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ABSTRALT!

The distribution of Paraergasilus rifovi in 17 populations off unionids was mvestigated. In 1 unionid population, the

parasite was studied regarding host age, size, sex, and the reproductive period (cecurrence of egg sacs). Results from pooled
msterial from the years 1987-1989 and 1996 (southern Finland, 11 populations} indicated that Anodopa piseinalis {n = 1,359)
is the main host (total mean prevalence 71% and intensity = SB of infection 16.4 = 0.6 Preudanodonta compluncia (n = 106)

= 1T were not infected.

Results from 7 4. piscinalis populations showed that . rylovi ocewrs in southern Finland but net in northern Finland, In 4
piscinalis, the mean intensity of infection was higher in lake populations than in river populations. Both host age and length had
a negative relationship with the lntengity of P, ryfovi infection, Host sex did not aflect the mtensity of infection. Egg sacs of F
rifovi were found from June to August. There was a tendency for higher intensities of infection in autumn. infection by the
digenean Rhipidoconde fermica had no effect on the intensity of P, plevi infection.

The ergasilid copepod Paraergasihus rylovi Markewitsch
1937 was redescribed by Chernysheva and Purasjoki (1991) on
the basis of planitonic specimens and mature specumens para-
sitic on the unionid Arodonta piscinalis Nilsson, 1823 in Lake
Vrero, St Petersburg district, Markewitsch (1937) and Marke-
witsch and Kusmorska (3937} described the species from plank-
tonic material from brackish water from the northern Caspian
Sea, but subsequent findings have been from freshwater, with
mature specimens being found from nostrils or gils of fishes
(e.g., Kostarev, 1977). However, Titar and Chernogorenko
(1982) found their species from 4. piscinalis, Because the type
materizl used by Markewitsch (1937} bas been destroyed, and
because of uncertainties of onginal description, it is possible
that instead of P osylovi Markewitsch, Chernysheva and Pur
agjoki (19913 described P. markewiisch Titar and Chernogoren-
ko 1982, Before this taxonomic problem is solved, we use the
name P rylovi. Aspects of the biclogy of P rylovi are largely
unknown (but see Taskinen and Saarinen, 1999; Saarinen and
Taskinen. 2003a}. Ergasilids are ectoparasites of many fresh-
water fish (Bauer et al., 1973), and . rvlovwi is the only ergasilid
known to infect freshwater mollusks.

The host of P. ryfovi, Al piscinalis, matures at 2—-4 yr of age
and reproduces anpually {Haukioja and Hakala, 1978a; Bauver,
19943, with a maximum life span of more than 15 yr (Glkdand,
1963, Negus, 1966; Haukioja and Hakala, 1978a). Spawning
takes place in early summer, and fertilized eggs are stored in
the outer gill blades of females, where they develop into glo-
chidia larvae (Nirka and Neves, 1992). After release, glochidia
attach o a fish host for a few weeks before assuming a benthic
Hie. Unionids can constifute up 1o 95% of lake benthic biomass
(Dkland, 1963) and have a remarkable impact on nutrient cy-
cling in Inkes (Kasprzak, 1985).

The aim of this study was to investigate the host specificity
and the geographic distribution of £. rvlovi in 17 unionid pop-
ulations in Finlamd, including popuiations of 4 species (4. pis-
cinalis, Pseuwdanodoma complanara Rassmisster, 1835, Unio
pietorum Linnaeus, 1758, and U sumides Philipsson, 1788). In
A, piscinalis, the prevalence and intensity of infection in rela-
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tion © host age, length, sex, and habitat were studied. In ad-
dition, seasonal differences i1 the intensity of infection and the
repraductive period {occurrence of egg sucs) of 2. rplovi were
examined. Finally, the intensity of 2. rylond infection was an-
alyzed in relation to the ccourrence of the digenean parasite
Rhipidocotyle fenmica Gibson, Valtonen, apd Taskinen 1992.

MATERIALS AND METHODS

During 1987, 1988, and 1989, unionids were collected from
the littoral (1-2 m deep) and sublittoral {3--4 m deep) zones of
Lake Saravesi, Finland, using a bottom dredge, For a descrip-
ton of the collection stte, see Taskinen and Valtopen {1995).
In 1987, 344 A. piscinadis, 19 P. complanata, and 11 U pie-
torum were collected, In 1988, the comesponding sample sizes
were 151, 12, and 7, and in 1989 they were 85, 14, and 3.
Lnilonids were collected at different times of the year. The 1987
data collections {(sampling montly followed by numbers of A
plycinaliy collected In parentheses) were May (98), June (102),
July (76), August (21), and October (45). The same data for
1988 were July (43), August (63), and September {23} and
those for 1989 were March (28) and November (33). These
samples represent the same samples used by Taskionen et al.
(1994) to study the seasonality of K. fesnica infections in A.
piscinaliz, However, the November and December 1987 sam-
ples, the December 1988 sample, and the Janvary 1989 samples
used by Taskinen et al. (1994) were excluded from this study
because those unionids were kept Tor several days at a higher
temiperature than the lake water, which may have reduced the
nunber of 2. relovi (Saarinen and Taskinen, 2003a). For similar
reasons, the monthly sample sizes of A, piscinalis given above
may differ from those presented by Taskinen et al. {1994) be-
cause those unionids exposed to laboratory conditions for more
than 3 days were excluded from the study data.

Monthly collections (numbers of 4. piscinalis collected in
parentheses) were also made my Lake Saravesi in 1996 by scuba
diving: May (42), June {18}, and August (233, The 1996 ma-
terial from lakes Saravesi, Jyvigjirvi, and Tuomiojirvi {Table
I was used in part by Saarinen and Taskinen (2003b) to study
the burrowing behavior of 3 unionid species. The material from
1996 from lakes Alvajirvi, Jyviisiiirvi, and Saraves: was used
in part by Taskinen and Saarinen (1999} to study the relation-
ship between the maturity of 4. piscinaiis and the abundance

045



SAARINEN AR TASKINEN-—F BYEOVEIN LMD HOSTS 949

Tanne L dnoddonta piscinalis collected between May and Qctober 1996 from 17 sites (population, fecation) in southern and northarn Finland;
prevalence of infection and mean tensity of Poracrgasifies ryiovi infection.

Population Mean
code Population MNo. colleeted %% Prevalence inlensity & 81
Southern Finland i River Sikakosk:, Konnevest 37 216 P2 0.2
2 River Pesidissalmi, Laukaa 54 204 I3 06
k Lake Saravesi, Lavkaz 83 8.8 238 & 2.1
4 River Kuusaankoski, Laukaa 138 217 LG 03
5 Lake Ahveninen, Laukaa 57 4]
] Lake Vuojirvi, Laukaa 7 8}
7 Lake Jyvisjdrvi, Jyviskyld 161 913 149 % 1.2
8 Lake Alvajérvi, Jyviiskyld 154 97 .4 2.9 + 0.8
9 Lake Palokkajérvi, Fyvaskyld 12 833 381 & 500
10 Take Tuomiojdrvi, Tyviskyld 55 473 3.5 08
1% Lake Tuomaanlampi, Vaajakoski 42 833 4.9 & 0.6
Northern Fland 12 Lake Kuivasjirvi, Oulu 20 0
13 Lake Hyrynjédrvi, Hyrynsalmi 20 4]
14 Lake Ranuanjirvi, Ranua 20 0
15 Lake Siikalampi, Taivaikoski 13 4]
16 Lake Oivankidrvi, Kuwgamo 7 4]
i River Kemijold, Rovaniemt 240 0

of P. yvlovi, Seasomality in the intensity of P mylovi infection
was studied using the above-noted samples {rom Lake Saraves:
collected during 19871989 and 1990,

The presence of 2. rydovi in hosts was detenmined by press-
ing the host gill tissues between 2 large glass plates and ob-
serving them under a dissecton microscepe with fransmitted
light. For each P. rplovi, the ocoumrence of egg sacs was used
to deterniine reproductive state. Unionid gonads were examined
under a dissection microscope for the presence of larval dige-
peans and to determine the sex of the host. Between May and
October 1996, 902 A piscinalis were collected from 17 loca-
tions in Finland by scuba diving (Table 1) to study the host
spectficity and geographic distribution of the parasite. Popula-
tions coded 1-11 (see Table 1) flow via Lake Pdgénne to the
Gulf of Finland, Baltic Sea. Populations coded 12-15 and 17
flow into the Gulf of Bothnia, Baltic Sea, and population no.
16 flows into the White Sea, Arctic QOcean. The ocowrrence of
P.orviovi was determined as described sbove. Eleven of the
study locations were in southern Finland, within 100 kn of the
city of Jyviskyld. The southern populations contained 4. pis-

64y, and U7 tmidus (n = 17). 5ix of the locations were in
northern Finland, between the oities of Culu and Rovaniemi.
The northern populations comtained only 4 piscinalis (n =
160},

The host gpecificity of £ ridovi was studied by examining
all the collections noted above, However, the 1996 collections
from northern Finland were excluded because the parasite did
not oceur in that geographic area {see below). Seven popula-
tions, 4 of which were lakes (population codes 3, 7, 8, and 11
i Table [} and 3 rivers {population codes 1, 2, and 4 in Table
D), were sampled in May 1996 (a total of 399 4 piscinafis} to
study the effect of habitat (stagnant vs. flowing water) on the
intensity of P. ryfovi infection. Data were analyzed using [-way
analysis of variance {ANOVA), using population as a factor and
habitat (stagnant or fowing) as a contrast.

In September (n = 73% and October (n = 22) 2002, 4. pis-

cinalis were collected from Lake Saravesi by scuba diving. The
unionids were examined for parasites, aged (see IHaukiofa and
Hakala, 1978D), and their lepgth measured in the boratory.
These data were used to study the relationship between the
intensity of £ mvlovi infection and age, size, and sex of the
host. The same data were used by Saarinen and Taskinen
(20030} as a field reference sample i an experimental study of
the effect of water temperature on the cceurrence of P. rwlovi,
The effect of host age on the intensity of 7 rifovi was analyzed
using l-way analysis of covariance (ANCOVAJ, using month
a3 a factor and age as a covariate. The effect of host length on
the intensity of P rylovi was analyzed similarly. The effect of
sex of the host on the intensity of . rylovi was analyzed using
T-way ANCOVA, using sex as a tactor and length as a covar-
iate. Anodonta piscinaliy specimens heavily infected by the di-
genean R. femnica (see Taskinen et al, 1994) were excluded
from the analysis regarding sex dependence because this dige-
nean castrates ity hosts {Taskinen and Valtonen, 1993). Oaly the
sample collected in September contained an adeguate number
of both fensale and male unionids for this analysis.

Logistic regression was used to analyze the relationship be-
tween the occurrence of egg sacs in P ypvlovi and month, union-
id lengih, and the interaction term “‘mo X unionid length®™ in
hosts collected from Lake Saravesi i June and August 1996
Month was included as an independent categorical covariate in
the model and length as a continuous covariate. An aatomated
forward stepwise variable selection procedure was used to se-
lect the model that best fit the data. By comparing hierarchical
sets of regression models, the significance of inferaction and
main effects was calculated using likelihood ratio statistics
(Forward LR). The varrsble selection was then repeated using
automazied backward stepwise elinination procedure {Backward
LR} If the 2 procedures did not result in the same mmodel, then
the terms that differed were tested for thelr significance using
tmprovement y*-test, 1f the tenm was significant, it was meluded
in the model. Differences between years in the mean intensity
of P, rylovi infection were analyzed using the 1987, 1988, and
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TapLe 1L Number of studled indbviduals, prevalence, and mean inlen-
sity of infection of Paraergasifus rylovi in 4 species of unionids studied
during 1987-1989 and 1996 from 11 populations from southern Fin-
land.

No, Y Mean
Spocics studisd  Prevalence intensity & SE
Aradonia piscinalis 1,339 71.2 64 o 0.0
Psevdonadonta complonaia 106 2.8 1.3 503
Unie pictorun 108 0.0 0.0
Linicr faintichs 17 6.8 0.0

August 1996 samples from Lake Saravest with -way ANOVA
uging month as a factor. The seasonality (=monthly differences)
in the mean intensity of . rvlovi infection was analyzed using
data from Lake Saravesi, with T-way ANOVA, using month as
a factor. Samples from 19871989 and 1996 were analyzed sep-
arately for monthly differences in the intensity of P, wvlowi in-
fection. The effect of mfection with R fennica on the Intensity
of P, rviovi infection was studied by combining all 4. piscinalis
collections from 19871989, 1996, and 2002 in Lake Saravesi.
The relationship was analyvzed using 2-way ANCOVA, asing
year and R femmrica infection as factors and length as a covar-
iate. Means are given with 1 SE. Statistical analyses were
perfommed using SPSS statistical package (SPSS Inc. Chicago,
Iineis).

RESULTS

Of the 4 unionids studied, the main host Tor P orplovi was A
piscinalis. Among the 11 southem Finland populations i 1996,
the mean prevalence and intensity of infection varied from 0 to
97.4% and from @ to 38.1 £ 0.3, respectively. In the material
pooled aver populations (southern Finland, 11 populations) and

year (19871989, 1996) the mean prevalence and infensity of

infection in 4. piscinalis was 71.2% and 16.4 * 0.6, respec-
tively (Table [I). The parasite occasionally imfected P com-
plancia, However, the mean prevalence and intensity (o
infection in the pocled material were only 2.8% and 1.3 & 0.3,
respectively. Unio piciormm and U tumidus were not infecied
by P. mdovi (Table ). In data collected tn 1996 from 17 4.
piseinglis populations, F. ryw/ovi occurred in southern Finland
but net in northern Finland (Table 1), Between-year differences
in the intensity of P rplovi infection were studied using samples
cullected 0 August 1987, 1988, and 1996 from Lake Saravesi.
The mean intensity of P pylovi differed between years (1-way
ANOVA, Ry = 4521, P = 0.016) being 12.5 £ 3.0, 198 &
4.5, and 24.6 £ 2.7, respectively. No clear seasonality i the
mean infensity of 2. rylow infection was evident despite a ten-
dency for increasing intensities toward autumn (Fig. 13 In
1987, monthly intensities varied significantly {1-way ANOVA,
Foe = 6,619, 2 <0001} The intensity decreased from May
to Fuly but increased from July to October In 1988, the inten-
sity of infection Increased from July to September (1-way AN-
OVA, Fl = 7113, P = 5.003). In 1989, £ rylovi intensity in
November was twice that in Mavch (L-way ANOVA, F,, =

differ from each other i the intensity of nfection {1-way AN-
OVA, Fyy = 1.693, 2 > 0.1}
The effect of habitatl {stagnant water, lake habitat vs. flowing

1) of

40 . o= Haravesi 1987
~&— Saravest 1988
0 Saravest 1989

Mean intensity of P rplovi
=t
0
.

20 ~¥e Saravesi 1996
10
{) Ay : v
EFELEEErYOEY
= r:} R R - o

Figurg T Monthly mean intensity [mSEY of Pargergasils relovi
infection in Anedonto piscinotis in Lake Ssravesi during 19871989
and 1996,

water, river habitat) on the intensity of P. nyfovi was statistically
significant (l-way ANOWVA, confrast fest, f = 12.344, P <
(3.001). The mean intensity of £, rvlovi was lower in rivers {1.9
4 0.3) as compared with lakes (14.7 * 1.0) (Fig. 2). The in-
tensity of F. rvlovi infection with respect to host age and size
was studied using the material collected from Lake Saravesi in
September and October 2002, Unionid age had an cffect on the
intensity of 2. rplovi infection (1-way ANCOVA, F 4, = 4513,
£ = 0.036) as did host length (J-way ANCOVA, F, ;= 10,100,
F=10.002). Both had a negative relationship to the intensity of
Poopplovi mfection (covartate age, B = —1.635, 1 = ~2.124,

(Fig. 3a, b). Female and male unionids collected in September
2002 did not significantly differ in P, rvlovi mfection intensity
(L-way ANCOVA, F 4 = (109, P = (.743).

Rhipidocotie fernica infection did not have an effect on the
mean infensity of 2. ridovi infection in Lake Saravesi in 1987
1989, 1996, and 2002 (Z-way ANCOVA, F i, = 0001, P =
0.980}. Infection intensities of P rvlovi differed between years
(Z-way ANCOVA, Fl = 21362, P < 0.001) The interaction
term “yr X Rhbupidoconyle fennica infection” was not significant
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Fraewe 2.0 The mean fntensity (ZSE) of Paraergasilus rylovi infee-
von in Anodonte pisciralis in 4 lakes {open bars) and 3 vivers (hatched
bars) in May 1996, Numbers below bars refer to the populations listed
m Table L
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Frgure 3. The relationshin between the wmtensity of Poraergasilus

rfovi infection in Lake Saravest in September and October 2002 and

(a} the age and (b} the length of Arodania piscinalis. Lines represent
vesults of linear regressicns.

(Faye = 0798, P = 0.527). Host length had a negative rela-
tienship with the intensity of 2 rlovi (length, B = —0.231, s
= —2.474, P = 0.013).

Paraergasilus rylovi females in Lake Saravesi during 1987
1989 and 1996 camied cgyg sacs during June, July, and August,
with the highest prevalences of egg sacs being found m June
and July (Fig. 4). There were large differences between years
i the occurrence of egg sacs. For example, egy sacs scemed
to be more frequent in 1996 than m 1987 or 1988, When an-
alyzing the effect of month {June, August) and host size in Lake
Saravesi for 1996 on the occurrence of 2. rplovi cgg sacs, the
logistic regression model included only the constant, indicating
that the occurrence of egg sacs was not affected by month or
host length. Egg sacs were not found in P, rviovi collected from
P.complanara (0 studied between Fune and August = 54,

LISCUSSION

Paraergasilus rylovi was abundant in 4. piscinalis, whereas
the other unionid bivalves were either only occasionally in-
fected (P, complomaia) or not infected (L4 pictorum, U, cumi-
dusy. Those P complanata barboring the parasite were found
within a dense A. piscinalis population. In addition, no 2. rylevi
wiag found with egg sacs in P, complonaia, suggesting that the
parasite may notl be able {o reproduce in P. complarara, These
results suggest that 7. rvlovi s specialized to infect A, pisemnalis
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FiGgues 4. The ocourrence of Pargergasiluy rylovi with egg sacs in
Anodonia piscinalis from Lake Savavesi during 19571989 and 1996,

only, This, in turn, means that reciprocal evolution, ie., coevo-
lution, could be predicted between P rylovi and A, piscinalis.

Host specificity of 3 other ergasilids, parasites of the fishes
Perca fluviatilis, Rutilus rutilus, and Coregonus sp., were ex-
amined in the study arca by Tuuha et al. {1992). 1n an extensive
investigation including 4 fish populations and a total of 2,230
fishes, Brgasilus sieboldi was restricted entirely to P. fluviatilis
and £. briani and Neoergasilus joponicus 0 R. rutilus. Paraer-
gasitus longidigitus mfected both P. fluviarilus and R rurilus,
but none of the ergasilids infected Coregonus sp. (Tuuha et al.,
1992), However, Pojmanska {1984) did observe £ sieboldi to
imfect several species in Poland. Thus, the degree of host spec-
tficity may vary among various geographic areas, and specific-
iy of P.orplovi may also vary geographically.

Although a frequent and abundant parasite in seuthern Fin-
land M. piscinalic populations, e parasite was absent from
nerthern Finland, Thus, both the untonid species and the geo-
graphic region affect the occurrence and abundance of P, mydovi
The only other location from which . rylovi has been reported
i unionids so far 15 the Leningrad district (St. Petersburg) in
Russia (Chemnysheva and Puragjoki, 1991). If the distribution
of . rylovi iz limited by chance of introduction to new arcas,
it is not surprising that sovthern Finland populations harbor the
paryasite, rather than the northern populations, because hydro-
logically they and the St Petersburg drainzge basin both empty
into the Gulf of Finland, Baltic Sea. The drainage areas of the
northern populations flow in several directions, te., to the Gulf
of Bothnia, Baltic Sea, or to White Sea, Arctic Qcean. However,
we cannot exclude the possibility that, for example, the shorter
summers and cooler waters in the north prevent successful re-
production of 2. rylevi thus restricting the parasiie to southern
areas,

The present resuits indicate that the stagnant waters of the
littoral zones of lakes are optimal habitats for P sydovi, whereas
the flowing waters of rivers provide a suboptimal epvironment.
This is prebably not due 1o higher host density in the litioral
zones of lakes because the unionid density is usually much
higher in rivers. For example, i the current study area, it fook
60 min to collect 38 ynionids from Lake Saravesi, whereas only
13 min to do so in River Kuusaankoski (dsta not shown). Gee
and Davey {1986) reported lower levels of infection by the
copepoed Myiilicola intestinalis in blue mussels, Mynlus edulis,
in turbulent regions as compared with calm regions. They hy-
pothesized that this resulted from the essentislly passive nalure
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of the infection process and that the poor-swimpiing, short-iived
wfective stages of M. infestinalis enter the mussel via filiration.
A sinular process might explain the lower prevalence and in-
tensity of P spfovi paramitism in vivers compared with lakes in
this study. In addition, increased stream velocity has algo been
found to decrease the abundance and prevalence of fish ergas-
id copepod, £ eelestis, in wild eels, Anguilla rostraia (Barker
and Cone, 2000} Perhaps in rivers, £ rylovi larvae are flushed
away before they become infective.

The egg sacs of . mylovi in Lake Saravesi occurred during
the warm-waler peniod from June to August. The reproductive
period of £ briani occurs at the same period in Lake Sarvavest
¢Tuuha et al, 1992). The monthly size distributions of £, briani
suggested 2 generations per vear, so that the overwintering par-
asite population produces eges in June, and copepeds derived
froms these eggs attack fish i July, producing a second gener-
ation that infects fish from August onward, 1
fich, and prodece eggs the next June {Tuuha et al., 1992),

In this study, there was a tendency, seasonally, for higher
intensities of infection to ceour in late autmn in Lake Saravesi
This is in line with the occurrence of egg production between
June and August. Bggs hatched in sutnmnmer produce larvae that
will become infective adults during the autwinn, which could
result in an increase in the intensity of infection at that time.

Paraergasifus rvlovi probably enter the host via filtration, in
a fashion similar to that of M dwestnalis e M. edulis. Larger
sized M. edulis with larger ficlds of filtration {Davey and Gee,
1976) harbor more M. fwrestinglis (Gee and Davey, 1986). A
similar size {(and age)—-dependent partern of infection is found
i the prevalence of digenean K. fennica in A piscinalis (Tas-
kinen and Valwonen, 1995). Thercfore, it was surprising that
there was a negative relationship between sive (and age) of the
host and mtensily of 7. mfowi infection. The bebavior of the
host might change with age and size so that the exposure to
parasitism decrcases. For example, Saarinen and Taskinen
(2003b) observed the bumowing depth of A piscinalls
change with size so that larger individuals were more visible
than smaller individuals, Alternatively, the increasing preva-
lence of R, fesnica with s (age) of A piscinalis {Taskinen
and Valfonen, 1993} might have a negative effect on £. rvfovi.
The present results vielded no assoc

then overwinier i

tion between F.orplovi and
R. fennica, suggesting that the last hypothesis may not be cor-
rect. However, experimental studies are needed to resolve al-
ternative explanations,
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