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ABSTRACT

Saarinen, Mari

Factors contributing to the abundance of the ergasilid copepod, Paraergasilus
rylovi, in its freshwater molluscan host, Anodonta piscinalis

Jyvéaskyld: University of Jyvaskyld, 2004, 47 p.

(Jyvaskyld Studies in Biological and Environmental Science,

ISSN 1456-9701; 135)

ISBN 951-39-1724-X

Yhteenveto: Paraergasilus rylovi -loisdyridisen esiintymiseen ja runsauteen
vaikuttavat tekijat Anodonta piscinalis -pikkujdrvisimpukassa

Diss.

Among Unionidae clams, the parasite Paraergasilus rylovi was specific to
Anodonta piscinalis. The parasite occurred in southern Finland. The mean
intensity of infection of P. rylovi was higher in lake populations compared to
rivers. Within a lake, P. rylovi was more abundant at moderate depth compared
to shallow or deep habitats. Paraergasilus rylovi produced eggs between June
and August and new infections were established in clams in August. The
abundance of P. rylovi increased with proportionate burrowing depth of A.
piscinalis. There was an inverse relationship between P. rylovi intensity and
age/size of the host, but no dependence between the intensity of infection and
host sex. Female A. piscinalis, which brooded glochidia larvae were more
abundantly infected by P. rylovi than non-reproducing females. The parasites
were possible to expel from the gills of A. piscinalis by using high water
temperature or low oxygen. Paraergasilus rylovi were expelled before an
experiment conducted to study local adaptation of P. rylovi. In the reciprocal
transplant experiment between two locations, both infectivity and reproductive
performance of P. rylovi were higher in home-clams in both transplant sites,
indicating that P. rylovi may be genetically specialized to its local host
populations. In other a field experiment, anoxia-stressed clams were more
susceptible to infection by P. rylovi than unstressed individuals when exposed
to parasites about 11 months after the stress treatment. The stressed clams also
showed significantly lower growth, lower reproduction and lower survival than
the unstressed clams. The result indicates that stress may have long-lasting
effect on host susceptibility to parasitism in natural populations.

Key words: Anodonta piscinalis; behaviour; coevolution; freshwater; local
adaptation; Paraergasilus rylovi; reproduction; stress; survival; susceptibility.
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1 INTRODUCTION

1.1 General introduction

Biological diversity of parasites is overwhelming. It has been estimated that
among animals, parasitism as a way of life is more common than all other
feeding strategies combined (Price 1980). Therefore, our knowledge on the
taxonomy and ecology of parasitic species is limited. Among those described,
many of the species remain unknown by their ecology and natural history, even
though they may have an important ecological impact on their host individuals
and populations.

Parasitism is affected by ecological/environmental factors such as age, sex
and behaviour of host and habitat structure, but also by genetic factors,
manifested as host specificity and local adaptation. There is increasing evidence
that genetic factors are important in determining susceptibility of hosts to
parasitic infections, and that coevolutionary processes influence the genetics of
both host susceptibility and parasite infectivity (e.g. Frank 1993, Webster &
Davies 2001, Agrawal & Lively 2003). However, in natural populations,
ecological and environmental variables, such as habitat structure or stress (see
reviews by Sousa & Grosholz 1991, Lafferty & Kuris 1999), may have a large
effect on the outcome of a host-parasite relationship. For example, poor quality
of the environment can affect the physiological condition of the host and
thereby influence the amount of resources that can be allocated to defence
against parasites, thus making the host more susceptible to parasitism than
would otherwise be expected by their genotypes (Jokela et al. 2000).

Host specificity is defined as the extent to which a parasite taxon is
restricted in the number of host species used at a given stage in the life cycle
(Poulin 1998). Highly host-specific parasites are restricted to one host species
and specificity declines with the number of suitable hosts used by the parasite.
The number of hosts used by parasite is determined by two factors. First, only a
subset of all potential host species is actually encountered by the parasite.
Second, in only part of those potential host species encountered, the parasite is
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enough adapted to the morphological, physiological and immunological
features of host, that it survives and continues its development (Wakelin 1984,
Combes 1991, Poulin 1998). Close adaptation to one host species can usually be
achieved only at the expense of adaptations to other host species (Fry 1990,
Poulin 1998).

Parasite accumulation over time increases the intensity of parasite in older
age classes of host, but if the virulence of parasite is density dependent and
correlates positively with host mortality, maximum parasite loads occur in
hosts of intermediate age (Anderson & Gordon 1982). Decreasing parasite loads
with age may also be a consequence of decreased exposure or susceptibility of
host to parasites due to altered behaviour or diet (Anderson & Gordon 1982,
Lozano 1991, Hart 1994), changed utilization/preference of habitat or
particularly due to acquired immunity (Mitchell et al. 1977, Bayne 1991, Folstad
& Karter 1992). Few studies have found negative relationship between the age
of animal host and the numbers of parasites they harbour (Humphrey et al.
1978, Zuk 1988, Borgia & Collis 1989).

Reproduction has generally been suggested to be a factor subjecting
individuals to a higher risk of parasitism. Studies on parasites of vertebrates
have demonstrated that increased reproductive effort may result in higher
prevalence and intensity of parasitism (e.g. Festa-Bianchet 1989, Gustafsson et
al. 1994, Oppliger et al. 1996, Allander 1997). Since both reproduction (Reznick
1985, Nur 1988) and immune responses (Klasing et al. 1991, Ilmonen et al. 2000)
are costly, reproduction may increase susceptibility to parasites by reducing
energy available for immunological defence. This is supported by finding that
reproductive effort decreased bird antibody production (Deerenberg et al.
1997). Reduced immunocompetence and increased parasitism may also be
related to hormonal changes that accompany competition for mates (Christian
& Davies 1964, Folstad et al. 1989), pregnancy (Alexander & Stimson 1988,
Roberts et al. 1996), or lactation (Agyemang et al. 1992). In addition, higher
parasite load associated with reproduction may result from increased exposure
to parasites due to reproductive activities (e.g. Tinsley & Jackson 1988, Zuk
1990, Richner et al. 1995).

The sex-related differences in the occurrence of infections within a
population are mainly caused by differences in exposure to parasites or
susceptibility of the host. Parasitism has been reported to be more intense in
females (Drobney et al. 1983, Taskinen & Valtonen 1995), in males (Tinsley &
Jackson 1988, Folstad et al. 1989, Richner et al. 1995, Poulin 1996, Wedekind &
Jakobsen 1998), or to be unrelated to host sex (Bull & Burzacott 1993, Allander
& Bennett 1994). In addition, the relationship between host sex and parasite
load may be seasonally variable (Drobney et al. 1983, Van Damme & Ollevier
1994). For example the consumption of invertebrates, which serve as
intermediate host for many avian helminths (McDonald 1969), is considerably
higher in female wood ducks (Aix sponsa) in breeding time in spring compared
to males (Drobney et al. 1983). On the other hand, sex-bias in resistance due to
testosterone may make males more susceptible to infections in mammals
(Alexander & Stimson 1988, Folstad et al. 1989).
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During their lives, organisms are subject to stress, which is a condition in
which the internal or external stressors threaten or disturb the internal
homeostasis, which every organism is maintaining for survival (Chrousos &
Gold 1992). Stress can vary in its duration and quality (physical, chemical, biotic
or social), and it may weaken the condition of the individual and, consequently,
reduce the fitness of the individual, decrease the size of a given population or
limit the distribution of a species (Alpert et al. 2000, Hoffmann & Hercus 2000,
Whittier et al. 2002). Parasites and diseases are an important component of any
ecosystem (Price 1980), and therefore stress and parasitism frequently interact
in natural populations. The interplay between stress and parasitism can be
complex (Lafferty & Kuris 1999). Parasitism itself can impose a stress on the
host individual, and result in fitness costs such as reduced survival, growth or
reproduction of host (e.g. Lehman 1993). On the other hand, stress can lead to
increased parasitism by impairing the host immune system (reviewed e.g. by
Murray & Young 1992, Pruett et al. 1993). The negative effect of parasites and
pathogens on a host can be magnified by stress, such as starvation, both at
individual and population level, due to the condition-dependent nature of host
resistance and parasite virulence (Brown et al. 2000, Krist et al. 2004).

Various stressors have been shown to increase susceptibility of vertebrates
to a wide range of parasites and pathogens (e.g. Peters et al. 1988, Folstad et al.
1989, Carballo et al. 1995, Roberts et al. 1996, Davis et al. 2002) Contrary to
vertebrates, among invertebrates studies demonstrating the relationship
between stress and susceptibility to parasites and diseases are scarce. An
increased susceptibility due to stress was reported by Van Banning (1991),
Abrous et al. (2001) and Lacoste et al. (2001). In addition, Hine et al. (2002)
studied the effects of different stressors (e.g. stirring, air exposure, hot water,
cold water, hypersaline water, starvation) on the dynamics of protistan Bonamia
exitiosus infections in flat oyster Ostrea chilensis, and demonstrated an increase
in susceptibility of stressed oysters to infections. However, even a severe stress
does not necessarily result in increased susceptibility to parasitism, as observed
by Krist et al. (2004) in a freshwater snail-trematode parasite system.

The relationship between parasitism and behaviour of animals has gained
increasing attention among ecologists during recent years. A number of studies
have concentrated on such parasite-induced behavioural alterations of host,
which enhance parasite transmission (see review by Moore 2002). For example,
Thomas & Poulin (1998) noticed a negative relationship between the load of
trematode Curtuteria australis and the relative length of the foot of its
intermediate host, the marine bivalve Austrovenus stutchburyi. Infected clams
with a stunted foot were unable to bury under the sediment surface. Predation
experiment conducted in natural conditions revealed that infected individuals
with a lowered ability to burrow were more susceptible to predation by the
definitive hosts of the parasite, shorebirds (Thomas & Poulin 1998). On the
other hand, the behaviour of host may also affect the probability of infection.
For instance, males of the toad Scanhiopus couchii spend long periods in water
where the infective stages of the monogenean parasite Pseudodiplorchis
americanus are transmitted, whereas the females enter the pond only once for a
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short period to reproduce, and consequently, the males are more infected
(Tinsley & Jackson 1988).

Spatial variation in parasitism is especially observed in intermediate hosts
of trematodes such as clams and snails (Robson & Williams 1970, Williams &
Esch 1991, Jokela & Lively 1995a, Taskinen & Valtonen 1995, Smith 2001). This
variation may result e.g. from differences in exposure between habitats used by
intermediate host. For example, definitive host of digenean trematode,
Rhipidocotyle fennica, pike, Esox lucius, are the source of infective miracidia to
first intermediate host, freshwater clam Anodonta piscinalis. Pikes are more
abundant in the littoral zones of lakes, and consequently, clams in littoral zone
are more prevalently infected by R. fennica than clams in sublittoral zone
(Taskinen & Valtonen 1995). Habitat-specific variation in parasitism may also
result from differences in host life history traits and population parameters
between habitats such as age at maturity (Jokela and Lively 1995b), sex ratio
(Taskinen & Valtonen 1995) and proportion of sexually reproducing individuals
(Lively 1987, Jokela & Lively 1995b, Lively & Jokela 1996). In addition, the
amount and quality of food may differ between habitats and result in difference
in condition and consequently differences in host susceptibility to parasitism
(Wahli et al. 1998) between habitats. Genetic variation in susceptibility may also
result in spatial variation in parasitism, even within a host population/lake
(Jokela & Lively 1995a, Lively & Jokela 1996, Krist et al. 2000). In addition, some
habitats, which are suitable for host, are not preferred by the parasite, for
example abundance and prevalence of ergasilid copepod parasite, Ergasilus
celestis, of eel, Anguilla rostrata, were lower in stream habitats with higher water
velocity (Barker & Cone 2000).

On the other hand, seasonality in production of infective stages may result
in temporal variation in parasitism. For example, the prevalence of digenetic
trematode Notocotylus attenuatus in first intermediate host, lymnaeid snail
Lymnea peregra, increased during spring and summer when large numbers of
infective miracidia are present in water (Vayrynen et al. 2000).

Because of the higher evolutionary potential of parasites, due to their
larger population sizes, shorter generation times and higher mutation rates,
parasites are expected to be specialized i.e. locally adapted to the most common
host genotypes (e.g. Hamilton et al. 1990, Ebert 1994, Lively 1996, 1999, Krist et
al. 2000, Dybdahl & Storfer 2003). Locally adapted parasites should have, on
average, higher infectivity and/or greater reproductive success in the local
(sympatric) host population compared to a non-local (allopatric) host
population (Ebert 1994, Ebert & Hamilton 1996, Gandon & Van Zandt 1998,
Kaltz et al. 1999). Local adaptation of parasites to their host have been observed
in many study systems, such as plants and their pathogens (Parker 1991), plants
and herbivore (Mopper et al. 1995), snails and digenean trematodes (Manning
et al. 1995, Lively & Jokela 1996), fish and trematodes (Ballabeni & Ward 1993),
and Daphnia water fleas and their microsporidian parasites (Ebert 1994).
However, other studies did not observe local adaptation (Parker 1989, Ennos &
McConnel 1995, Davelos et al. 1996, Dufva 1996, Strauss 1997, Imhoof &
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Schmid-Hempel 1998, Mutikainen et al. 2000), or found a higher infectivity of
the parasite in allopatric hosts (Roy 1998, Kaltz et al. 1999, Oppliger et al. 1999).
Most of the local adaptation studies have applied laboratory infections in
common garden set up using laboratory-reared hosts and parasites. This
approach has several advantages, such as the controlled source of both host and
parasite, and a controlled environment for the establishment of infection.
However, besides the laboratory studies, experiments of local adaptation under
natural conditions would be valuable to allow better extrapolation from
laboratory results to field conditions. A few studies on local adaptation have
utilized natural infections in the field (e.g. Davelos et al. 1996, Dufva 1996, Roy
1998). However, naturally infected hosts collected from the field, from which
parasites are expelled, have not been used in local adaptation studies so far.

1.2 Aims of the study

The aim of this thesis was to investigate the ecological/environmental and
genetic factors contributing to the abundance of ergasilid copepod parasite
Paraergasilus rylovi. In the first three papers, I studied the natural history of the
parasite; the geographic distribution and host specificity of the parasite, the
occurrence of the parasite in relation to host age, size, sex and habitat and for
the reproductive period (occurrence of egg sacs) of the parasite (I). I examined
the relationship between P. rylovi abundance and the behaviour (II) and the
reproductive status (brooding and non-brooding females) of the host clam (III).
The fourth paper describes a method to expel the parasite without harming the
host clam (IV). In the fifth paper, I studied the long-lasting effect of stress on
host susceptibility to parasitism. In addition, the effects of stress on clam
survival, growth and reproduction, and on parasite reproduction, were
examined (V). In the sixth paper, a reciprocal transplant experiment between
two locations was conducted to study if the parasite is adapted to its local host
population (VI).



2 METHODS

2.1 Study species (I-VI)

Anodonta piscinalis Nilsson (Mollusca, Bivalvia) is a widespread and abundant
clam inhabiting slowly running waters and littoral zones of temperate lakes in
northern Europe (Bauer et al. 1991). It matures at 2-4 years of age and
reproduces annually (Haukioja & Hakala 1978a, Bauer 1994), reaching a
maximum life span of more than 15 years (Jkland 1963, Negus 1966, Haukioja
& Hakala 1978a). Spawning takes place in early summer and fertilized eggs are
stored in the outer gill blades of females, where they develop into glochidia
larvae (Jirka & Neves 1992). The development of glochidia larvae takes place in
August in Finland, and they are fully developed in autumn, when water
temperature begins to fall (Jokela et al. 1991). Glochidia are stored in the gills
over winter, and released next spring (Jkland 1963, Negus 1966). After release,
they attach to fish for a few weeks, during which they metamorphose (Ellis
1978, Jokela et al. 1991). The glochidia of A. piscinalis can infect several host
species (Jokela et al. 1991). After successful metamorphosis, young clams drop
to bottom, and their benthic live begins. (I-VI)

The natural histories of Pseudanodonta complatata Rossmdssler, Unio
pictorum Linnaeus and U. tumidus Philipsson are basically the same as of A.
piscinalis, although the spawning of A. piscinalis takes place in June (Jokela et al.
1991, Taskinen et al. 1997) and that of P. complanata from May to July (Aldridge
1999). The glochidia of Anodonta piscinalis are fully developed in autumn (Jokela
et al. 1991, Jokela 1996), whereas the glochidia of P. complanata may sometimes
mature during winter (Pekkarinen & Englund 1995). The development of
glochidia of U. pictorum lasts about one month (Tudorancea 1969, Pekkarinen
1992, 1993), and many broods per year are possible in Unio species in temperate
zones (Dudgeon & Morton 1983, Pekkarinen 1992). (I-II)

The ergasilid copepod Paraergasilus rylovi Markewitsch 1937 was
redescribed by Chernysheva & Purasjoki (1991) on the basis of planktonic
specimens and mature specimens parasitic on the clam Anodonta piscinalis in
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Lake Vrero, St Petersburg district. Markewitsch (1937) and Markewitsch &
Kusmorska (1937) described the species from planktonic material from brackish
water from the northern Caspian Sea, but subsequent findings have been
mainly from freshwater; mature specimens being found from nostrils or gills of
tishes (e.g. Kostarev 1977). However, Titar & Chernogorenko (1982) found their
species from the freshwater clam Anodonta piscinalis. Since the type-material
used by Markewitch (1937) has been destroyed, and due to uncertainties of
original description, it is possible that instead of P. rylovi, Chernysheva &
Purasjoki (1991) described P. markewitsch Titar & Chernogorenko 1982. Before
this taxonomic problem is solved, the name P. rylovi is used.

Adult females of P. rylovi are parasites, inhabiting the gills of the
freshwater clam, Anodonta piscinalis (Chernysheva & Purasjoki 1991). Other
aspects of the biology of P. rylovi are largely unknown. Ergasilid copepods are
ectoparasites of many freshwater fish, and they feed on gill tissues and blood,
and may cause deformation or necrosis of the gill filaments (Bauer et al. 1973).
To my knowledge, P. rylovi is the only ergasilid species specialized on
freshwater molluscs. (I-VI)

Unionid bivalves are frequently parasitized by water mites (Baker 1977,
Fisher et al. 2000). The larvae of hydrachnellid water mites leave a host clam
and undergo a parasitic phase within insects, primarily chironomids (Jones
1978), after which they reinvade a host clam for further development (Bottger
1977, Gledhill 1985, Smith & Cook 1991). Parasitic adult and nymphal stages
attach to gills, mantle, palps and the visceral epithelium (McMahon 1991)
feeding on mucus, gill tissue or hemolymph of the unionacean host (Baker 1977,
Fisher et al. 2000). (II)

The trematode parasite Rhipidocotyle fennica Gibson, Taskinen and
Valtonen (Digenea, Bucephalidae) uses the bivalve A. piscinalis as first
intermediate host (Taskinen et al. 1991), affecting negatively the glycogen
storage (Jokela et al. 1993), reproduction (Taskinen & Valtonen 1995) and
growth (Taskinen 1998) of the host. (I-I1I, V)

2.2 Collecting clams (I-VI)

Number of individuals of four species of unionids studied during 1987-1989,
1994, 1996 and 2002-2003 are summarized in Table 1.

During 1987, 1988 and 1989, clams were collected from the littoral (depth
1-2 m) and sublittoral (depth 3-4 m) zones of Lake Saravesi, 30 km northeast
from the city of Jyvéaskyld, Finland, using a bottom dredge. For description of
the collection site, see Taskinen & Valtonen (1995). In 1987, 344 A. piscinalis, 19
P. complanata and 11 U. pictorum were collected. In 1988 the corresponding
figures were 151, 12 and 7, and in 1989 85, 14 and 3. Clams were collected at
different times of year. In 1987 the collection months were as follows: May,
June, July, August, and October. In 1988 the collections were made in July,
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August, and September, and in 1989 in March and November. This material is
the same used by Taskinen et al. (1994) to study the seasonality of trematode
infection in A. piscinalis, except November and December 1987 samples,
December 1988 sample, and January 1989 sample used by Taskinen et al. (1994),
which were excluded, since those clams were kept for several days in a higher
temperature than the lake water, which may have reduced the number of P.
rylovi  (IV). Monthly collections (numbers of A. piscinalis collected in
parentheses) were also made in Lake Saravesi in 1996 using scuba diving: May
(42), June (18) and August (25). (I)

TABLE 1 Number of studied individuals of four species of unionids studied
during 1987-1989, 1994, 1996 and 2002-2003.

Year
1987 1988 1989 1994 1996 2002 2003
Species N studied
Anodonta piscinalis 344 151 85 29 902 1305 387
Pseudanodonta complanata 19 12 14 19 87
Unio pictorum 11 7 3 64
Unio tumidus 17

In 1994, a sample of mature clams, A. piscinalis (n=29) and P. complanata (n=19),
was collected by a scuba diver from the littoral zone of Lake Alvajdrvi close to
the city of Jyviaskyld, Finland. This material was used in (II).

Between May and October 1996, A. piscinalis (n= 902) were collected using
scuba diving from 17 locations in Finland, 11 of the locations were in southern
Finland, within 100 km from the city of Jyvaskyld (see Table 1 in I). The
southern populations contained also P. complanata (n= 87), U. pictorum (n= 64),
and U. tumidus (n= 17). Six of the locations were in northern Finland, between
the cities of Oulu and Rovaniemi. In September (n=73) and October (n=22) 2002,
A. piscinalis were collected from Lake Saravesi using scuba diving. (I)

The material from 1996 from Lakes Alvajarvi, Jyvésjdrvi and Saravesi were
partially used in (III), and from Lakes Alvajdrvi, Saravesi and Tuomiojdrvi in
(I) The data collected from Lake Saravesi in October 2002 was used as a field
reference sample in (IV).

For the ‘recovery experiment’ (IV), 312 A. piscinalis were collected using
scuba from the littoral zone of Lake Saravesi in September 2002. For three other
smaller experiments, 45 clams were collected from Lake Saravesi and 35 clams
from adjacent Lake Ahveninen in October 2002. (IV)

To study long-lasting effect of stress on susceptibility to parasitism (V),
463 A. piscinalis were collected from Lake Jyvdsjarvi in August and 355 A.
piscinalis from Lake Ahveninen in September 2002.

To study local adaptation of P. rylovi (VI), 213 A. piscinalis were collected
using scuba from the littoral zone of Lake Saravesi and 134 clams from River
Kuusaankoski, which flows to Lake Saravesi in May 2003. The populations are 4
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km apart. In August 2003, at the end of the experiment, 20 clams from each
population were collected as reference samples.

2.3 Laboratory examinations (I-VI)

In the laboratory, clams were aged by counting the annual rings of the shell and
their length was measured (see Haukioja & Hakala 1978b) (I-VI). Occurrence of
glochidia larvae in the outer gill blades was checked visually (III, V). Active,
adult stages of Unionicola water mites were collected and counted (II). The gill
tissues were pressed between two large glass plates and examined for P. rylovi
(I-VI) and larval stages of Unionicola water mites (II) using a dissection
microscope and transmitted light. For each P. rylovi individual, the occurrence
of egg sacs was examined (I, V-VI). The gonads of the clams were examined for
larval trematodes and for gender using the same method (Taskinen et al. 1991)
(I-I1I, V). Clams were considered to be females if they had egg follicles in their
gonad, and sexually mature, if they brooded glochidia larvae (I, 111, V).

2.4 A field survey: Paraergasilus rylovi in Unionidae clams (I)

The aim of this study was to investigate the natural history and ecology of
Paraergasilus rylovi. The geographic distribution of the parasite was studied in
17 clam populations in southern and northern Finland (Table 1 in I). Host
specificity of the parasite was studied in 11 southern populations, including
four species of Unionidae clams (A. piscinalis, P. complanata, U. pictorum and U.
tumidus), between May and October 1996. In one clam population, Lake
Saravesi, the parasite was studied more closely in relation to host age, size, and
sex, and for the reproductive period (occurrence of egg sacs) of the parasite in
1987, 1988, 1989, and 1996.

Seven populations, four of which were from lakes (numbers 3, 7, 8, 11 in
Table 1 in I) and three from rivers (numbers 1, 2, and 4 in Table 1), were
sampled in May 1996 (a total of 399 A. piscinalis) to study the effect of habitat
(stagnant vs. flowing water) on the intensity of P. rylovi infection. To study the
effect of infection of the trematode R. fennica on the intensity of P. rylovi, all A.
piscinalis collections from 1987-1989, 1996, and 2002 in Lake Saravesi were
combined.



16

2.5 A field survey: Burrowing behaviour, parasitism and growth
in the freshwater clams (II)

Among bivalvian molluscs, behavioural changes related to parasitism have
been studied in marine species, especially with respect to digenean trematode
parasites. Many hypotheses have been proposed to explain interaction between
parasites and (altered) behaviour of their marine bivalvian hosts. Trophically
transmitted trematode metacercariae may make their host to remain closer to
the sediment surface (Lim & Green 1991), or have a reduced ability to burrow
(Lauckner 1984, Thomas & Poulin 1998) to enhance predation (and
transmission) probability. As in the case of parasitism and burrowing, the few
studies on the relationship between burrowing behaviour and clam growth are
performed using marine species (e.g. De Goeij & Luttikhuizen 1998, Mouritsen
1997, Rde la Huz et al. 2002).

The relationship between parasitism and the behaviour of freshwater
bivalves has not been previously studied. Therefore, the aim of this study was
to investigate (1) the abundance of the arthropod parasites P. rylovi and
Unionicola water mites, and (2) the occurrence of the trematode parasite R.
fennica, and (3) growth of clam in relation to the burrowing behaviour of
freshwater bivalve clams, A. piscinalis and P. complanata in three Finnish lakes.
Since the current parasites are not transmitted trophically, any adaptive parasite
manipulation of host behaviour to enhance transmission was not predicted. To
study parasitism and growth of A. piscinalis and P. complanata with respect to
burrowing behaviour, the height of the above-sediment part of the shell (i.e.,
sediment-siphon distance, SSD, the line of the sediment surface marked by a
scuba diver on the shell) and the length of the clam were measured in the
laboratory. The proportionate burrowing depth (% of the clam length under the
surface of the sediment) was calculated as follows: ((length-SSD)/length)100%.

2.6 A field survey: Abundance of Paraergasilus rylovi in relation
to reproductive maturity of the host (III)

Bivalves are suitable models to study the variation in parasite load in relation to
host reproductive status, because their reproductive effort is high (Haukioja &
Hakala 1978a, Bayne et al. 1983, Mackie 1984, Sprung 1991). Females of
maturating age groups (from 3 to 5 yr) from three populations were studied to
examine the relationship between abundance of P. rylovi and the reproductive
status (brooding and non-brooding females) of the host clam, A. piscinalis, in
August and October 1996. Female clams produce and brood glochidia larvae in
that time (Jokela et al. 1991, Taskinen et al. 1997) and the reproductive status of
female clams can easily be determined by the presence or absence of glochidia.
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2.7 Experimental manipulation of the intensity of the parasite
(IV)

The aim of this study was to develop a method to kill, or expel, the crustacean
parasite P. rylovi from the gills of the host, the freshwater unionid clam A.
piscinalis. This would contribute to the use of P. rylovi— A. piscinalis association
as a model in studies of the ecology of host-parasite interactions by enabling
experimental manipulation of the intensity of parasitism.

Ergasilid copepods seem to be sensitive to changes in temperature.
Pojmanska (1984) reported free-living stages of the ergasilid copepod parasite
of fish, Ergasilus sieboldi, to suffer from high temperature in artificially heated
lakes. Therefore, the effectiveness of temperature in freeing A. piscinalis from P.
rylovi infection was first chosen to test. In addition, the effect of low oxygen on
P. rylovi was tested, since Anodonta clams are known to be capable of anaerobic
metabolism under anoxic conditions (Van Den Thillart & De Vries 1985). The
survival of the host clams was also monitored in the different water quality
treatments, since the ideal method would result in complete recovery from
infection combined with minimum impact on the survival of the host.

Four experiments were performed. In the ‘recovery experiment’, infected
clams were exposed to different water quality treatments for 14-days to kill, or
expel, the crustacean parasite P. rylovi from the gills of the host, A. piscinalis.
Water quality treatments were: (1) ‘high temperature’ treatment (26° C,
aeration, high oxygen); (2) ‘low-oxygen, water-flow’ treatment (18° C, no
aeration); (3) ‘low-oxygen, no water-change’ treatment (18° C, no aeration) and;
(4) control (18° C, aeration, high oxygen). In the ‘host abandon experiment’,
clams were exposed to conditions that were found unfavourable to P. rylovi in
the recovery experiment and individual clams were monitored to determine
whether P. rylovi are able to abandon the host and move into the water column.
In the “host switch experiment’, it was studied if P. rylovi, which leave one host,
are able to infect another host individual. In the “survival experiment’, survival
of individual P. rylovi, which were removed from the host, were monitored.

2.8 Long-lasting effects of stress (V)

Common to the studies demonstrating the relationship between stress and
susceptibility to parasites is that they have usually been conducted in the
laboratory, and the exposure to parasites or diseases took place during, or
shortly after the stress event. The question of whether a stress event can have
long-lasting effects on host susceptibility in natural populations has not been
studied. This question was addressed by exposing clams from two populations,
uninfected Lake Ahveninen and infected Lake Jyvdsjdrvi, to stress (anoxia) for
25 days in August and September 2002, after which the stressed clams were
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transported to Lake Saravesi together with unstressed clams, which were caged
in their home populations during the 25 days. The stressed clams from Lake
Jyvésjdrvi were freed from parasites during the stress treatment by the poor
water quality, as it was shown in (IV). In Lake Saravesi clams were placed in the
bottom of the littoral zone at 1 m depth in basins (12 L, diameter 34 cm) filled
one third with sand, 5 clams from both treatments to one basin. Clams were
allowed to become infected naturally about 11 months after the stress event.
Samples were taken monthly, except for winter months, in order to monitor the
infection of clams by P. rylovi. Experiment lasted 11 months; last containers
were fetched back to the laboratory in August 2003. Furthermore, the effects of
stress on clam survival, growth and reproduction, and parasite reproduction,
were examined.

2.9 A reciprocal transplant experiment: local adaptation of the
parasite (VI)

So far, most of the local adaptation studies have applied laboratory infections
using laboratory-reared host and parasites. However, besides the laboratory
studies, experiments of local adaptation under natural conditions would be
valuable to allow better extrapolation from laboratory results to field
conditions. To study the local adaptation of the copepod parasite P. rylovi in the
clam host, A. piscinalis, a reciprocal transplant experiment between two
locations, Lake Saravesi and River Kuusaankoski, was performed. Before the
experiment, parasites were removed from host clams in the laboratory using the
high temperature method described in (IV). During the experiment, clams were
kept in their natural environment and were allowed to become infected
naturally. In addition, in Lake Saravesi the clams were transplanted to three
different depth-habitats (0.8, 2.0 and 4.0 m). The infectivity (parasite
abundance) and reproduction (proportion of parasites carrying egg sacs) were
used as measures of parasite adaptation.



3 RESULTS AND DISCUSSION

3.1 Paraergasilus rylovi in Unionidae clams (I)

Paraergasilus rylovi preferred the freshwater clam A. piscinalis as a host, while
the other unionid bivalves were either only occasionally infected (P. complanata)
or not infected (U. pictorum, U. tumidus) (Table 2 in I). In addition, no P. rylovi
females were found with egg sacs in P. complanata, suggesting that the parasite
may not be able to reproduce in P. complanata. These results indicate that P.
rylovi is specialized to infect A. piscinalis, only. Host specificity of three other
ergasilid copepods was studied in the present area by Tuuha et al. (1992). In an
extensive investigation including four fish populations and a total of 2230
tishes, Ergasilus sieboldi was strictly specified to Perca fluviatilis, and E. briani and
Neoergasilus japonicus to Rutilus rutilus. Paraergasilus longidigitus occurred both
in P. fluviatilus and R. rutilus, but none of the ergasilids infected Coregonus sp.
(Tuuha et al. 1992).

Paraergasilus rylovi occurred in southern Finland. In the material pooled
over populations (southern Finland, 11 populations) and years (1987-89, 1996)
the mean prevalence and intensity (+ se) of infection in A. piscinalis was 71.2%
and 16.4 £ 0.6, respectively. The parasite was absent in the northern Finland
(Table 1 in I). The only other location from which P. rylovi has been reported in
clams so far is the St. Petersburg district in Russia (Chernysheva & Purasjoki
1991). If the distribution of P. rylovi is limited by chance of introduction to new
areas, it is not surprising that southern Finnish populations harbour the
parasite, since hydrologically they share the same recipient, Gulf of Finland,
Baltic Sea, with St. Petersburg region. The drainage areas of the northern
populations flow in other directions, to the Gulf of Bothnia, Baltic Sea, or White
Sea, Arctic Ocean. However, the possibility that the shorter summers and cooler
waters in the north inhibit successful reproduction of P. rylovi, thus restricting
the parasite to southern areas, cannot be excluded.

The mean intensity of infection of P. rylovi was higher in lake populations
(mean + se, 14.7 + 1.0) compared to river populations (1.9 = 0.3). Gee & Davey
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(1986) reported lower levels of infection of a parasitic copepod, Mytilicola
intestinalis, in its host, the blue mussel Mytilus edulis, in turbulent regions
compared to calm regions. They hypothesised this resulting from the essentially
passive nature of the transmission process, that the poor swimming, short-lived
infective stages of M. intestinalis enter the mussel via filtration. A similar
process might explain the lower prevalence and intensity of P. rylovi parasitism
in rivers compared to lakes in the current study. In addition, increased stream
velocity has also been found to decrease the abundance and prevalence of fish
ergasilid copepod, E. celestis in wild eels, Anguilla rostrata (Barker & Cone 2000).

The egg sacs of P. rylovi in Lake Saravesi occurred during the warm water
period in June-July-August. The reproductive period of the fish ergasilid, E.
briani takes place at the same time in Lake Saravesi (Tuuha et al. 1992). There
was a seasonal tendency for higher intensities of infection to be found in late
autumn in Lake Saravesi. Eggs hatched in summer produce larvae that would
become infective adults during the autumn, which could result in an increase in
the intensity of infection at that time.

Female and male clams did not differ in P. rylovi infection intensity.
Paraergasilus rylovi probably enter the clam host via filtration like the parasitic
copepod M. intestinalis in the mussel M. edulis. Larger sized M. edulis with a
larger field of filtration (Davey & Gee 1976) harbour more M. intestinalis (Gee &
Davey 1986). A similar size (and age) dependent pattern of infection is found in
the prevalence of the filtration-entering trematode R. fennica in A. piscinalis
(Taskinen & Valtonen 1995). Therefore, it was surprising that there was a
negative relationship between size (and age) of the host, and intensity of P.
rylovi infection. The behaviour of the host might change with age and size so
that the exposure to parasitism decreases, or there might be age-related changes
in susceptibility to parasitism. Alternatively, the increasing prevalence of the
trematode R. fennica with size (age) of A. piscinalis (Taskinen & Valtonen 1995)
might have a negative effect on P. rylovi. The present results did not yield an
association between P. rylovi and R. fennica, giving no support to the last
hypothesis. However, experimental studies are needed to resolve alternative
explanations.

3.2 Burrowing behaviour, parasitism and growth (II)

The abundance of P. rylovi increased with proportionate burrowing depth of A.
piscinalis. Furthermore, the abundances of encysted water mites in A. piscinalis
and P. complanata were higher in completely burrowed individuals than among
partly visible ones. Among active, adult water mites, such a positive
relationship between mite abundance and proportionate burrowing depth was
not found. Indeed, it may be assumed that parasite-parasite interactions can be
more important in harem-building adult unionicolids (Davids et al. 1988) in
regulation of their population size within a host opposite to tissue-penetrating
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larval water mites and blood-feeding P. rylovi (Bauer et al. 1973). The infection
of trematode R. fennica had no main effect on the proportionate burrowing
depth of A. piscinalis in Lake Saravesi.

The infective stages of parasites of bivalve molluscs, such as copepodits of
copepod parasites and nymphal stages of water mites, invade or are sucked into
the host clam via inhalant siphons (e.g. Gee & Davey 1986, Smith & Cook 1991,
Bush et al. 2001). In the current clam species, the inhalant siphons are located at
the highest point of the shell in relation to the surface of the bottom sediment. If
the parasites P. rylovi and Unionicola spp. actively seek the host clam, it could be
assumed that less burrowed (more visible) clams would be easier to be found,
which would result in a negative relationship between parasitism and deeper
location of clam. However, the present results indicate a positive association
between parasitism and burrowing depth of the clam.

Several alternative hypotheses may be proposed to explain the present
results. For example, increasing burrowing depth may increase exposure to
parasites even if it seems intuitively improbable. Negative phototaxis, or
positive geotaxis, of the infective stages of the parasites would increase the risk
of infection in deeper burrowed clams. Bolster (1954) observed copepodits of
Muytilicola intestinalis to swim downward and escape light. Indeed, Mytilus edulis
individuals, which are growing or are cultured off the bottom, have lower
infection rates than individuals, which live at bottom (Hockley 1951). Dimock
and Davids (1985) studied the spectral sensitivity and photo-behaviour of
Unionicola water mites. They showed experimentally that the positive
phototaxis of U. intermedia became negative when the mite was exposed to
water taken from the mantle cavity of its molluscan host, Anodonta anatina (= A.
piscinalis). An alternative hypothesis is that the increasing burrowing depth
may increase clam susceptibility to parasitism. If the feeding efficiency
decreases with burrowing depth, as found by De Goeij and Luttikhuizen (1998)
for Macoma balthica, it could be assumed that host’s ability to control the
infection (immune responses) would become impaired with increased
burrowing depth, and consequently P. rylovi may survive better in burrowed
host. In the present study, the relative growth of A. piscinalis during the
growing season was lower in completely burrowed individuals than among
partly visible clams. This may indicate that resources available for visible clams
are more abundant than for the completely burrowed individuals.

For P. rylovi, A. piscinalis is the only host in the life cycle. For water mites,
A. piscinalis is the final host for both adult and nymphal stages of the parasites
(Baker 1987). Therefore, it is unlikely that the observed parasitism pattern with
respect to host burrowing, would result from adaptive manipulation of the host
behaviour by parasites, although it is possible, however, that manipulation of
host burrowing depth (increasing burrowing depth, decreasing exposure) may
reduce competition between parasite individuals within a host.

The results indicate that deep burrowing may be associated with increased
parasitism and decreased growth. Why do clams then burrow deep? Visible
clams can be assumed more vulnerable to muskrat (Ondatra zibethicus)
predation than burrowed clams. In the present study areas, muskrats are
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important predators of unionid clams (Jokela & Mutikainen 1995a). Therefore,
the optimal burrowing depth of clams may vary temporally and spatially
depending on the prevailing conditions with respect to risk of parasitism and
predation. This study provides correlative results of field patterns in the study
of relationships between the behaviour of unionid clams, growth and parasites.
However, experimental work is needed to reveal the causal connections behind
observed patterns, by manipulating clam burrowing, parasitism, predation and
resources available.

3.3 Abundance of Paraergasilus rylovi and reproductive maturity
of the host (III)

Female A. piscinalis, which carried glochidia larvae, were more abundantly
infected by P. rylovi than non-reproducing female clams in Lakes Alvajdrvi,
Jyvésjdrvi and Saravesi; the observed pattern was consistent between the lakes.
The mean length-adjusted abundance of P. rylovi over populations was 15.3 and
8.4 parasites per host for reproducing and non-reproducing individuals,
respectively.

Several alternative mutually non-exclusive hypotheses can be proposed to
explain the present result. For example, maturation and reproduction may
increase exposure of clams to infective stages of P. rylovi. Altered host
behaviour associated with maturation may increase exposure of A. piscinalis to
P. rylovi copepodits. Immature unionid clams Elliptio complanata are found
completely buried in the substratum while mature clams are only partly
burrowed (Amyot & Downing 1991). Watters et al. (2001) observed several
North American freshwater clam species to surface during spawning in spring,
and discovered that some of them remained exposed until autumn. Individuals
of some other species re-burrowed after spring, but then surfaced again and
remained there until autumn. However, my results on burrowing behaviour
and P. rylovi parasitism suggest that the possible deeper burrowing of
immature A. piscinalis would rather increase than decrease the abundance of P.
rylovi infection (II). Since the biomass of glochidia larvae, that are produced and
brooded by female A. piscinalis, constitute on average 20% of the total biomass
of clam soft tissues (Jokela et al. 1993), reproducing females may have to
increase their filtration rate to compensate for the increased nutritional
demands of reproduction. This could lead to increased exposure to P. rylovi,
and contribute to the observed higher parasite abundance in reproducing
females. Tankersley & Dimock (1993) found no differences between the
filtration rates of brooding and non-brooding females in the unionid clam
Pyganodon cataracta, but they could not tell whether brooding females filter
longer periods per day than non-brooding ones. Thus, the idea that changed
filtration rate accompanied with reproduction, or changed burrowing
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behaviour associated with maturation, would expose A. piscinalis to higher
parasite abundance, cannot be rejected.

Alternatively, P. rylovi may survive and reproduce better in mature,
reproducing clams. This may be the case if there is a trade-off in the energy
allocation between reproduction and immunological defence in A. piscinalis, or
if maturation/reproduction induces hormonal changes that suppress immunity.
A prerequisite of this hypothesis, and host immune response to P. rylovi, is that
the parasite is harmful for the host. Nagasawa & Nagata (1992) reported that
the parasitic copepod Pectenophilus ornatus fed on host blood, and decreased
condition index of the scallop host Patinopecten yessoensis. Ergasilid gill parasites
of fish feed on gill tissues and blood, and have caused deformation or necrosis
of the gill filaments (Bauer et al. 1973). Thus, P. rylovi may be assumed to be
potentially harmful for its clam host. Therefore, and because allocation to
reproduction in bivalves is high (Mackie 1984), the possibility that the higher
parasite abundance in reproducing A. piscinalis would result from reduced
immunocompetence in reproducing individuals cannot ruled out.

Reproductive maturity of the host, A. piscinalis, seems to increase the risk
of parasitism. This may be a consequence of behavioural, physiological or
immunological differences between reproducing and non-reproducing clams,
but experimental work is needed to separate between the alternative
explanations.

3.4 Experimental manipulation of the intensity of the parasite
(IV)

All 3 different water quality treatments in the ‘recovery experiment’ decreased
the abundance of P. rylovi. The most effective treatment was ‘high temperature’
treatment (26° C, aeration, high oxygen), followed by ‘low-oxygen, no water-
change’ treatment (18° C, no aeration) and ‘low-oxygen, water-flow’ treatment
(18° C, no aeration). High temperature seemed to be particularly effective,
because the abundance of P. rylovi collapsed to near zero by day 7 (Fig. 1 in IV).
The results of the ‘host abandon experiment’, where the clams were kept in
separate small aquaria at 26° C, indicate that the increase of temperature from
18° C to 26° C (8° C/24 hr) may expel P. rylovi very quickly - only 1 single live
parasite individual was observed in the host clam after 24 hr at 26° C. In the
‘recovery experiment’, dead parasites were never observed in the host clams.
However, results of the ‘host abandon experiment’ suggest that the parasites
leave the host clam in unfavourable conditions, and subsequently, die in the
water, since dead parasite specimens were observed in the water during the
tirst 3 days after the temperature increase in that experiment. The harmfulness
of high temperature, or temperature increase, to P. rylovi was also demonstrated
by the results of the ‘survival experiment’, in which parasites removed from the
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host and kept in Petri dishes, in aged tap water at 18° C of temperature,
survived up to 16 days (on average 12.7 days).

The temperature chosen for this study, 26° C, is at the limit of the natural
variation in the present study area, so 26° C water temperature would occur
occasionally, although not every year. Maximum surface water temperatures of
24° C are commonly reached in Lake Saravesi (Taskinen et al. 1994). The rapid
increases in temperature applied in this study (8° C/24hr) are unrealistic in
natural waters, so in the wild populations, high temperatures do not necessarily
harm P. rylovi. However, in some special habitats, such as artificially heated
lakes, harmful temperature regimes may occur. Indeed, Pojmanska (1984)
reported that the ergasilid copepod of fish, Ergasilus sieboldi, suffer from high
temperatures in thermally polluted lakes. Report by Valtonen et al. (1993) of
higher prevalences of the crustacean fish parasite Achtheres percarum in cooler
summers compared to warm summers is also consistent with the experimental
results of this study.

The “host switch experiment’, where clams from infected Lake Saravesi
and adjacent uninfected Lake Ahveninen, were placed into a single container at
18° C, showed that P. rylovi which abandon a host, are able to move to another
host individual. However, the abundances of P. rylovi remained low in clams
from uninfected Lake Ahveninen, so although able to infect new host
individuals, not all P. rylovi, which abandon the Lake Saravesi host clams, were
able to re-settle.

Based on the current results, it seems that P. rylovi tolerate low oxygen
concentrations better than high temperature. On the other hand, the host A.
piscinalis is known to be fairly tolerant to anoxic conditions (Van Den Thillart &
De Vries 1985). Low oxygen concentrations are likely to be encountered, at least
in the current study area, where ice covers the lakes from late November until
early May, more often than high temperatures. However, the host seems to
tolerate high temperatures quite well, since only 2 from a total of 72 (3%) clams
died during 14 days in the high temperature treatment compared to 15% in low-
oxygen, no water change treatment.

The results of the present study indicate that it is possible to expel the
parasite P. rylovi with high water temperature without affecting the survival of
the host, A. piscinalis.

3.5 Long-lasting effects of stress (V)

Among clams from both populations, the stressed clams were significantly
more intensively parasitized by P. rylovi, and showed significantly lower
growth, lower reproduction and lower survival than the unstressed clams,
indicating that stress lowered the condition of the clams. The reproduction of
the parasite was not affected by stress treatment.
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The clams were exposed to natural infections about 11 months after the
stress, the individuals being held in their natural environment. Anodonta
piscinalis clams certainly face anoxic, or low oxygen conditions in their natural
environment in temperate lakes, and exhibit metabolic adaptations to anoxic
conditions (Lewis 1984, Van Den Thillart & De Vries 1985).

The higher intensity of infection among the stressed clams can be due to
several processes, such as easier recognition of or easier penetration of stressed
individuals by parasites, or better development of parasites in stressed clams.
On the other hand, if above things are equal in stressed and unstressed hosts,
the variation in the intensity of parasitism with respect to stress could be due to
differences in the host’s ability to inhibit parasite establishment, i.e. differences
in host resistance to the parasite. Although the results do not allow to
distinguish between these explanations, one plausible explanation could be a
connection between stress, host condition and host immune defence. The
immune system of bivalve molluscs is based on an innate, non-lymphoid
system involving humoral responses such as agglutination and cellular
components such as encapsulation and phagocytosis (Pipe 1990, Fisher &
DiNuzzo 1991, Oliver & Fisher 1995, Hine 1999), and for example in oysters,
noradrenaline, the principal catecholamide, released during stress, inhibits the
immune functions, such as phagosytosis (Lacoste et al. 2002). Hine et al. (2002)
observed significantly higher intensities of protistan parasite Bonamia exitiosus
infections in stressed oysters than in controls. In the present study, the stressed
clams showed lower growth, lower reproduction and lower survival than the
unstressed clams, which indicates that they were in poorer condition than the
unstressed clams. In a previous study, brooding female A. piscinalis were found
more intensively parasitized by P. rylovi than non-reproducing females (III).
Glochidia brooding poses a stress to the clam (Aldridge & Mclvor 2003). The
results indicate that the low condition of stressed A. piscinalis may have made
them more susceptible to infection. This is in line with the results from studies
on vertebrates in which a dependence between host stress, condition, immune
defence and parasitism/disease has been observed (reviewed e.g. by Murray &
Young 1992, Pruett et al. 1993).

The experimental design of the current study included a stress treatment
in the laboratory and non-stress treatment in the field. One could argue that the
observed relationship between stress and susceptibility to parasitism would be
produced by some unknown difference between the laboratory and field
conditions. However, the non-stressed groups were also kept in the laboratory
and exposed to the laboratory conditions, such as aged tap water for 2-3 days
before the non-stress treatment. The stress treatment applied in the present
study, anoxia, poses such a severe physiological challenge for the clam, that this
probably overrides any effects of laboratory conditions as such. The severity of
the stress treatment was demonstrated by ‘abortion’ of the female clams during
the stress treatment; they evacuated the gills by releasing the stored glochidia
larvae from their outer demibranchs. This phenomenon, occurring during very
stressful conditions, has been viewed as an adaptive strategy to lower stress in
unionid clams (Aldridge & Mclvor 2003). Indeed, results of Tankersley &
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Dimock (1993) indicated that the respiratory efficiency was lower in the
brooding females of the unionid clam Pyganodon cataracta compared to non-
brooding individuals. They suggested that this was in part a consequence of
reduced functional gill surface area due to brooded glochidia larvae. By
evacuating the gill contents, the mussels may benefit from increased functional
gill surface area and thus increased rates of oxygen uptake (Tankersley &
Dimock 1993).

Handling, laboratory operations and transporting all inevitably affect the
clams so that the non-stressed group was actually subjected to some stress. This
was indicated by their lower growth when compared to the control clams,
which were just collected, marked, measured and put back in Lake Jyvasjdrvi as
soon as possible. Nevertheless, survival and the relative reproduction index (the
proportion of gill blade volume filled with glochidia larvae) of non-stressed
clams were equal to that of the control clams kept in Lake Jyvisjdrvi, suggesting
that the non-stressed groups can be regarded as unstressed as measured by
their reproductive performance and survival. There is also an energy-allocation
explanation for the observed difference between growth and
reproduction/survival of the clams with respect to stress. Jokela & Mutikainen
(1995b) found a equivalent pattern in a field experiment, and concluded that
allocation to maintenance and reproduction dominated over growth when
resources were limited in A. piscinalis.

The seasonal timing of stress treatment was determined by the
reproductive cycle of the parasite so that the clams were transported to the lake
as soon as possible after the seasonal infective period was over, in September
(D). In an organism living in seasonally fluctuating environment, such as A.
piscinalis, the seasonal timing of stress has a large effect on the consequences of
stress. It was shown in a field experiment by Jokela (1996) that a stress applied
late in the season, as in the present study, had more intensive negative effect on
clam performance than a stress occurring earlier in the season, when clams can
better compensate and adjust their reproductive effort in accordance with
resources available.

Paraergasilus rylovi have been observed to carry egg sacs in June, July and
August (I). Therefore, this period should be optimal to get the experimental
clams infected naturally, and for the parasites to possess egg sacs. The samples
of experimental clams collected during summer 2003 indicate that only one new
infection was established among the previously uninfected Lake Ahveninen
clams and the stressed Lake Jyvésjdrvi clams by 6 August 2003. The unstressed
clams from Lake Jyvésjdrvi were infected by P. rylovi when they were released
to Lake Saravesi. However, by 6 August 2003, the mean intensity of parasitism
had markedly decreased. Thus, in those clams the numbers of ‘old’ parasites
were most probably so low that their effect on the total intensity of infection at
the end of the experiment, 18 August 2003, may have been insignificant. The
clams were also investigated for trematode parasites before and at the end of
the experiment since trematode infection has been observed to decrease the
physiological performance, especially tolerance of anoxia (Becker 1980,
Lauckner 1986, Sousa & Gleason 1989). The occurrence of trematodes cannot
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confound the present results, since only three out of 276 clam individuals were
found to be infected by trematode parasites.

Stress of the host can influence parasite transmission in several ways. For
example, by reducing the condition of the host, stress may impair the immune
system and decrease resistance of the host, increasing the number of infected
hosts, and thereby increasing parasite transmission. At the same time,
reproduction or replication within the host can increase due to impaired host
condition (e.g. Lafferty & Kuris 1999). However, some studies of nutritional
stress have shown that host stress and low host condition may decrease parasite
transmission (Krist et al. 2004, Pulkkinen & Ebert 2004). In addition to
infectivity, parasite reproductive performance with respect to stress was
investigated. There was no difference in the proportion of parasites carrying
egg sacs between stressed and unstressed clams, suggesting that parasite
reproduction may not be affected by host stress in the present system, as
measured about 11 months after the stress. However, it has been shown that
two weeks in anoxic conditions in the laboratory kills the P. rylovi (IV).
Therefore, although anoxia increases A. piscinalis susceptibility to infection, it
may be catastrophic for the parasite, and it’s transmission leading, perhaps, to a
local extinction of P. rylovi. Nevertheless, the current results indicate that stress,
in general, may increase host’s susceptibility to parasitism, but the net effect on
parasite transmission may vary depending on particular host-parasite
relationship.

The results of this field experiment indicate (1) that susceptibility of A.
piscinalis to P. rylovi infection may be condition-dependent, and (2) that stress
may have a long-lasting and increasing effect on host susceptibility to
parasitism in natural populations. It was previously known that stress can
increase susceptibility, but it was not known that exposure to a stress event can
increase susceptibility to infection for such a long period after the stress.

3.6 Local adaptation of the parasite (VI)

The experimental design applied transplantation of hosts, from which the
parasite individuals had been expelled (IV). A reciprocal transplantation
between two populations took place in the field between early June and early
August 2003. This period should be optimal to get the experimental clams
infected naturally, and for the parasites to possess egg sacs (I).

In the reciprocal transplant experiment, both infectivity and reproductive
performance of P. rylovi were higher in home-clams in both transplant sites
(Figs. 1-2 in VI). Thus, the present results indicate that the crustacean parasite,
P. rylovi, may be genetically specialized to the sympatric host population i.e.
locally adapted to its bivalve host, A. piscinalis. In addition, in Lake Saravesi, the
infectivity and reproduction of the parasite were higher in home-clams
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regardless of the transplant habitat (0.8, 2.0, and 4.0 m), as indicated by the non-
significant interactions between host origin and transplant depth.

Anodonta piscinalis occurs densely in all the three habitats used. The most
significant difference between the habitats is that the shallowest (0.8 m) is
protected from wave action by macrophytes. This probably limits water
currents that carry the infective stages of P. rylovi. The non-significant
interaction between clam origin and transplant habitat in Lake Saravesi with
respect to both parasite abundance and reproduction has important
implications for the study of local adaptation in the current system. First, it
suggests that in a small scale in Lake Saravesi, where the three transplant
habitats were within 200 m, the host and parasite populations may not be
genetically so fragmented that it would have resulted in an interaction between
host origin and habitat. Second, the non-significant interaction between host
origin and habitat, even though the parasite abundances differed between the
habitats, being highest in the depth of 2.0 m and lowest in 0.8 m, suggests that
local adaptation may not be affected by the exposure rate of the parasite, in the
present system. Third, the non-significant interaction, in spite of the clear
differences between the habitats in the egg production of the parasite, the mean
proportion of female P. rylovi carrying egg sacs decreasing with increasing
water depth, indicates that local adaptation may not be affected by the
performance of the parasite in the present system.

According to simulation models, local adaptation is expected in highly
virulent parasites (Gandon et al. 1996, Lively 1999) and when migration rate of
the parasite is higher than that of the host (Gandon et al. 1996). The virulence of
the parasite P. rylovi is unknown, but probably is not high, at least when
compared to castrating digenetic trematodes of the host, A. piscinalis (see
Taskinen & Valtonen 1995). In addition, the migration rate of P. rylovi is
probably not higher than that of the host. The parasite has a planktic larva, the
migration of which relies on water currents. The host has a larval phase, the
glochidium, which attaches to fish, such as roach, Rutilus rutilus (Jokela et al.
1991). Roach is known to perform spawning migrations in spring (Mills 1991)
during the period when glochidia are attached to fish (Jokela et al. 1991). In
spite of this, local adaptation by the parasite was found in the present study.
Conventionally, the shorter generation times and higher reproductive rates of
parasites compared to those of their hosts have been thought to contribute to
the higher evolutionary potential of the parasites (Hamilton et al. 1990, Hafner
et al. 1994). Thus, adaptation to new host genotypes may be faster than the
emergence of new resistant host genotypes. The life cycle of P. rylovi resembles
that of other ergasilid copepods. For example, the ergasilid parasite of fish,
Ergasilus briani, has two generations per year in the present study area (Tuuha
et al. 1992). Thus, the parasite clearly has shorter generation times than the host,
A. piscinalis, which may live up to 10 years in the study area (Taskinen &
Valtonen 1995). Therefore, the current results are consistent with the
conventional theory concerning local adaptation by parasites.
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The results of this thesis indicate that P. rylovi is specialized to infect A.
piscinalis. This in turn means that reciprocal evolution—coevolution—can be
expected between P. rylovi and A. piscinalis. Paraergasilus rylovi occurred in
southern Finland, but was absent from northern Finland. If the distribution of P.
rylovi is limited by chance of introduction to new areas, it is not surprising that
southern Finnish populations harbour the parasite, since hydrologically they
share the same recipient, Gulf of Finland, Baltic Sea, with St. Petersburg region,
which is the only other location from which P. rylovi has been reported in clams
so far (Chernysheva & Purasjoki 1991). The mean intensity of infection of P.
rylovi was higher in lake populations compared to river populations. If the
infective stages of P. rylovi enter the clam passively, via filtration, it might be
that in rivers, the larvae of P. rylovi are flushed away before they become
established. In addition, P. rylovi was more abundant at moderate depth (2.0 m)
compared to shallow (0.8 m) or deep (4.0 m) habitats (VI) within a lake, possibly
reflecting differences between habitats in exposure rate. There was a seasonal
tendency for higher intensities of infection in late autumn in Lake Saravesi. This
is in line with the findings of egg production of P. rylovi between June and
August (I) and establishment of new infections in August (V-VI). Eggs hatched
in summer produce larvae that become infective adults during the autumn,
which result in an increase in the intensity of infection at that time. Paraergasilus
rylovi probably enter the clam host via filtration like the parasitic copepod
Muytilicola intestinalis in the mussel Mytilus edulis. Larger sized M. edulis with a
larger field of filtration (Davey & Gee 1976) harbour more M. intestinalis (Gee &
Davey 1986). A similar size (and age) dependent pattern of infection is found in
the prevalence of the filtration-entering trematode R. fennica in A. piscinalis
(Taskinen & Valtonen 1995). Therefore, it was surprising that there was a
negative relationship between size (and age) of the host, and intensity of P.
rylovi infection (I). The behaviour of the host might change with age and size so
that the exposure to parasitism decreases. Also the susceptibility of host to
parasitism might decrease with age and/or size. Alternatively, the increasing
prevalence of the trematode R. fennica with size (age) of A. piscinalis (Taskinen &
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Valtonen 1995) might have a negative effect on P. rylovi. The present results
yielded no association between P. rylovi and R. fennica, suggesting that the last
hypothesis may not be correct (I). However, experimental studies are needed to
resolve the alternative explanations.

The abundance of P. rylovi increased with proportionate burrowing depth
of A. piscinalis. Furthermore, the abundances of encysted water mites in A.
piscinalis and P. complanata were higher in completely burrowed individuals
than among partly visible ones. The relative growth of A. piscinalis during the
growing season was lower in completely burrowed individuals than among
partly visible clams (II). This may indicate that resources available for visible
clams are more abundant than for the completely burrowed individuals. If the
feeding efficiency decreases with burrowing depth, it could be assumed that
host’s ability to control the infection (immune responses) would become
impaired with increased burrowing depth, thus increasing susceptibility of
clams to parasitism. The alternative hypothesis that exposure to parasites
studied increases with increasing burrowing depth, seems intuitively
improbable. However, observed increase in abundance of P. rylovi with
burrowing depth of the host is in line with findings that the burrowing depth of
A. piscinalis change with size (and age) so that bigger clams are more visible
compared to the smaller individuals (Saarinen & Taskinen 2003) and with
observed negative relationship between size (and age) of the host and intensity
of P. rylovi infection (I). Experimental work is needed to reveal the causal
connections behind the patterns, by manipulating clam burrowing, parasitism
and resources available.

Female A. piscinalis, which brooded glochidia larvae were more
abundantly infected by P. rylovi than non-reproducing female clams (III). Since
the biomass of glochidia larvae that are produced and brooded by female A.
piscinalis, constitute on average 20% of the total biomass of clam soft tissues
(Jokela et al. 1993), reproducing females may have to increase their filtration
rate to compensate for the increased nutritional demands of reproduction. This
could lead to increased exposure to P. rylovi, and contribute to the observed
higher parasite abundance in reproducing females. Alternatively, P. rylovi may
survive and reproduce better in mature, reproducing clams. This may be the
case if there is a trade-off in the energy allocation between reproduction and
immunological defence in A. piscinalis, or if maturation/reproduction induces
hormonal changes that suppress immunity. Nevertheless, the experimental
work is needed to separate between the alternative explanations.

The parasites P. rylovi are possible to be expelled or killed from the gills of
A. piscinalis by using high water temperature or low oxygen (IV). Particularly
high temperature treatment turned out to be fast and effective method to expel
P. rylovi, and in addition, seemed to be least harmful to host. This experimental
manipulation of the intensity of P rylovi infection was subsequently used
successfully in a reciprocal transplant experiment conducted to study local
adaptation of P. rylovi (VI).

Stress affected negatively on condition of A. piscinalis (V). In addition to
decreased survival of stressed clams, also the growth of stressed hosts
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decreased and female clams were not able to produce so much glochidia larvae
compared to non-stressed females. Stressed clams were also shown to suffer
increased parasitism by P. rylovi (V) when exposed to P. rylovi infection about
11 months after the stress treatment. Thus, the exposure to low oxygen
conditions can increase the susceptibility of clams to parasites even for a long
period.

In the reciprocal transplant experiment, both infectivity and reproductive
performance of P. rylovi were higher in home-clams in both transplant sites
compared to away-clams (VI). This indicates that the crustacean parasite, P.
rylovi, may be genetically specialized to sympatric host populations—that is,
locally adapted to its bivalve host, A. piscinalis. In addition, in Lake Saravesi, the
infectivity and reproduction of the parasite were higher in home-clams
regardless of the transplant habitat (0.8, 2.0, and 4.0 m), as indicated by the non-
significant interactions between host origin and transplant depth, thus
suggesting that the local adaptation may not be affected by habitat-dependent
processes, such as possible differences in exposure rate or the performance of
the parasite in the present system. (VI)

Taken together, the present results indicate that both ecological and
genetic factors, as well as host condition, contribute to the abundance of P.
rylovi infection in its host, A. piscinalis.
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YHTEENVETO

Paraergasilus rylovi -loisayridisen esiintymiseen ja runsauteen
vaikuttavat tekijat Anodonta piscinalis -pikkujarvisimpukassa

Viitoskirjatyossani tutkin Paraergasilus rylovi -ayriaisloisen esiintymiseen ja
runsauteen vaikuttavia ekologisia ja geneettisia tekijoita.

Tutkin P. rylovi -loisayridisen yleisekologiaa, sen esiintymista neljassa
Unionidae-heimon suursimpukkalajissa, maantieteellista esiintymista, lisaan-
tymisaikaa sekd esiintymisen runsauden riippuvuutta habitaatista, isinnan ias-
ta, koosta ja sukupuolesta (I). Paraergasilus rylovi esiintyi neljasta tutkitusta sim-
pukkalajista paaosin pikkujarvisimpukassa (Anodonta piscinalis); muutaman
mutta naissa tapauksissa loisen ei havaittu lisdantyvan. Unio-suvun jokisimpu-
koista loista ei loytynyt. Tulosten perusteella voidaan sanoa, etta P. rylovi on
erikoistunut loisimaan pikkujarvisimpukassa. Loisayridinen esiintyi etelaisissa
jarvissa, mutta ei pohjoisissa. Tama voi johtua siitd, ettei loinen ole viela levin-
nyt naille alueille tai siita, ettd pohjoisen lyhyempi kesa ja kylmemmat vedet
estavat loisen lisaantymisen onnistumisen. Verrattaessa loisen runsautta jarvis-
sd ja virtavesissa havaittiin, etta loinen oli huomattavasti runsaampi jarvissa.
Tama voi olla seurausta loisen todennakoisesti passiivisesta infektiotavasta, jol-
loin virtaava vesi huuhtoisi loisen infektiiviset vaiheet pois ennen kuin ne ky-
kenisivat asettautumaan simpukkaan. Myos veden syvyys vaikutti loisen run-
sauteen jarvessa. Loinen oli runsaampi keskinkertaisessa syvyydessa (2,0 m)
kuin matalassa (0,8 m) tai syvassa (4,0 m) vedessa (VI). Tama voi indikoida ero-
ja loisaltistuksessa syvyyshabitaattien valilla. Loisen runsaudessa ilmeni lievaa
vuodenaikaisuutta — lukumaarat kasvoivat syksya kohti. Loisen havaittiin li-
sdantyvan lampiman veden aikana kesa-elokuussa (I), mika selittda suuremmat
loismaarat syksylla. Pikkujarvisimpukan sukupuoli ei vaikuttanut loisen run-
sauteen, mutta lukumaara vaheni simpukan koon ja ian kasvaessa. Tama voi
johtua ika- tai kokoriippuvista muutoksista simpukan loisaltistuksen ja/tai loi-
siintumisalttiuden suhteen. Pikkujarvisimpukalla tutkimusalueella yleisena
esiintyvan imumadon, joka kastroi isantansd, esiintyminen yleistyy simpukan
koon kasvaessa. Voi olla, ettd timan imumadon infektio vaikuttaa jotenkin hai-
tallisesti P. rylovi -loiseen. Tassa tyossa loisten esiintymisien valilla ei kuiten-
kaan havaittu yhteytta (I).

Olen tutkinut myos P. rylovi -ayridisen seka Unionicola-suvun vesipunkki-
en runsauden ja simpukan kasvun yhteytta pikku- ja littedjarvisimpukan suh-
teelliseen hautautumissyvyyteen (II). Paraergasilus rylovi -ayriaisen runsaus
kasvoi pikkujarvisimpukan suhteellisen hautautumissyvyyden kasvaessa. Ve-
sipunkkien kystittyneita, passiivisia toukkavaiheita oli enemman kokonaan
pinnalla olevissa simpukoissa. Kokonaan hautautuneet simpukat olivat kasva-
neet suhteessa vahemman kasvukauden aikana kuin osittain pinnalla olleet.
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Tama voisi olla seurausta siita, etta ravintoa on enemman ja helpommin saata-
villa sedimentin pinnalla. Jos ravinnonottotehokkuus todella heikkenee hautau-
tumissyvyyden kasvaessa, voisi olettaa, etta tama vaikuttaisi myos simpukan
kykyyn sdadella loismdarid energiaa vaativan puolustusjarjestelman avulla.
Vaihtoehtoinen hypoteesi, se etta simpukan varsinainen altistuminen loisten
infektiivisille vaiheille kasvaisi hautautumissyvyyden myota, vaikuttaa epato-
denndkoiselta. Tutkimusalueella piisamit ovat paaasiallisia simpukoiden saalis-
tajia ja voidaan olettaa, ettd pinnalla, nadkyvissa olevat simpukat olisivat alt-
tiimpia piisamipredaatiolle. Optimaalinen hautautumissyvyys loisaltistuksen ja
predaatioriskin suhteen voi vaihdella paikallisesti ja ajallisesti. Korrelatiivisen
kenttaaineiston perusteella on kuitenkin vaikea paatelld, onko hautautumissy-
vyys syy loisten runsaudelle vai seurausta loisten runsaudesta tai muista sei-
koista. Tassa tapauksessa ei esimerkiksi tiedeta, onko simpukka ollut hautautu-
nut vai pinnalla infektion tapahtuessa. Kuitenkin P. rylovi -loisen lukumaarat
vahenivat simpukan koon ja ian kasvaessa (I), ja taman lisaksi pikkujarvisim-
pukan koon kasvaessa hautautumissyvyys pienenee. Havaittu loisten lukumaa-
rien pieneneminen simpukan nakyvilla olevan osan kasvaessa voi olla seuraus-
ta koko- tai ikariippuvaisesta muutoksesta infektiodynamiikassa pikemminkin
kuin seurausta itse hautautumisesta (II). Ainoastaan kokeellisella tutkimuksella
on mahdollista selvittdd mahdollisia syy-seuraussuhteita.

Pikkujarvisimpukan sukukypsyyden ja lisaantymisen yhteytta P. rylovi -
loisayriaisen runsauteen olen tutkinut 3-5-vuotiailla simpukkanaarailla (III).
Simpukoilla assimiloidusta energiasta kaytetdan suhteellisen suuri osa lisadan-
tymiseen, ja glokidio-toukkien tuottaminen vaatii paljon energiaa, silla niiden
massan on arvioitu pikkujarvisimpukalla olevan 20 % pehmytosien massasta.
Sukukypsilla, lisaantyvilla naarailla oli kaksi kertaa enemman P. rylovi -loisia
verrattuna lisddntymattomiin, immatureihin naaraisiin. Yritys kompensoida
kasvanut energian tarve lisiantymisen aikaan suodatusnopeutta tai -aikaa kas-
vattamalla voi lisata altistumista loisen infektiivisille vaiheille. Lisaantymiseen
kaytetty energia voi myos olla poissa niista resursseista, joita voidaan kayttaa
loisten ja tautien vastustamiseen. Lisddntymiseen liittyvat hormonaaliset muu-
tokset voivat myos alentaa simpukan puolustusjarjestelman tehoa ja nain lisata
simpukan alttiutta loisiintumiselle. Paraergasilus rylovi voi siis sailya paremmin
hengissa simpukoissa, joiden puolustusjarjestelman teho on laskenut.

Tassa tyossa on kehitetty menetelm3, jolla P. rylovi -ayridisen saa poistet-
tua simpukasta itse simpukkaa vahingoittamatta (IV). Taman lisaksi tutkin loi-
sen kykya poistua isantasimpukasta ja kykya siirtya toiseen isantayksiloon.
Myos simpukasta poistettujen loisten eloonjaamista tarkkailtiin laboratoriossa.
Kolmesta tutkitusta menetelmasta korkea lampotila, 26° C, osoittautui tehok-
kaimmaksi loisen poistomenetelmdksi; loislukumaara laski lahelle nollaa en-
simmaisen kasittelyviikon aikana. Kaksi muuta menetelmdd, jotka molemmat
perustuivat ensisijaisesti alhaiseen happipitoisuuteen, saavuttivat saman tulok-
sen kahdessa viikossa. Tutkiessani lampotilan vaikutusta yksittaisten simpu-
koiden loisiin havaitsin, etta lampotilan nosto 24 tunnissa 18 ° C:sta 26° C:een
haataa P. rylovi -ayridisen nopeasti, silla loisia ei havaittu enda kahden kasitte-
lypaivan jalkeen. Havaitsin lisaksi loisten poistuvan simpukasta veteen ja lopul-
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ta kuolevan epasuotuisissa lampbotilaoloissa. Kuolleita loisia en havainnut sim-
pukoissa minkaan osakokeen aikana. Simpukoista poistetut ayriaisloiset elivat
laboratoriossa 18 ° C:ssa jopa 16 paivan ajan. Osoitin myos, alun perin loisetto-
mia isantia kayttaen, etta P. rylovi -loisen on mahdollista ldhtea simpukkaisan-
nastaan ja infektoida toinen simpukkayksilo. Luonnossa, ainakin Suomessa, al-
hainen happipitoisuus on todennakoisempi tilanne kuin korkea lampotila,
vaikkakin tyossa kaytetty lampbotila onkin normaalin vaihtelun rajoissa tutki-
musalueella. Luonnossa korkea lampotila ei valttamatta vaikuta negatiivisesti
loisayridiseen, vaan voi olla, etta tyossa kaytetty lampotilan nostonopeus, 8°
C/24h, on itse lampotilaa tarkeampi tekija. Taman tutkimuksen perusteella
nayttaakin silta, etta P. rylovi sietad alhaista happipitoisuutta paremmin kuin
korkeaa lampbotilaa ja/tai nopeaa lampotilan nousua. Pikkujarvisimpukan, ai-
nakin aikuisten yksiloiden, tiedetaan kestavan kohtuullisen hyvin alhaista hap-
pipitoisuutta, mutta tassa kokeessa korkea lampotila vahingoitti simpukkaa
vahemman kuin alhainen happipitoisuus. Paraergasilus rylovi voidaan siis pois-
taa simpukasta simpukkayksiloa oleellisesti vahingoittamatta kayttamalla kor-
keaa lampotilaa.

Tutkin myos stressin pitkaaikaisia vaikutuksia pikkujarvisimpukan loi-
siintumisalttiuteen, simpukan elossapysymiseen, kasvuun ja lisdantymiseen
(V). Simpukat olivat perdisin kahdesta populaatiosta, Jyvaskylan Jyvasjarvestd,
jossa P. rylovi -loista esiintyy ja Laukaan Ahvenisesta, jossa P. rylovi -loista ei ole
havaittu. Stressikasittelyssa simpukoita pidettiin laboratoriossa alhaisessa hap-
pipitoisuudessa 25 paivan ajan elo-syyskuussa 2002. Edellisen tyon perusteella
(IV) tiesin, ettd jo kahden viikon alhainen happipitoisuus poistaa P. rylovi -
ayridisen simpukasta, joten syyskuussa 2002 stressiryhmien loisettomat simpu-
kat siirrettiin Saraveteen yhdessa ei-stressiryhmien simpukoiden kanssa, jotka
olivat tuon 25 paivan ajan omissa jarvissaan. Ahvenisen ei-stressiryhmassa ei
dollista poistaa loinen tasta ryhmasta lampotilamenetelmaa (IV) apuna kaytta-
en, tutkimuksen tarkoituksen, stressin vaikutusten selvittamisen vuoksi tahan
ei ryhdytty. Vaikka lampotilamenetelma ei nayta vahingoittavan simpukkaa,
voi korkea lampotila silti aiheuttaa stressireaktion. Saravedessa simpukoista
otettiin osanaytteita kuukausittain talvea lukuun ottamatta elokuuhun 2003 as-
ti. Uusia P. rylovi -ayriaisia alkoi ilmestya simpukoihin elokuun alussa 2003.
Kun koe lopetettiin 18. elokuuta 2003, havaittiin, etta P. rylovi -ayriaisia oli run-
saammin stressikasittelyn saaneissa simpukoissa. Stressiryhmissa kuolleisuus
oli huomattavasti korkeampaa kuin ei-stressiryhmissa. Simpukoiden kasvu oli
pienempaa stressiryhmissd, kuten myo6s naarassimpukoiden tuottamien gloki-
dio-toukkien maara. Loisen lisadntyminen ei sen sijaan eronnut stressi- ja ei-
stressiryhmien valilla. Altistuminen stressille heikensi siten simpukan kuntoa ja
lisasi loisiintumisalttiutta. Stressin on tiedetty lisdavan loisiintumisalttiutta,
mutta uutta tassa tyossa oli se, etta osoitin stressin voivan lisata simpukan loi-
siintumisalttiutta pitkankin ajan kuluttua luonnonolosuhteissa.

Tutkin myos ristiininfektiokokeella (VI) kahden populaation valilla, kyke-
neeko P. rylovi infektoimaan paremmin oman, sympatrisen pikkujarvisimpuk-
kapopulaationsa yksiloita ja onko sen lisadntymismenestys parempi oman po-
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pulaationsa simpukoissa verrattuna vieraan, allopatrisen populaation simpu-
koihin. Ennen varsinaisen kokeen suorittamista simpukoissa jo olleet P. rylovi -
loiset poistettiin laboratoriossa lampotilamenetelmaa (IV) apuna kayttaen. In-
fektiokokeissa havaitsin, etta P. rylovi infektoi paremmin oman, sympatrisen
populaationsa simpukoita kummassakin tutkitussa populaatiossa. Loinen myos
lisaantyi paremmin oman populaationsa isannissa. Nama tulokset tukevat hy-
poteesia, jonka mukaan loinen sopeutuu evolutiivisesti omaan, sympatriseen
isantapopulaatioonsa. Tulokset indikoivat myos, etta ekologisten tekijoiden li-
saksi myos geneettisilla tekijoilla on selkeda merkitys P. rylovi -loisen runsauteen.
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