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The population dynamics and life cycle of two mollusc species Pisidium amnicum and Valvata piscinalis of the Saône river were 
studied for nine years. The newborn of the former species appeared in April each year. The latter species produced two cohorts per 
year until 2003. Spawning in spring led to the birth of the early cohort, which generally appeared in May, while spawning in the 
summer led to the birth of the late cohort, which appeared from July to November. The increase of the mean annual temperature by 
1.9°C from 1998 to 2000 was followed by an increase in the density of mollusc populations, possibly triggering or amplifying inter 
and intra specific competition for food. However, the 2003 heatwave was responsible for the sudden decline of the P. amnicum 
population, then the more progressive decline of that of V. piscinalis after having strongly modified its demographic structure and 
its life cycle. In 2004 and 2005 V. piscinalis only produced one cohort per year. The observations carried out strongly suggest that 
the insufficiency of available resources was one of the possible causes of their failure to recover in 2004 and 2005. The increase of 
global warming predicted by different models could result in the gradual disappearance of P. amnicum from the potamon and of 
V. piscinalis from the freshwater systems most directly exposed to climatic warming, such as the Saône River.
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Introduction

Since the second half of the 19th century, the global 
mean temperature has increased by 0.95°C in Europe 
(EEA 2004), and 2003 was probably the hottest year 
since at least 1500 (Black et al. 2004, Luterbacher et 
al. 2004). At the macroinvertebrate community level 
of freshwater systems, the ecological consequences 
of global warming are manifested by gradual changes 
in structure and species composition, with extreme 
climatic events causing the most considerable effects 
such as a significant decrease of species richness and 
density (Bradley & Ormerod 2001, Daufresne et al. 
2004, 2007, Mouthon & Daufresne 2006, Burgmer et 
al. 2007). Furthermore, at organism level the impact of 
climate affects the physiological processes, population 
dynamics and competitive interactions (Stenseth et al. 

2002, Walther et al. 2002). In the Saône river the mean 
annual temperature increased by 2.6°C from 1996 to 
2003 (Mouthon & Daufresne, 2006), thus major modi-
fications of the population dynamics of molluscs must 
have occurred during this period. In order to verify 
this hypothesis two species were chosen: the bivalve 
Pisidium amnicum (Müller), the largest species of the 
genus whose size usually ranged from 7 to 11 mm, and 
the gastropod Valvata piscinalis (Müller), a dominant 
species of this river.

The former inhabits the fine deposits of rivers and 
lakes of lowland regions. It is hermaphroditic, capa-
ble of self-fertilization and ovoviviparous. The young 
develop inside the marsupium or brood sac on the inner 
demibranches of the gills and only one developmental 
stage can be observed at any one time. (Odhner 1929, 
Thomas 1959, Heard 1965, Meier-Brook 1970, Mackie 
1978). The latter is a more common species that inhabits 
a large variety of freshwater systems. It is hermaphro-
ditic and its eggs are laid in gelatinous capsules gener-
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ally fixed on macrophytes and more rarely on stones. 
Each individual can lay 10 capsules (Frömming 1956), 
each of which can contain from 5 to 60 eggs (Nekrassov 
1929). P. amnicum is an interstitial suspension feeder 
(Lopez & Holopainen 1987) and V. piscinalis a detritus 
feeder (Fretter & Graham 1978), but it can also feed by 
filtration on detritus in mud (Tsikhon-Lukanina 1963). 
These two molluscs are generally considered as annual 
species (Cleland 1954, Hunter 1961, Young 1975, Dan-
neel & Hinz 1976, Bass 1979, Holopainen 1979, Vin-
cent et al. 1981, Holopainen et al. 1997, Araujo et al. 
1999), however the appearance of a second generation 
was observed in V. piscinalis in response to a consider-
able decrease of its population due to a dramatic decline 
of submersed macrophytes (Lodge & Kelly 1985). 
Regarding biodegradable pollution, P. amnicum is sen-
sitive while V. piscinalis is relatively tolerant (Mouthon 
1996). The aim of this article is to highlight and then 
describe the possible consequences (direct and/or indi-
rect effects) of the warming of the waters of the Saône 
river on the population dynamics, life cycle and history 
traits of these two species over a period of 9 years.

Materials and methods

Mollusc samples were collected monthly (gener-
ally during the third week) from September 1996 to 
December 2005 in the Saône upstream of the Ile Barbe, 
at the river’s entry in the conurbation of Lyon. More 
details about the sampling site, i.e. geographical situa-
tion, description, temperature and discharge data were 
presented in Mouthon (2001, 2004, 2007) and Mouthon 
& Daufresne (2006). Sampling was carried out using a 
rectangular hand-net (25 x 18 cm, 315 µm mesh), sam-
pling a total area of 0.25 m2 at every station. Four sta-
tions varying in depth from 0.50 to 1.5 m were sampled. 
Sampling was not possible during flood periods. These 
samples were kept separately and fixed on-site in 12% 
neutralised formaldehyde and then sieved at 315 µm in 
the laboratory, where the molluscs were separated from 
the sediment and identified. Density was calculated 
based on the average of these four stations.

The shell length (SL, largest anterior-posterior dimen-
sion across the valves) of P. amnicum was measured 
with an eye piece micrometer at 25 x (bivalves with 
SH<6.0 mm) or 12.5 x (bivalves with SH>6.0) under 
a binocular microscope, and assigned to size classes of 
0.5 mm width. When the number of V. piscinalis sam-
pled was high (>150 ind.m-2), individuals of infrequent 
size classes were set aside, after which a subsample 
(ranging between 0.05 and 0.5; always representing at 

least 100 individuals) of the other gastropods was taken 
randomly. The maximum diameter (MD) i.e. the great-
est transverse width (Hunter 1961) of the individuals set 
aside and of those selected was measured with an eye 
piece micrometer at 25 x under a binocular microscope, 
and assigned to size classes of 0.5 mm width. 

The resulting histograms were analysed using Bhat-
tacharya’s (1967) graphical method available in the 
FiSAT software distributed by FAO-ICLARM (Gay-
anilo et al. 1996), which allows separating each length-
frequency distribution into Gaussian components. 
For each cohort, the mean size of the individuals, the 
number and the standard deviation were established.

All the bivalves measured were dissected to establish 
the number of larvae in the marsupium and the number 
of infested individuals by digenean trematodes. The 
larvae were separated into two size classes: < and >1 
mm. Only larvae with SL close to 1 mm were effec-
tively measured whereas the smaller or longer ones 
were assigned to one or the other size class. 

To establish the number of gravid individuals and 
those infested by digenean trematodes, 30 gastropods 
(with MD>2) mm were taken randomly each month 
when possible and then dissected. V. piscinalis are 
gravid when ripe ova form bulges on the outer wall of 
the hermaphrodite gland (Cleland 1954). The statistical 
analyses used (ANOVAs, linear regression and Tukey’s 
HSD post-hoc tests) were extracted from the Statistica 
package library (version 7.0).

Results

Density variations 

We observed significant variations in the mean annual 
densities of the P. amnicum and V. piscinalis popula-
tions during the study period (ANOVA, p<0.01 and 
p<0.05, respectively - Fig 1 a & b). Between the periods 
1997-1999 and 2000-2002 the density of P. amnicum 
increased significantly (Tukey’s HSD test p<0.01). In 
2000 it reached a maximum of 81.5 ind.m-2. In 2003 
it returned to a level comparable to that of 1997 and 
1998 (28.6 ind.m-2) then declined rapidly in 2004 (2.1 
ind.m-2). This density was significantly lower than the 
mean density in 2003 (Tukey’s HSD test p<0.05). In 
2005 only two individuals were sampled.

From 1997 to 2001, the mean annual density of V. 
piscinalis varied from 208.3 (2001) to 441.5 ind.m-2 
(1998). Between 2001 and 2002, it increased by a factor 
of 4 and reached a maximum of 872.7 ind.m-2, then pro-
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gressively decreased until 2005 when there were only 
5.8 ind.m-2 (Fig. 1b). This final density, significantly 
lower than the mean density in 2001 (Tukey’s HSD test, 
p<0.05), was the lowest during the study period.

Life cycle variations (P.  amnicum)

Adults aged 13 months and released young every 
year in April (Fig. 2, Table 1). The temperature of 
the water at this period ranges from 12 to 13.8°C. 
The mean size of these newborn varies from 2.31 mm 
(1999) to 3.0 mm (2000, 2002 and 2003). They grew 
rapidly except in 2000, 2002 and 2003 during which 
the increase in cohort size only started in June or July. 
Eggs appeared in the inner demibranches in July and 
August and shelled larvae a month later. The incubation 
period ended in April or, more rarely, in May (2002) 
of the following year (Fig 3). However, the beginning 
of a new incubation period was regularly observed in 
several individuals except in 2001 and 2003 but all the 
adults died during the summer and these larvae failed 
to complete their development. The number of gravids 
was maximum in summer (from July to September) 
and that of shelled larvae in September (cohorts 1997, 
1998 and 2000), November (cohorts 1999 and 2001) or 
January (cohort 2002) (Fig 3). Only three gravids were 
observed in 2003, while none were observed in 2004. 

The mean litter size (mean number of shelled larvae/
parent) varied from 44.0 to 20.2. The maximum larvae 
SL measured 2.36 mm and the minimum size of the 
young was 1.16 mm. Other life cycle data are sum-
marized in Table 1. The P. amnicum population of the 
Saône river only produces a single cohort per year and 
its life span varies from 16 to 18 months. 

We observed significant inter-annual variations in the 
mean SL of P. amnicum in October (ANOVA, P<0.05) 
and in the mean litter size/cohort (ANOVA, p<0.01). 
From 1997 to 2002 these two parameters decreased 
significantly: the former by 1.86 mm (Tukey’s HSD 
test p<0.05) and the latter by 23.8 (Tukey’s HSD test 
p<0.001, Fig. 4 a & b). However the inter-annual vari-
ability in October of the size of individuals and litter 
size were not significantly related to temperature during 
the growth (April to October) and the incubation peri-
ods, respectively (linear regressions, p values>0.05).

Digenean trematodes were observed in the gonads 
and/or the digestive gland of the bivalves. Prevalence 
(percentage of clams infected) varied from 2.0 to 7.7% 
(mean 5.8% for the period 1997-2003). It reached its 
highest percentages from 2000 to 2002 when densities 
were highest (Table 1, Fig 1). The individuals in size 
classes 4-7 and 7-10 mm SL were the most infected 
(58.3 and 29.1%, respectively). The minimal size of 
clams with parasites was 3.17 mm.

Fig. 1. Annual variations in the mean annual density populations (± SE) of Pisidium amnicum (a), Valvata piscinalis (b), and of potential com-
petitors : “Other bivalves” and Corbicula fluminea (d), “Other gastropods” and Lithoglyphus naticoides (c) of the Saône river (see discussion).

POPULATION DYNAMICS OF TWO SPHAERIIDAE
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Fig. 2. Mean cohort shell lengths (open circles) in monthly samples of the Saône river Pisidium amnicum population. Vertical bars are standard 
deviations. The solid bars above the horizontal axis indicate periods when adult individuals were gravid. Dotted lines indicate the presumed 
changes in mean lengths.

                 
cohort 1997 1998 1999 2000 2001 2002 2003 2004

Maximum shell length (mm) 11.04 10.74 11.66 10.16 11.16 10.75 10.41  -

Mean SL in October (mm) 8.36 7.19 7.13 7.29 6.47 6.49  -  -

Minimum mature size (mm) 4.56 4.48 4.58 2.72 3.4 3.24 5.66  -

Month at which gravid July August August July July July August  -
individuals appear

Month at which the first April April April April April April April April
cohort appears

Number of cohorts/year 1 1 1 1 1 1 1 1

Litter size
- mean 44.0 34.7 32.5 23.7 26.3 20.2  -  -

    - maximum 163 79 86 93 136 74 42  -

Maximum length of shelled 1.76 2.16 2.36 2.2 2.36 2.08  -  -
larvae (mm)

Prevalence/year 2.0 3.7 2.9 6.6 7.7 7.3 4.7  -

Minimal size of parasited 6.32 5.36 3.17 3.40 3.56 3.32  -  - 
individual (mm)

Life-span (months) 16 16 18 16 17 16 4? 3?

Table 1. Life cycle data for Pisidium amnicum in the Saône river
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Table 1. Life cycle data for Pisidium amnicum in the Saône river

Fig. 3. Number m-2 of gravid Pisidium amnicum (open triangles-
right vertical axis) and shelled larvae incubated (left vertical axis). 
Cohorts 1997 to 2002.

Fig. 4. (a) Variation of mean shell length in October and (b) of mean 
annual litter size/cohort of Pisidium amnicum. Trends are shown 
(Y(t)=at+b). 

Life cycle variations (V.  piscinalis)

From 1996 to 2003, the birth of two cohorts was 
observed each year, and then a single cohort was born 
in 2004 and 2005 (Fig. 5). The early cohort appeared in 
May (1997 to 2000, 2002 and 2003), the mean MD of 
newborn individuals being 0.5 mm, or in June (2001, 
2004 and 2005). In the latter case, the MD of the new-
born >1 mm suggests that the cohort was born either at 
the end of May (shortly after sampling), or at the begin-
ning of June. The early cohort disappeared between 
June and August after having spawned. Its longevity 
was in the region of 13 to 15 months (Table 2). 

The late cohort appeared in July (2003), August 
(2002), September (1997), October (1998-2000) or 

November (1999-2001). In 1996, it was present from 
September. As the MD of the newly hatched individu-
als sampled in this study measured about 0.3 mm, the 
V. piscinalis of the late cohort with an MD ranging 
from 1.88 to 2.52 mm were probably aged at least 1 to 2 
months when they appeared in September 1997 and in 
October and November from 1998 to 2001. From 1997 
to 1999 the late cohort was represented by only a small 
number of individuals and sometimes disappeared after 
one or two months (1998 and 1999), most often dur-
ing flood periods. In May 1997, June 2001 and as early 
as February 2004, it was no longer possible to distin-
guish the two cohorts. On the contrary, the early and 
late cohorts born in 2001 and 2002 remained distinct 
throughout their lifetimes and represented respectively 
2679 vs 465 ind m-2 for the first year and 7503 vs 2576 
ind m-2 for the second. The late cohorts (C01L and 
C02L) disappeared a month later than the early cohorts 

POPULATION DYNAMICS OF TWO SPHAERIIDAE
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Fig. 5. Mean cohort maximum diameters (open circles) in monthly 
samples of the Saône river Valvata piscinalis population. Vertical 
bars are standard deviations. Dotted lines indicate the presumed 
changes in mean diameters. (E= early cohort, L=late cohort).

(C01E and C02E), respectively in July 2002 and June 
2003. The maximum longevity of the late cohort can 
be estimated at about 12 months. The total density of 
the two cohorts appearing each year and other life cycle 
data are given in Table 2.

The number of gravid individuals was usually maxi-
mal in May or June (Fig. 6). In 2000, 2002 and 2003 
it was particularly high (Table 2). In 1997 and 2003 
there were two peaks, one in May and the other in July-
August. However, the gravid individuals of the second 
peak (August 1997 and July 2003) produced very few 
newborn during the following months: 31 young (with 
MD≤ 2.8 mm) in September 1997, 18 and 10 young in 
August and September 2003, respectively. From 1997 
to 1999, gravid individuals were present from Febru-
ary to August. However, from 2000, they were present 
again in October, then from October 2001 to January 

2002, in December 2002, and until December in 2003. 
On the contrary, in 2004 gravid individuals were not 
present until August. Eggs were observed from April 
when macrophytes appeared. The fecundity rate could 
not be calculated since accurate egg counting was hin-
dered by vegetation. 

The mean number of potential reproducers i.e. 
individuals present between two recruitment periods 
(generally from October to April) was maximal during 
1999-2000, but decreased considerably in 2003-2004 
and reached its lowest level in 2004-2005 (Fig 7a). 
The young/adults ratio of these individuals varied from 
0.24 to 1.7, with the exception of the period 2003-2004, 
which was characterised by a very high number of 
adults, when the ratio was only 0.03 (Fig. 7b). 

We observed significant inter-annual variations in the 
mean MD of V. piscinalis (early cohort) at the end of 
summer (September) (ANOVA, p<0.01, Table 2). The 
mean MD significantly decreased by 1.17 mm from 
1997 to 2000 (Tukey’s HSD test, p<0.01) then increased 
by 1.77 mm from 2000 and 2003 (Tukey’s HSD test, 
p<0.01). From 2003 to 2004, the MD decreased by 1.47 
mm (Tukey’s HSD test, p<0.01) though the largest 
individual (MD=5.92 mm) was observed in May 2004, 
which was the result of high growth during the summer 
of 2003. However inter-annual variability in Septem-
ber size of individuals was not significantly related to 
temperature during the growth period (May-September, 
linear regression>0.05). From 1997 to 2004, the mean 
number of V. piscinalis parasitised by digenean trema-
todes only reached 1.6 ± 2.1%.

Discussion 

Causes of the phenomena observed (P.  amnicum)

The life cycle data of the P. amnicum populations 
studied clearly show a north-south gradient (Table 3). In 
Canada and Finland the cohort appears later (June-July 
vs April-May), the maximum number of shelled larvae/
parent is lower (18-29 vs 34-163), the life span is longer 
(36 vs 15 months) and the clams reach maturity later 
(12-13 vs 3-4 months) than in countries further south, 
such as Germany, France, Spain and Portugal (Danneel 
& Hinz 1976, Bass 1979, Holopainen 1979, Vincent et 
al. 1981, Holopainen et al. 1997, Araujo et al. 1999, 
Sousa et al. 2008). Among the Nordic populations with 
longer life-spans only that of the St. Lawrence river in 
Canada produces two cohorts. The highest maximal 
values of SL and litter size were observed in the riv-
ers furthest south, i.e. the Saône and the Miño (11.66 
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  1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Maximum MD (mm)  - 5.76 5.2 4.68 5.24 5.08 5.32 5.28 5.92 4.64

Mean MD (mm) in 3.54 3.59 3.09 2.62 2.42 2.84 3.67 4.19 2.72  -
September (Early cohort)

Mean temperature 19.7 20.4 20.3 20.2 21.7 20.6 20.9 23.8 21.7  -
(°C - May to Sept.)

Minimum MD of gravid)  - 3.64 3.28 3.00 3.08 2.84 3.24 3.2 3.44 3.00
individual (mm)

Total number of gravid  - 256 197 235 484 101 557 609 170 7
individuals

Number of cohorts/year 2 2 2 2 2 2 2 2 1 1

Month at which the early  - May May May May June May May June June
cohort appears

Month at which the late  - Oct. Oct. Nov. Oct. Nov. Aug. July  -  -
cohort appears

Life-span (month)
 - early cohort 12+ 15 14 14 15 13 13 15 13  -

 - late cohort 8+ 6+ 2+ 1+ 8+ 9 11 7+  -  -

Month at which the total  - August July August June August June June June July
density is maximum

Total cohort densities 
(ind m-2)  - 2638 4907 4516 3506 3144 10079 3870 1228 32

Table 2. Life cycle data for Valvata piscinalis in the Saône river (MD= maximum diameter)

vs 10-11 mm, 163 vs 73, respectively) where summer 
temperatures exceed 25°C. 

Between the periods 1997-1999 and 2000-2002 the 
following was observed: 1) an increase in the annual 
mean density (25.4-41.3 vs 68.7-81.5 ind m-2) and of 
the mean size of newborn in April (2.31-2.48 vs 2.57-
3.0 mm); 2) the appearance of gravid individuals as 
from July and no longer in August; 3) a decrease of the 
minimum mature size (4.48-4.58 vs 2.72-3.4 mm) (Fig. 
1, 2 & 3, Table 1). Globally, no relation was observed 
between the annual mean flow rates and the density of 
the P. amnicum population. Indeed, although the flow 
rates in 1998 and 2000 were very similar the total densi-
ties were very different (320 vs 982 ind m-2). Regard-
ing water quality, inter-annual variations in physico-
chemical properties were low during the whole study 

period (Mouthon, 2001 and data available at http://rdb.
eaurmc.fr). The role of these variables in the life cycle 
variations and population dynamics of this species in 
the Saône river is therefore probably limited. On the 
contrary, the increase of the mean annual temperature 
by 1.9°C between 1998 and 2000 seems to be the most 
probable cause of the changes observed. 

The persistence of small individuals (SL≤3.5 mm), 
sometimes several months after the disappearance 
of gravid individuals i.e. in May and June 2000 (234 
and 262 ind.m-2, respectively) and in June 2002 (362 
ind.m-2) explains the nil or very low growth of cohorts 
between April and June 2000 and 2002 and the fall in 
the size of individuals between August and September 
2000 (6.28 to 4.88 mm) (Fig. 2). These observations as 
well as the progressive decrease of bivalve size and lit-

POPULATION DYNAMICS OF TWO SPHAERIIDAE
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Fig. 6. Seasonal variations in the gravid Valvata piscinalis.

Fig. 7. (a) Mean number m-2 of Valvata piscinalis (potential 
reproductive individuals) and (b) percentage abundance of young and 
adults between two recruitment periods.

ter size between 1997 and 2002 (Figs 4 a & b) strongly 
suggest the possibility of food limitation in these over-
crowded situations. In the Saône river resources are 
clearly limited for several mollusc species (Mouthon 
2001, 2004, 2007). Furthermore, the increased rate of 
parasitism from 2000 (2.0-3.7 vs 6.6-7.7) corroborates 
the decreased fitness of this population. 

In 2003, summer temperatures reaching 29.5°C and 
exceeding 25°C for 75 days vs 0-17 days between 1997 
and 2002 (Mouthon & Daufresne 2006), were responsi-
ble for the sudden drop in the population whose density 
fell from 83 to 2 ind.m-2 between June and August. In 
the river Minho (Portugal) a rapid decline in mollusc 
populations, including P. amnicum, was also observed 
during the particularly hot summer 2005 (Sousa et al. 
2008).

Causes of the phenomena observed (V.  piscinalis)

Temperature plays a considerable role in the life 
cycle traits and population dynamics of gastropods 
(Hunter 1961, 1964, Van der Schalie & Berry 1973, 
Vaillancourt & Couture 1975, Krkač 1979, Costil & 
Daguzan 1995, Costil 1997). However, only a few field 
experiments have been carried out to test the ecological 
consequences of climatic warming on freshwater mac-
roinvertebrates (Hogg et al. 1995, Hogg & Williams 
1996, McKee et al. 2003) and the latter is alone in tak-
ing gastropods into account. The results in this study 
show that the total density of 6 species (not including 
V. piscinalis) introduced in the microcosm increased 
significantly with a continuous 3°C above ambient and 

J. Mouthon, M. Daufresne
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Germany England Finland Canada Spain France

Danneel & Bass Holopainen Vincent et al. Araujo et al. 1997-2002
  Hinz (1976) (1979) et al. (1997) (1981) (1999) This study

Maximum shell length 8.9 9 9.3 9  10-11 10.4-11.66
(mm)

Minimum mature size 3 4 3.7 4  3-4 2.72-5.66
(mm)

Age at maturity  3-5 5 13 12  4-5  4-5

Month at which the May-June May June-July June-July April-May April
cohort appears (1)

Maximum length 2 1.4 2.1 ? 2.4 2.36
of larvae (mm)

Number of cohort/parent 1 1 1 2 1 1

Litter size

- mean  5-8 13 12 9.2 no data 20.2-44

- maximum 34 37 29 18 73 163

Life-span (month) 12+ 12+ 36+ 36 15 16-18
(1) In Portugal recruitment occurred in February-March in 2005 (Sousa et al. 2008)

Table 3 : Life cycle data for six Pisidium amnicum populations

3°C during summer only  (McKee et al. 2003). In three 
Polish reservoirs heated by power plants, the abundance 
of two non-native species Physella acuta (Draparnaud) 
and Potamopyrgus antipodarum (Gray) increased dur-
ing the period 1971-1991. Conversely, V. piscinalis 
progressively disappeared from these lakes although the 
maximum temperature of two of them hardly exceeded 
25°C (Strzelec 1997-1998). Furthermore, Burgmer et al. 
(2007) observed a decrease in the density and frequency 
of occurrence of V. piscinalis in the Swedish lakes with 
increasing temperatures between 1988 and 2003. 

In the Saône river V. piscinalis appeared to tolerate 
warmer water until 2003: 1) a high number of gravid 
individuals in 2000, 2002 and 2003; 2) a peak den-
sity in 2002 in spite of a fall in numbers in 2001, the 
consequence of potential/possible competition with 
Lithoglyphus naticoides (Fig 1 - Mouthon 2007); 3) 
a mean density in 2003 close to those from 1998 to 
2000; 4) an increase of mean MD in September from 
2000 to 2003, i.e. during the warmest years (Table 2). 
Furthermore, the substantial fall of MD from 1997 to 

1999 (0.97 mm) cannot be explained by temperature, 
since it only varied by 0.2°C during the growth period 
throughout these three years, but perhaps by a lack of 
available resources. The appearance of gravid individu-
als in autumn and winter during the hottest years and 
particularly in 2001 and 2003, which produced very 
few newborn, expresses either physiological plastic-
ity or a disruption in the reproductive physiology of                           
V. piscinalis.

From 2004 a major change in the biological charac-
teristics of the population was observed: 1) density fell 
dramatically; 2) the number of cohorts per year fell from 
2 to 1; 3) the later appearance (June vs May) of the early 
cohort; 4) the potential reproducers before the spawn-
ing period in 2004 were mainly composed by adults 
(MD>2.8 mm). A wide range of sizes among indi-
viduals before the reproduction period led to a longer 
spawning period and favoured the production of a sec-
ond cohort. However, in spring 2004, only the adults 
were represented and the spawning period, which was 
shorter, only led to a single cohort. Since the density of 
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these adults was low (Fig 7a), the numbers of the 2004 
cohort were the smallest observed since 1997 (Table 2). 
Between October 2004 and April 2005 the young/adults 
ratio returned to greater equilibrium (0.81) although the 
low number of potential reproducers (9.5 ind.m-2) did 
not permit the population to reach its former level. Con-
sequently the 2003 heatwave appeared to be the main 
cause for the decline of the population of V. piscinalis.

The difference in tolerance to the heatwave observed 
between P. amnicum and V. piscinalis is in agree-
ment with the preference of these two species in rivers 
(medium rhithron and lower rhithron-potamon, respec-
tively - Mouthon 1999). Regarding the temperature-size 
rule, a reduction in the size of these two species in rela-
tion to the increase of temperature in the Saône river 
cannot be observed: competition for resources and/or 
stressful temperature are possible explanations (Atkin-
son 1995).

Recovery possibilities 

The reproductive potential of Pisidium is quite low 
(Way & Wissing 1982). In the Saône river P. amnicum 
only produces a single cohort a year vs five for Pisidium 
subtruncatum Malm, (Mouthon 1999). In addition, P. 
amnicum is most often represented in the potamon by 
only metapopulations whose distance from each other 
hinders recolonisation. V. piscinalis produces two 
cohorts a year and according to Lodge & Kelly (1985), 
possesses good resilience, i.e. adjustment following 
habitat disturbance. However, its resilience to the 2003 
heatwave seemed poor. Indeed in 2004 and 2005 the 
production of only one cohort was observed although 
the density of the other molluscs also remained low 
(Fig 1 c & d). The critical level of numbers from 2004 
(P. amnicum) and in 2005 (V. piscinalis), with intra 
and interspecific competition for limited resources, the 
major decrease of donor patches observed in the mid-
dle Saône valley and in the lower reaches of its main 
tributaries, the Doubs and the Ognon (Mouthon & Dau-
fresne 2006), and the appearance in July 2002 of another 
potential competitor Hypania invalida, an active filter 
feeding and deposit feeder polychaete (Manoleli 1975), 
have considerably reduced the capacities for recovery 
of these two species. 

Since inter-annual variations in physicochemical 
properties were low throughout the study period (Mou-
thon, 2001 and data available at  http://rdb.eaurmc.fr) the 
observations carried out strongly suggest that the insuf-
ficiency of available food is one of the possible causes 
for their lack of recovery in the Saône river upstream of 
Lyon. A decrease in the resilience of macroinvertebrate 

communities affected by extreme hydroclimatic events 
was also observed in the Rhône river (Daufresne et al. 
2007). On a wider scale, increases of mean tempera-
ture and the frequency of heatwaves during the century 
predicted by different models (Beniston & Diaz 2004, 
EEA 2004, Schär et al. 2004, Meehl & Tebaldi 2004) 
could result in the gradual disappearance of P. amnicum 
from the potamon and of V. piscinalis from the freshwa-
ter systems most directly exposed to climatic warming 
(Webb 1996), such as the Saône River.
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