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Abstract

Gravidity, seasonal courses of condition indices and health were studied in Ano-
donta apatina (L.}, Pseudanodonta complanata (Rossm.), Unio pictorum (L) and U tu-
midus PHILIPSsON. Notes on U. crassus Priiipsson are also included. Females of 4. ana-
tina were gravid (bearing embryos or glochidia) from July o April or May. Gravid I/,
pictarum and U tumidus were encountered from April ta July and two gravid U crassus
in June. The non-gravid interval of P complanata in June was very short. A, anating
matured fairly carly, the youngest gravid females being 1+ year old. The marsupia! gills
of gravid mussels were nor atways full. All species fattened in proportion to shell
volume i spring and early summer when water temperature was rising. This fattening
partially preceded the rapid shell growth. Gravid females of A. anating were fatter than
males, but during the non-gravid interval of females and the normal spermatogenesis of
males, males tended to be fatter. Interannual differences were noticed in che condition
and gravidity period of the Vantas mussels, All species included occasional hermaph-
rodites. Developing mites were common in 2 complanata and the Unio spp. and less
commen in A. anatina. Seasonal prevalences of bucephalid tremarode sporocysts and a

pustalar disease in A. anatina, with notes on some other diseases in the Vantaa mussels
are reported.

Introduction

Shellfish monitoring has previously been generally restricted to marine
aquatic systems (Mrx, 1986). In Finland, the necessity arose for animals to use
as monitor organisms both in fresh and in weakly brackish waters. Among
freshwater mussels, 4nodonta anatina has been introduced for this purpose by
cage incubation methods (e.g. Koruonen & Omany, 1987; Herve, 1991). Al- !
though they would prove useful for monitoring studies, studies concerning the
basic biology of unionid mussels in Finland are not very numerous. The dis-
tribution of unionid mussels, their growth and shell dimensions were studied
by NORDENSKISLD & NYLANDER (1856), LevanTo {194C), Branoer (1954), Ko
{1961), Haxa et al. (1974), Hauxioja & Flakara (1974, 19782, 1979) and Ene-
LUND & Hemo (1992), ciliary activity by Senrus {1978), effects of acidification
by Pynnonen (1991), and bucephalid trematode parasites by Haararanta &
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the reproduction of unionid mussels in Finland is still leele studied. ‘The health
and seasonal condition courses of unionid mussels are almost rotally unstudied.
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Material and methods
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Mussels were collected by dragging the muddy or somewhat sandy slope of the
river; because of the collecting method used and water-level variation, the mussels orig-
inated from a fairly wide range of depths (from abour 0.5 o 3 m). Bach collecting site
was always a little north or south of the former
usuzlly kept in the laboratory for at least two da
running charcoal-filtered tap water (4 or 12 °C).

Condition indices {“fatness” indices = % soft body wet weight of weight of soft
body and water in mantle cavity) were measured for some of the mu
Pexxammen (1983). All mussels’ scatus (such as possible gravidiey and marsupial filling
degree, parasites and discases) was examined under a preparation microscope. Shell
length was measured on the longest axis. The sex was determined by using gonadal
smears freshly and after staining, and/or histological secrions. The gonadal smears were
fixed in methanal and stained in diluted Giemsa. For the histological sections {used to
study the gonadal cycle, ta be reported on in another paper}, transverse slices of rmussel
bodies were fixed in Bouin’s fluid or 4 neurral glutaraldehyde-formaldehyde mixeure
{1% G, 4% F) and processed through routine histological rechaiques into paraffin, The
sections cut from the paraffin blocks were usually stained with haematoxylin and eosin.

site. After dragging, the mussels were
ys (very small mussels for one day) in

ssels according to

Resules
Anodonta anatina

Among small mussels {<30mm in shell length) numbers of females +
males + hermaphrodites were as follows, August—September 1988: 2 + 5 + 2,
March 1989: 6 + 14 + 0, June 1989: 2 + 5 4 0, August - September 1989: 2 +
17+ 1. Hermaphrodites among these small mussels thus amounted to 5%,
while among larger mussels (> 40 mm) 0.5% {5/1065) were hermaphrodites.
In the latter sample of smal! mussels (August—September 1989) all were 0+
year old, and all the 10 individuals shorter thap 26 mm were males. In these
small individuals a few spermatozoa could be seen in scarce gonad follic!
canals. Qocytes in the females were small. In individual
40 mm, oocytes in the ovaries were larger even in avtumn, and sperm morulae
could be detected in testes. The smallest gravid female of the whole material
was 36.5mm long (2 years old, August 1989). The youngest gravid females

were 1+ year old and then usually longer than 50 mm (one gravid 1+ year old
female was 47.7 mm)

es or
s longer than 30 or

The percent gravidity of females longer than 50 mm is presented in Fig. 2,
Gravidity lasted from July to April or May. The marsupial gills were not al-
ways full (Fig. 6); the posterior part was most often empty. The gills of the in-
dividuals shorter than 50 mm were generally only partially filled even in au-
tumn. In order to eliminate the possibility of accidental abortion, mussels in
March, Aprif and May were opened add examined immediately after collect-
ing.

Anodonta anatina individuals were fattest {proportion of soft
“shell volume” greatest) in midsummer or late summer {Fig. 10)
classes (> 50 mm) gravid females tended to be fatter than males

body o
-1In larger size
. Males seemed
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Anodonta anating (50 mm sheil length)
Percent gravidity
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Fig.2. Percent gravidity of Arodonta anating females (numbers indicate females
studied). individuals parasitized by bucephalid trematode sporocysts (whether castrared
or not) omitted,
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Fig. 3. Percent gravidity of Prenduncdonta complanata females.
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to be fatter only during the non-gravid interval of females. In the size class
4050 mm the gravidity of females was far from 100 %, and the females were
not generallty farter than males. In the groups of smaller individuals,
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Fig. 4. Percent gravidity of Unio pictorum females

{Sept. 1988 March 1990, summer
1991, spring 1992)
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Fig. 5. Percent gravidity of Unio mmidus females (Sept. 1988 - March 199
1991, spring 1992).

0, sumsmer

could be determined) no differences were found berween females and males. If
condition indices of different years are

tter than in autumn - spring 1988 to
1989: 40-50mm, 60-~70 mm, August—Se

ptember {p <0.01) 50-60 mu,
QOctober - November (p <0.001); 80—

90mm, March (p <0,05).
Bucephalid trematode sporocysts occurred in 3 to 17% of A anating

longer than 50 mm {Fig. 7); the smallest individual with such sporocysts was
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A. anatina 50 mm)
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Fig.7. Percent A, anatina parasitized by bucephaiid tremarode sporocysts.

50mm long. The cercariae in the Sporocysts were not systematically examined,

bus at least some cercariae with very long, contractile furcae were noticed.

A pustular disease was common among A, anatina {Figs. 8 and 9
most prevalent in summer. The white or brownish pustules occurred berween
the mantle and the shell, most often in the posterior end or around the poste-
rior adductor muscle. The pustules contained celiular debris and living celis
and possibly some secretory matter. Chironomid larvae were sometimes en-
countered at the shell edge of individuals with clayey pustules or recessed
mantle. The individuals with pustules sho¥ved great variation in condition in-

dices, and they, as well as those with trematode sporocysts, have been omitred
from the material in Figs. 10— 13,

), being

Developing mites were not so frequent in A. anatina zs in the Unio species.
In summer 1989 they occurred in gills of 18 A. anatina individuals and in the
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Fig. 8, Percent A. anating with pustules between mantle and shell,

-

Fig. 9. Two severe cases of pustular disease in A, anatina,

siphonal wall of five individuals. In avtumn 1989 they were found in gills of 13
individuals and in the mantle of 11. In March 1990 14 mussel

s had them in the
mantle. One 4. anating had several

specimens of Paracrgasilus rylovi in its gills,
Pseudanodonta complanara

Three gravid female hermaphrodites {about 2%) were found among 180
individuals studied (> 40 mm). The smallest gravid female was 37.5mm (at
least 3 years) and the youngest gravid females were 2 years old, and at that time
not shorter than 39.7 mm. The percent gravitﬁty of females longer than 40 mm
is presented in Fig. 3. The gravidity was long, the interval in June being very
short. Partially filled marsupia were common.

Because of small numbers of individuals in different size classes very ac-
curate condition courses (Fig, 11) could not be determined. In addition, the
total weight of the animal could not be measured exactly because the shell was
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Anodonta anatina,

Condition index
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.....

[SONDJ FMAMJJASONDJ vy

TORNBTFRAm T T s o™ F'Mi

..} Anodonta anating

(mean + SE). Ifa group in size classes 2030 and 30— 40 consists of only one sex, sex is
indicated. In larger size classes: bold ines =

Student’s t test not calculated for groups including <3 individuals {*: p <0.05, ** p

<001, *#

females (G = gravid), thin lines = males.

<0.001).

%

leaky (not closing tightly), In the size class 40— 50 mm, where the rumbers of
females and males allowed comparison in June, males were significantly {p
<0.05) fatter than females, and if the size classes 50~60 mm and 60— 70 mm
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Pseudanodonta complanata, Cond. index
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Fig. 11. Condition index of various-size Pseudanodonta complanata {see Fig, 10 explana-

tion).
riod (arrow in Fig. 11, 40-50 mm class)
interval of females,

Ore individual (53.0 mm) was parasitized by tremarode sporocysis (only
cercarial embryos present). Nearly all individuals had mobile mites in their
mantle cavity, and some developing mites in their gills,

is concurrent with the non-gravid

Unio pictorum

Among U, pictorum shorter than 40 mm, 4% (7/169)
rodites. The smallest gravid female was 46.5 mm in shell length. Females were
gravid from late April or late May to late July, not all at the same time {Fig. 4),
Furthermore, in the Unio spp- partially filled marsupia were common; the
filling arder of different parts of the gills was a litcle less systematic than in
A. anatina. Barly embryos were yellow. Fully developed glochidia were not
detecred in marsupia in April or May, and from this time onwards, in relation
to embryonal stages, glochidia were found in few individuals. In late
1991 many females still bore early embryos.

Unio pictorum clearly fattened in s
condition index curves of small and

were hermaph-

July of

pring and summer 1989 (Fig. 12). The

L3 . . . .
medium-size individuals turned inteo de-
crease as early as in late summer, but remained on 2 higher level

spring (1989 -1990) than in the previous year. Large individuals a
this difference berween the years, Males usually tended to be
females (statistically significantly only in two groups)

m autumn-
Iso showed
fatter than
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Unio pictorum, Condition index
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Fig. 12, Condition index of various-size [/njo pictorum {see Fig, 10 explanation),

In May 1989 three gravid females had brown streaks in their marsupia, In
histological sections of the marsupial giils, fungal hyphae and discased embryos
could be scen among normal embryos. Again, in late June 1991 some of the
embryos in gravid females were degenerating and contained ciliates and uni-
dentified organisms. Pustules were occasionally found between the mant!
the shell. All larger individuals had developing mites in their gilis.

e and

Unio tumidus

Hermaphrodites were common among small mussels (17/202 = 8%) but
infrequent among large mussels {>50 mim) (4/624 = 0.6%). Furthermore,
there were several large mussels which Bad a few “disturbed”’ follicles with
characteristics of the opposite sex or both sexes (a few spermatozoa or sperm
morulae in ovarian follicles). The smallest gravid female was 43.0 mm in shelt
length. Gravid females were encountered from late April to late July, not alf
gravid at the same time {percent gravidity in Fig. 5}. Early embryos were whir-
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Fig. 13. Condition index of various-size Unio tumidus {see Fig. 10 explanation).

ish. Glochidia were first found in marsupial gills in Jate May {1989
embryos were found in one female as late as the end of July.

Unio tumidus also fattened in summer {Fig. 13), Mal
fatter than females in the size class 60-70 mm in O
and the classes 6070 mm and 70~80 mm
March 1990. In the condition index, simil
as in the index for U, pictorum,

Some females gravid in lare May had in their marsupiai gills degenerating

embryos, fungal hyphae and ciliates, Developing mites were as common in U,
tumidus as in U. pictorum, Occasional pustules were seen,

) and early

es were significant}y
ctober ~ November 1988,
in October - November 1989 and
ar interannual differences were found

)
Unio crassus

Of the 12 individuals found during the study,
males and one was 1 hermaphrodite. OFf the eight fe
to September rwo collected in June were partially gt

eight were females, three
males collected from May
avid with fertilized eggs or
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carly embryos (bright orange-red or cream-coloured) in their marsupial gills.
The mean condition index of six individuals (both females and males, shell
lengths 29.3~70.2 mm) collected from June to September was 67.5.

Discussion

Among bivalves studied in Finland, Mytilus edulss occasionally shows her-
maphroditism (about 3.6%, according to Pexrarmven, 1991 €), but hermaph-
rodites among Macorma balthica were rare (PEKXARINEN, unpublished). Among
Unionidae, Anodonta cygnea is generally hermaphroditic (Woop, 1974) (her-
maphroditic in stagnant waters, diceciouns in flowing waters, Wrisenszz, 1916},
while A. woodiana is only rarely so (0.3 %, Duncron & MorTon, 1983). Large
A. anatina in the Vantaa River were also rarely hermaphroditic (0.5 %, present
study). A. anatina seemed to be protandric {small individuals were often
males), but the number of small individuals studied was not great. The greater
percentage of hermaphrodites among small A, anatina (5 %) (also among small
Unio pictorum and U. tumidus) suggests a greater possibility of sex reversal dur-
ing early life of the mussels; in small mussels gonad follicles are so scarce that
only one follicle containing germ cells of the opposite sex could account for a
great proportion. Among larger mussels, at least among U. twsmidus, a few fol-
licles showing characteristics of the opposite sex seemed to be fairly common,
Such follicles may simply be disturbed, bur also suggest that the mussels may
have changed or will change sex. The auther has found such follicles also n
Margaritifera margaritifera (unpublished). Such mussels could be calied
“microhermaphrodites”. Female hermaphrodites of Psewdanodonta compla-
nata are capable of gravidity (present study and Prxrarmven, 1993).

Anodonta anatina according to Hauxroza & Haxara (1978 a} and the pre-
sent study, and 4. woodiana according to Dupceon & Morton (1983) mature
quite early, while several other Anodonta species mature at greater ages
(Hearp, 1975). As to the beginning and length of the annual gravidicy period
of A. anatina, they slightly vary geographically. In Germany, females were
gravid at one site from late July to late April and at another site from August to
March {MoiLer, 1933). In Russia, fertilization in 4. anating has been found 1o
be as late as September (Znanmy, 1965). In certain rivers in southwestern Fin-
land gravidity began in July (Haukioja & Haxara, 1978 b). In northern Fin-
land, the gravidity of A. anatina in s lake lasted from early July to the third
week of May (Joxsia et al., 1991). In the Vanzaa Riger, gravid females occurred
roughly from July to late April, with a variation of about half a month depend-
ing on year studied. Such time-shifting was apparent in the gravidity of £, com-
planata and the Unio species as well.

In Pseudanodonta complanata the short interval of gravidity in June is
surprising. In Russia the interval is longer, lasting from July to August (Zra-
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DIN, 1965). Anodonta spp. which have been reported to be gravid

“throughout the year”, may have several reproductive cyc<les per year (Hrarp,
1975), and the one interval or several intervals may have been overlooked. P,
complanata in the Vantaa River has only one breeding per vear and

a sharp
interval, Because the glochidia may grow in size (PErrARINEN, 1991 d), they

may need a long incubation period.

Fertilized eggs of Unio species in Massachusetts can be found from mid-

June to mid-July, and glochidia are released in August or September
1895). In Germany, gravidity of Unio may begin in March, but in cold weather
not earlier than May, and ail developmental stages can be found till late July
(Flarss, 1909). Fertilization of [nip individuals thas takes place in different
times. The gravidity period of Unio pictorum and U tumidus seems 1o be
nearly similar in the Vantaa River and in Germany (Haras, 1909; Maass,
1987), the UK (Necus, 1966) and Russia (ZuaDIN, 1965}, beginning in about
April-May and lasting tiil about Jaly—August. U tumidus tended o be gravid
slightly earlier than U pictorum (Zuapm, 1965; Masss,
study). TuporaNGEA (1969} concluded that the gestation of one individual may
fast about one month. From the data of Ne6us {1966), Dunceon & MorTon
(1983) inferred that in Unio spp. living in temperate zones, many broods per
year are possible. Because the gravidity percentages of Unio prctorsn and U, tu-
midus in the Vantaa River were fairly high in May 1991, it is possible that some
females had a second brood in the summer,

In Unio crassus in Russia gravidity begins earlier than in Pictorum and
in U. temidus (Znspiw, 1965). Egg deposition and fertilization in the gills take
place in late April or in the firse half of May (vs. in mid- or }
other species). In Germany, gravid females hav
mid-May (BEDNARCZUE, 1986; Maass, 1987).
found in the Vantaa River in June.

Partially filled marsupial gills were noticed in all species. In small 4. ana
tina, at least, the gills were not full even at che beginning of gravidity. As early
as i 1895 Liise found that in A, anating in Massachusetts often only the com.
partments of the posterior half or two thirds of the marsupial gills were used
for incubation. M&rrex (1933) also found EMpty compartments in anterior or
posterior parts of Anodonta gills in Germany. Glochidia of A. anating are well
developed in early autamn and do not seem to grow thereafter (Jorsra et al.,
1991; PexkariNen, 1991 d). Harus (1909) found in Germany that glochidia of
A. anatina were capable of infection in winter, *and thought that the unfa-
vourable weather of winter is the reason why glochidia overwinter in the mar.
supium. In the UK the release of A. anating glochidia may begin as early as
February (Nrcus, 1966), but it is not known whether they can be released even
earlier. Glochidia of A. cygnes have been found in three-spined stickle-backs in
the UK as early 35 in December (DarTnaLL & Warkey, 1979). Huzenzr (1980}

(Litom,

1987, and present

ate May in the
e been found in late April or
Two early gravid females were
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found empty or relatively small marsupia in A. cygnea females collected in
Canada in February and wondered whether the massels had aborted their
glochidia prematurely.

In Unio spp. embryos are held together by secretion from the marsupial
wall (Lerevee & Curris, 1910). The conglutinates may be aborted when the
mussels are disturbed {UtTersack, 1915; Maass, 1987). During the present
study Unio crassus females were found to abort conglutinates in the labo-
Fatory.

Two colour-morphs of U, crassus have previously been found in Germany
{BranDER, 1954), and in the Ul crassus females from the Vantaa River the
gonadal/embryonal colour could be orange-red or creamy (Pexxariven, 1991
b, d). Pigment is found in the marsupia of some unionacean species (Baxeg,
1928; Smrrh, 1979). The brown pigment found in the Unio marsupia in the pre-
sent study may result from fungal infection, Lernvre & Curris (1910) found in
the USA that unfertilized eggs with stratified contents were especial
mon in Quadrula marsupia. Such unfertilized or otherwise abnormal
embryos in the Unio spp. studied in the Vantaa River in cold early s
may have attracted ciliate and other infections,

The period when gravid U. pictorum and U. rumidus ferales were found
correlated with rising and maximal water temperature. In A. arating and P
complanata the interval coincided with rising temperature, and the next period
of gravidity began while the temperature was still high. The condition indices
of all species rose concomitantly with the rise of water temperature. Rapid
shell growth began in small individuals in mid-fune and in larger ones in late
fune or in July (Pexxariven, 1991 c)- Rapid soft-body growth thus slightly
preceded rapid shell growth. Increase in the proportion of soft body to shell
volume was clearly visible even in small individuals, in which the involvement
of the gonad maturation was regligible or of 2 minor importance. Thus the
somatic body and sheil at least partiaily grow allometrically.

Neeus had already found in 1966 that gravid female A. anating were con-
siderably heavier than others. According to the present study, at one time the
situation between the sexes was reversed, namely the time before fertilization,
when normal spermatogenesis in the testes of males was vigorous and the testes
were full of spermatozoa (late June, according to Pexkarmven, 1991 a). Ano-
donta grandis in Canada is non-gravid in May, the time when it is heaviest, and
in July, when females bear embryos, it is lightest {(Hueener, 1980). In 4.
grandss the marsepium with its contents most markedly accounts for the
female dry weight in October. Of the Unio $@p. 1n the present study, males
usually tended to be heavier than females, It is to be noted that the testes of the
Urio spp. keld plenty of spermatozoa even early in autumn. In this respect the
Unio spp. thus resemble Anodonta woodiana (in Hong Kong), in which testes
are mature throughout the year (Dupcron & Morron, 1983),
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There were clear interannual differences in the condition indices for A,
anating and the Unio spp. Haukioj & Haxaia (1978 b) also found clear varia-
tions in the condition of A, anating in different years. In the present study,
male A. anatina mostly accounted for the average better condition from au-
tumn to spring 1989 - 1990, Shell growth, especially in larger shells, remained
less than expected in the growing season of 1989 (PEEKARINEN, 1991 o). In
spring 1989, water temperature began to rise earlier than in 1988, which may
have favoured soft body growth and preparation for reproduction, both of
which functions slightly precede shell growth. Because shell growth remained
small in that vear, the condition index, calculated as “soft body percentage of
shell volume”, still remained high in the following autumn-spring, The en-
ergy stored in the soft body (not the sheil material) can be exploited for game-
togenesis of the next eycle. In Unio spp. {at least in males) this cnergy may

very early be allocated for gametogenesis and therefore be Jost from shell
growth.

Although water mites oceurring in lakes in Finfand |
Bacee, 1989}, knowledge of mites in mussels is scarce. I
studied mites, including mussel mires {19801,
identified to species.

have been studied (e.g.
Germany, Hevers has
The mites in this study were not

The prevalences of bucephalid trematode sporocysts in A. anating in
southwestern Finland varied between 0 and 50 % in different populations (Ha-
KaLa, 1979} In 2 lake in central Finland 33 % of A. anatina were infected by
type A sporocysts and 1% by type B (both Rhbiprdocotyle; Taskinen et al.,
1991). The taxonomy of Rbipidocotyle and Bucephalus species is still rather con.
fused. In the Vantaa mussels cercariae at least resembling type A were noticed,
According to TaskINEN & Varronmn (1991), the emergence of type A larvae
occurred between July and September. Rhipidocotyle Fennica has been supposed
to cause the death of its molluscan host (Taskmven & VALTONEN, 1991; Hapa-
RANTA 8 VALTONEN, 1991). In the present study the prevalence of parasitized
mussels clearly decreased in late summer. The infected mussels were omitted

from the condition calculations as were those of Haukioga 8 Haxara (1978 b).

The condition of the parasitized mussels did not invariably seem to be lower

than of others, as was found by Havukioga & Hakara (1978 b}. The reason for
the present differing result may be the method by which the condition was
measured: in this study wet weight of the had
Water content of the bivalve body varies gregr.ly, for example seasonally {Pex-
RARINEN, 1983, 1991 ¢}, and parasitized mussels sometimes are very watery. In
this study the amount of water in the tissues affects the “farness™
not possible 1o measure the dry weight, Heavy parasite mass may
for great mussel weight. Among the other species studied, only o
nata individual had trematode SPOrOCYSts I its tissues,

¥ was used instead of dry weight,

index. It was
aiso account
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Faraergasilus rylovi sensy CHERNYSHEVA & P

URASIOKL, 1991, was described
in A anating from 2 lake fear Leningrad. Only

one individual of 4, anating

e disease retards or stops shel]
hose individuals with this dis-
culation, because their condition

growth (Pekxariven, 1997 ¢} and may be facal. T
case were omitted from the condition ¢l

varied greatly, Due o the discarding of many mussel individuals because of tre-
matode sporocysts and pustules, the sizes of groups often became 100 simail for
statistical caleulations to be reascnable. The etiology of the pustular disease is
not known, and further studies are needed for jts clarification, Otherwise the
mussels of the study appeared fairly healthy,

Summary

¢ Vantaa River marures fairly early; the youngest gravid

{at that time usually not shorter than 50 mm), The smalleg
gravid female was 36.5 mm long (2 years old). The smaljest gravid females of Pserdan.

donta complanata, Unig pictorsm and [, tumridus were 37.5 mm, 46.5mm and 43.0 mm,
respectively,

Females of 4. anating were gravid from July 1o April or May (Fig. 2).In P. complz.
naia the non-gravid interval in Jene was very short (Fig. 3). Gravid 17 Pretoruns and (),
famidus were encountered from April to July (Figs. 4 and 5} and two gravid females of

nual differences occyrred {abour haif 4
month) in the timing of the gravidity periods, Becay

Spp. 1n 1991 were fairly high, and the Jarvae in the
menzal stages, it is possible that some fenales bore t

The marsupial gills of gravid females were not always full; in 4.
ample, the marsupia, on average, were only halffilled in March (Fig.6).

All species fattened in proportion to shell volume iy spring and early summer when
WaLer temperature was rising {Figs. 10 13). This fattening partially preceded fase shell
growth. Gravid females of 4, anatina tended 1o he farrer than males, hut during the non-
gravid interval of females and the normal spermatogenesis of inales, majes tended 1o be

es and the absence of glochidia in female

anating, for ex.

fatter than females, which may re-
period, during whick time testes already conzain
nmual differences were noticed in the condirion index of mus-
sels. Usually the males accounted for the farrer average condition in autumn - spring
19891990 as compared with aHumn~spring 19881989, Unio spp. energy may
very early be allocated for restis growth, and that energy is lost from shel} growth.

Alt species included occastonal hermaphrodites; these WEre more common among
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species studied, only one P, cormplanate individual had rremart

ode sporocysts in its
tissues,

Several individuals of Paragygasilus yylovi were found in one A, aratina,
In spring and early summer fungus and cifiate

infections oecurred in marsupfa of
Unio spp.

Anodonta anating (and Unio spp. t0 a smaller extent) in the Vanraa River suffers
m a pustular disease, The disease occurs betweer the mantie and the shell and is most
prevalent in the warmih of summer {Figs. 8 and 9). The disease stops or retards shell

growth and may be fatal to some individuals. Otherwise the Vantaz mussels were fairly
healthy.

fro
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