infect the young-of-year snails as they live
in close proximity along the shoreline among the
vegetation. The rate at which the young snails
accumulate larval digenean infections indicates
that large numbers of miracidia are present in the
water at the time. Juvenile birds therefore facili-
tate the high parasite prevalence of infection in
lymnaeids each summer and also help to main-
tain the composition of the larval digenean com-
munity from one year to the next. However, this
is only possible because the parasites themselves
exhibit a low specificity for their bird definitive
hosts (Brglez & Valtonen 1987) and are therefore
unaffected by annual variations in the migratory
bird populations.

This low specificity of the parasites for their
avian hosts enables a variety of migratory bird
species to become infected and transmit infection
from one waterbody to another. As Finland has a
vast number of lakes, many of which are inter-
connected, the parasites will eventually spread to
colonise any aquatic habitats where the appropri-
ate intermediate hosts are present and where in-
fected birds continue to visit.
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