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Diplostomid metacercariae were found at a high prevalence and in large numbers in the
eyes of a wide variety of fish species from widely differing freshwater and brackish
water environments in northern Finland. These parasites were found to infect the fol-
lowing: 21 of 25 fish species, some of which were marine, studied in the oligohaline,
brackish waters of the Bothnian Bay, Baltic Sea; all nine fish species studied from a
large, oligotrophic lake in NE Finland (Yli-Kitka); and all five studied fish species in a
small, hypereutrophic lake (Kuivasjarvi). Diplostomids in the lens of the fishes of the
Bothnian Bay, studied during two periods extending over seven years, suggest the pres-
ence of a stable and predictable system, despite the extremely narrow transmission
window between the first (snail) and second (fish) intermediate hosts. Diplostomids in
the lens of fishes from the Bothnian Bay and Lake Kuivasjérvi predominated (> 50%
infection in 14 of 21 species) over those from the vitreous body of the eye in most cases,
but were much lower (< 18%) in Lake Yli-Kitka. The situation in the vitreous body was
quite the reverse, since diplostomids in this site predominated over those in the lens in
fishes of Lake Yli-Kitka (> 80% prevalences in five of nine fish species). This differ-
ence is considered to be dependent on differences in the piscivorous bird fauna. The
fact that diplostomid metacercariae accumulated in the fish, together with the lack of
any real seasonal variation, confirms the longevity of these larvae in their fish interme-
diate hosts. Thus metacercariae form a reservoir which is mainly responsible for the
maintenance of diplostomid suprapopulations in these northern latitudes.

1. Introduction ed that more than 50% of all animals are parasitic

in at least some stage during their life-history.
The parasitic mode of existence is very common;  Many parasitic organisms have complex life-cy-
in fact, Keymer and Gregory (1992) have estimat-  cles, which have developed independently in di-
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verse groups (e.g. the phyla Platyhelminthes,
Nematoda and Acanthocephala). These complex
life-cycles, which may involve one, two or more
intermediate hosts, a definitive (final) host and
sometimes paratenic hosts, have evolved to facili-
tate transmission. However, the parasites encoun-
ter considerable hazards in harmonising the co-
occurrence of larval stages and host in time and
space, especially in highly seasonal environments.

Diplostomids, digenean parasites of piscivo-
rous birds, are distributed throughout the Holarctic
region and have a complex, three-host life-cycle
which involves: i) a free-living larva (miracidium)
which hatches from the egg; ii) two asexual gen-
erations (parthenitae) in an aquatic snail; iii) a
second free-living, motile larva (cercaria) which
is released in huge numbers and is involved in
transmission to the second intermediate fish host
which it penetrates, usually through the gills; iv)
an unencysted larva (metacercaria) usually in the
eyes (lens, humour or under the retina) of fishes;
and v) a sexually mature, hermaphroditic adult in
the intestine of piscivorous birds. Metacercariae
in the eyes of freshwater fishes can become ma-
jor pathogens, since infection may lead to a se-
vere ocular pathology associated with cataracts
or blindness (Shariff et al. 1980, Ieshko & Shustov
1982, Chappell et al. 1994) or even death (Bauer
et al. 1964). Heavily infected fish are lost from
the population either through disease or selective
predation (Pennyquick 1971, Lester 1977, Ken-
nedy 1981a, 1984).

Some of the mechanisms which have been
evolved to enable helminth parasites to survive in
sub-Arctic regions have been touched upon by
Gibson and Valtonen (1984). Esch and Fernandez
(1993) have suggested that complex life-cycles
are adaptations to prevent extinctions at the level
of a metapopulation (i.e. all of the infrapopulations
from a single host species within an ecosystem),
although local extinctions may occur. One could
speculate that the local extinction of parasites with
complex life-cycles could quite easily happen; in
the life-cycle of diplostomids in northern latitudes,
for example, the transmission window between
the first (snail) and second (fish) intermediate
hosts is narrow, because cercarial production is
regulated primarily by temperature. Cercariae of
species of the genus Diplostomum emerge into
water only at temperatures above 10°C (Berrie
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1960, Wootten 1974, Brassard et al. 1982, Sta-
bles & Chappell 1986) and, according to the lat-
ter authors, the optimum temperature for the es-
tablishment of metacercariae in rainbow trout
Oncorhynchus mykiss is 17.5°C, a temperature
which tends to occur in the Bothnian Bay region
of the Baltic Sea only between mid-July and mid-
August. Although we would expect some adapta-
tion in temperature thresholds to suit local condi-
tions, as found by Rahkonen et al. (1984) in rela-
tion to Bunodera luciopercae, this temperature-
limited window is supported by observations of
the release of Diplostomum cercariae at this time
from the snail intermediate hosts, Lymnaea stag-
nalis and also L. peregra, in two small lakes con-
nected to the Bothnian Bay (Vdyrynen 1996). The
successful transmission of the parasite to the sec-
ond intermediate host also requires that these fish
be found in the littoral zone where the lymnaeid
snails occur during the time of cercarial emission.
Furthermore, in northern latitudes, the final hosts
(piscivorous birds) are annual migrators, being
present only for a limited period of the year dur-
ing the open water (ice-free) period.

In this study we examine the occurrence, sta-
bility and predictability of diplostomid metacer-
carial metapopulations in the eyes of freshwater
fishes in two areas from northern Finland: i) a
brackish water area, the Bothnian Bay, NE Baltic
Sea, where the salinity is low (2-3%0) and condi-
tions lacustrine, using material collected on a sea-
sonal basis during two periods spanning 7 years
(1977-79 and 1983); and ii) a large, oligotrophic
lake situated close to the Arctic Circle in NE Fin-
land (1980-1981). Comparative material was also
collected from a small hypereutrophic lake con-
nected to the Bothnian Bay (1979-1980). In to-
tal, 26 fish species and almost 5 000 fishes were
studied. Most previous investigations of diplosto-
mid metacercariae have involved only one or a
small number of fish species in a single locality
(see e.g. Chubb 1979).

2. Materials and methods

2.1. Study areas

The Bothnian Bay is the most northerly part of the Gulf of
Bothnia. It is the least saline (0.5-3.5%0) and most oligo-
trophic part of the Baltic Sea (Alasaarela 1979). The study
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Fig. 1. Map showing the study
areas.

area in the north-eastern region of the bay is ice-covered for
six months of each year from mid-November to mid-May
(Fig. 1). The fish fauna of the Bothnian Bay includes 52
recorded species of which about 30 spawn in the region
(Andreasson & Petersson 1982). Most species are of fresh-
water origin, but some marine species, such as Zoarces vivi-
parus, Clupea harengus, Myoxocephalus scorpius, Ammo-
dytes tobianus and Pomatoschistus minutus, are able to com-
plete their life-cycles in the Bothnian Bay. Migrating spe-
cies, such as Gadus morhua and Lampetra fluviatilis, and
occasional visitors also occur (see also Valtonen et al. 1989,
Valtonen & Crompton 1990).

Lake Yli-Kitka is a 235 km? large, oligotrophic lake
still in its natural state. It is located at 240 m above sea-
level close to the Arctic Circle in NE Finland. This lake is
ice-covered for 7-8 months (October-May) of each year.
At least 15 freshwater fish species typical of oligotrophic
waters may be found in the lake, of which Coregonus albula
is the most abundant. C. lavaretus acronius and brown trout
Salmo trutta m. lacustris also occur here (Hyytinen & Val-
tonen 1984). The waters of Lake Yli-Kitka drained into the
Bothnian Bay in early post-glacial times, but reversed di-
rection to flow into the White Sea following a bifurcation
phase. The western outflow route dried up ca. 8§ 400 BP
(Heikkinen & Kurimo 1977).

Lake Kuivasjarvi is located close to the Bothnian Bay
and connected to it by a small river of about 2 km in length.
It is small (0.84 km?), shallow (mean depth 1.9 m), covered
by ice from late October until early May, and almost hyper-
eutrophic (Myllymaa 1978). The fish species inhabiting the
lake are perch Perca fluviatilis, roach Rutilus rutilus, ruffe
Gymnocephalus cernuus, pike Esox lucius and Crucian carp
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Carassius carassius. Fish populations suffer anoxic condi-
tions in winter during the period covered by this study.

2.2. Fish studied

A total of 3 132 fish belonging to 25 fish species was stud-
ied from the Bothnian Bay (Table 1) during two periods,
1977-79 and 1983. Samples of the most common species
were caught at monthly (open water periods) or bimonthly
intervals where possible. The fish were caught by local fish-
ermen working in the relatively shallow NE coastal region
(mean depth 11 m) (Valtonen 1983). During the winter
months fish were caught using seine nets under the ice. At
other times, trawls and occasionally fyke nets were used,
together with fingerling traps for sticklebacks.

In Lake Yli-Kitka, 1 026 fish belonging to the nine most
common species were studied (Table 1). Monthly or bi-
monthly samples were collected between March 1980 and
May 1981, using seine nets both in open water and under
the ice.

In Lake Kuivasjirvi, all of the fish species present, to-
talling 698 specimens, were studied between May 1979 and
August 1980. With the exception of January and February
1980, equal numbers of fish were collected monthly (about
20 perch and roach, but fewer of the other species). How-
ever, for the Lake Kuivasjdrvi material, only the pooled
monthly prevalence and abundance data for each fish spe-
cies are used.

Both the vitreous body and the lens were examined for
diplostomid metacercariae in all fish, except for the period
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1977-79 when, in fish from the Bothnian Bay, the lens only
was examined. Metacercariae from all the non-lens parts of
the eye, including the retina, are included with those from
the vitreous body.

The data were analysed using Systat Version 5.0.

3. Results
3.1. Parasite identity

The identification of members of the genus Diplo-
stomum Von Nordmann, 1832 has been, and con-
tinues to be, a real problem. The majority of spe-
cies are morphologically very similar and often
distinguishable only if processed in a similar man-
ner and by utilizing combinations of metrical data
in statistical analyses. The problems are further
complicated by nomenclatural difficulties and dif-
ferences of opinion by authorities on the group:
compare, for example, Shigin (1986, 1987) and

Table 1. Species and number of fishes examined.
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Niewiadomska (1984, 1986, 1989). In addition,
the cercariae, metacercariae and adults have each
been the focus of separate taxonomic treatments,
and only occasionally have these been related suc-
cessfully.

The present material was collected at a time
when it was usual to consider metacercarial speci-
mens from the lens as “D. spathaceum” and those
from the rest of the eye (vitreous body and retina)
as “D. gasterostei” or “Diplostomum sp.”. Prelimi-
nary investigations, using multivariate analysis on
metacercariae from a wide range of hosts in the
Bothnian Bay region carried out by undergradu-
ate students at The Natural History Museum in
London (Gibson et al. 1985) indicated the pres-
ence of three groups, two from the lens and one
from the vitreous body. The majority of the speci-
mens from the lens appeared to resemble the form
described by Shigin as “D. indistinctum”, which
would appear to be D. spathaceum (Rudolphi,

Fish species Habitat Bothnian Bay  Bothnian Bay L. Yli-Kitka L. Kuivasjarvi
1977-1979 1983 1980-1981 1979-1980
Lampetra fluviatilis Marine 25 0 =* -
Clupea harengus Marine 172 153 - -
Esox lucius FW 34 0 35 88
Salmo trutta FW 37 0 0 -
Coregonus albula FW 144 133 155 -
Coregonus lavaretus lavaretus FW 9 0 - -
Coregonus widegreni/acronius FW 59 149 232 -
Osmerus eperlanus Euryh. 222 135 - -
Rutilus rutilus FW 192 139 65 209
Leuciscus leuciscus FW 56 136 0 0
Leuciscus idus FW 8 0 0 0
Phoxinus phoxinus FW 32 0 68 0
Alburnus alburnus FW 42 31 - -
Carassius carassius FW 5 0 - 133
Gadus morhua Marine 8 0 - -
Lota lota FW 97 0 18 0
Zoarces viviparus Marine 20 0 - -
Gasterosteus aculeatus Euryh. 156 163 - -
Pungitius pungitius FW 47 22 54 -
Myoxocephalus quadricornis Euryh. 66 46 - -
Myoxocephalus scorpius Marine 24 0 - -
Perca fluviatilis FW 153 58 171 262
Gymnocephalus cernuus FW 194 163 228 66
Ammodytes tobianus Marine 15 0 - -
Pomatoschistus minutus Marine 12 0 - -
Total 1829 1329 1026 658

*0, not studied; —, not present.
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Fig. 2. Prevalence (left) and

abundance (right) of diplo-
stomid metacercariae in the

lens of fishes from the Both-
nian Bay collected during the
periods 1977-79 and 1983.
The abbreviations for the fish
names are in the form of the
generic abbreviation plus the
first four letters of the specific
name, e.g. R. ruti for Rutilus
rutilus (see Table 1).

1819) (see Niewiadomska 1984, 1986). The re-
mainder of the specimens from the lens appeared
to be D. commutatum (Diesing, 1850), a species
which we have recovered as an adult in the tern
Sterna hirundo in northern Finland: the latter form
represented only a small percentage (6.5%) of the
lens metacercariae. For the purpose of this study,
both species were grouped together. Taxonomic
and nomenclatural problems preclude naming of
the form or forms from the vitreous body, but
metacercariae from the non-lens regions of the
eye have been referred to by several names in re-
cent years, including D. baeri Dubois, 1937 and
D. volvens (Nordmann, 1932). Certainly at least
some of our material is likely to be conspecific
with the form from perch in Sweden called D. baeri
by Hgglund and Thulin (1992). Diplostomid meta-
cercariae in the vitreous body, especially in per-
cids, also include Tylodelphys clavata (Nordmann,

Bl 19771979
1983

1832). A detailed analysis of diplostomid speci-
mens from the vitreous body showed that, in fishes
examined from the Bothnian Bay, T. clavata rep-
resented only 7.5% of the diplostomid population
and in Lake Yli-Kitka only 5.3%, the only excep-
tion being Lota lota, in which they were the ma-
jority. For the purpose of this study, 7. clavata
and Diplostomum spp. in the vitreous body were
grouped together.

3.2. Comparison of hosts, sites and localities

Asindicated in Fig. 2. and Table 1, in the Bothnian
Bay diplostomids were found in 21 of the 25 spe-
cies studied: those uninfected were marine and
migratory species studied in only small numbers.
All nine species studied in Lake Yli-Kitka and all
five studied in Lake Kuivasjirvi were infected
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with diplostomids. High prevalences (> 50%) of
diplostomids were found in the lenses of 13 spe-
cies of fish in the Bothnian Bay, i.e. five species
of cyprinids, plus Gymnocephalus cernuus, Lota
lota, Gasterosteus aculeatus, Myoxocephalus
quadricornis, Esox lucius, Coregonus lavaretus

Bothnian Bay (1983)
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Fig. 3. Prevalence (left) and abun-
dance (right) of diplostomid metacer-
cariae in the lens and vitreous body of
fishes from Lake Kuivasjarvi during
1979-1980. The abbreviations for the
fish names are as for Fig. 2.

widegreni, Osmerus eperlanus and Coregonus
albula, and relatively high prevalences (= 20%)
were found in the remainder of the fishes studied,
except for Salmo trutta (Fig. 2). A slight tendency
for increased prevalences in the lens during the
second period of study (1983) was found, and

Lake Yli-Kitka (1980-81)
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Fig. 4. Prevalence of diplostomid metacercariae in the lens and vitreous body of fishes of the Bothnian Bay
during 1983 and from Lake Yli-Kitka during 1980—-81. The abbreviations for the fish names are as for Fig. 2.
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these differences were statistically significant in
five cases, 1.e. G. cernuus, Alburnus alburnus,
O. eperlanus, C. albula and Rutilus rutilus (G-
test, p <0.001,0.007,0.001,0.037,0.003, respec-
tively) and seven species showed little or no vari-
ation (Fig. 2). Comparison of material from the
eutrophic Lake Kuivasjdrvi reveals very similar
infection patterns as occur in the same fish spe-
cies in the Bothnian Bay, both in the lens and vit-
reous body: diplostomids in the lens dominated
in all fish species with the exception of P. fluvia-
tilis (Fig. 3). Consequently, the data for this lake
are not dealt with in detail below.

The occurrence of Diplostomum in the lens of
fishes of Lake Yli-Kitka was much lower than
that encountered in the Bothnian Bay, the preva-
lence being < 18% in all of the fish species stud-
ied (Fig. 4). In terms of abundance (the total
number of parasites of a given species divided by
the total number of hosts studied: Williams &
Jones 1994)) (Fig. 2), in the Bothnian Bay only
three cyprinid species, i.e. Leuciscus leuciscus,
Rutilus rutilus and L. idus, had figures > 20 in at
least one or other of the periods of study and Lota
lota and M. quadricornis had figures > 10 (Fig.
2). In Lake Yli-Kitka, only L. lota had an abun-
dance greater than 1 (i.e. 5.8, Fig. 5).

The situation in the vitreous body is quite dif-
ferent. In the Bothnian Bay material for 1983, very
high prevalences (> 70%) occurred in percids
(G. cernuus and P. fluviatilis), high prevalences
(>50%) occurred in Phoxinus phoxinus, R. rutilus,
O. eperlanus and C. I. widegreni, and alow preva-
lence (< 10%) occurred only in Clupea harengus.
In Lake Yli-Kitka very high prevalences (> 80%)
occurred in all the species studied apart from
P. phoxinus, Pungitius pungitius, E. lucius and
R. rutilus (Fig. 4). The abundance data were simi-
lar to those of prevalence (Fig. 5). In the Bothnian
Bay the abundance in the vitreous body was al-
ways < 10, whereas in Lake Yli-Kitka an abun-
dance > 30 occurred in G. cernuus and Coregonus
acronius and > 15 in C. albula, P. fluviatilis and
Lota lota; in all other species it was < 1 (Fig. 5).

3.3. Associations

The occurrence of concurrent infections of diplo-
stomids in the vitreous body and in the lens did
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Fig. 5. Abundance of diplostomid metacercariae in the
lens and vitreous body of fishes from the Bothnian
Bay during 1983 and from Lake Yli-Kitka during 1980—
81. The abbreviations for the fish names are as for
Fig. 2.

not differ from the expected frequencies, except
in L. lota from Lake Yli-Kitka (Independence test,
G statistic = 5.1, p = 0.025) and G. cernuus,
G. aculeatus, C. I. widegreni and M. quadricornis
from the Bothnian Bay (Table 2). In all these cases
concurrent occurrences were found more often
than might have been expected. In all of these spe-
cies, plus O. eperlanus and P. pungitius, positive
correlations between numbers in the lens and vit-
reous body were also significant (Table 2). Only
in Leuciscus leuciscus was the correlation negative.

3.4. The effects of host-size

It was very apparent from the results that, in the
majority of cases where large numbers of fishes
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were studied, there was little or no association
between the prevalence of infection and host-size,
but there was a distinct accumulation in the num-
ber of parasites. The most clear examples of this
in the lens material from the Bothnian Bay (com-
bined data for all years studied) occurred in the
cyprinids R. rutilus and L. leuciscus (Fig. 6), al-
though it was also apparent in G. cernuus and
C. albula. Cases where an increase in prevalence
occurred with increasing size were G. aculeatus
and O. eperlanus (Fig. 6). In the material from
the vitreous body of fishes from the Bothnian Bay
(data for 1983), again only in G. cernuus and
0. eperlanus did the smallest size-group of fish
have a lower prevalence compared with other
fishes, but a general trend of an accumulation of
specimens in the larger fish was noted. In Lake
Yli-Kitka, the prevalence of the lens material was
too low to exhibit any clear trends, but, in the case
of the material from the vitreous body, there was
evidence of an increase in prevalence with increas-
ing size in P. pungitius, P. phoxinus, P. fluviatilis
and C. albula, where a decrease in prevalence in
the largest fish was also apparent. By contrast, in
C. . acronius and G. cernuus the prevalence re-
mained relatively level in fish of all sizes, although
a clear accumulation of specimens with increas-
ing size was noted in G. cernuus especially.

3.5. Seasonality

Seasonal results for the more heavily infected fish
species tended not to exhibit any clear patterns,
but generally maintained high levels of prevalence
throughout the year in all study areas. However,
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in the cases of G. aculeatus and C. albula in the
Bothnian Bay during 1978-79, there was an in-
crease in the prevalence of diplostomids in the
lens during the late summer and early autumn in
comparison with the levels during the remainder
of the year (Fig. 7). Great changes in the preva-
lence in C. harengus might be explained by the
migration of this host to more southern and deeper
areas during winter. Fish from March and May
are recent immigrants into the Bothnian Bay area,
which become infected in the shallow waters dur-
ing the summer. There was also an apparent sea-
sonal effect in the prevalence of diplostomids in
the vitreous body of C. albula in Lake Yli-Kitka,
where the prevalence was lowest during the spring
(ca. 60%) and then increased during the summer,
after which all fish were infected. A similar pat-
tern in other fish species from the lake was not so
apparent.

4. Discussion

One of the most obvious features of these results,
at least with regard to metacercariae in the lens of
Bothnian Bay fishes, is the consistent infection
pattern between two periods spanning seven years;
this suggests a reasonably stable, predictable sys-
tem, despite the fact that diplostomids are highly
seasonal in relation to their transmission patterns
between the first (snail) and second (fish) inter-
mediate hosts. Cercariae of Diplostomum do not
emerge from the snails in water temperature be-
low 10°C (see Introduction) and in the present
study areas only during the time of the warmest
water temperatures, from mid-July to mid-August

Table 2. Concurrent infections of diplostomids in the lens and vitreal body of fishes from the Bothnian Bay
during 1983 in cases where they occur more often than they ought to according to expected frequencies
(Likelihood Ratio Test, G). Spearman correlations (r,) of the numbers of diplostomids in the two sites are also
given.

Fish species G p re p
Coregonus widegreni acronius 21.9 < 0.001 0.39 < 0.001
Gasterosteus aculeatus 7.6 0.01 0.18 0.02
Gymnocephalus cernuus 4.6 0.03 0.21 0.01
Myoxocephalus quadricornis 9.2 0 0.42 0
Pungitius pungitius 0.47 0.03
Osmerus eperlanus 0.19 0.03
Leuciscus leuciscus -0.18 0.04
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Fig. 6. Prevalence and levels of intensity of diplostomid metacercariae from the lens of fishes from the combined
material from the Bothnian Bay and in relation to fish size.

when water temperatures vary from 15-18°C
(Water Statistics, Bothnian Bay Research Station)
and apparently during an even shorter period in
Lake Yli-Kitka, where the ice-cover lasts 1-2
months longer than in the Bothnian Bay. Stables
and Chappell (1986) indicated that the optimum
temperature for cercarial emission is 17.5°C. Fur-

thermore, the definitive hosts of diplostomids are
annual migrators, present only for the limited pe-
riod of open water. Diplostomids are, however,
among the most common and abundant metazoan
parasites in all three study areas (e.g. Valtonen et
al. 1988, Valtonen & Julkunen 1995). Indeed, re-
sults from the Bothnian Bay suggest that robust,
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well-established suprapopulations of diplostomids
are maintained in these northern latitudes, even
in brackish water. Key to the maintenance of sta-
ble diplostomid suprapopulations, especially in
northern latitudes, are the reservoirs of metacerca-
riae in the fish intermediate hosts. The larval stages
in snails may also help maintain the stability of
diplostomid populations. Furthermore, they over-
winter as sporocysts in two species of Lymnaea
in the region (Vdyrynen 1996). Metacercariae in
fish may live for up to four years (Shigin 1964)
and perhaps until their fish host dies; this longev-
ity is seen in the present material in the accumu-
lation of the worms in older and larger fishes of
several species. The accumulation of Diplosto-
mum spp. (but not Tylodelphys clavata) in the lens
and vitreous humour have also been reported by
Pennycuick (1971), Sweeting (1974), Wootten
(1974) and Burrough (1978).

The longevity of diplostomid metacercariae
in fishes may also explain the lack of seasonal
variation observed in most fishes in the Bothnian
Bay material during the study and also in the
majority of fishes in the lake material. The winter
temperatures in all of the study areas are low, close
to 0°C during most winter months (T. Valtonen,
personal communication), which must surely fur-
ther extend the longevity of the larvae. Similarly,
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and C. albula, re-
spectively.

further south (in the UK), no seasonal variation in
diplostomid metacercarial prevalences was re-
ported by Chappell (1969) or Wootten (1974), al-
though their intensities have been reported to in-
crease during the period of cercarial emission
(Chappell 1969, Burrough 1978).

The great variation in the level of diplostomid
infection in the lenses of different fish species in
the Bothnian Bay was maintained between the two
study periods in most cases. Also, variation was
found in the prevalences and abundances of in-
fections between fish species in the two lakes. It
has been suggested that such variation is due to
differences in host specificity (e.g. Wootten 1974,
Burrough 1978, Ching 1984, Moravec & Scholz
1984, Kalfa-Papaioannou & Sinis 1985). Of the
freshwater fishes of the Bothnian Bay, cyprinids
were the most susceptible to lens diplostomids. It
has previously been shown (Betterton 1974) that
brown trout Salmo trutta are much less suscepti-
ble to the transmission of Diplostomum spatha-
ceum than rainbow trout Oncorhynchus mykiss.
Our results also showed that sea trout had the low-
est D. spathaceum prevalence in the Bothnian Bay.
Furthermore, when brown trout were experimen-
tally exposed to cercariae of one species of Diplo-
stomum from Central Finland (up to 94 cercariae
per litre) only a few larvae were able to migrate to
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the lenses of these fish, which responded to the
exposure by simultaneous increases in activity and
heart rate (Laitinen ef al. 1996). Similar differ-
ences in susceptibility may explain some of the
other differences found in the prevalences and
abundances of these parasites in the fishes of the
present study.

Nevertheless, ecological factors, such as host
habitat selection, must also be important in deter-
mining the transmission and infection levels of
diplostomids in the eyes of fishes. For example,
only three of the six marine fish species in the
Bothnian Bay were infected, with prevalences of
<40% and low abundances. This can be explained
by the facts that marine species prefer to stay in
deeper waters (Andreasson & Petersson 1982),
while snails occur in the littoral zone. In addition,
since cercariae are able to live for only 24 hours
and are probably infective for an even shorter
period, they cannot migrate long distances (Eras-
mus 1959). However, it is interesting to note that
any fish coming into the region, even marine spe-
cies whose ranges extend into the Bothnian Bay
where the salinity is only 2-3%o, do indeed be-
come infected with diplostomids. Buchmann (1986)
has even reported a Diplostomum spathaceum in-
fection of 22.5% in cod Gadus morhua from the
Bornholm Basin in the southern regions of the
Baltic proper, where the salinity is 15%o.

In Lake Yli-Kitka, the levels of infection in
the lens are considerably lower than in both the
Bothnian Bay and Lake Kuivasjirvi which is con-
nected to it. When diplostomids in the vitreous
body are considered, the position is reversed. The
most likely explanation for this is the difference
in the piscivorous bird fauna between Lake Yli-
Kitka and the Bothnian Bay area: larids (gulls),
especially Larus canus, a major host of D. spatha-
ceum (the main lens metacercaria) (see Bakke
1972) and L. ridibundus, are very common in the
Bothnian Bay, but form a smaller proportion of
the piscivorous bird population in Lake Yli-Kitka
where L. canus does occur but not in great num-
bers. In this lake, piscivorous anatids (the sawbills,
mergansers and goosanders, i.e. Mergus spp.) and
gaviids (divers) form a greater proportion of the
piscivorous bird population than in the Bothnian
Bay. Indeed, it is worth noting that Gavia arctica
is relatively common in Lake Yli-Kitka but does
not occur in the Bothnian Bay. That some degree
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of bird host-specificity is involved was demon-
strated by experimental life-history studies car-
ried out by Brady (1989) in Scotland, who showed
that one of the four species of Diplostomum that
she studied was unable to produce viable eggs in
gulls, and Hgglund and Thulin (1992) considered
that the anatid Mergus merganser made a better de-
finitive host for “D. baeri” from the vitreous body of
perch. So it seems likely that differences in the bird
fauna explain some of the qualitative differences
in the diplostomid fauna of the two regions. This
is also supported by the similarity of diplostomid
infections in the Bothnian Bay and Lake Kuivas-
jarvi, since the proximity of the lake to the sea (2 km)
means that the bird-fauna is likely to be similar. Al-
though all fish species present in Lake Kuivasjérvi
are spring-spawners and are known to immigrate
from the Bothnian Bay, there is still a local fish
population in the lake, judging from the common
occurrence of the metacercariae of the digenean
Rhipidocotyle campanula in roach and adults of
the same species in perch (T. Mikela, personal com-
munication), which have not been encountered in the
Bothnian Bay (E. Tellervo Valtonen, unpublished).

It is also possible that the diplostomid fauna
may reflect differences in the molluscan fauna.
The major first intermediate host of diplostomids
in European waters are Lymnaea spp. According
to the Host—Parasite Data-base at The Natural His-
tory Museum, London, most recent records of
D. spathaceum have been from L. peregra (in-
cludes L. ovata) and L. stagnalis, whereas some
other species of the genus appear to have been
recorded more often in other species of Lymnaea,
such as L. auricularia and L. palustris. The non-
lens species, D. baeri, for example appears espe-
cially prevalent in L. auricularia. In the Bothnian
Bay, L. peregra is very common in shallow,
coastal waters and L. palustris and L. stagnalis
do occur (Kangas 1976), and Viyrynen (1996)
has found D. spathaceum in both L. peregra and
L. stagnalis in Lake Kuivasjdrvi. In Lake Yli-
Kitka, the presence of limestone rocks might fa-
vour a much wider variety of molluscs, but L. pe-
regra, for example, is not so common as in the
Bothnian Bay. Unfortunately, no detailed studies
of the benthic community of Lake Yli-Kitka have
been undertaken.

Positive associations between the occurrence
of diplostomids in the lens and vitreous body may
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well be linked to the fact that the species involved
use the same species of molluscan host. Associa-
tion may also reflect the fact that individual fishes
which frequent shallows, where the molluscan
hosts occur, are more likely to be infected with
these parasites than those which tend to feed in
deeper waters.

The results of this study have shown that diplo-
stomid metacercariae can occur, often with a high
prevalence and in large numbers, in the eyes of a
wide variety of fish species from widely differing
freshwater environments and brackish water, and
can even infect essentially marine fishes whose
range extends into brackish water. In view of their
known pathogenicity, which may result in direct
host mortality (Brassard et al. 1982) or indirect
host mortality through increased vulnerability to
predation, and also their apparent ubiquity in fresh-
water fishes in northern regions, these parasites
as a group must be considered important factors
in terms of aquaculture, fisheries management and
also as a potential regulator of wild fish popula-
tions.
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