
GROWTH PATIERN AND DYNAMICS OF A SOUTHERN PERIPHERAL
POPULATION OF PISIDIUMAMNlCUM(MOLLER, 1774)

(BIVALVIA: SPHAERIIDAE) IN SPAIN

The dynamics of a Spanish population of P. amnicum, one of the southernmost populations of
the species in the world, is presented. P. amnicum is the only liVing European species of the sub-
genus Pisidium s. s. The study is based on monthly samples, from June 1990 to May 1991, from
the Mino River, Galicia, northwestern Spain. Specimens from all size classes were dissected and
all embryo/larval stages were counted· and measured. Studies were conducted to find out the
growth pattern of this population using the von Bertalanffy model. Pisidium amnicum in Spain is
semelparous and univoltine. Only two cohorts coexisted from late spring to late summer. The life
span of the species is about 15 months.·The parentai generation disappear in August. Juvenile
recruitment occurs in April-May when water temperature ranges between 15-20°C. The mini-
mum observed size (shell length) of a gravid specimen was 3-4 mm. Fertilized eggs were
brooded for approximately nine months in the inner demibranches until they reached up to 2 mm.
The bigger clams had, in the same month, more and bigger embryos (or larvae), than the smaller
ones. Not all the initial embryos completed their development. Nevertheless, this phenomenon
of intramarsupial suppression does not seem to be very important in the Spanish population. A
main feature of the Spanish population of P. amnicum is the high number of larvae incubated dur-
ing the months immediately before birth.
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The natural species range is the area in
which it is well adapted both morphologically
as ecologically. However, it is known that en-
vironmental factors may be extreme at the
edge of a species distribution and may pre-
vent it from extending its range. Under such
conditions peripheral populations may show
restriction to particular biotopes (Ford, 1964),
tendency to isolation (Mayr, 1963),changes in
the genetic structure of the popUlations
(Ramos, 1985), as well as in other physiolog-
ical aspects, such as development, fecundity
or life span (Moller & Swaddle, 1997).

All known species of the family Spaheriidae
are hermaphroditic, and incubate fertilized
eggs in brood sacs developed in the inner gill.
Therefore, they are an excellent material for
studying reproductive biology. Taking into ac-
count that some reproductive aspects have
been mentioned as very important not only in
the subgeneric characterization (Heard, 1965)
but also at the specific level, it seems impor-

tant to know the specific variation in these
characters along a geographical range.

Pisidium amnicum is the only European
species of the subgenus Pisidium s. s. Only a
few papers include data on the biology and re-
production of this species (Odhner, 1929;
Meier-Brook, 1970; Holopainen, 1979; Holo-
painen & Hanski, 1986) or deal specifically
with its population dinamics and growth (Da-
neel & Hinz, 1976; Bass, 1979, Vincent et aI.,
1981), but they all are referred to northern or
central paleartic populations and do not in-
clude data on larval stages prior to shell for-
mation.

This paper describes the dynamics of a
Spanish isolated population, the southern-
most known of the species in Europe and in
the world, with the exception of the North
African population cited by Kuiper (1972).
Therefore, its reproductive characteristics can
also .be used as a sensitive measure to as-
certain the extent to which this peripheral pop-
ulation has adapted to local conditions. Data
such as life span, birth period, size at sexual
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maturity, and percentage and size of incu-
bated larvae, when compared with the avail-
able data from central and northern popula-
tions, should allow us to determine if the
geographical position of this population at the
edge of the species range represents margin-
ality in the ecological and/or physiological
sense, or whether the response remains es-
sentially similar in all the populations. Studies
were conducted for the first time to discover
and describe the growth pattern of a popula-
tion of P. amnicum, dissecting specimens
from all size classes, and counting and mea-
suring all embryo/larval stages.

Specimens of Pisidium amnicum (Fig. 1)
were collected monthly between June 1990
and May 1991 in the Mino River in north-
western Iberian Peninsula (Fig. 2). From
June to August the sample locality was the
Mino River near Goian, Pontevedra, close to
the Spain-Portugal ferryboat docks. As no
more live specimens of the species were
found after September (Araujo, et aI., 1993),
the site was changed to 15 km upstream on
the same river (Fig. 2). The two sites are
on the same shore of the river, which is 400 m
wide, and are exposed to tidal influences as

they are 10 and 25 km, respectively, from the
Atlantic Ocean.

The sampling method consisted of drag-
ging the bottom with a dredge in which sand
and mud were retained so that specimens of
all size classes were collected. Animals were
sorted from the sediment using a 1-mm mesh
sieve. They were carried alive on ice to the
laboratory in plastic jars containing water from
the sample site. Artificial aeration was pro-
vided for five sec every eight h. In the labora-
tory, specimens of each monthly sample were
measured (maximum shell length) and sorted
into 1-mm size classes.

To discover the ratio of gravid animals in
each size class and month, ten animals (when
possible) from each class and month were
dissected. To obtain data on number and size
of incubated embryos (or larvae), ten speci-
mens from each size class per month, from
June to December, were prepared in the field
using the method developed by Eggleton
(Heard, 1965), which consists of isolating
each animal in a glass tube filled with water.
When the tisues decayed, the larval shells
were counted and measured. Once it was re-
alized that this technique does not permit the
recovery of embryonic phases prior to shell
formation, data for all months were obtained
directly from the animals. After dissection,
embryos and larvae present in each gill were



counted and measured (maximum length).
The sizes of the embryos and larvae were ob-
tained by recording the largest and smallest in
each gill. Observations, dissections, counting
and measuring were carried out under a
Bausch and Lomb stereomicroscope with 1Ox
oculars, 1x to 7x zoom and micrometric ocu-
lar. Due to the extremely small size of the in-
cubated phases after fertilization, values for
June to September are less reliable than
those for the rest of the year.

The frequency of gravid animals was calcu-
lated from the data of dissected animals, and
the number and mean size of the incubated
embryos and larvae refer to the number of
gravid animals. In order to check if there was
lateralization, that is differences in the number
and sizes of the incubated phases between
gills, and as these variables are not normally
distributed, a repeated measures ANOVA test
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was performed using SuperAnova. Descrip-
tive statistics were carried out using StatView
4.1. Both software packages are from Abacus
Concepts by Macintosh. The possible influ-
ence on the specimens' gravidity, coded as
gravid (1) and non-gravid (0), of both month
and the specimen size, as well as the interac-
tion between these two factors, was explored
by means of a logistic regression analysis
using the SPSS 6.0 statistical package. The
effect of these factors (specimen size and
month) on the number of incubated embryos
for each of the gravid specimens was tested
by an ANCOVA performed with the Statistica
4.1 package from Statsoft. The variances of
the dependent variable (number of embryos)
were not homogeneous, so the squared-root
transformation was used in the analysis. In
the analysis, data from June to August were
excluded due to very low sample size (n < 10).



The same statistical procedure was used to
study the relation of these factors to the size
of the incubated embryos.

The von Bertalanffy model (Bertalanffy,
1934) was used for analysis of growth. Al-
though this model was designed specifically
for fisheries, it has been applied to freshwater
bivalves (Morton, 1969, 1977). This mathe-
matical model expresses length (L) as a func-
tion of age (t) as follows: Lt = Lint (1_e-K(t-to)),

where Lint= the mean length of an "infinitely"
old animal, K = the curvature parameter
showing the speed at which the animal be-
comes Lint and to = the parameter of initial
condition, is the time at which the animal has
zero length. It does not have biological signif-
icance.

As no data about age were available, for-
mula parameter values were estimated from
size class composition of the monthly sam-
ples. With these data, the Bhattacharya
(1967) method was used to identify both the
different cohorts alive during the year and the
mean of the normal curve adjusted to each
generational group. These values were the
basis to calculate the parameters of the von
Bertalanffy formula. They were estimated
using ELEFAN (Gayanilo et aI., 1988) soft-
ware. As the time between samples was con-
stant (one month) the value of Lint was esti-
mated using the graphic method of Ford
(1933) and Walford (1946), as discussed in
Sparre et aI., (1989).

While collecting specimens, physical and
chemical characteristics of the water were
recorded at the sample site. Temperature (:!::
0.5°C), dissolved oxygen (:!:: 1.0 ppm) and pH
(:!:: 0.1 pH) were monitored using an Horiba U-
7 water checker. Conductivity (IlS :!:: 0.3%)
was measured using a Crison 523 conduc-
tivimeter. Alkalinity, calcium, total water hard-
ness and carbonate hardness values were
obtained in situ with Merck Aquamerck kits.
The influence of the measured water physical
parameters on gravidity was explored using a
logistic regression analysis.

Population Dynamics and Growth

The raw data on collected, dissected and
gravid specimens, and the number and size of
the incubated phases for each gravid animal
from each size class and month are in Araujo
(1995). Appendix 1 summarizes this informa-
tion.

Monthly histograms of the different size
classes (Fig. 3) showed that there was only
one reproductive period per year. Juveniles
1-2 mm long only appeared in May, when the
next size class (2-3 mm) reaches its highest
annual frequency. This suggests that birth oc-
curs between April and May. Between June
and July, there was notable mortality in the old-
est classes (Fig. 3). The largest individuals
(10-11 mm) represent a minimum ratio in June
and August, and were not present the rest of
the year. There is hardly any growth in winter.
In fact, the Bhattacharya (1967) method iden-
tified only two cohorts that coexisted from late
spring to late summer (Table 1). Recruitment
occurred in May, and no members of the
parental generation appeared in August, indi-
cating that the life span of each generation is
about 15 months. Values in Table 1 show that
animals were born proportionally very big, and
that their growth was fast, reaching a mean
size between 3.3 and 4.5 mm in summer when
the reproductive period began. This growth
continued until December delaying until Feb-
ruary, when it started again but more slowly.
Animals were largest at the time of juvenile re-
lease, and stabilized at around 8 mm until the
disappearance of the adults.

The growth curve of this population was
tested using a Ford-Walford plot (Table 2).
The corresponding regression analysis (Fig.
4) gave the formula: L(t + 1) = 1.499 +
0.818L(t), which approaches the 45° line as
expected if growth fits the von Bertalanffy for-
mula. Therefore, the value of the asymptotic
length (Lint= 8.245 mm) was employed to cal-
culate the dependent variable of regression in
the von Bertalanffy method, the data from
which appear in Table 2. Values for the inter-
cept and slope of this regression are a = 0.183
and b = 0.201, respectively. Parameters of the
growth formula of von Bertalanffy are: Lint =
8.254; K = 0.201; to = 0.913 years.

Figure 5 shows the monthly frequencies of
gravid animals in each size class. No gravid
animals under 3-4 mm have ever been found.
Therefore, the minimum size to be gravid ap-
pears to be 3-4 mm, although this size was
only recorded in October (50% of collected
specimens). From June Oust after juvenile re-
cruitment) to September, some gravid ani-
mals in classes up to 7 mm were found, but
from October to May practically the whole
adult population was gravid. The logistic re-
gression to test the influence of the size and
the period of the year on gravidity revealed
a significant (X2

12 = 182.66; P < 10-5) model



FIG. 3. Size histograms of the population structure of P. amnicum in the Mino River between June 1990 and
May 1991.



TABLE 1. Mean length (mm) of the cohorts identi-
fied by the Bhattacharya (1967) method on the size
distribution of P. amnicum.

Months

January
February
March
April
May
June
July
August
September
October
November
December

2.42
3.27
4.21
4.57
5.77
6.12
7.11
7.22

7.00
7.27
7.47
7.66
7.83
7.90
7.72
7.92

TABLE 2. Variables used for the Ford-Walford and
von Bertalanffy regression analyses. *t expressed
in months.

Time (t)* Lt

1 2.42
2 3.27
3 4.21
4 4.57
5 5.77
6 6.12
7 7.11
8 7.22
9 7.00

10 7.27
11 7.47
12 7.66
13 7.83
14 7.90
15 7.73
16 7.92

L(t + 1)

3.27
4.21
4.57
5.77
6.12
7.11
7.22
7.00
7.27
7.47
7.66
7.83
7.90
7.73
7.92

von Bertalanffy Plot

Ln(1-(LtlLJ

0.3470
0.5045
0.7135
0.8067
1.2008
1.3527
1.9761
2.0772
1.8843
2.1267
2.3539
2.6314
2.9685
3.1489
2.7568

that correctly classified 87.2% of individuals.
The model accuracy was higher for "gravids"
(90.6%) than "non-gravids" (72.3%). The sea-
sonal variation observed in Figure 5 is signifi-
cant (Wald = 52.33; df = 11; P < 10-5), time
being the main factor influencing gravidity in
this species as can be deduced from the par-
tial correlation (rpar = 0.302). The effect of in-
dividual size on gravidity, although weaker
than that of seasonal variation (Wald = 10.42;
df = 1; P = 0.001; rpar = 0.159), is positive, and
the probability of a clam being gravid is higher
among the biggest specimens throughout the
year. The effect of size on gravidity does not

change during the year (interaction between
month and size: Wald = 1.914; df = 11; P >
0.95).

The repeated measures ANOVA test gave
no significant differences either in number
(F1 263= 0.009, P = 0.922) or size (F1 263=
0.182, P = 0.67) of incubated phases between
the two gills. Thus, the corresponding values
for the two gills of each individual were added
for analysis.

The ANCOVA test showed that both, the
month (F(B25~ = 10.27; P < 10-5) and the
mother size (F(1,254)= 324.50; P < 10-5) highly
influence the number of incubated embryos
(Table 3, Fig. 6). However, in this case the ef-
fect of time is not homogeneous within all age
classes, because the interaction between
these two factors is highly significant (FtB,246)
= 10.686; P < 10-5). From December to May,
we found a progressive decrease in the total
number of embryos (larvae), especially in the
smaller classes. It is minimum in July and Au-
gust, and thereafter the number of embryos
increased following the oocyte fertilization pe-
riod, which occurs from June to mid-autumn
(Araujo & Ramos, 1999). Figure 7 illustrates
how the seasonal variation is lower among
the smaller gravid specimens. The influence
of mother size is positive (r = 0.749). In other
words, in the same month, as a whole, lar-
ger clams contained more embryos (or lar-
vae) than smaller clams. To show this temp-
oral variation, the standardized regression
coefficients were calculated for all the
months. (The period June-August was ex-
cluded because of the lack of enough gravid
specimens.) Their values were positive and
similar for all the months except May when
negative values (Table 4, Fig. 8) were re-
corded.

Regarding the size of the incubated phases
(Table 5, Fig. 9), the ANCOVA analysis re-
sults, although weaker than the ones regard-
ing number of embryos, suggest that both
~onth (F(B,255)= 173 ..45; P < ~p-5) and mother
size (F(12~) = 89.83, P < 10 r = 0.51) have
an effect. I he effect of the latter is not homo-
geneous, as it changes monthly (F(B247) =
1.99; P = 0.05): in a given month, 'larger
classes incubated larger embryos (or larvae)
than smaller ones. The monthly variation of
this regression can be observed in Figure 10.
The progressive increase after August was
proportional to each size class, with a maxi-
mum in April-May just before birth. In the last
month of incubation, larval growth was high-
est.
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FIG. 4. Ford-Walford plot of P. amnicum from the
Mino River in which the mean length of each age
grouping (Lt) has been plotted against the suc-
ceeding age grouping (Lt + 1).

Monthly physico-chemical water values are
shown in Table 6. There were significant sea-
sonal variations in conductivity that may be
due to tidal influences, total hardness, alkalin-
ity, calcium values, and water temperature.
The latter increased progressively from April-
May (15-20°C) to July (27°C). Conductivity
values are low, as occurs in rivers on granitic
soils poor in soluble salts. This parameter re-
mained constant between 60 and 70 mScm-1

at 25°C during the year, increasing in June to
reach 225 mScm-1 in August, and decreasing
to 112 mScm-1 in September. A summer in-
crease also occurs in total hardness and al-
kalinity. Calcium values change in summer,
reaching a maximum in September.

The influence of the physical water param-
eters on the reproductive cycle of P. amnicum
was analyzed using logistic regression (dis-
solved oxygen was excluded, because of the
lack of measurements for two months). The
stepwise procedure (backward) obtained a
highly significant model (X2

7 = 168.41; P =
10-4), accounting for 88.30% of the observed
variability in gravidity. The accuracy was
higher when explaining "gravids" (91.37%)
than "non-gravids" (75%). The model identi-
fied four water variables as significant (Table
7), water temperature being the most impor-
tant, as shown by the partial correlation coef-
ficients, although calcium, pH and alkalinity
were also significant.

To test to what extent the reproductive cycle
of P. amnicum (measured by the frequency of
gravid specimens during the year), is influ-
enced by abiotic factors, a multiple regression

analysis was performed using the residuals
obtained from the logistic model (gravidity = f
(mother size, month)) as the dependent vari-
able. The result of the regression analysis
was not significant (r = 0.028; F(7 334} = 0.039;
P = 0.99), which means that none' of the tested
water parameters were directly influencing
the reproduction of the species after removing
the effect of mother size and month of the
year, the previous significances being a sec-
ondary effect of the seasonal variation of
these parameters and their influence on other
intrinsic biotic factors,

Reproductive Strategies

In the Spanish study population, P. amnicum
had only one annual reproductive cycle with
births and juvenile recruitment in April-May,
when water temperature ranged between
15°C and 20°C. Danneel & Hinz's (1976) find-
ings for a German population were similar, al-
though the new generation appeared in May-
June, a little later than the Spanish one. The
apparent absence of gravid animals in August
in the German population, and in June and
July in the English one (Bass, 1979) was prob-
ably a consequence of the method used, as
larval stages prior to shell formation were ig-
nored. With very few P. amnicum specimens
from two different localities in Germany, Meier-
Brook (1970) cited a total of eight gravid indi-
viduals containing embryos between 0.25 and
0.4 mm long in September, and concluded that
the reproductive period was synchronous and
began in autumn; also data for six individuals
collected at the beginning of spring in England
agree with this, "they had big embryos be-
tween 0.5 and 1," Similar data were reported
by Thiel (1928) in Germany and Odhner
(1929) in Sweden, whereas in a Finnish lake
juveniles were born later on in summer (July)
(Holopainen, 1979). Table 8 provides a com-
parative summary of the data on the five stud-
ied populations of P. amnicum.

The species in Europe seems to be very
conservative in reproductive cycle with syn-
chrony among populations: it begins in sum-
mer, the newborn appearing in spring, with
some differences depending on the country.
Such variation seems to follow a latitudinal
cline, which might be related to water temper-
ature. One cycle follows as soon as the for-
mer has finished. Bass (1979) reported that in
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FIG. 5. Monthly variation, by size class, in the frequencies of gravid animals in relation to the number of an-
imals dissected.
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TABLE 3. Mean number and standard deviation of the embryos (larvae) occurring in the gravid animals.

CLASS
(mm) JANUARY FEBRUARY MARCH APRIL MAY JUNE

1-2
2-3
3-4
4-5 7.00
5-6 7.9 ± 2.28 10.5 ± 3.94 3.67 ± 3.21 11.5 ± 0.71 11.00
6-7 16 ± 4.92 16.2 ± 5.29 15.5 ± 4.95 15.5 ± 5.27 19 ± 7.07
7-8 34.33 ± 11.18 36.1 ± 14.43 30.3 ± 12.41 29.3 ± 9.43 16.17 ± 16.13 10.00
8-9 44.1 ± 10.94 48.3 ± 14.69 44.6 ± 15.85 43.1 ± 9.37 11.67 ± 5.03 6 ± 4.24
9-10 73.00 56±1.41 63 ± 5.66 42.2 ± 11.61 5.5 ± 6.36 11.00

10-11
TOTAL 26.07 ± 18.09 31.08±19 29.74 ± 18.11 30.08 ± 14.56 13.71 ±11.4 8.25 ± 3.59

CLASS
(mm) JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

1-2
2-3
3-4 6.5 ± 7.78 6.5 ± 7.78
4-5 13.00 13.33 ± 2.07 15 ± 2.83 13 ± 2.87
5-6 12 ± 4.63 18.5 ± 5.95 15.33 ± 2.52 14.5 ± 3.69 11.89 ± 5.6
6-7 18.33 ± 6.11 28.83 ± 6.97 28.33 ± 4.84 23.11 ± 9.95 19.33 ± 7.73
7-8 25.6 ± 2.89 31.83 ± 6.49 37.5 ± 6.56 42.17 ± 6.62 31.45 ± 12.33
8-9 3±2 2.33 ± 1.53 25.67 ± 4.93 35.67 ± 7.5 41.17 ± 11.65 43.33 ± 9.65 36.97 ± 17.61
9-10 42.00 40.00 44.33 ± 16.62 42.17 ± 20.36

10-11
TOTAL 3±2 2.33 ± 1.53 21.94 ± 8.64 24.44 ± 11.06 31.58 ± 11.92 32.57 ± 14.71

England a small proportion of the largest
adults initiated a second reproductive cycle,
but died before the brood was fully developed.
None of the European populations show a de-
cline in fertility in relation to age, as occurs in
the related genus Sphaerium (Meier-Brook,
1970).

A very close similarity can also be found be-
tween the reproductive strategies of P. am-
nicum and the vicari ant North American
species P. dubium. Both species are of similar
size, share the same incubation and birth
months, and, in both cases, the mean number
and size of larvae increased with the size of
the parents, although the number of incu-
bated larvae was considerably higher in the
Spanish population. The strategy of the Cana-
dian population of P. amnicum (Vincent et aI.,
1981) also fits perfectly with the one of P. du-
bium, with only two exceptions: P. dubium at-
tains its sexual maturity in its first year of life,
and its number of larvae is considerably
higher, suggesting that these two populations
might belong to the same taxon.

Meier-Brook (1970) suggested that, with
the exception of P. amnicum for which no data
were available, sexual maturity in populations
of Pisidium occurs when individuals reach 50
or 60% of maximum size. According to this
rule, as the maximum size of the Spanish

population ranges from 10-11 mm, it follows
that sexual maturation would occur in a size
class near 5-6 mm, which is higher than the
4-5 mm that we found to be the minimum
needed to be gravid (with the exception of two
gravid specimens of 3-4 mm collected in Oc-
tober). However, it applies perfectly to the
maximum theoretical length (8.25 mm) esti-
mated by the von Bertalanffy method. More
surprising are the proportions reported by Da-
neel & Hinz (1976) (Table 8). Thus, although
most of the available data (Table 8) seem to
follow Meier-Brook's rule, in some popula-
tions maturity is reached before specimens
are 40-50% of maximum size. Then, if any
rule were applicable to P. amnicum, we would
expect a positive correlation between mini-
mum gravid length and maximum adult size
throughout the species range (Table 8), which
was not found.

The main feature of the Spanish population
of P. amnicum seems to be the high number
of larvae incubated during the months imme-
diately before birth. The difference with all the
other previous data may be explained by dif-
ferences related to temperature and/or lati-
tude. In warmer climates, the same species
becomes bigger, incubates a greater number
of larvae (maximum of 73 in Spain and 12 in
Finland), and the larvae are also bigger. Such
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FIG. 7. Variation in the mean number of embryos
(larvae) in each size class with parental size.

TABLE 4. Monthly standardized regression coeffi-
cients of the variation in the number of incubated
embryos in relation with the mother size.

Month BETA St. Err. of BETA

January 0.898 0.070
February 0.837 0.091
March 0.842 0.094
April 0.800 0.101
May -0.325 0.272
September 0.824 0.157
October 0.846 0.097
November 0.794 0.129
December 0.733 0.133

north-south c1inal reproductive behaviour was
apparently not found in preliminary studies
with the related North American species P.
idahoense Roper, in which the northern popu-
lations were smaller but had more progeny
(Heard, 1965). On the other hand, as the life
span of P. amnicum in Spain appears to be
about 15 months, our results do not confirm
Bass's idea (1979) of an extended life span or
a successful second brood in southern areas.

The scarce data on the Finnish population,
one of the northermost in the species range,
indicate a reduction in fertility in relation to the
central European populations. This reduction
may be accompanied by a long life span, al-
lowing iteroparity, as reported by Holopainen &
Hanski (1986) and Vincent et aI., (1981) in Fin-
land and Canada, respectively. Given that the
Spanish population broods the maximum
number of larvae in the species range, and
that the maximum embryo length is similar to
all other reported populations, we may state
that in P. amnicum there is no trade-off be-
tween litter size and embryo size as was pro-

posed by Holopainen & Hanski (1986) for the
genus Pisidium. However, the characteristics
of the Spanish population as a whole reflect its
breeding success. The species seems to be so
well adapted to local conditions in this range
margin that it is possible to speculate that such
attributes might allow the species to expand its
range if the opportunity presented itself. In
fact, the Goian (Fig. 2) colony, which experi-
enced a drastic reduction after colonization by
Corbicula f1uminea (Muller, 1774) (Araujo et
aI., 1993), has re-established itself, sharing its
habitat with the latter species as we have ob-
served recently (unpublished data).

Study of the phenomenon that Meier-Brook
(1977) called intramarsupial suppression of
fetal development has deserved special atten-
tion. This author cited 50% of the brood dying
before birth in P. obtusale and P. IiIljeborgii,
whereas it is very variable in P. amnicum
(0-54%) according to Danneel & Hinz (1976).
Our results show a progressive increase in
embryos from June to December, which
means that settlement of eggs or zygotes may
occur over several months. On the other hand,
we observed that from December, and in sev-
eral size classes, the embryo number may
decrease, suggesting that not all the initial em-
bryos complete their development. Neverthe-
less, this phenomenon does not seem to be
very important in the Spanish population. The
idea suggested by Araujo & Ramos (1997) that
ova fertilization occurs in the gills and not in the
spermoviduct as was proposed (Okada, 1935;
Odhner, 1929; Meier-Brook, 1970), may pro-
vide a new perspective, suggesting that the so
called "embryos" present in the gill during the
first months of the reproductive period may be
eggs not yet impregnated. This may explain
the differences found by other authors when
comparing the initial and final number of larval
stages in the gills.

Although there is the same high mortality
following the birth of juveniles, the corre-
sponding ratio of the size classes over 6 mm
in the Spanish population is higher than in the
others during the year.

None of the water measured parameters in
itself seems to directly influence the reproduc-
tive cycle of the Spanish population of P. am-
nicum as measured by specimen gravidity,
although seasonal variation in water tempera-
ture, calcium, pH, and alkalinity might be im-
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CLASS
(mm) JANUARY FEBRUARY MARCH APRIL MAY JUNE
1-2
2-3
3-4
4-5 0.5
5-6 0.52:t0.12 0.55 :t 0.1 0.45 :t 0.39 0.76 :t 0.04 1.3
6-7 0.66:t 0.19 0.73 :t 0.88 0.84 :t 0.09 0.88:t 0.16 1.37:t 0.19
7-8 0.73 :t 0.14 0.87:t 0.11 0.92 :t 0.09 1.23 :t 0.25 1.61 :t 0.4 0.08
8-9 0.79:t 0.17 0.9:t 0.1 0.94 :t 0.13 1.2:t 0.22 2.02:t 0.08 0.09 :t 0.04
9-10 0.85 1 :t 0.14 1.09 :t 0.13 1.08:t0.15 2.26 :t 0.09 0.1

10-11
TOTAL 0.67:t 0.17 0.8:t0.16 0.87:t 0.2 1.08 :t 0.25 1.77 :t 0.4 0.09 :t 0.02

CLASS
(mm) JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER TOTAL

1-2
2-3
3-4 0.08 :t 0 0.08 :t 0
4-5 0.08 0.12 :t 0.04 0.13 :t 0.07 0.15 :t 0.13
5-6 0.09 :t 0.01 0.18 :t 0.10 0.25 :t 0.09 0.42 :t 0.07 0.46 :t 0.24
6-7 0.12 :t 0.02 0.22 :t 0.02 0.37 :t 0.07 0.42:t 0.14 0.62 :t 0.29
7-8 0.09 :t 0.Q1 0.22 :t 0.04 0.34 :t 0.03 0.55:t 0.15 0.75:t 0.47
8-9 0.08 :t 0.01 0.08 :t 0.02 0.14:t 0.12 0.25:t 0.03 0.34:t 0.05 0.6 :t 0.08 0.75 :t 0.47
9-10 0.18 0.35 0.45:t 0.15 0.84 :t 0.54

10-11
TOTAL 0.08 :t 0.01 0.08 :t 0.02 0.11 :t 0.05 0.19:t 0.07 0.32 :t 0.09 0.49:t0.14

portant for their influence on other species
intrinsic factors (i.e., mother size, previous epi-
sodes of reproduction). Moreover, since P. am-
nicum incubates its larvae within a ctenidial
marsupium, larvae release and subsequent
growth could be induced, both directly and in-
directly, by these factors.

Temperature increases progressively over
April-May, when births occur, to July, when fer-
tilization begins. The 27°e maximum is more
or less maintained in August and September,

and it is followed by a sudden decrease of
about 9°e in October, precisely when the pe-
riod of maximum population growth ends. It
could be argued that temperature has so im-
portant relation with birth that larvae big
enough to be born in April did not because
temperature was below 15°e. A relationship
between temperature and growth in freshwa-
ter bivalves has also been described in the Asi-
atic clam Corbicula f1uminea (Morton, 1977;
Eng, 1979; Joy, 1985; Ituarte, 1985).
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Dissolved Conductivity Total Carbonate
Temperature oxygen (llS cm-l) Calcium Alkalinity hardness hardness

Month (0G) ph (ppm) (mg/I) (mmol/I) Cdh) Cdh)

January 8.13 6.33 12.23 53.00 8.00 0.50 1.20 1.00
February 9.17 7.13 60.00 9.00 0.50 1.75 1.40
March 10.80 6.00 14.77 60.00 10.00 0.35 1.30 1.40
April 13.97 6.07 13.97 68.00 11.00 0.50 1.30 1.40
May 18.83 5.97 9.77 78.00 7.00 0.60 1.50 1.70
June 22.73 5.87 11.23 84.80 8.00 0.40 1.20 1.50
July 26.97 8.17 8.43 149.00 7.00 0.45 1.60 1.50
August 26.17 7.33 225.00 13.00 0.80 2.00 1.50
September 26.27 7.37 9.93 112.00 20.00 0.80 1.90 1.70
October 17.67 8.27 8.43 92.50 10.00 0.75 1.55 1.50
November 14.80 7.23 9.77 82.00 10.00 0.65 1.85 1.60
December 11.63 7.20 9.93 76.00 13.00 0.50 1.70 1.40

Mean 17.26 6.91 10.85 95.03 10.50 0.57 1.57 1.47
sd 6.62 0.81 2.07 46.53 3.45 0.15 0.27 0.17

TABLE 7. Water parameters selected by the logistic
regression analysis as the most important influenc-
ing the gravidity of P. amnicum

Variable

Alkalinity
Calcium
pH
Temperature

Wald

3.97
16.44
10.27
53.25

sig.

0.05
0.001
0.001

10-5

-0.077
0.209
0.158

-0.40

Calcium, alkalinity and pH increased in
summer suggesting that a relation with the
higher growth speed in these months may
also exist. Our results show a certain corre-
spondence between the increase in the val-
ues of the abovementioned parameters and
the disappearance of the adults.

Finally, Hornbach & Cox (1987) suggested
that in Pisidium casertanum (Poli) there exists

a possitive relation between high calcium and
alkalinity values and adult shell length, and
probably also embryo number and size. If we
compare the values of these two parameters
for the Spanish P. amnicum (alkalinity: mean
= 0.57 mmol/I; calcium: mean = 10.50 mg/I)
with those of the Finnish population (alkalinity:
0.17 -0.19 mmol/I; calcium = 6.1 mg/I) (Holo-
painen, 1979), the only available ones, we
could explain the biggest population parame-
ters found in Spain (Table 6) as a function of
the relatively "high" calcium and alkalinity val-
ues.

We are very indebted to Dr. Emilio Rolan
and his wife for the facilities provided during
the monthly sampling field trips, and to Diego
Moreno for his help in the field. We are also



TABLE 8. Reproductive and growth features of several populations of P. amnicum.(1) Several specimens live
longer but do not breed.(2) Recorded two months before birth in adults bigger than 4 mm. (3) Not all months
recorded.(4) Recorded in the month immediately after birth.(5) Recorded in the first year of Iife.(*) Values
dependant on parents' size and date.

Germany England Finland Canada
Danneell & Bass Holopainen Vincent et al. Spain This
Hinz (1976) (1979) (1979) (1981) study

Maximum adult length (mm) 8.9 8.5 8.8 9 10-11
Life span (months) 12 12(1 ) 36 15
Birth period May-June May July June April-May
Minimum gravid length (mm) 2-3 4 4.3 4 3-4
% of gravid animals (2) 80-100% 100% 42-62 100%
Maximum number of 34 37 12 18 73

embryos/larvae*
Maximum length of larvae (mm)* 2 1.4 0.6(3) 2.4
Lateralization no no
% of new born in relation to <50% <50% 62% <50%

whole population (4)
Premature births yes probably yes
Annual mean growth of adults 3 4 2-3 (5) 5-6

(mm)
Winter interruption of larval yes no no

growth
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tistical analysis of the data. Two anonymous
reviewers made interesting comments which
improved the manuscript. Thanks also to Dr.
Pablo Penchaszadeh for his comments and
help in the preparation of the manuscript and
to Lesley Ashcroft for the revision of the Eng-
lish version. This work received financial sup-
port from the Project "Fauna Iberica II" (SEUI,
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