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ABSTRACT

The aim of this stdy was 1o examine the burrowing and crawling behaviour of three unionid clam

species in the field. Of the four study lakes in southemn Finland, Anodonta piscinaefis ocowrred in all,

Pseudonodonte eomplanaiein three and Lhvis piciormonin only one. In all three species, there was a positive
correlation between rhe height of the above-sediment part of the shelband the burrowing angle {devia-

zon from the hori
Anodonie piscinalis

tal position). When surfacing, the position of the clam hecame more vertical.
as more visible In June than in Augustin one population, while in other popula-

tions monthly differences were not found. The result suggests that A, piscinafls may be more visible
during its spawning period in early summer (June) than in late summer, This behaviour could have
a reproductive function. ensuring external fertlizatdon, Monthly diffevences in crawling activity of

A pi

aadiswere also found o one population: fn Lake Alvajdrvi, A. piscinalis crawled more in August

than in June. No mondhly differences in the burrowing or crawling of P, complonatawere found. Tn Undo

piclorum, no differences were observed in crawhing, but the

clams were more visible in August than in

June, When compared with P complanatae, A, pisenalisand T pictorwm were more visible and in 2 more

vertical position. In A, piscinalis, the bigy
but this wasnotthe ¢

INTRODUCTION

Many freshwater bivalves have relatively short siphons, so they
usually burrow to depths where they ave just beneath the sedi-
mentsurface orare extended 2 litde above it {McMabon, 1991).
Some adult unionoid bivalves display surface locomotion
Behaviour and i is a fairly common phenomenon among
unicnolds {hinlay, 1982), despite the fact that the capacity for
surface crawling is greatly reduced in most adult bivalves
{(MeMahon, 19913, Crawling is achieved by using the same
movements that are used for burrowing, with movement being
horizontal instead of being vertical. Troeman (1968, 19833
described burrowing mechanisims in deail. Studies examining
burrowing and crawling in freshwater mussels have generally
focused on locomoton mechanisms, and the functions of vert-
cal and horizontal movements have remained largely unex-
plained,

The ecology of some North American freshwater unionid
clarns has been studied in deail, incuding the fmction of the
horizontal locomotion of flipts complunate Lightfoor, 1786
{Aravol & Downing, 1897, 1998). However, the crawling and
burrowing behaviour of Buropean freshwater unionid bivalves
has notse far recelved attention.

The crawling behaviour of bivalves is hypothesized as being a
response o unfavourable envitonmental conditions, for exam-
ple scarcity offood (Brafield & Newel}, 1961}, oxvgen deliciency
{Brafield, 1963) orspadal competition (Rat, [1982), ovof havinga
reproductive funcrion in lentic systems, bringing musscls closer
to each other during spawning (Amvyot & Downing, 1998). It
may also be involved with pedal feeding on organic sediment
deposits (McMahon, 19813, Surfacing and crawling have also
been suggested to be a behavioural abnormality induced by
parasites, pactioudarly wematodes, the larvae or eggs of which
are mken in by the clar via inhaled water (e g, Swennen, 1959,
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June (Jokela, Valtonen & Lappalainen, 1991; Taskinen,

rindividuals were more visible than the smaller individuats,
2 Pocomplanaleand U et

TW74; Hulscher, 1973; Lim & Green, 19913, In marine environ-
ments, individaals infected by rematode metacercarise have
been reported to vemain doser o the sedimentsurface (Bartoli,
174}, and 1o have a veduced ability to burrow {Laukner, 1984;
Thomas & Poulin, 194983, making cams more valnerable o
predation by final hosts and predators,

The proportion of wemaode-infected individuals among
mature individuals of Anodonta piscinalis (Nilsson, 1823) can be
very high: for example, in Lake Saravesi the prevalence of infec-
ton by Rivipidocotsle fennica Gibson, Valtonen & Taskinen, 1992
was found to be 46.6% (Taskinen & Valtonen, 1995, In order 1o
further understand the effect of parasttes on host behaviour, the
normal behaviour of non-infected clams must be established.

It can be hypothesized that during spawning the clans would
burrow less deeply in order e be able to release and receive
Sperm more ctively. Furthermore, it can be hypothesized
that during spawning the clams would be more active in crawl-
ing o bring individuals closer to each other to ensure fertiliza-
tion, as suggested by Amyor & Downing (1998). Watters, O'Dee
& Chordas (2001) observed several Novih American freshwater
chn species w swriace during spawning in spring.

I the present swdy, we examined buwrrowing and crawling
behaviour of three unionid cam species, Ansdonle i
Psendanedonta complanere (Réssmiss 1885), and Unio pre-
i {Livmaeus, 1758) in mature individuals that were free of
digenean rematodes. Spawning of A, piseinadis takes place in
dkeld
& Vakonen, 1997) and that of P complanata from May w July
(Aldnidge, 1999). Our predicidon was that A, piseinals and P
eomplaneia should be less deeply buried and more active in
crawling during their spawning period in early summer {June)j
than in late summer {(August). Two broods per summer have
eported for Do pictorus {Dudgeon & Maorton, 1983, Pek-
karinen, 1992). We predicred that the behavioural patterns of
L. picterian should differ from those of A, pixeinelis and P, com-
plarata, which have oniy one brood and spawn in early summer.
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MATERIAL AND METHODS

Study arens

A toral of 185 mature clams were collected using SCUBA from
the littoral/sublittoral zones of Lake Alvajard, Lake Palok-
kajirvi, Lake Saravesi and Lake Tuomiojdrvi, close to the city
of Jyviiskyla, Finland during June and August 1896, Sampling
pertods of June and August were chosen, because mid-fune is
the rime of spawning of A. piscinalisin the presentstudy area and
by August spawning is clearly over. By choosing these months to
study burrowing and crawling behaviour if might be possible to
reveal shortterm changes in behaviour, which would not he
influenced by seasonal changes in the environment, The num-
ber of individuals of different species, the mean length and age
(see Haukioja & Hakala, 1978a), and range of sizes and ages
of the clams used in the analyses are given in T’lhl(“ 1. The size
and mean depth of l_.dk(. Al\u‘t]dl‘\fl (62°1G°N, 25°45°E), Lake

Pajokkajdrvi (62716 Lake Smm i (625N,
2600 EY and i.,ako T ‘I(?Illl()]:jﬂ" {B2°15'N, 25°44'K) were
2.0 km2 and 8.6 m, 2.7 km” and 2.7 m, 7.8 km” and 5.5 m, and
8.1 kmfand 8.5 m, a{’spr crively.

Ineach 1'11\(‘, asampling site was chosen based on accessibility,
and on availability of clarms, The simpling site in Lake Alvajirw
was situated 2050 m from the shore, and the clams were col-
lected from the zone of emergent macrophytes at depths of
1-2 . Vhe bowaom sediment was firm clay and sand, In Lake
Palokkaiir the sampling site was sitnated 40-70 m offshore,
and the dams were collected from c‘luyc‘.y bottom sediments
covered with organic material and with some sandy patches, at
depth of 24 m. ’\0 emergent macrophytes were present at the
sampling site. In Lake Saravesi the sampling site was sitnated
106160 m from the shore, In the zone of submerged vegetation
at depths of 2-3 m. The bottom sediment was clay covered with
arganic matevial, In Lake Tuomiofin the sampling site was
situated in the city recreation area, 5-30 m from the shore, and
the bottom was sandy in shallow water, bul muddier with
increasing depth. Clams were collected from the zone free of
emergent macrophytes at depths of 1-3 m. Tee covers the lakes
from late Novernberundl earty May. The highestwater tempera-
wires {20-247C) are reached at the end of July or beginning of
August,

Neturel history of the clams

Jnionid clams magure at 2-4 vears of age and reproduce annu-
ally (Haukioja & Hakala, L078h; ; Bauer, 1994), reaching & maxi-
mum life span of more than 15 VEATS (Okland, 1963; Negus,
1966; Haukioja & Fakala, 1978b}. Spawning takes place in carly
summer and fertlized eggs are stored in the outer gill blades
of [emales, where they develop into glochidia larwae {(Jirka &
Newves, 19923 In the present study ares, the development of new
broods beging in the mid-fune when the fertlizaton of egas
takes place. The development of glochidia of dnodonta friscinalis
rakes place in Augustin Finland, and they are fully developed by
autumn (okela el al, 1991; Jokela, 1996), whereas the glochidia
of Pseudanodonte complonale may sometdmes mature during
winter {Pekkarinen & Englond, 1995}, Glochidia of A. piscinalis
and P complanata are stored in the gills over winter (Okland,
1963; Negus, 1966; Pekkarinen, 1.99.5, Bauer, 1994). The devel-
opment of glochidia of Unds picforion lasts about one month
(Tudorancea, 196%; Pekkarinen, 1992, 199%). Dudgeon &
Morton (1983) conciuded that many broods per year are pos-
sible in Laospecics In temperate zones, After velease, unionoid
glochidia atrach to a fish host for a few weeks before benthic life
begins.
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When a clam was encountered by the SCUBA diver,
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Data collection and statistical analyses

the trace of
horizontal movement of the clam was measured. The clam was
then genty removed and the line of the sediment surface was
mmediately marked on the shell using a sharp lile, Each clam
was put into an ndividually marked plastic bag. In the labora-
ory, the burrowing depth (measured as the distance from the
surtace line of the sediment o the highest part of the shell, in
millimewres) and the burrowing angle (measured bewseen the
sediment surface line and longitudinal axis of the chun) were
measured from rthe markings on rthe shell. For totaliy buried
chams, it was not possible o determine burrowing angle. The
clams weve aged by counting the annual rings of the shell and
their length was measured (see Haukioja & Hakala, 1978).
Gender was determined by pressing a piece of gonad between
twar large glass plates under a dissection microscope and trany-
ritted lighe
ctfect of month on the burrowing depth of A piseinalis
wag analysed using Zway ANCOVA, with mounth (June wvs
Aungust) and population (Lake Alvajicv, Lake Tuomiojir and
Lake Saravesi) as factors, and lengeh ag o covartare. Since the
length and age of the clams are correlaced, it is powble o con-
wol for the effect of beth age and size by using clam length as a
covariate. Length is usua Iy included in models at firsty, butitis
dropped off if is effect is not statstically significant. Lake
Palokkajivel was excluded from the analysis, because of a wiss-
g Augustsample. The effect of study month on the burrowing
angie of A, piscin as analysed in the same manner. To deter
mine the source of the significant interaction between study
month and populaton {sce Results), the effects of study month
on the burrowing depth and bwrrowing angle were analysed
separately in each population using oneway ANCOVA and one-
way ANOVA, respectively, with Bonferroni-correction (criteal
level o == (L0O17).

The effect of month on the burrowing depth snd angle of
complanate and UL fictorym was analysed using one-way
SOVA, with maonth (June veAugust) as u factorand length as
a covariare. Lake Palokkajarvi and Lake Tuomiojarvi were
excluded from the analyses cone Ofl\}ll - [ (Ui?'f}lrrrzr{fa Bsecause
of amissing August and June samples, 1( nectively.

The ((nmlf\uon between the burrowing depth and angle was
anadysed separately For each <lam species and lor e: mh lake,
using either partial correlation (controlling for study month} or
bivartate correlavon when only a one-month sample was avail-
able (in Lake Paloidajarvi).

The of w clam species on burrowing depth and burow-
ng angle was analysed using MANCOVA, with species and study
month as factors, and length as a covariate, Arnodonia piscinabis
occurred in all of the four study lakes, Pseudanodonta f'(r'n;lj)lmml‘(f
in three and Unie pictorum in one lake, only {Table 1), There-
fare, differences between A, piscinalis and P, complonate, and
bertween A, piscenalis and UL priclovim w anatysect separately.
An adequate sample stze for a statistical test bevween A, pascinaliy
and P complanatawas from Lake Alvajand,

Logistic regression method was used to analy
ship between crawling activity and clam species, month, clam
length and the interaction term ‘species X month’. The test for
A. piseinadis and P complanatawas perfonned including the data
from Lake Alvajirvi, and the testfor A, piscinalis and Ul pisiorum
using the cata from Lake Saravesi. Crawling (movement or no
raovemnent) was used as a dependent vaviable, clam species and
month as categorical factors, and clam length as a continuous
factor. Automated forward stepwise variable selection pro-
cedire was used to select the model that best fired the dat. By
comparing hierarchical sews of regression models, the signifi-
canee of interaction and main effects was calculated using Hkeli-
hood rato statisdes Porward LRY, The variable selecton was

iR

the velatiorn-
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Table !, Numi
used I the statistical aradvses,

o ofiralividuals of differentspectes and the mean lengeh and age and ran

of s

e s and wges of the ciams

Age {yr) Length {mra}
Populaton Species n wMean Fangs Mean = Sk Aange
Lake Alvajdnd Anodonta piscinaiis 33 7 313 4696
Fseudanodonta complanata 25 7 511 47-85
Lake Palokkajlsvi Anodonia piscinalis 12 5 3-7 40-66
Pseudanodonta complanata 14 [ 3-8 32-87
Lake Saravesi Anodonta piscinalis 23 6 411 g1z 2 46-86
LUnia pictorum 22 7 3-11 663 2986
Lake Tuominjir Anodanta piscinglis 53 B 3-1t 56 %1 33-74
Puetdanodonta complanala 3 8 7-8 BG4 5186

then repeated using automated backward stepwise elimination
procedure (Backward LR}. If the twa procedures did not result
in the same model, then the terms thar differed were tested for
their significance using improvement yx* test. If the term was
significant, it was included in the model,

Original values or length-adjusted means are used for inter-
pretation of results. The means are given with %1 standard
error. Statistical analyses were performed using SPSS statistical
package (8P5S8 Inc. Chicago, Illinois).

RESULTS

Burrewing depih

Neither the elfect of study month (June vs August) nor the
ctfectof population were significant with respect to the burrow-
ing depth of A. fiseinalis as suggested by the results of the 2-way
ANGOVA {'month’ F= 0.883, df = 1,102, P> 0.1; ‘populatdon’
F=0578,di’' = 2,102, P> (.1}, However, there was a significant
interaction bhetween population and month {F= 340, df =
2,102, P=0.037). One-way ANCOVA performed for each popu-
lation revealed that the interaction was due to the significant
difference hetween June and August in Lake Tuomiojarvi (F=
22.503, P =10.001), while in other populations no such a differ-
ence was tound, The length-adjusted mean height of the above-
sediment part of the shell in Lake Tuomiojirvi was higher in
June (28 & 2mm) than in August (14 = 2 mm) (Table 2, Fig. 1).
The covariate, clam length also had a positive effect on the
height of the above-sediment part of the shell (F= 35,466, df =
1,102, P<C0.001), the bigger individuals being more visible than
smaller ones.

The effect of the study month on the burrowing depth of
Pseudangdomia complanaia in Lake Alvajarvi was not statistically
significant {(one-way ANOVA, the main effect "time’ F= 0.654,

35 5
30 -
T 95 ]
£
w20 RERE
3
F 154 £ August
S
o040
5 4
0

Alvajdrvi Saravesi Tuomiojirvi

Figure 1. The mean distance {5E) from the sediment surface 1o the high-
est point ol the shell of Anodontn fiscinglisin Lake Alvajirvi, Lake Saravesi and
Lake Tuomicjioy in June and August 1996,

83

df = 1,23, P> 0.1), although it was in the case of U, fdetorum
(one-way ANOVA, F= 5922, df = 120, P=0.008), The mean
height of the above-sediment part of the shell was 7 £ 3 mm in
June and 22 £ 4 mm in August. Clam length did not have an
effect on the height of the above-sediment part of the shell in
either P. complanataor U pictorum.

Burrowing angle

The effect of the study month on the burrowing angle of A,
pascinalis was not significant (two-way ANOVA, the main effect
‘time’ F= 3,482, df = 1,94, P> 0.05). The effect of population
wassignificant (F= 5516, df = 2,95, = (.034), and there was a
statistically significant interaction between populaton and
month (Fs= 15.792, df = 2,85, P <2 0.001). The effect of the study
month on the burrowing angle was significant only in Lake
Tuomicirvi (one-way ANOVA, F=62.151,dl'= 1,45, P<C0.001).
In Lake Tuomicjdrvi clams were more verdeal in position in
June {61 £ 3% in June and 28 = 47 in August; Table 2, Fig. 2).

The effect of the study manth on the burrowing angle of
P. complanata in Take Alvajarvi was statistically significant {F =
§.606, df = 1,10, P = 0.015). Clams were in a more vertical posi-
tion in August than in June (34 & 6% and 11 & 5%, respectively).
The study month did not have any effect on the burrowing angle
of U. pictorum (Fa= 1.585, df = 1,15, P> 0.1).

Correlation between the burrowing depih and burrowing angle

The correlation between the burrowing depth and angle was
statistically significant in each population and in each species
(Table 3, Figures 3-5), When the distance from the sediment
surface to the siphons of the clam was larger (i.e. the position of
the clam was more visible), then the orientation of the clam was
maore vertical,

T une

August

Burrowing angle (%)

Albvajdrvi Saravesi Tuomiokirvi

Figure 2. The mean burrowing angle {=SE) of Awedontu piscenalis in Lake

Alvajidivi, Lake Savavesi and Lake Tuomiojdnd in June and August 19496
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Table 2. Number of individuals of dilferent clam species, the raean distance from the surface of the sediment to the highest pointof the

shet of the clam 2 SE, the mean burrowing angle (%) *

. the portien of clams moved, and the mean lengh of crawling wacks * SEin

Lake Alvajiirvi, Lake Palokkagind, Lake Sumvesi and Lake Tuorioffired in fone and Aogust 19946,

Highest Mean erawling
Species Popuiation Month i1 point {mm) Angle () % moved tracks {m)
A, piscinaiis Lake Alvajérvi Jun 17 28+ 4 50+ 6 a 0.0
Aug 18 31z3 54+ 4 38 18207
Lake Palokkajarvi Jun 12 195 s2x7 i7 03+02
l.ake Saravesi Jun 7 1854 33x7 57 0701
Aug 16 235 455 44 18208
Lake Tuomiojdrvi Jun 29 222 813 0 0.0
Aug 24 13re 28x3 4 0.2
P complanata Lake Alvajarvi Jun 12 3+ x5 8 0.1
Aug 13 82 34586 G 0.0
Lake Palckkajarvi Jun 14 3t 245 G 0.0
Lake Tuomiofént Aug 3 138 355 Q 0.0
L pictorum l.ake Saravesi Jun 14 Tx2 356 38 0.5 =04
Aug g 224 44 3 38 3903

Table 3. Partial correfation (controlling for season) beiween the height of
e nhove-sediment put of the shell and the burrowing angle,

Species Poputation Carrelation cosfficient P

A. piscinalis Lake Alvajérvi 0.677 <0.001
Lake Palokkajarvit 0.865 0.001
Lake Saravesi 0.74% <0.001
Lake Tuomiojéryi 0.719 <{.001

P. complanata Lake Alvajérvi 0.929 <0.001
take Palokkajarvi” 0.949 0.001

U, pictorum Lake Saravesi 0.796 0.001

*Bivariate correlation, significant arthe 0.01 leval (two-taited), whenonlva
one-month sample avaiiable.

100 4
943 4 xa O
¥ O o n X

~ B804 % <>_<.?<,<>
—:3? A
2 A
=0
£

0 : . ' . T \

g 1o 20 30 40 50 60

Distance (mm)

Figure 3. The barrowing angle in relation w the distance from the surface of
the sediment to the highese point of the shell of Anndonia piscinalis in Lake
Abvafirvi (O, —) Lake Palokkafing (0 ), Lake Saravesi (& - -3 and
Lake Tuomiofnd (X, ]

Differences between the clam species in burrowing

The clam species A. piscinalisand U, prctorum co-occurred only in
Lake Saravesi, and they did not differ from each other by their
burrowing depth or by burrowing angle (Wilks’ lambda F =
0159, df' = 2,31, P> 0.1}. The stedy month did not have any

g angle (%)

Burrowing a

i5

20

Bt
o

30
Distance (imim}
Figure 4. The burrowing angle in refation w the distance (rom dhe surface of

the sediment to the highest point of the shell of Pseudanodonta complanatain
Lake Alvajirvi (O, —) and Lake Paiokkajdr (O, 3.

angle (%)
A o =}

W =
frenci e wio K ol s S i Y el R 0=

L

¢

I

1

L=

Burrowin

T T T Y 1

10 [ 20 25 30 35
Distance (mm)

[

Figure 5. The burrowing angle in relation ro the distance from the surface of
the sediment w the highest point of the shell of Unio pletorum in Lake
Saravest,

effect on burrowing behaviour (Wilks' lambda F= 2.545, df =
2,31, P> (.05).

In Lake Palokkajirvi, P complanata and A. piscinalis differed
from each other {Wilks' lambda F 27,732, df = 2,38,
P < 0.001). Pseudanodonte complonala was less visible than
A piscinalis (F = 5683, df = 1,39, P < 0.001). The mean dis-
tances = SE from the surface of the sediment to the highest
point of the shell were 8 £ 3 and 31 * 2 mm (length-adjusted
means), respectively (Fig. 6). Pseudanodonte complanaio wasin a
maore horizontal position than A. piscinalis (F= 22,92, df = 1,39,
P=0.001). The mean burrawing angles £ 8E (deviation from a
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1 4, piscinells

P complonata

20 4

Distance {mm)

15

Specics

Figure 6, Thelengih adjusted mean distances (£ SE} from the surface of the
sediment o the highest poingof the sheli of A, pisemals and P comflanatain
Lake Alvajirvi,

60 1
+-
30 4 i [ A piscinedis
z P, complanata
240 comt
5
£ 30
£
5w
]
10 4
i}
Species

Figure 7. The mean burrowing angle {55 deviation rom a horizond
g £ ang
position) of A, flscinalisand P. comflanatein Lake Ajvajivi

totally horizontal pesition) were 22 & 5% and 52 + 3° (length-
acjusted means; Fig, 7). The study month did nothave any effect
on burrowing behaviour (Wilks” lambda /= 1.696, df = 2,38,
Pz (1), but the effect of clam length on the burrowing depth
was statistically significant (test ol between-subjects effects
F=02817, df = 1,549, P<0.001).

Crawling activily

When analysing the crawling ol A. piscinelisand P. complanalain
Lake Alvajarvi, the logistic regression model included only the
interaction term ‘species X month’ (change in log likelihoodif
rerm removed = 21361, F 0.0013, but not the terms
species’, ‘'month’ or length’. This result suggests that A. pisci-
walis and P complonate did not differ in their total activity and
that clam length had no effect on activity in these species.
Logistic regression performed separately tor the two species
revealed that the interaction was due to the significant differ-
ence between June and August in the crawling activity of A, pisei-
nadis, as the model included the term ‘month’ (change in log
likelihood if term removed = =10.12%, P = 0.001). Anodonia
fiscinedis moved more frequently in August than in June (35 and
0%, respectively; Table 2). In P. complanala, the monthly differ-

ence in moving was notsignificant (change in log likelihood if
termremoved = 1,513, P> 0.1)

In the case of A. piseinalis and Ul pictonom in Lake Saravesi,
the model included only the constant, indicating that activity
was not affected by clam species, study month or clam length
(Table 2).

DISCUSSIC

The hypothesis that the clams would burrow less deeply during
their spawning period in June as compared to late summer
wag supported only to a small degree, In A, piseinefis, the cdams
burrowed less deeply during spawning in one population, while
no monthly differences were found in two other study popula-
dons. In P complonate, no monthly differences in burrowing
were found,

The hypothesis that the clams would be more active in crawl-
ing dwring spawning compared (o late suUmmer was not sup-
ported. In P. complanaets, ne monthly difference in crawling was
observed. In A. piseinedis, difference was found, but in an oppo-
site direction to that predicted; clams moved more actively in
August than in June in one popudation, while no differences
were found in other populations.

Udo frictorum differs from A. piscinalis and P complenata in
having two broods per summer (Dudgeon & Morton, 1983;
Peklkarinen, 1992). Possibly due to this, the monthly behaviour
patterns of U. pictorum differed from the other two species; no
differences were found in crawling, but clams were maore visible
in August than in June.

Warters ¢ al {2001) studied the vertical migration of eight
freshwater clam species, and discovered thar some of them
surfaced at spawning thme in spring and remained exposed until
autumn. Individuals of some other species re-burrowed after
spring, but then surfaced again and remained there until
autuman. The changes in burrowing depth during spring may be
rapid. For example, Watters of «f (2001) notced that mostof a
population of Elliphe difuteie (Rafinesque, 1820) surfaced over
anly two days inspring, Amyot & Downing {1998) suggested that
the crawling behaviour has a reproductive function in fentic
systems, aggregating clams closer to each other during spawn-
ing. Amvyot & Downing (1997) reported that, unlike many
poikilotherms, locomation activity of Elliptie complanata is Hele
influenced by water temperatures, but instead is linearly cosre-
fated with day length. In the present study area, maximal day
fength occursin June. Therefore, the day length cannotexplain
the ebserved higher moving activity of A. piscinalisin August.

In A fescinalis the bigger individuals were more visible than
smaller ones. In some habicats the bigger clams may have hit a
harder subswate beneath the loeser wop layer, which may con-
tribute 1o this resule.

Anodonta piseinalis and U, pictorum did not differ from cach
other in burrowing depth, burrowing angle or crawling activity.
However, P complanata was buried deeper than the other two
species. The shell of P complanatais much thinner (M, Saarinen,
unpublished observation). Theretore, P. complonato may be
more vidnerable to predation by muskrats {Convey, Hanson &
MacKay, 1989) than the other two species. In the present study
areas, the muskrat populatiens are dense Jokela & Mutikainen,
1995}, and P. complanaia may burrow deeper than the other
species to avold predation,

Taskinen & Valtonen (1995) suggested that the risk of infec-
tion of A. piseinedisby the trematode parasite Rhifidocotyle fennica
would increase with the increasing exposure of the shell. The
possible costs, such as risk of predation or parasitism, and bene-
fits, such as enhanced reproduction or feeding, related to clam
burrowing and crawling behaviour remain to be explored in the
tuture.




M. SAARINEN & ]. TASKINEN

ACKNOWLEDGEMENTS

We are grateful to E. T. Valtonen, other members of the para-
sitology group at the University of Jyvaskyld and two anonymous
revicwers for valuable comments on the manuscript. We also
thank E. Himiliinen, A. Karvonen, A. Valkonen and J. Vait-
tinen for asststance in clam collection and examination. The
study was financed by Sociewms pro Fauna et Flora Fennica,
Finnish Cultural Foundaton, and Ellen & Arturt Nyyssénen
Foundation (M.S.).

REFERENCES

ALDRIDGE, D.C 1599, The marphology, growth and reproducdon of
Unionidae (Bivalvia) in a fenland waterway. journel of Molluscan
Stauctivs, 65 47540,

AMYOT, - & DOWNING, LA, 1997, Seasonal variation frovertical and
hrizontal movement of the Freshwater hivalve [liptio complanoto
IMollusca: Unionidae), Preshioater Biology, 37 345-354,

AMYOT, J-P. & DOWNING, |. A, 1998, Locomotion of Klipte complanata
{Moliusca Unianidae): a reproductive function? Prashwaler Binlogy,
39: 3513538,

BARTOLL, P, 1974, Recherches sur fes ymnephallidae N, Morozow, 1953
(Digenen), pavasites d viseais des oftes de Camergue: systémoligue, biologie
et deofogie. PhD thesis, University of Alx-Marseille.

BAUER, G. 1994. The adaptive value of offspring sive among freshwater
mussels {Bivalvia, Unionidae). fournal of Avimel Feology, 63: 9338944,

BRAFIELD, AE. 1963, The effects of oxygen deficiency on the
behaviour of Macoma balthice (1), Andmaol Befigviowr, 11 345346,

BRAFIELD A E & NEWELL, G E. 1961, The hehaviour of Maconea balth-
i (LY. Jowrnad of the Maovine Biologiced Assodiation of the Undled
Kingrlom, 41: 81-87.

CONVEY, LE., HANSON, [.M. & MacKAY, W.C. 1989, Size-selective
predation on unionid cams by muskeas, fownol of Wildflife Mannge-
mand, 33 GH4-657,

DUDGEON, I}, & MORTON, B. 1983, The population dynamics and
sexual sirategy of Anodonte wosdiong (Bivalve: Untonacea) m Plover
Cove Reservolr, Hong Kong. Journal of Zoology, 201: 161185,

HAUKIOJ, E. & HAKALA, T. 1978a. Measuring growth from shell
rings in populations of Anedonia piscinalis (Pelecypoda, Unionidae),
Annales Zoolvgict Fennier, 16: 6065,

HAUKIOJA, E. & HAKALA, T. 1978b, Life-history evolution in Anodonia
piseinaliy (Mollusca, Pelecypoda). Oveologia, 35: 233266

HULSCHER, B, 1975 Burying-depth and tenminde infection in
Macom belihico. Netherlonds fournod of Sea fesearch, §: 141-156,

IMLAY, M.j. 1982, Use of shells of freshwater mussels of monitoring
hepvy metalsand environmental stress: a review, Malacolugical Review,
ih:1-14.

JIREA, KL 8 NEVES, R]. 1992, Reproductive biology of four species of
freshwater mussels (Moilu Untonidae) in the New River, Virginia
anel West Virginia. fournal of Freshweder Eeolagy, T: 3544,

JOKELA, 1996, Withinseason reproductive and somatic energy alle-
cailon in o freshwater clam, Ansdonta piscinalis. Oecologin, 105
7174,

JOKELA | & MUTIKAINEN, P. 1995, Effect of size<lependent muskrat
( Ondaive zibethics) predaden on the spatial distriburion of a fresh-
water clams, Anodeato piscinelis Nilsson (Unionidae, Bivalvia).
Canedian fournad of Zoology, 75 108510404,

JORELA, J., VALTONEN, ET. & LAPPALAINEN, M. 1991, Develop-
mentof glochidia of Anordonia piscinalisand their infection of fishina
smal! inke in northern Finland. Avehiv filr Hydrobiologis, 120: 345-356.

KAT, P.W, 1982, Effects of population density and substratum type on
growth and migration of Klipte complanata (Bivalvia: Unionidae).
Madaeological Revien, 15: 119197,

LAUCENER, G, 1984, Impact of treratode parasitism on the faunaof a
North Sea tidal Hat. Diseases of marine organiyms, 37: 185-199.

LiM, S.51.. & GREEN, R.H. 1991, The relationship between parasite
load, crawling behaviour, and growth rate of Macoma balthica (L.}
(Mollusca, Pelecynoda) from Hudson Bay, Canada. Conadian fowrnal
of Zoology, 69: 2202-2208.

MCMAHON, RFE. 1991, Mollusca: Bivalvia. In: The ecology and classifica-
tiom of Novth American freshwater tnoeristraies ([0 FL Thorp & AP
Covich, eds), 111 815399, Academic Press, San Diego.

NEGUS, CLL. 1966, A quantitative study of growth and production of
unionid mussels in the river Thames at Reading. fowrnal of Animal
Erology, 35: 515532,

A2

OKLAND, J. 1963, Notes of population density, age distribution,
growth, and habitat of Ansdenia piscinalis N {Moll. Lamellibe) in
a cutrophic Norwegian lake, Nyt Makasin for Zoclogi, 15 1943

PERRARINEN, M. 1992, litela-Seomen (Vantanjoen) jokisimpukoilla
kaksi poikuetta kesdssh, [River mussels in the Vantaa River, southern
Finland, can have two successive breedings per summer. ) Luognnon
Futhije, $6: 146-147 {In Finnish).

PERKKARINEN, M, 1993, Reproduction and conditon of unionid
mussels in the Vantaa River, South Finland., Archiv filr Hydrabiologie,
127: 357355,

PEXKKARINEN, M, & ENGLUND, P, M, 1945, Sizes of intramarsepial
unionacean glochidia in Finland, Archiv filr Hydrobiologie, 134
379391

SWENNEN, C. 1969, Crawling-tracks of wematode infected Mucoman
balthicn (1.}, Netherlunds jowrnal of Sea Reseavch, 4: 376-374.

SWENNEN, C. 1974, Observations or the trematode Paroalrema affinis,
causative agent of crawling tracks of Macoma balthiva. Neitherlands
Jowrnal of Sea Research, 8: 108-115,

TASKINEN, ]., MAKELA, T, & VALTONEN, E T, 1997, Exploitation of
Anvdonta fpiscinatis (Bivalvia) by trematodes: parasite tactics and host
longevity, Annales Zoologict Fennici, 34 3746,

TASKINEN, I & VALTONEN, ET, 1995, Age-, size-, and sex-specific
infection of Ansdonta piscinalis (Bivalvia: Unionidae) with REipido-
coiyle fernicn (Digenea: Bucephalidae) and its influence on host
reproduction. Canadian Jouwrnalof Zoolsgy, 73: B87-897.

THOMAS, Foo& POULIN, RT998 Manipulation of a melluse by a
vophically transmitted parasiter convergent evolutton or phylo-
geretic inheritance? Parasifology, 116! 431436,

TRUEMAN, E.R 1968, Locomoton of the freshwater clam Morgitifre
mergaritifeen {Unionncea: Mavgarttanudae) . Mafoucologie, 6 401-410.

TRUEMAN, E.R. 1983, Locomortion in moiluscs. In: The Mollusea {A. S,
M. Saleuddin & K. M. Wilbur, eds), 4: 155-198. Academic Press, New
York,

TUDGRANCEA, C. 1969, Comparison of populations of Unio lumidus
Philipsson from the complex of Crapinaldijila marshes, Cheloge
Pofska, Ser, A 17 185-204.

WATTERS, G.T., O'DEE, SH. & CHORDAS, 5. 2001, Patterns of vert-
cal migration in freshwater mussels (Bivalvia: Unionoida}. Journal of
Freshaeter Beology, 16 541549,



