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Life cycle of Musculium lacustre (Bivalvia: Sphaeriidae) in the
Saone river at Lyon (France) : a curious life strategy

J. Mouthon*

Cemagref, 3 bis quai Chauveau, CP 220, 69336 Lyon cedex 09, France.

The life cycle of Musculium lacustre populations in the Sadne river at Lyon was studied over a three-years period. Following
the growth period which occurs from March to June, adults released larvae, then disappeared during the summer. Only a few
newborn of the new generation that appeared in May and June grow and give birth to a second generation at the end of summer
or in autumn. Most of the juveniles of the first generation estivate, then hibernate with those of the second generation until the
following spring. The individuals of each generation only reproduce once (semelparity). Longevity of M. lacustre is from 13 to
14 months. In 2001, the spring flood disturbed the progress of the life cycle and delayed the appearance of the new generation
for one month. In 2003, a large accumulation of dead leaves at the beginning of winter and high spring temperatures led to consi-
derable production of larvae. However, this was not followed by an increase in numbers: high mortality among the newborn
occurred during May and June. These observations suggest that M. lacustre populations of the Sadne are habitually food-limi-
ted. Nonetheless, the life cycle strategy adopted by this bivalve enabled it to withstand the high summer temperatures of 2003

as opposed to other Sphaeriidae (Pisidium) which disappeared in August.
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Introduction

Like all Sphaeriidae Musculium lacustre (Miiller) is
ovoviviparous. Its eggs, closed inside broodsacs, are
incubated within the anterior, inner demibranches and
up to three broodsacs can develop simultaneously
(Okada 1935, Heard 1977). Consequently, each parent
contains several ontogenetic larval stages. This holarc-
tic species has been recorded in Europe, North Ameri-
ca, the Far East, the Pacific area (Herrington 1962),
and also in Africa where it is confined to the coastal
Algerian Atlas (Van Damme 1984). It inhabits ponds,
lakes, where it is found at a depth up to 12 m (Walter &
Kuiper 1978), and rivers, but it is more plentiful in
stagnant than in running waters (Boycott 1936). In ri-
vers, M. lacustre reaches its optimum (frequency and
abundance) at the potamon (Mouthon 1999).
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Up to day, the life cycles of only four populations of
M. lacustre have been studied. The first came from a
temporary pond in Russia (Mitropolskji 1965), the se-
cond and third from two permanent ponds in Canada
(Mackie 1979), and the fourth from a drainage ditch in
Hong-Kong, China (Morton 1985). The aim of this
work is to describe the life cycle of a population of this
bivalve from the lower reaches of a large river during a
period of more than three years in a region with a tem-
perate climate. The impact of environmental parame-
ters on annual variations of its life-history strategy is
also examined.

Material and methods

Musculium were collected monthly from December
2000 to April 2004 in the Sadne upstream of the Ile
Barbe located at the river’s entry in the conurbation of
Lyon (Fig. 1). At this point the river is approximately
150 meters wide, two thirds of this width being taken
up by a navigable channel. The average slope of the
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Fig. 1. Location of the clam sampling site in the Sadne River at the
Ile Barbe (Lyon).

Sadne from the last lock to its confluence with the
Rhone is 0.32 m/km. The collection site, located on the
right bank, was approximately 150 meters in length.
From May to October, more than half its surface area
was invaded by different species of macrophytes : Nu-
phar, Ceratophyllum, Potamogeton and filamentous
algae. Sampling was carried out at four stations at a
depth from 0.50 to 1.5 m using a rectangular hand-net
(25x18 cm); the total surface area sampled was 1 m2,
The samples were fixed on-site in 12 % neutralised
formaldehyde and sieved at 450 um in the laboratory.

The shell length (SL, greatest anterior-posterior di-

mension across the valves) of individuals was measu-
red with an eye piece micrometer at 25x (clams with
SL<6.0 mm) or 12.5x (clams with SL>6.0 mm) under
a binocular microscope. The interval of the size fre-
quency histograms was (.5 mm size classes, they were
then analysed using Bhattacharya’s (1967) graphical
method available in the FiSAT software distributed by
FAO-ICLARM (Gayanilo et al. 1996). For each gene-
ration, the mean size of the individuals, the number
and the standard deviation were established. All indi-
viduals with SL>2.0 mm were dissected and all shelled
larvae, i.e. prodissoconch and extra-marsupial larvae
(Heard 1977), were measured and counted.

Discharge rates at Macon, situated 68 km upstream
from the Ile Barbe and downstream of the Sadne’s
main tributaries, were extracted from the HYDRO da-
tabase. Water physico-chemical data were supplied by
the Rhone, Mediterranean, Corsica Water Agency. Du-
ring the study, the temperature of the water was recor-
ded every week.

Results

Environmental variables

The Sadne has a pluvial-oceanic type hydrological
regime (Pardé 1925) with high flow in the winter and
spring and low in summer (Fig. 2). Maximum water
temperatures occurring in August ranged from 25.4°C
in 2001 to 29°C in 2003 and 26°C in June 2002. The
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Fig. 2. Daily discharge rate at Macon (HYDRO database, bold lines) and weekly temperatures of the Sadne River at the Ile Barbe (Lyon, dashed

lines).
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Table 1. Water chemistry data at the Ile Barbe (Sadne River). Mean, standard deviation, minima and maxima of variables are de-
termined from monthly (2001, 2002) or ten analysis (2003) for the first eight variables, and from six values for the six other va-
riables (RMC Water Agency data). Units are puS cm-! for conductivity and mg L-! for the other variables. DO : dissolved oxy-

gen, DOC : dissolved organic carbon.

pH Cond DO DOC  NH, NO, NO;y PO
2001  mean (1=12) 8 475.4 9.6 3.33 0.08  0.075 9.6 0.24
SD. 0.26 53.7 1.64 1.0 0.03 0.03 1.94 0.08
minimum 7.2 363 73 22 0.01 0.05 6.2 0.18
maximum 8.2 547 12 5.8 0.13 0.14 13 0.42
2002  mean (n=12) 8 505 9.5 3.1 0.09 0.08 8.5 0.18
SD. 0.12 73.4 1.81 0.8 0.04 0.02 2.80 0.08
minimum 78 360 7.2 22 0.05 0.05 3.5 0.04
maximum 8.2 641 12.7 47 0.18 0.11 13 0.35
2003  mean @=10) 8 581 8.8 28 0.14 0.09 1.6 0.18
S.D. 0.30 1278 237 1.0 0.05 0.02 6.3 0.10
minimum 73 428 5.4 0.7 0.06 0.06 1 0.06
maximum 83 853 11.7 3.9 0.22 0.12 21 0.32
HCO5 Cr SO, Ca"™ Mg" Na™
2001-2003 mean (n=8) 212.7 413 311 76.0 39 24.7
S.D. 32.1 32.0 15.6 10.8 0.7 19.3
minimum 178 10.6 13.4 62 3.2 6.5
maximum 247 96 48 91 5 55

year 2003 was characterised by a considerable water
shortage with an average annual flow of only 261 m3s-!
v.s. 524 and 466 m3s-1, respectively in 2001 and 2002.
Temperatures were higher than 25°C from mid-June to
the end of August.

The water of the Sadne at the Ile Barbe is alkaline,
rich in inorganic elements, such as calcium, and gene-
rally well oxygenated: minima did not fall below 7.2
mg L-! in 2001 and 2002, though in 2003, concentra-
tions in dissolved oxygen were less than 7 mg L-! from
June to September and minimal in August (5.4 mg L-1)
(Table 1). In spite of the dilution provided by the water
of the river Doubs, the Sadne’s main tributary, the
chlorine and sodium concentrations stemming from
the industrial wastes of the Solvay factories remain
high. Concentrations of NO,", NH,* and PO,3- reveal
low to moderate biodegradable pollution due to human
activities.

Life cycle

At the beginning of the year, a single cohort was re-
presented and the minimum size of individuals was 1

mm (Fig. 3A). In 2001, 2003 and 2004, growth started
in March but in 2002 it started earlier and began in Fe-
bruary (increase of the standard deviation). In May
2001, the cohort born the previous year reached an
average size of 5.2 mm. Large individuals (>8.5 mm)
subsisted rarely until July. At the end of the growth
period, lasting from four to five months, the cohorts
that appeared in 2001 and 2002 reached an average si-
ze of respectively 6.25 and 7.33 mm in June 2002 and
2003. However, these two cohorts were no longer pre-
sent in July.

In 2002 and 2003, the number of gravid individuals
and shelled larvae peaked in May (Fig. 3B) and juve-
niles released during the same month give birth to a
new cohort (Fig. 3A). On the other hand, in 2001, the
new cohort did not appear until June and the low num-
ber of larvae released did not reach its maximum until
July. In June 2001 and May 2002, some newborn indi-
viduals started their growth but this stopped suddenly
since they were not found the following month. Howe-
ver, in 2003, individuals born in May continued their
growth. In July, they reached an average size of 5.25
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mm and then disappeared. In June, a second generation
appeared whose average size (1 mm) did not vary until
February 2004 (Fig. 3A).

Outside the incubation period, which generally cul-
minates in May-June or July, certain gravid individuals
were observed in November, December 2001 and Ja-
nuary 2002, August and September 2002, and from Ja-
nuary to March 2003 (Fig. 3B). Nonetheless, the maxi-
mum size of these bivalves (<6.5 mm) was clearly lo-
wer than that of the adults found in June-July 2001 or
in May-June 2003 (>8.5 mm). However, no adults we-
re observed from August 2003 to February 2004.

The number of larvae per parent varied considerably
from year to year (Fig. 4). Peaks occurred in spring
2002 and 2003 and in summer 2001. In the Sphaerii-
dae, the number of larvae incubated is proportional to
the size of the parents (Ladle & Baron 1969, Meier-
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Fig. 3 (A): Mean cohort shell lengths (open circles) in monthly
samples of the Ile Barbe (Sadne River) Musculium lacustre popu-
lation. Vertical bars are standard deviations. Grey strips indicate
flood periods when sampling was not possible, (B): number of
adults carrying shelled larvae (left vertical axis, vertical bars) and
number of shelled larvae incubated (right vertical axis, bold
lines); (C): density seasonal variations of cohorts.

Brook 1970, Heard 1977, Morton 1985, Holopainen
1979). As a result when the adults are only represented
by large individuals, the litter size is very high as in Ju-
ly 2001. The largest individual was found during this
month. It measured 9.85 mm and incubated 44 larvae:
its last two broodsacs contained 19 and 25, respective-
ly. However, the largest extra-marsupial larvae,
(SL=1.56 mm) observed in June 2003, came from an
individual that measured only 6.72 mm.

When the generations of 2001 and 2002 appeared in
June and May, respectively; they were only represen-
ted by a small number of individuals (Fig. 3C). An ini-
tial peak of abundance was observed the following
month. The peaks of July 2001 and June 2002 occurred
following a first release period. On the contrary, the
peaks of November (2001 generation), September and
April (2002 generation) corresponded to the periods
described above during which gravid individuals were
observed. This concordance suggests that these adults
released larvae; two spawning periods therefore took
place in 2001 and 2002. In 2003, two generations we-
re represented but the numbers of the first were very
low compared with those of the second whose abun-
dance was maximal in June. However, the peak densi-
ty that occurred in August suggests that larvae were re-
leased by adults of the first generation: two spawning
periods very close together also occurred in 2003. At
the beginning of the year, the populations were there-
fore represented by both juveniles of the first and the
second generations.

The life cycle of the Musculium lacustre populations
of the Sadne is characterised by: 1- a growth period
from March (February) to June followed, after the re-
lease of larvae, by the disappearance of adults during
summer; 2- two birth periods producing two genera-
tions: the first appeared in May or June, while the se-
cond, more variable and smaller, appeared at the end of
summer or in autumn; each generation only reproduces
once (semelparity); 3- juveniles that estivate and hi-
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Fig. 4. Seasonal and annual variations in the litter size (the number
of shelled larvae) per parent.
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Fig. 5. Seasonal and annual variations in the percentages of juve-
niles (individuals with SL< 1.51 mm).

bernate represent more than 90 % of the total number
for more than half the year (Fig. 5); 4- longevity is 13
to 14 months in the region.

Discussion

In 2001, the appearance of the new generation and
the peak of juveniles occurred later than in 2002 and
2003. The flood occurring in March, i.e. at the begin-
ning of the growth period, was certainly responsible
for the delay observed in the progression of the life
cycle of M. lacustre. After the flood of November
2002, large quantities of dead leaves reaching thick-
nesses of more than 50 cm accumulated over a large
part of the station. Since flows remained moderate du-
ring winter 2003, these accumulations of dead leaves
decayed in situ; by April they had disappeared. Corre-
latively and contrary to the two previous years, gravid
individuals appeared as early as January 2003, and in
April the number of bivalves was three times higher
than in January. Musculium’s affinity for organic mat-
ter and the litter of dead leaves has been highlighted by
several authors (Boycott 1936, Mackie et al. 1976,
Morton 1985). This important trophic contribution and
the average temperatures of May and June 2003 excee-
ding those of 2002 by 2.6 and 3.1°C, respectively, fa-
voured the growth of indivuals and their embryos (Ho-
lopainen & Jonasson 1983). However, in spite of the
large quantity of larvae incubated, this was not follo-
wed by a greater increase of numbers in June 2003
than in 2002 : considerable mortality in the newborn
therefore took place during this month. In May and Ju-
ne 2003, concentrations in dissolved O, of respective-
ly 8.3 and 6.7 mg L-! did not appear to be inhibiting for
this species capable of withstanding periods of anoxia
(Morton 1985) and considered as tolerant to biodegra-
dable pollution (Mouthon 1996). Furthermore, tempe-
ratures >25°C were only recorded from mid-June, i.e.

only 6 days before the sampling campaign. These ob-
servations suggest that the lack of available food could
be the main cause of this mortality and that the Muscu-
lium lacustre populations of the Sadne are food-limi-
ted.

Several differences were identified in the characte-
ristics of the life cycle of the populations studied. 1- In
Hong-Kong, due to a hot and humid climate, the new-
born of the first generation begin appearing in April
(Morton 1985), in May and June in the Sadne, and du-
ring June in Canada (Mackie 1979), whereas they do
not appear until the beginning of July in Russia, after
filling of the pond with water (Mitropolskji 1965). 2-
The minimum size of adults incubating shelled larvae
is higher in the Chinese population (8 mm) than in tho-
se of Canadian ponds (2.5 - 4.5 mm) and the Sadne
(2.5 - 3.0 mm). 3- The longevity of M. lacustre in Chi-
na and Canada is estimated at 12 months (Mackie
1979, Morton 1985); however, it reached 13 to 14
months in the Sadne. 3- The number of spring newborn
growing to parental size and the numbers of the second
generation to which they give birth are high in the Chi-
nese and Canadian populations while they remain very
low in the Sadne (Mackie 1979, Morton 1985).

However, although the capacity of the newborn to
estivate and hibernate is also observed in other species
of Musculium, such as M. transversum (Gale 1977), M.
securis (Mackie et al. 1976) and M. partumeium (Way
et al. 1980), and it is considered as an adaptation in
ephemeral habitats (Mackie et al. 1976, Way et al.
1980), the life cycle of M. lacustre takes place in a si-
milar manner whether in drainage ditches, permanent
and temporary ponds or large rivers. Furthermore, the-
re is a considerable similarity between the life cycle of
M. lacustre of the Sadne in 2003 and that of M. securis
and M. partumeium of temporary ponds (Mackie et al.
1976, Way et al. 1980). Indeed, M. lacustre’s response
to particularly high summer temperatures (>25°C), i.e.
‘dormancy’ (no growth) of all the newborn from June
to December, resembles the one observed in popula-
tions of M. securis and M. partumeium during the tem-
porary drying of their habitat. This capacity of juve-
niles to estivate has permitted this bivalve to maintain
its numbers in spite of the heat wave, whereas the other
species of Sphaeriidae (Pisidium) completely disap-
peared during August. Undoubtedly, originally adap-
ted to temporary environments, the Musculium la-
custre populations that inhabit permanent habitats and
large rivers have nonetheless conserved genetically
controlled ancestral biological traits. As climate war-
ming continues, the life-history strategy adopted by
this bivalve could permit it to become the dominant
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sphaeriid species in the lower reaches of large rivers,
as it is the case at present in the Sadne upstream of
Lyon.
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