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Abstract According to the temperature when glochidia are discharged, Japanese unionid mussels
are grouped into "summer" and "winter" breeders. Here, summer and winter breeders are
defined as the species that can release glochidia only when the water temperature is higher than
10°C or when it is lower than lO'C, respectively. Summer breeders may reduce the cost of
reproduction by acquiring the ability of host recognition, which may allow them to breed and
grow at the same time. Winter breeders, by contrast, may produce more eggs to compensate for
the reduced probability of coming into contact with a host due to the low fish activity in winter.
The period of glochidial release may be primarily determined by temperature but seems to be
modified by the availability of host fish.

I n t r o d u c t i o n

Unionid mussels are characterized by a peculiarly
specialized reproductive habit. The larvae
(glochidia) are obligate parasites on the gills or fins
of fish. Glochidia are entirely immobile, and their
contact with fish depends on chance (Lefevre and
Curtis 1910). Because fish are more active in sum
mer, glochidia may have more opportunity to come
i n t o c o n t a c t w i t h fi s h i n s u m m e r t h a n i n w i n t e r .

However, there have been only a few studies on the
difference in the reproductive strategy between
summer and winter breeders (Kondo 1987,1989).

There are about 15 species of unionid mussels in
Japan. The period of female gravidity has been
reported for most species (Awakura 1964, Higashi
and Hayashi 1964, Kondo 1987). The periods of
glochidial release by females and host fish species
have been examined for several species (Awakura
1964; Kondo 1987,1989; Fukuhara et al. 1986); the
duration of glochidial attachment has been investi
gated for only two species (Mizumoto and
Kobayashi 1954,1956; Dudgeon and Morton 1984).

Here, I summarize the pertinent data dealing
with various aspects of reproduction among Japa
nese unionid mussels and describe their reproduc
tive strategies.

G l o c h i d i a

Glochidia have been described by Inaba (1941),
Awakura (1964), Kondo (1982), Kondo and
Yamashita (1980), and Fukuhara et al. (1987). Their
conchological characters are shown in Table 1. There
are two types of glochidia, hooked and bookless.

Hooked glochidia are observed in the genera Unio,
Lanceolaria, Cristaria, Anodonta and Oguranodonta, and
bookless glochidia are seen in Margaritifera, Pseudodon
and Hyriopsis. But inwardly directed, daggerlike
structures are observed along the ventral border of
glochidia in Margaritifera laevis (Awakura 1968), and
the flange projects inward from the inner edge of the
ventral border of glochidia in Pseudodon omiensis
(Kondo and Yamashita 1980). Both types of glochidia
are found in Inversidens. Larval thread and hair cells
are present in all species except M. laevis and P. omiensis.

Glochidia are diverse in size, ranging from a
minimum length of 0.058 mm in P. omiensis to a
maximum of 0.297 mm in Cristaria plicata. But tiny
glochidia increase in size during metamorphosis.
Mean shell length of juveniles just after detachment
from the host is about 0.44 mm in M. laevis
(Awakura 1964) and 0.179 mm in P. omiensis (Kondo,
unpublished data).

Breeding Seasons
According to the length of time glochidia are
maintained within the marsupia, unionid mussels
are usually divided into two groups: long-term
(bradytictic) and short-term (tachytictic) breeders
(Lefevre and Curtis 1910, Kat 1984). In the former,
spawning and hatch of glochidia occur during late
summer and early autumn, but glochidia are not
released from the marsupia until ̂ le following spring or
early surruner. In the latter, eggs are fertilized in late
spring or summer, and females release glochidia by the
end of summer.
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Inversidens yamgawensis starts to breed in early
autumn (Kondo 1987), and gravid females of
Anodonta ivoodiana were observed throughout the
year (Higashi and Hayashi 1964). These species
seem to be long-term breeders. However, glochidia
attached to the host are observed from autumn in 1.
yanagawensis (Kondo 1987) and throughout the year
in A. woodiana (Fukuhara et al. 1986). Moreover,
some females maintain glochidia in the marsupia for
several months, while others discharge glochidia
soon after the hatch in A. woodiana (Fukuhara and
Nagata 1988). Therefore, it may be better to separate
the species into "summer" and "winter" breeders
with respect to the temperature when females can
discharge glochidia. Here, summer and winter
breeders are defined as species that release glochidia
when the water temperature is higher than lO'C or
lower than lO'C, respectively.

In consideration of glochidial growth during
metamorphosis and the period of glochidial release,
Japanese imionid mussels are divided into four
groups (Table 2). M. laevis and P. omiensis are the
only members of the summer and winter breeders
with glochidial growth. Five species are winter
breeders without glochidial growth, and seven
summer breeders are without glochidial growth.

C l u t c h S i z e

C l u t c h s i z e o f u n i o n i d m u s s e l s i s d e fi n e d a s t h e
number of eggs in the marsupia of the mother. Because
clutch size increases with the shell length of the mother,
the number of eggs when the mother is at a shell
length of 45 mm was estimated based on a regres
sion equation to compare between species (Figure 1).

Pseudodon omiensis and M. laevis use all four gills
as marsupia (Tetragenae), and their glochidia are
almost the same size. But P. omiensis produces more
eggs than M. laevis. In species that use entire outer
gills as marsupia (Homogenae), clutch size de
creases with the size of glochidia in summer breed
ers. This tendency is also observed in winter breed
ers. When clutch size is similar, glochidia are larger
i n w i n t e r b r e e d e r s t h a n i n s u m m e r b r e e d e r s . T h e s e
results suggest that the cost of reproduction is
higher in the winter breeder than in the summer
b r e e d e r .

Host Recognition by Glochidia
Hos ts o f M . l aev i s a re l im i t ed t o sa lmon id fishes i n
the genera Salmo and Oncorhynchus (Awakura 1968).
Such host specificity is not observed in other species

Table 1. Conchological characters of glochidia of Japanese unionid mussels.*

Species S L S H Type Shape C o l o r

Margaritifera laevis 0 . 0 7 0 . 0 6 book less semi-elliptical milky white
Pseudodon omiensis 0 . 0 5 8 0.063 book less semi-elliptical milky white
Unio douglasiae 0 . 1 8 3 0 . 1 5 6 h o o k e d subtriangular b u f f
Unio biwae 0 . 1 7 0 0 . 1 5 1 h o o k e d subtriangular milky white
Inversidens brandti 0 . 1 8 6 0 . 1 9 4 b o o k l e s s s e m i c i r c u l a r creamy yellow or orange
Inversidens japanensis 0 . 1 9 0 0 . 2 1 3 b o o k l e s s semi-elliptical b u f f

Inversidens yanagawensis 0 . 2 4 2 0 . 2 3 2 h o o k e d subtriangular milky white
Inversidens reiniana 0.224 0 . 2 1 9 h o o k e d subtriangular milky white
Lanceolaria grayana 0 . 2 1 5 0 . 2 0 9 h o o k e d subtriangular creamy yellow or vermilion
Lanceolaria oxyrhyncha 0 . 2 1 0 0 . 2 0 2 h o o k e d subtriangular creamy yellow or vermilion
Hyriopsis schlegeli 0 . 2 2 7 0 . 2 6 4 book less semi-elliptical milky white
Cristaria plicata 0.297 0.324 h o o k e d subtriangular b u f f
Anodonta woodiana 0 . 2 8 0 0.298 h o o k e d subtriangular b u f f

Anodonta calipygos 0 . 2 5 1 0 . 2 9 7 h o o k e d subtriangular b u f f

Oguranodonta ogurae 0 . 2 4 0 0 . 2 6 6 h o o k e d subtriangular b u f f

* SL = shell length (mm); SH = shell height (mm).

Table 2. Reproductive manners of Japanese unionid mussels (Kondo 1987).
With glochidial growth Without glochidial growth

Winter breeders Psciidodon omiensis Inversidens yanagawensis, Inversidens reiniana, Cristaria plicata,
Anodonta zvoodiana, Anodonta calipygos

Summer breeders Margaritifera laevis Inversidens japanensis, Inversidens brandti, Unio douglasiae, Unio biwae,
Lanceolaria grayana, Lanceolaria oxyrhyncha, Hyriopsis schlegeli
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(Mizumoto and Kobayashi 1955, Kondo 1989). Each
mussel typically has more than three host fish
species belonging to different families or subfamilies.

Glochidia are unselective in attachment. They
grasp not only the fin of host fish but also pieces of
paper tissue and polythene (Wood 1974). But
successful parasitism relies on the behavior of
glochidia. Glochidia of summer breeders are able to
select the proper host (Kondo 1989). When they
attach to nonhost fish, they leave it before encyst-
ment and wa i t fo r the chance to contac t a hos t fish .

By contrast, glochidia of winter breeders cannot
distinguish the nonhost from the host. Encysted
glochidia on the nordiost fish will be broken down
by the immunoreaction of fish, the so-called immune
cyst (Arey 1932). The presence of sensory hair,
which is considered as a chemical receptor, has no
relation to the ability of host recognition because the
hair is found in all species except M. laevis and P.
omiens i s .

Influence of Water Temperature on the
D u r a t i o n o f A t t a c h m e n t

Duration of glochidial attachment is influenced
largely by water temperature. The higher the
temperature is, the shorter the duration (Mizumoto
and Kobayashi 1954,1956; Zale and Neves 1982b;
Dudgeon and Morton 1984). Within the optimal

range of temperature, this relation is described by a
simple formula:

K = D(T-t„) orV = (T-t„)/K

where K is the thermal constant; D is the mean
duration (days) of glochidia attachment; T is the
temperature at which infected hosts are reared; t̂ , is
the threshold of development or the developmental
zero; and V (= 1/D) is the velocity of development.
Figure 2 shows the relationships between tempera
ture and duration of glochidial attachment or
velocity of development in A. woodiana and Hyriopsis
schlegeli. Estimated from the linear regression, the
threshold of development is 6.4''C in A. woodiana and
10.9''C in H. schlegeli (Table 3), which is almost equal
to the lowest temperature of glochidial release in
each species (Mizumoto and Kobayashi 1955, Kondo
1987). Females probably release their glochidia only
when the temperature exceeds the threshold.

The range of the duration of glochidial meta
morphosis at different temperatures has been
reported for a few American species (Zale and
Neves 1982b). If the mean duration is the arithmetic
average of maximum and minimum days, then the
relationship between temperature and velocity of
development can be estimated for two species (Table 3).
The threshold of development is 14.0''C in Villosa
nebulosa and Villosa vanuxemi. The release of

glochidia by V. nebulosa and V. vanuxemi occurs from
April to mid-August and from October to May,
respectively (Zale and Neves 1982a, b). Temperature
during the period of glochidial release is over the
threshold in V. nebulosa but lower than the threshold
in V. vanuxemi. Host fish of V. vanuxemi are abun
dant only in fall and spring, which may modify the
period of glochidia release by V. vanuxemi.

Reproductive Strategies
Summer breeders produce fewer eggs than winter
breeders when the size of glochidia is similar. Also,
glochidia of summer breeders can select their proper
host, whereas those of winter breeders cannot
distinguish the nonhost from the host. Why are there

Shell length (mm)

Figure 1. Relationships between shell length of glochidia
and the number of eggs when the mother is at 45 mm in
shell length. Open and closed circles indicate winter and
summer breeders, respectively (Kondo 1987). Aw: A.
woodiana, lb: /. brandti, Ij: /. japanesis, ly: /. yanagawensis, Lg:
L grayana, Ml: M. laevis, Po: P. omiensis, Ud: U. douglasiae

Table 3. The threshold temperature (t̂ ) and thermal
constant (K) for the duration of glochidial attachment,
based on the linear regression of velocity of development
on temperature .

Species
Anodonta looodiana

Hyriopsis schlegeli
Villosa nebulosa
Vil losa vanuxemi

Regression equation
V = 0 . 0 0 8 2 T - 0 . 0 5 2 6

V = 0.0082T-0.0892
V = 0.0061T-0.0857
V = 0.0067T-0.0875



Kondo: Reproductive Strategies of Japanese Unionid Mussels 1 4 5

s u c h d i f f e r e n c e s b e t w e e n s u m m e r a n d w i n t e r
b r e e d e r s ?

Glochidia, which are entirely immobile (Lefevre
and Curtis 1910), may have many opportunities to
come into contact with host fish in summer, even
after shedding from nonhost fish, because fish
activity is high. Thus, it may be advantageous for
them to leave a fish as soon as possible when it is
unsuitable. Moreover, summer is the growing
season for mussels (Negus 1966, Kondo 1992), and
there is a trade-off between growth and reproduc
tion (Adam 1990). Summer breeders must grow and
breed at the same time, which may force them to
reduce the cost of reproduction by decreasing the
number of eggs. The ability to recognize hosts may
compensate the small clutch size in summer breeders.

In winter breeders, the ability to recognize hosts
may be of little advantage to glochidia because there
may be little probability of coming into contact with
fish in winter due to the low activity of fish. The
large clutch size may compensate the high mortality
rate of glochidia.

H y r i o p s i s s c h l e g e l i O

5 1 0 1 5 2 0 2 5

Tempera tu re (®C)

Figure 2. Relation of water temperature to the duration of
glochidia! attachment (open circle) or the velocity of
development (closed circle) in Anodonta woodiana (data
from Dudgeon and Morton 1984) and in H. schlegeli (data
from Mizumoto and Kobayashi 1954,1956).

The period of glochidial release may be prima
rily determined by the temperature, but also influ
enced by the availability of host fish, as observed
with V. vanuxemi. More data on the fimdamental

biology of both mussels and host fish should there
fore be accumulated to understand the reproductive
strategies of unionid mussels.
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