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Abstract 

Comparisons of P concentration in soft tissues and shells of molluscs being main components of mala-
cocenoses of the Zegrzynski Reservoir as well as analyses of spatial, temporal and size dependent diversity of 
P concentration in particular mollusc species were performed. Percent content of P in the soft tissues of the 
investigated species varied significantly when comparing taxonomically distant species, whereas P level in 
shells was relatively similar. Owing to the interspecies diversity and size dependence of P concentration, the 
species composition and dominance patterns of malacocenoses as well as size-frequency relations in popula-
tions of dominant species are expected to influence the accumulation of P by molluscs in a given habitat. 
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Introduction 
Phosphorus content in freshwater ecosystems is an es-

sential factor in determining trophic status. Molluscs can 
play a significant role both in accumulation and circula-
tion of this biogenic element, especially in habitats where 
they are numerous and their biomass is high [1-7]. In the 
Zegrzynski Reservoir they are abundant and they domi-
nate in the biomass of bottom macrofauna [8-14]. 

The present work aimed at comparison of P concen-
trations in soft tissues and shells of molluscs being main 
components of malacocenoses of the Zegrzynski Reser-
voir as well as an assessment of P level in specimens of 
different sizes within 2 dominant species. Analyses of 
spatial diversity of percentage content of P in particular 
mollusc species and changes of these values in the period 
from May to September were also performed. 
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Material and Methods 

Concentration of phosphorus was analysed in the soft 
tissues and shells of 3 snail species: Viviparus viviparus 
(L.), Lymnaea stagnalis (L.) and L. peregra (O. F. Mull.) 
as well as 3 bivalves: Dreissena polymorpha (Pall.), 
Anodonta anatina (L.) and A. cygnea (L.). V. viviparus 
and D. polymorpha are the main dominants in the mol-
lusc communities of the Zegrzynski Reservoir [9, 10, 13, 
14]. The other species being significant elements of mala-
cocenoses were: L. stagnalis and L. peregra within the 
littoral zone, and A. anatina and A. cygnea in habitats 
where they occur (due to heavy weight). The molluscs 
studied were collected in the years 1997 - 1999 (May, 
July, September) at sites located in different parts of the 
reservoir, using Ekman-Birge's grab with catching area 
250 cm2 and rectangular dredge with working side length 
of 33 cm. The samples were rinsed on a sieve, some of 
them were frozen and the others were preserved in 4% 
formaldehyde solution. V. viviparus and D. polymorpha 



 

 

individuals were divided into 4 size classes (up to 15 mm, 
15.1 - 20 mm, 20.1 - 25 mm and over 25 mm) analysed 
separately. In the case of Lymnaea spp and Anodonta spp 
big individuals of similar size were taken for investiga-
tions (L. stagnalis 35 - 50 mm, L. peregra 10 - 20 mm, A. 
anatina 50 - 75 mm, A. cygnea 85 - 110 mm). The mol-
luscs were washed in redistilled water, the soft tissues 
were separated from shells and both were dried at 105°C 
to a constant weight and homogenized in an agate mor-
tar. The samples contained 10 to 30 specimens, only in 
the case of Anodonta spp 1 to 3 specimens. The sub-
samples of the soft tissues (0.5 g) and shells (1 g) were 
mineralised with concentrated nitric acid and 30% per-
hydrol. The concentration of P was determined by the 
molybdate blue method using a spectrophotometer 
Novaspec 2 (Pharmacia LKB). The results were statisti-
cally processed using Statistica software. Mean values 
and standard deviations of P concentrations in mollusc 
bodies and shells were calculated. Differentiation 
of P concentrations was evaluated using the Scheffe 
test [15]. 

Results 

The mean percent content of P in the soft tissues of 
the species investigated ranged from 0.63% (V. viviparus) 
to 2.68% (A. cygnea). A comparison of the obtained 
values revealed statistically significant differences in 
some cases (Scheffe test, p < 0.05). Such differences were 
found for taxonomically distant species, whereas within 
the genus (Lymnaea and Anodonta) the P concentrations 
were similar (Fig. 1 a). 

The level of phosphorus in the tissues of the snails 
investigated was relatively even and distinctly lower than 
the corresponding values for bivalves. Differences in the 
P concentrations in bodies between bivalves and snails 
were statistically significant except for D. pofymorpha and 
Lymnaea spp (Scheffe test, p < 0.05). A particularly high 
P concentration was found in A. anatina and A. cygnea. 
The shells of all the species investigated were character-
ized by similar levels of phosphorus, which was at least 
one order of magnitude lower than in the soft tissues 
(Fig. 1 b). 

A comparison of P concentration in the soft tissues of 
the specimens belonging to the same species collected in 
different parts of the reservoir has shown statistically sig-
nificant differences neither among mean values for the 
sampling period nor among mean values from samples 
collected at the same time. Relatively small (not statisti-
cally significant) were also the fluctuations of P level in 
tissues during the period from May to September. P con-
centration in the bodies of L. stagnalis and V. viviparus 
was about 20% higher in September than in May (Fig. 
2a). In bivalves a decrease of P concentration in the soft 
tissues (by about 20% in A. anatina and over 10% in D. 
pofymorpha) was found in September when compared to 
the values from May (Fig. 2b). 

Analysis of the P concentration in the soft tissues of 
individuals of V. viviparus and D. pofymorpha from differ 

Fig. 1. Mean P concentrations (and SD) in the soft tissues (a) 
and shells (b) of the investigated mollusc species; V. v. - Vi-
viparus viviparus, L. s. - Lymnaea stagnalis, L. p. - L. peregra, D. 
p. -Dreissena pofymorpha, A. a. -Anodonta anatina, A. c. -A. 
cygnea. 

ent size classes (Fig. 3) revealed significantly lower values 
in small specimens (up to 15 mm) when compared to 
large individuals (Scheffe test, p < 0.05). Similar regular-
ity was observed in the shells of these species; however, in 
V. viviparus the difference between small and large indi-
viduals was not statistically significant. 
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Fig. 2. Temporal differentiation of P level in the soft tissues of 
snails (a) and bivalves (b); for V. v., L. s., D. p. and A. a. explana-
tions see Fig. 1., V. v. III and D. p. III - specimens belonging to 
the 3rd size class (i.e. 20.1 - 25 mm). 

Discussion 

Data on phosphorus concentration in molluscs are 
relatively sparse and they concern mainly bivalves [e.g. 1, 
5, 16]. As follows from a comparison of the P level in D. 
polymorpha obtained in the present work with data from 
several Mazurian lakes [5], P content of this bivalve is 
similar and relatively independent of the trophic status of 
a given water reservoir, at least within the range found in 
the habitats mentioned. P concentration in the soft tis-
sues and shells of D. polymorpha from the Zegrzynski 
Reservoir was also comparable to the corresponding data 
reported by Kuenzler [1] for Modiolus demissus Dillwyn, 
a bivalve similar in body size and habits. Exceptionally 
high P content in the soft tissues otAnodonta spp, similar 
to the values obtained in the present work, was reported 
from 3 Mazurian lakes [16]. P concentrations found in 
the bodies of Lymnaea spp and V. viviparus from the 
Zegrzynski Reservoir were comparable to those in the 
specimens from 2 rivers near Siedlce [17]. 

The lack of statistically significant spatial diversity of 
P concentration in the tissues of the molluscs investigated 
seems to confirm the species' specificity concerning P ac-
cumulation, at least within a certain range of P concen-
tration in water (mean annual values from 0.057 to 0.115 
mg TP dm'3, author's unpublished data). P level was char-
acteristic of particular species and didn't vary significantly 
within a given reservoir. The P concentration values in 
the tissues of the species investigated were similar to 
these obtained by the author in the years 1980 - 1981 

[11]. The P level in the water of the Zegrzynski Reservoir 
was similar in the early '80s and late '90s, although in the 
meantime strong eutrophication was reported [18]. 

Far higher P concentrations in tissues than in shells 
and significant interspecific differences among P level in 
bodies may result mainly from the essential role of the 
body fraction of P in metabolic processes, species specific 
demand for this element, and different P assimilation ef-
ficiency (higher in bivalves). Owing to substantial contri-
bution of shells to the total biomass of molluscs [11] the 
amounts of P contained in shells are considerable despite 
a low percent content. 

Fluctuations in P concentrations in bodies of the mol-
luscs investigated in the period from May to September 
seem to reflect the influence of the reproductive cycle on 
P content. An intensive accumulation of P in the period 
preceding reproduction due to gametogenesis results in 
a higher content of this element in the soft tissues, which 
then decrease during the breeding season as a result of 
the release of phosphorus-rich gametes [1,5] or embryos. 

Fig. 3. Size dependence of P concentration in the soft tissues and 
shells of Viviparus viviparus (a) and Dreissena polymorpha (b).
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The highest P concentration in bivalve bodies was found 
in May in Anodonta spp and in July in D.polymorpha i.e. 
in the period preceding reproduction [19, 20]. The in-
crease of P level in the soft tissues of gastropods from 
May to September seems to be related to gametogenesis 
following the spring reproduction (for V. viviparus a cul-
mination of a long-lasting breeding season), [21]. 

Significantly lower P content in the tissues of small 
specimens of V. viviparus and D. polymorpha when com-
pared to the corresponding values for the other ones 
could result from a low participation of sexually mature 
individuals within the size class up to 15 mm. A similar 
regularity concerning shells could be related to a greater 
share of conchiolin in the dry weight of shells of large 
specimens [22, 23] because phosphorus in shells is prob-
ably mostly contained in conchiolin and a smaller frac-
tion may occur in the form of calcium phosphate [1]. As 
follows from the above-mentioned regularities, the size-
frequency relationships can influence the amount of P 
accumulated by a population. Some authors [e.g. 24, 
25] showed an impact of size-frequency distributions of 
abundant populations on matter cycling in freshwater 
ecosystems (consumption, excretion, faeces and 
pseudofaeces production). 

Conclusions 

1. P concentration in the soft tissues of the species 
investigated showed insignificant variations within one 
species and among closely related species (Lymnaea spp, 
Anodonta spp). However, it considerably differed among 
taxonomically distant species. P level in shells was rela 
tively similar in all the species investigated. 

2. P concentration in the shells was at least one order 
of magnitude lower than in the soft tissues. However, due 
to substantial contribution of shells to the total weight of 
molluscs the amounts of P accumulated in shells are con 
siderable. 

3. Species composition and dominance patterns of 
malacocenoses will influence the accumulation of P ow 
ing to interspecific diversity of P concentration in mol 
luscs. 

4. The amount of P accumulated in mollusc communi 
ties will depend on size-frequency relations in popula 
tions of dominant species because of significant differ 
ence in the P concentration between small and large indi 
viduals. 
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