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Abstract

The development of glochidia in Anodonta, their seasonal patterns of infection in
four fish species and their infection in relation to length and sex of the host individual
were studied in a small hyper-eutrophic lake in Northern Finland. Glochidia develap-
ment took place from June to August and they were fully developed when the water
temperature began to fall in aurumn. The glochidia were stored in the gill blades to be
reieased in spring. All four fish species, the perch, roach, pike and ruffe, were infected in
spring. The prevalence of infection of the perch was high throughout the infection pe-
riod whereas the roach had 2 high prevalence of infection only at breeding season. The
larger roach were infected more often than smaller ones.

Introduction

The freshwater Unionidae of the temperate zone reproduce annually
(Evcs, 1978). Reproduction can be divided temporally into two stages: 1. the
development of glochidia in the clam and 2. the invasion of the gills of the host
fish by glochidia and their metamorphosis there. The timing of these stages is
adjusted to fit the seasonally fluctuating environment.

The parasitic stage is the most critical phase in the life-cycle of the Un-
ionidae. Only a very small proportion of the glochidia are capable to attaching
themselves to the fish and going through metamorphosis successfully (Coxer
et al, 1921; Youne & Wiiiams, 1984} Theoretically, the adaprations that
improve the survival ar the most critical stage in the life cycle, in this case the
parasitic stage, have highest fitness response. Unfortunately, not much is
known about the details of the parasitic stage of the Unionidae,

The development of glochidia requires energy and it is probably for this
reason that they are produced in summer when resources are best. It has been
shown that the cost of reproduction in Anodonta piscinalis (Niss.) is low, and
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the reproduction should not increase adult mortality (Flauktoa & Haxaza,
1978; Touowms et al.,, 1983).

Glochidia infection in fish can follow one of two timing patterns:

1. The glochidia can be released in autumn to inhabit the fish throughout the
winter. The benefics of this are good dispersal and the long time available for me-
tamorphosis. This type of infection is common in the genus Unio {Nzous, 1966)
which prefer running water (Necus, 1966; Brénmark & Marmqwist, 1982).

2. The glochidia can be stored over winter in the gill blades of the ferale
clam, to be released in the spring, Since the fish are infected for a shorter time,
the time available for metamorphosts is also shorter in this case, although this
can be partly compensated for by the higher water temperatures accelerating
the development of the artached glochidia. The incubation of glochidia in the
gill blades over winter is a cost factor for the female clams but can be min-
imized if the glochidia are ready in the autumn and are only stored and main-
tained in the gill blades throughout the winter. This type of infection is re-
portec for species of Anodonta (NeGus, 1966),

We study here the development of Anodonta piscinalis glochidia in clams
in relation o water temperarure and compare glochidia production and release
with a detailed infection pattern for fish individuals in relation to specles, sex
and size of the fish,

Material and methods
Study area

The area studied, Lake Kuivasiirvi, is located in the city of Oulu {65°N,
25°30'E}, in the northern Finland (Fig. 1). ¥t is a small (0.84km?), shallow (mean

depth 1.9m), almost hypereutrophic lake (Myiiymas, 1978) which is covered by ice
from late October to early May.

Lake Kuivasjarvi
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Fig. 1. Locanion of Lake Kuivasirvi, The sampling site is indicared by an arrow.

Development o

‘The narrow littoral zone of the
nalis (Niss.), The distribution of &
cause the sediment there is sand, wh
the deeper parts of the lake are cove
ing winter (MyLrYMaa, 1982).

The most common fish species
roach {Rutilus rutilus (L)), ruffe (G
crucian carp (Carassius carassins (L.
tions in winter during the period o
from the Bothnian Bay, part of the
in spring. This may partly comper
uons during the winter,

Anodonta

16 samples of about 20 Anodon
1980 vo May 1981 including weekl

Table 1. Anodonta piscinalis and fou

May
Anodonta
studied _ Perd
(samples) Yo
1979 V-VI * 95.0
VIL * ¢
VIii * 0
X * 0
X * 0
X1 * o
X1 * C
1980 1 * G
It * -
I * 85.0
v - 89.5

Vo220 (1) 513
VIo60 (3} 200

VI 83 (4) ¢

VIIL  8f (4) o}

X 40 (@ ®

X 40 (D) *

Xl 19 (1) *
X2 ) *

1981 I 17 (1) *
I 20 *
20 (1) *

v 20 (1) *

Total  440{22) 258

Monthly prevalences (%) of glachic




nortality (Havkiops & Haxara,

of two timing patterns:

:0 inhabit the fish throughout the
vin the genus Unio (NEGus, 1966)
SNMARE & Marmovist, 1982,

v in the gill blades of the female
b are infected for a shorter time,
forter in this case, although this
water temperatures accelerating
te incubation of glochidia in the
2 female clams but can be min-
1 and are only stored and main-
er. This type of infection is re-

nta piscinalis glochidia in clams
sochidia production and release
iduals in relation to species, sex

hods

ed in the cty of Oulu (659N,
v small {0.84km?), shallow {mean
A, 1978} which is coversd by ice

-ake Kuivasjaryi

2 km
ey

site is indicated by an arrow,

Development of glochidia of Anodonta pisciralis 347

The narrow litioral zone of the lake has a very dense population of Anodonta pisci-
nalis (Niss.). The distribution of Anodonta is restricted to the lirtoral zone partly be
cause the sediment there is sand, which this species prefers {Bovcorr, 1935}, and because
the deeper parts of the lake are covered by 0.5—1m of mud and suffer from anoxia dar-
P T T

Lile MOst GOILNGH UsHl species Hablung the lake are perch (Ferca fluvianis (Lt
roach (Rutilus vutilus (L)), ruffe (Gyminocephalus cernuus (L)), pike (Esox lucins 1) and
crucian carp (Carassius carassins (L.)). The fish populations suffered from anexic condi-
tions in winter during the period covered by this research. Migration of fish to the lake
from the Bothaian Bay, part of the Baltic Sea, is known to occur for breeding purposes
in spring, This may partly compensate for the losses encountered by the fish papula-
tions during the winter.

Anodonta

16 samples of abour 20 Anodonta piscinalis specimens each were collected from May
1980 to May 1981 including weekly samples in July—August. Samples were collected

Table 1. Anodonta piscinalis and four fish species sampled in Lake Kuivastirvi between
May 1979 and Apri! 1981,

Anodonta .

studied Perch Roach Ruffe Pike
{samples) % (11} % (n} % {1} % {o}
1979 V-VI * 95.0 (20) 421 {19 - - 0o (6}
Vil * 0 (20) - - 0 {2) 0 {15}
Vi o# o G o By o ay 0 (1
X 0 1 (28) - - 9 (5}
X * 0 {20} - - - - 0 {5}
X1 * a] 2n o] (22 o] (3) o} {8}
XII * ¢ 25 0 (20 - - o (14)
1980 I 0 ® - - - - - -
nox - - - - - ~ - -
moo 8.0 (200 100 (100 75 (8) - -
v * 89.5 (19 6.3 {16) 81.0  (21) - -
Vo200 {1 st (39) 675 (40) 100 3 555 27
VI 60 (3} 2080 (10) 9 (10) - - - -
VI 83 (4} 0 (20) - - 0 {4) 4] {6}
VII 81 (4} o {16} - e o} 20 0 (5)
IX 40 (2) W Ed B3 £ E3 3 * L
X 40 (2} o a oF * E E3 * £
X1 19 {1 ¢ * ¢ * * * “ ®
XH 20 (}) Al * £ ] £ + * i
1981 I 17 (1) * * ok * ok £l * "
II 20 (1) s * * a* 3l * W -
IH 20 (1) * * 3 £l * * E3 o+
Iv 20 (1) #* L £l " sk a * *

Total  440(22) 258 (292) 187 (198) 288 (7)) 202 (103)

* indicates cases samples were not taken, and — cases in which no fish could be caught,
Monthly prevalences (%) of glochidia infection on gills of the fish are given,
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monthly from November 1980 ro April 1981 when the Iake was covered with ice
(Table 1).
The maximum length of the clams was measured in the laboratory to the nearest

mm, the occurrence of glochidia in the outer gil] blades recorded and the body and outer
gili blades weighed separately to the nearest 0.01g.

The length adjusted mass of the female gill blades was caleulated to observe the de-
velopment of the glochidia. The weekly differences in the measured gill masses were
tested with ANCOVA using the length of the individual as a covariate. Both measures
were In-transformed. Length adjusted means were calculazed and ANCOVA performed
with the MGLH module of SYSTAT statistical package.

Fish

Fish samples were collected monthly between May 1979 and August 1980 using gill-
nets and fish traps, but despite this effort it was not possible to carch all the fish species

each month, A rotal of 292 perch and 198 roach, 104 pike and 80 ruffe were studied
(Table 1}.

The lengeh (mm) and weight (g} of each fish was measured, the gonads examined to
determine the sex and developmental stage, and the gill arches cut away on one side of
the fish and the atrached glochidia counted unter a dissection microscope.

The data on the perch and roach were extensive encugh for detailed examination of
the infection patterns. The sex and size hound prevalences of infection (X%-test and
Mann-Whitney U-test, respectively) was compared berween these species. In the tests
where infection was involved only the data for the infection period was used (March to

June). Statistical analysis were performed using the NPAR and TABLES modules of the
SYSTAT statistical package.

Results

Development of glochidia in relation to temperature

Fully developed glochidia were observed on the outer gill blades of many
of the clams upon inspection for the first time in the third week of May, the
prevalence of clams with glochidia being 17 % (Fig. 2). No glochidia nor eges
were found in the three samples collected in June. The first eggs and develop-
ing glochidia were observed in early July, the mean proportion of clams with
developing glochidia in July being abour 50%. The glochidia developed
quickly from July onwards and they seemed to be fully developed in August.
The colour and fullness of gili blades did not change markedly during the
winter. The proportion of clams in December and March samples carrying
glochidia was 20% or Jower, as also in the sample collected in May.

Comparison of the weekly length adjusted means for the mass of the gill
blades containing glochidia starting from the third week of May 1980 (Fig.3)

confirmed the visual observations on the development of the glochidia. The
o1 IR ) 1 LR T 1 LR R I .. .

peak 1n late August. The ditferences in the masses compared in terms sampling
date were statistically significant {ANCOVA, length as a covariate, giils with

Development of

< 80

o~

E A

=

o 60+ E

(]

o]

st bl
o Hi
o 1

L

g 20—'

5 |

G

o 2001 60 |83 |j81
n 0

May Jun  Jul Aug
1€

Fig. 2. Anodonta piscinalis recovered
1981. Monthly proportion of clams
{zdence intervals. The number of ¢

72 -
4]
<]
3
a Yy
k)
5 0r
-
L2
2
@
z i
-
]
2]
= B ! i ] 1 !

May Jun Jul  Aug Sep

1980
Fig. 3. Length adjusted mass of gill bl
circles) and nor doing so (closed circl

glochidia F) ;7 = 13.83, PP < 0.001
of the gill blades not containing




‘n the lake was covered with ice

E e 1.

2y recurded and rne QOGY and outer

s was calculated to observe the de-
in the measured gill masses were
dual as a covariate, Both measures
culated and ANCOVA performed
age.

ay 1979 and August 1980 using gill-
sossible to carch all the fish species
04 pike and 80 ruffe were studied

measured, the gonads examined to
gill arches cut away on one side of
issection microscope.

enough for detailed examination of
walences of infection (XZ%test and
berween these species. In the tests
ection period was used (March to
[PAR and TABLES modules of the

serature

n the outer gill blades of many
in the third week of May, the
(Fig. 2). No glochidia nor eggs
me. The first eggs and develop-
nean proportion of clams with
3%. The glochidia developed
» be fully developed in August.
t change markedly during the
x and March samples carrying
ple collected in May.
¢ means for the mass of the gill
hird week of May 1980 (Fig. 3)
:lopment of the glochidia, The
rapidly in summer reaching its
ses compared in terms sampling
length as a covariate, gills with

Development of glochidia of Anodonta piscinalis 349

. 80.—
S
o
« 60 r
O
°
ch .
U} s
C
[
(.
e} -
: |
o
§ 20t l
5 |
o
[
o o 200 60 [ B3| (87|40 |isotii9 |20 L1720 20]]20
0.

Mgy Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Mean weight of gill blades

1980

Fig.2. Anodonta piscinalis recovered from Lake Kuivasiirvi berween May 1980-April
1981, Monthly praportion of clams carrying glochidia {%). The bars show 95% con-
fidence intervals. The number of clams studied in each month is depicted in figure,

1 1

L

N
Bog g
® . T |
I I [ L

1981

L I
May Jdun Jul Aug Sep Oct Nov Dec Jon Feb Mar Apr

I
May

1980

1681

15

10

Lo

ain1nJadwal J91DM

{2

Fig. 3. Length adjusted mass of gill blades of Anodonza piscinalis carrying glochidia {open
circles} and not doing so (closed circles). The dotted line denotes the water temperature.

glochidia Fy ;7 = 13.83, P < 0.001), but no such trend was observed in the mass
of the gill blades not containing glochidia, although the mass differences were
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statistically significant when compared by sampling date (ANCOVA, length as
a covariate, gills withour glochidia Fy 5, = 6.38, P < 0.001).

These results obviously coincide with the changes in water temperature,
Warer warmed up rapidly in spring and the maximum water temperature was

reached in the first week of August, after which the temperature decreased
steadily (Fig. 3).

Glochidia infection in the fish

The fish were infected with glochidia in spring and early summer. In 1979
sampling was started in May, but only a few fish were caught (although all of
them were infected) {Table 1). The data of May and June were therefore com-
bined, resulting in 95% of the perch, 42% of the roach and all the pike cap-
tured being infected. No glochidia were found on any of the fish species from
July onwards to the end of the year.

In spite of many attempts, no samples were obtained in January and
February 1980, the only fish caught being the six uninfected perch. The pre-
valence of infection in perch was high from March to June (85 %, 90 %, 51 %,
20 %, respectively) (Table 1}, but that in the roach only in May {10%, 6%,
68 %, 0%, respectively). Pike samples were obtained only in May, when the
prevalence of infection was 56 %. Infected ruffe were found whenever fish of
this species were caught. In April, when a sufficient number of ruffe were
caught, the prevalence of infection was 81% (Table 1). In June two perch our
of ten contained glochidia, while in July—August all the fish samples were free
of glochidia.

The intensity of glochidia infection between March and June was higher in
the perch than in the roach when the years were combined (Mann-Whitney U-
test, U = 6875, P < 0.001),

The females of the both perch and roach fish were longer than males
{Fig. 4), the difference was statistically significant in both species (Mann-Whitney
U-test, U = 5322, P <0.001 for perch and U =472.5, P <0.001 for roach).
Only in the roach did the prevalences of glochidia infection differ statistically
significantly between the sexes, being higher in the females (X2-test, X2 = 3.75,
P =0.053 and Yates corrected X? = 11.68, P = 0.001 for perch and roach re-
spectively). The infected roach were also statistically significantly longer than
the non-infected ones (Mann-Whitney U-test, U = 471, P <« 0.001) whereas the
infected perch were not (Mann-Whitney U-test, U = 9935, P = 0,104},

Since the female roach were in general bigger and their prevalence of
glochidia infection higher, the effeet of sex and length on infection was eva-

the not-infected ones (Mann-Whitney U-test, U = 365.5, P = 0.014). The dif-
ferences among males were not tested as there were only three infected males.
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Discussion

The details of the parasitic pattern of the Unionidae are moulded by the
three functions that the pasasitic stage serves. Firstly, the time spent attached
to a fish must be long enough for metamorphosis. Secondly, the young clams
should leave the fish at the beginning of the new growing season in order to
minimize first year morrality. Thirdly, the parasitic stage is also used for dis-
persal of the clams, This is especially important for species living in running
water.

The length of the growing season for the Unionidae is regulated by tem-
perature (NEGuUS, 1966; Oxranp, 1963), and the present results indicate thar
the development of Anodonta piscinalis glochidia is also closely limited by
temperature. Producing the glochidia in July—August, the time of highest
water temperatures in the present area (see Fig, 3), is energetically most advan-

tageous and may be the only possibility for achieving a high outpur at a low
cost.
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’,5;5\’ In the Anodonta population of Lake Kuivasjirvi the glochidia are stored in

"~ the outer gill blades for the whole winter, but infected fish were observed
only between March and June, the overall prevalence being highest in May
(64.8 %, both years combined). This suggests that the release of glochidia from
the clams is not synchronous, but rather glochidia may be released from March
to May at least. The moment of invasion of the fish may be influenced by indi-
vidual factors, i.e. the movement of fish arcund the clams,

The glochidia of Anodonta piscinalis are attached to fish for less than four
weeks (ELL1s, 1978), and this is confirmed by the present data. The last time the
glochidia were observed in the clams was the third week of May, while in-
fected fish were found in May and June but not in July. This indicates that me-
tamorphosis of Anodonta piscinalis may be completed in four weeks, the time
elapsing betrween the last observation of glochidia in the clams and the last ob-
servation of infected fish, at least at the end of May and in June when the water
temperature has already increased. It is very probable that metamorphosis
needs a longer time in March—April, while the lake is covered by ice and water
temperatures are low as Friis (1978) also states. The reason for this would ap-
pear to be slower metabolism in both the fish host and the attached glochidia.
This would also have the effect of synchronizing the detachment of the young
clams with the beginning of the new growing season, in that the glochidia thar
become attached earlier remain on the fish longer than those that become at-
tached later, This could partly explain why some infected fish are already ob-
served in March.

Another question is what factor induces the emergence of glochidia in
March or earlier, at the time when water temperatures are still very Jow
{Fig. 3). The only factor which changes drastically at this time of the year at the
latitude concerned is the increasing light which can penetrate through the ice.
ScHULMAN (1989), for example, suggests that the increasing light activares the
maturation of the monogenean parasite Gyrodactylus in the minnow of lakes
on the Kola Peninsula.

According to the present data, Anodonta glochidia can infect several host
species. All the four fish species studied here were infected, and infection
started at the same time in all cases, although the prevalences and intensities
were different. Unfortunately we have not studied the success of infection in
different fish species. EnceL & WiacnTLER (1989) observed a similar wide host
spectrum in Unio crassus, and also differences between the hosts in the survival
of the glochidia. It is possible that clams may have no mechanism for iden
tifving fish spacice ot the rime of tha waloaes £ Wl LI L F g '

e Lhemselves 1o species on which glochidia are less likely to survive. The
low prevalences of Anodonta glochidia on the gills of the roach in March, April
and June may be connected with to the possibility that the roach may not be
the most favoured host for Ansdonta, so that only decreased resistance due to
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spawning stress in May made attachment possible. The spawning behaviour of
the roach, schooling in the littaral zone where alsc the glochidia are released,
may also cause the increased infection. It is clearly seen in the present fish ma-
terial that the condition of both the perch znd especially the roach (see Tig. 5)
15 lowest during spawning. :

The detailed infection patterns differ in the roach and perch. Glochidia in-
fection in the roach is associated with size rather than sex, the bigger ones
more often being infected (Fig. 4 b), whereas the infection pattern in the perch
is not associated with size or sex (Fig. 4 a). There are also temporal differences
in the prevalences and intensities of infection {Table 1).

The higher breeding stress in the large roach during the short breeding
season in May would explain the size dependence of the infection. The breed-
ing seasan for the perch is longer, and therefore the differences in breeding
stress are not likely to be so great during the period of glochidia infection. The

23 Archiv {. Hydrobiologie, Bd. 120
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fact that the prevalences are high for the whole jnfection period, together with
the above, may also indjcate that on average the perch is the preferred host for
Anodonta rather than the roach,

The production of glochidia in the clam can be regarded as the controlied
and optimized stage in reproduction, while the attachment of the glochidia to
the fish and their metamorphosis can be said to make up the stochastic stage.
This results in a steady output of glochidia from year to year but 2 variable ju-
venile survival due to the stochastic nature of the parasitic stage. The resulting
variation in juvenile survival is partly compensated for by the long reproduc-
tive lifespan of Anodonta (up to 10 reproductions). We agree with the view of
Hauxiopa 8 Hakars (1978), which is also supported by our results, that the
lite history strategy of Anodonta resembles bet hedging (Stearns 1976), a stra-
tegy in which the variation in juvenile survival is compensated for by a higher
number of offspring and a long reproductive life span.

This opens up some Interesting speculation. Evidently a high fitness re-
sponse would result from ali the adaptations which improve the survival of the
glochidia during the parasitic stage. Since host fish species that are availabale
change markedly within the geographical distribution of Anodonta {spatially,
temporally and geographically) phenotypic plasticity in the details of parasitic
stage could be expected to be an important factor affecting the toral fitness of
the individual. Also, because the host fish community can change rather
quickly, selection can be expected to favour individuals that maintain or in-
crease the potential to adapt to different host communities and environments.

Summary

The glochidia moved to the outermost gill blades of Anodonta piscinalis (Nwss.) in
July, were fully developed in August and remained in the gill blades throughout the
winter (Fig, 3). This developmens coincided with the occurrence of warm water temper-
atures {Fig. 3).

Glochidia were observed on the gills of the roach and perch from March o June,
the combined prevalence of infection on roach being 42 % in May and June 1979, and
10%, 6%, 68% and 0% respectively in March, Apsil, May and June 1980 (Table 1), In
the perch the prevalence of infection in May-June 1979 combined was 95 %, and that in
March, April, May and June 1980 85 %, 90%, 51 %, 20 % respectively. The pike showed
heavy infection in May (64 %) and the ruffe was also infected in spring.

The infection pattern in relation to length and sex of the host was random in the
perch {Fig. 4 a), but the larger roach were infected more often than the smaller ones
{Fig. 4 b).

Differences in infection pattern berween the perch and roach may be due to dif-
ferences in breeding stress,

PR e B I U P R S IR S SRR Shdgesl a. b
production of glochidia in the clam, which forms the controlied, optimized stage, and 2.
the attachment of glochidia on fish and their metameorphosis, a stochastic stage. Losses at

the stochastic stage of reproduction are compensated for by the long reproductive life
span of this species.
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