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ABSTRACT: The excretion of P-P04 and 
N-NH4 by snails (Lymnaea (Lymnaea) stagna/is. 
Lymnaea (Radix) auricularia and Planorbarius cor
neus) was measured in laboratory experiments . For 
L. (L.) stagna/is the release of these elements from 
decomposing animals and their faecal material were 
also determined. Amounts of nutrients excreted by 
the snails studied varied greatly in the ranges < I to 

70 11g P-P04 and <2 to over 200 11g N-NH4 per in
dividual. These amounts were very much related to 
the sizes of snails. 

The phosphorus and nitrogen contained in the 
tissues of L. (L.) stagna/is are released to the water 
very rapidly due to the rapid decomposition that the 
bodies of snails undergo. 

The release of phosphorus from freshly produ
ced faecal matter is considerable - even greater than 
the excretion by live snails (expressed per unit we
ight). However, the limited mass of faeces produced 
as compared with the body weight of an snail , ensu
res that this still accounts for only 3% of daily exc
retion of phosphorus from the body of a live snail. 

KEY WORDS: snails. phosphorus and nitro
gen release, faeces production, decomposition 

1. INTRODUCTION 

The aquatic invertebrates have diverse 
influences on aquatic vegetation. The impact 
is very complex, however. Beside the direct 
ones following from the consumption of 
plant tissues, mining ofsteams and leaves and 
other types of mechanical damage (which 
may basically be defined as negative influ
ences on aquatic plants), there are also indi
rect impacts which mainly entail the 
stimulation ofplant growth via enrichment of 
the aquatic environment in nutrients, mainly 
nitrogen and phosphorus the animals release. 

The enrichment of the nutrient pool in 
water has been the subject of intensive study 
as far as planktonic crustaceans are con
cerned (e.g. Lehman 1980, Ejsmont
Karabin 1984, Kairesalo and Seppala 
1987, Ejsmont-Karabin and W~glenska 
1989). In contrast, only occasional studies 
have considered other groups of inverte
brates, particularly those inhabiting the in
shore zone of water bodies overgrown by 
macrophytes . Limited data on the release of 
phosphorus and nitrogen compounds by 
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some oligochaetes, bryozoans, molluscs, bot
tom crustaceans and insects larvae may be 
mentioned here (N a I e p a et al. 1983, 
S12nensen et al. 1986, Lauritsen and Mo
zley 1989, Underwood 1991, Pinowska 
1994). These studies point to the variable if 
sometimes intensive nutrient excretion, sug
gesting that this way of enrichment of the en
vironment in nutrients may be of great 
significance. It is not merely excretion that is 
such a major enriching process. The release 
of P and N from the faecal matter of inverte
brates and through the decomposition of ani
mal tissues after death may be also of some 
significance. 

The aim ofthis study has thus been to de
termine in laboratory experiments the 
amounts of phosphate-phosphorus and 
ammonium-nitrogen released by gastropods 
(Lymnaea (Lymnaea) stagna/is (L.), 
Lymnaea (Radix) auricularia (L.) and Pla
norbarius corneus (L.). The main object of 
the study was L. (L.) stagna/is, for which the 
release of these compounds from faecal mat
ter and the decomposing tissues of dead indi
viduals was also determined. 

2. METHODS 

Living and dead snails and their faecal 
matter were exposed in glass vessels of ca
pacities 100 or 250 ml, at a temperature of 
18-20°C in laboratory conditions offering 
well water with low concentrations of the nu
trients under analysis. The amounts of phos
phorus and nitrogen release were estimated 
by comparing concentrations in water before 
and after exposure. Snails were staJved for 24 h 
before experiment. Prior to exposure, snails 
were rinsed in a sieve using the water that was 
used in experiments following 24 hours of 
quarantine in laboratory conditions. Faecal 
matter used in experiments was collected 
from the floor of the vessels in which snails 
were exposed using a pipette, separated out 
using 50 J.lm plankton net. In assessing the 
rates and amounts of nutrients released from 
the bodies ofdead snails, as well as the loss of 
body mass (difference in mass before expo
sure and after exposure periods of differing 
duration), use was made of snails that had 
previously been frozen at c. -20° C and were 
then exposed after thawing in darkness for 1, 
3, 7 days or 3, 7, and 12 days. The periods of 
exposure ranged from one to several days in 

relation to the experiment variant. 
Phosphate-phosphorus in water was deter
mined by molybdenum blue method accord
ing to Golterman (1969) and ammonium
-nitrogen by direct nesslerization method ac
cording to Standard Methods (1960). Total 
phosphorus was analysed after wet digestion 
of dry animal subsample. In the resulting so
lution TP was determined as SRP in water 
sample. Total nitrogen was analyzed after 
wet digestion of animal subsamples accord
ing to Kjeldahl procedure. Total N was con
verted to ammonia-nitrogen determined then 
afterS o lerzano ( 1 96 9) . 

The fresh weight ofsnails and faeces was 
determined to within 1 mg on a balance, fol
lowing drying of the snails with filter paper. 
Dry masses were measured to the same level 
of accuracy after drying to constant weight at 
l05°C. 

The significance of differences of nutri
ent release between snail species were esti
mated using ANOVA, with post-hoc Tukey's 
test. 

3. RESULTS 

Amounts of nutrients excreted by the 
studied snails varied greatly- in the ranges 
< 1 to 70 J.lg P-P04 and <2 to over 200 11g 
N-NH4 per individual. These amounts were 
closely related to the sizes of snails, however, 
whether it was fresh weight with shell that 
was considered (Fig. 1), or dry body weight 
(Fig. 2). Comparisons between Lymnaea 
(Lymnaea) stagna/is and Lymnaea (Radix) 
auricularia- whose ranges of size variability 
were similar - revealed linear relationships 
with size form for L. (L.) stagna/is that con
trasts with the exponential one noted for Pla
norbarius corneus. In the latter, excretion 
was very much more pronounced in larger in
dividuals . All correlation coefficients pre
sented in Figs 1 and 2 were highly significant 
statistically, at the P < 0.00001 level. 

The amounts of P-P04 and N-NH4 ex
creted by animals were compared for indi
viduals using snai Is > 1 and <3. 5 cm in shell 
height (for L. (L.) stagna/is and L. (R.) 
auricularia) or width (in the case of P. cor
neus) for which both excretion of these ele
ments were simultaneously analysed (Fig. 3). 
Differences statistically significant at P 
<0.03 were noted for the amounts of P-P04 
excreted by individuals of P. corneus and L. 
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Fig. 1. Relationships between daily excretion of P-P04 and N-NH4 and fresh weight (with shell) of snails 

(R.) auricularia - the species characterised 
by the highest and lowest values, respec
tively. All three species differed significantly 
(at P <0.008), as regards the amounts of ex
creted N-NH4 , with individuals of L. (L.) 
stagna/is exhibiting the highest values. The 
ratios of N to P excreted differed markedly 
between the species, being 3.8 for L. (L.) 
stagna/is, 3.8 for L. (R.) auricularia and 0.5 
for P. corneus. A characteristic feature is that 

P. corneus excreted the highest amount of P 
of any of the three species of snail studied, as 
well as the smallest amount ofN (Fig. 3) . 

Daily excretion expressed in J.lg per g 
body dry weight varied between 139 (P. cor
neus) and 527 (L. (R.) auricularia) in the case 
of P-P04, and between 74 and 2145 in the 
case of N-NH4 (Table 1). The excretion of 
P-P04 by L. (R.) auricularia was at a signifi
cantly greater intensity (P = 0.0001) than in 
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Fig. 2. Relationships between daily excretion of P-P04 and N-NH4 and snail body dry weight (without shell) 

the remaining species, though nitrogen excre

tion differed significantly among all species 

at P = 0.0001. Data for the amounts excreted 

per 1 g fresh weight vary from 18-55 11g in 

the case of P-P04and 10-231 11g for N-NH4 
with minimal values for P. corneus and maxi

mal for L. (R) auricularia. 

The L. (L.) stagna/is body contains 8.2 
mg (±SD 0.7) of total phosphorus and 44 .1 
mg (±SD 5.3) of total nitrogen per 1 g body 
dry weight. These elements are released 
quickly to the environment following the ani
mal death, due to a rapid process ofdecompo
sition. Just one day after this had begun in the 
experiment, some 30% of the initial body dty 
weight had been lost, and the figure had risen 
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Table l. Daily excretion (in J.Lg g dry weighf 1
) of phosphorus and nitrogen for three species of snails 

P-PO N-NH 

Mean ±so N Mean ±so N 

Lymnaea (Lymnaea) stagna/is 384.4 110.3 30 987.7 432.4 30 

Lymnaea (Radix) auricularia 527.0 235 .5 29 2144.7 922.3 29 

Planorbarius comeus 138.7 77.3 22 74.4 42.7 22 

Calculated for individuals of similar size (>1-<3.5 cm) for which nitrogen and phosphorus were 
simultaneously analysed. 
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Fig. 4. Loss of dry weight (mean ±SO) of snails and release to the water of P-P04 and N-NH4 (from 1 individual 
or I g of dry weight of a snail) after I, 3, and 7 days of decomposition of Lymnaea (Lymnaea) stagna/is 
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Table 2. Daily production of faeces and release of phosphorus from the faecal matter of Lymnaea 
(Lymnaea) stagna/is 

Production of faecal Release of P-PO, from faecesRelease of P-PO, 1-1g g·' 
matter by I indiv. produced by I indiv. 

fresh weight dry weight g fresh weight 1-lg 
% in snail 
excretion 

Mean 46 514 0.02 0.9 3.0 

+SO 21 21 0.01 0.5 

to 65% after three days. At this point the pro siderable, albeit variable and very much 
cess of decay appears to slow markedly, so that limited by body size. Relevant data in the lit
77% ofbody mass had been lost after 7 days of erature are scarce, especially where animals 
exposition (Fig. 4). A second experiment (3, 7 typical of littoral environments are con
and 12 days of exposition) showed 59, 72 and cerned. Furthermore, information has been 
76% losses of initial dry weight respectively. presented in various units, making direct 
Just after one day ofdecomposition the body of comparisons difficult. The results obtained 
a snail was shown to have released 435 )..lg here for the excretion by live animals of the 

studied species of phosphate-phosphorus and P-P04 on average, and 541 )..lg ofN-NH4 per 1 
ammonium-nitrogen do not depart greatlyindividual. This represents respectively 14 
from those given for Planorbis planorbis by(phosphorus) or 7 times the amount (nitro
Underwood (1991), and for Lymnaea gen) excreted daily by live Lymnaea com
(Galba) turricula by Pin o w s k a ( 1994 ), orpared for individuals of similar weight- of 2 
else for representatives of the Tubificidae,g fresh weight on average. While it is true that 
Chironomidae or Amphipoda studied by N a-the rate of enrichment of the environment in 
1 e p a et al. (1983) (in some cases own dataN and P from a decomposing snail declines, the 
were converted to comparable units) . average amounts ofreleased nutrient after 7 days 

The release of phosphorus and nitrogenare 599 )..lg ofP-P04 and 3806 )..lg ofN-~ . 
from dead individuals ofL. (L.) stagna/is pro

An average individual of L. (L.) stag gresses at a considerable rate, which is associ
na/is produces 0.02 g fresh weight of faeces ated with the rapid decomposition of its
(where weight ofsnails is in the range 1.5- 2.0 tissues. In the performed experiments, some 
g fresh weight) . The release of phosphorus 70% of body mass had been lost after 7 days. 
from freshly-produced faeces is consider Studies exposing snails in the lake littoral over 
able, amounting to 46 )..lg of P-P04 in 24 10 days report of82-90% loss through decom
hours from 1 g fresh weight of faeces (514 )..lg position of the initial dry mass ofbodies ofsev
from I g dry mass) (Table 2). However, be eralspeciesofsnails(Pieczynska eta!. 1984). 
cause of the small amounts of faecal matter The numerous data on decomposition in 
produced, the release of phosphorus from this the literature have largely been concerned 
source per individual per day is limited to just with the decay of macrophytes, pointing to 
0.9 )..lg P-P04 or only 3% of the daily excre the release ofnutrients from plants after death 
tion from the body ofa live snail (c . 30 )..lg per being a significant internal source of nutri
individual of the body size used in this ex ents (Carpenter 1980, Landers 1982, 
periment). Thus, in spite of the fact that the Pieczynska 1993). 
release of phosphorus from faecal matter is Data on animals mainly refer to the im
intensive, and even greater than the excretion portance of the nutrient enhancement of the 
by live Lymnaea as expressed per unit dry environment by way of excretion from live 
mass , the role of this source of P within the organisms. The nitrogen and phosphorus re
total excretion from live Lymnaea is minor. leased are used by plants, and probably this 

fulfils a significant part of plants demand. 
Working in several of the lakes of northern 
Poland, Ejsmont-Karabin et al. (1993), 

4. DISCUSSION AND CONCLUSIONS were able to demonstrate the fundamental 
significance of nutrient excretion by zoo

The results point to the release of phos plankton as a source of P, and to a lesser ex
phorus and nitrogen by live snails being con- tent of N, where the production of bacterio-
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and phytoplankton were concerned. Lauri t
sen and Mozley (1989) in turn showed ma
jor excretion of~ and P04 by the bivalve 
Corbicula jluminea, which was able to meet 
more than 30% of the phytoplankton needs for 
these elements (in the Chowan River, USA). 

A number of studies have suggested that 
the release of nutrients by snails and other in
vertebrates may increase the growth ofmacro
phytes (Bronmark and Vermaat 1998). 
Working with water chemically conditioned 
by Planorbis planorbis, Underwood (1991) 
found that Ceratophyllum grown in the pres
ence of snails but protected from grazing by a 
banier allowing the free movement of water 
grew longer, had more healthy leaf nodes and 
more growing tips than control plants . In ex
periments run in a similar way, Janek (unpub
lished material) noted an increase in the 
biomass of Rhizoclonium sp. and Elodea ca
nadensis, as a result of the enrichment ofwater 
by L. (L.) stagna/is. Pieczynska and Rybak 
(unpublished material) grew Ceratophyllum 
demersum and E. canadensis in aquaria con
taining small individuals of Bithynia tentacu
lata and P. planorbis not harming the plants, 
finding higher concentrations of P-P04 and 
N-NH4 and more intensive plant growth than 
in control aquaria (lacking animals). 

While the literature has mainly drawn at
tention to excretion-mediated nutrient en
richment of the environment, this work has 
pointed to the significance, not only of the re
lease ofN and P from live animals, but also of 
that from faecal matter and from decompos
ing dead individuals . It needs to be empha
sised that these processes differ in both their 
intensity and dynamics . Excretion by live 
snail (which plays the greatest role in the en
richment of the environment) joins the re
lease of nutrients from their faecal matter (of 
much more minor importance) during all its 
life (up to 5 years in the case of the species 
studied). Here we are dealing with a steady 
enrichment of the environment. In contrast, 
the period of the decomposition of dead 
snails is one of a much more intensive influx 
of nutrients, albeit one of short duration, 
since the breakdown of the bodies of snails 
proceeds rapidly. 
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5. SUMMARY 

The present work has evaluated the excretion of 
P-P04 and N-NH4 by snails (Lymnaea (Lymnaea) sta
gna/is, Lymnaea (Radix) auricularia and Planorba
rius corneus) with the main object of study being 
Lymnaea (L.) stagna/is- for which releases from fae
cal matter and the decomposing tissue of dead indivi
duals were also determined. 

Amounts of nuntrients excreted by the snails va
ried greatly (Figs l-3, Table 1). Single individuals 
were found to excrete between < I to 70 ~g of P-P04 
per day, and <2 to over 200 J..Lg ofN-NH4. The varia
bility in the rate of release was marked, but amounts 
were generally greater in line with greater body masses 
of snails. The release of phosphorus from freshly pro
duced faecal matter is considerable - even greater than 
the excretion by live snails (expressed per unit weight). 
However, the limited mass of faeces produced as com
pared with the body weight of an snail , ensures that this 
still accounts for only 3% of daily excretion of phosp
horus from the body of a live snail (Table 2). 

The release of compounds of nitrogen and phospho
rus from decomposing snails proceeds rapidly, due to the 
rapid decomposition that the bodies of snails undergo. Af
ter 7 days of decomposition over 70% of initial body dry 
weight had been lost, and this corresponds with released 
of 599 ~g P-P04 and 3806 ~g ofN-NH4 (Fig. 4). 

While the literature has mainly drawn attention to 
excretion-mediated nutrient enrichment of the environ
ment, this work has pointed to the significance, not 
only of release from live animals, but also of that of ni
trogen and phosphorus from faecal matter and in the 
course from decomposing dead individuals. lt needs to 
be emphasised that these processes differ in both their 
intensity and dynamics. Excretion by live snails (which 
plays the greatest role in the enrichment of the environ
ment) joins the release of nutrients from their faecal 
matter (of much more minor importance) during all its 
life (up to 5 years in the case of the species studied). 
Here we are dealing with a steady enrichment of the 
environment. In contrast. the period of the decomposi
tion of dead snails is one of a much more intensive in
flux of nutrients. albeit one of short duration, since the 
breakdown of the bodies of snails proceeds rapidly . 

6. REFERENCES 

Bronmark C. , Vermaat J. E. 1998 - Complex 
fish-snail-epiphyton interactions and their effects 



24 Jan Igor Rybak 

on submerged freshwater macrophyte (In : The 
structuring role of submerged macrophytes in la
kes, Eds. E . Jeppesen, Martin S0ndergaard, Mar
ten S0ndergaard K. Christoffersen) - Ecological 
Studies, 131 , pp. 47- 68. 

CarpenterS. R. 1980 - Enrichment of Lake Wingra, 
Wisconsin, by submersed macrophyte decay -
Ecology, 61 : 1145- 1155. 

Ejsmont-Karabin J. 1984 - Phosphorus and nitro
gen excretion by lake zooplankton (rotifers and 
crustaceans) in relationship to individual body we
ights of animals, ambient temperature and presen
ce or absence of food - Ekol. Pol. 32: 3-42. 

Ejsmont-Karabin J., Kr61ikowska J., W'<gleil
ska T. 1993 - Patterns of spatial distribution of 
phosphorus regeneration by zooplankton in a ri
ver-lake transitory zone (In: Nutrient dynamics 
and retention in land/water ecotones of lowland, 
temperate lakes and rivers, Eds. A. Hillbricht-II
kowska, E. Pieczyilska) - Hydrobiologia, 251, 
pp. 275- 284. 

Ejsmont-Karabin J., W'<gleilska T. 1989 - Den
sities, structure and the role of zooplankton in phos
phorus cycling in limnetic and !otic parts of Ze
grzyilski Reservoir - Ekol. Pol. 37: 251 - 280 . 

Golterman H. L. 1969 - Methods for chemical ana
lysis of freshwaters - IBP Handbook, No. 8 - Black
well Scientic Publications, Oxford and Edinburgh, 
172 pp. 

Kairesalo T., Seppala T. 1987 - Phosphorus flux 
through a littoral ecosystem: the importance of 
cladoceran zooplankton and young fish - Internal. 
Rev. ges. Hydrobiol. 72: 385-403. 

Landers D. H. 1982 - Effects of naturally senescing 
aquatic macrophytes on nutrient chemistry and 
chlorophyll a of surrounding waters - Limnol. 
Oceanogr. 27: 428-439. 

Lauritsen D. D., Mozley S. C . 1989 - Nutrient ex
cretion by the Asiatic clam Corbicula fluminea -
J. N . Am. Benthol. Soc. 8: 134-139. 

Lehman J. T . 1980 - Release and cycling of nutrients 

between planktonic algae and herbivores - Limnol. 

Oceanogr. 25: 620-632 . 
Nalepa T. F., Gardner W. S., Malczyk J. M. 1983 

- Phosphorus release by three kinds of benthic 

invertebrates: effect of substrate and water me

dium - Can. J. Fish . Aquat. Sci. 40: 810-813. 
Pieczynska E. 1993 - Detritus and nutrient dyna

mics in the shore zone of lakes: a review (In: Nu

trient dynamics and retention in land/water ecoto

nes of lowland, temperate lakes and rivers, Eds. 

A. Hillbricht-IIkowska, E. Pieczyilska) - Hydro

biologia, 251 , pp. 49- 58. 
Pieczyilska E., Balcerzak D., Kolodziejczyk 

A. , Olszewski Z., Rybak J. I. 1984 - Detritus 

in the littoral of several Masurian lakes (sources 
and fates) - Ekol. Pol. 32 : 387-440. 

Pinowska A. 1994 - Wplyw slimak6w na wzrost 

makrofit6w zanurzonych i glon6w nitkowatych 

(doswiadczenia laboratoryjne) [Influence of snails 
on the growth of submerged macrophytes and fila

mentous algae (laboratory study) - Msc . thesi s, 

Warsaw University, 42 pp. 
Sol0rzano L. I 969 - Determination of ammonia in 

natural waters by the phenylhypochloric method -

Limnol. Oceanogr. 14: 799- 800. 
S0rensen J. P., Riber H. H., Kowalczewski A. 

1986 - Soluble reactive phosphorus release from 

bryozoan dominated periphyton - Hydrobiologia, 

132: 145- 148. 
Standard Methods for the Examination of Water and 

Wastewater I 960 - Am. Pub!. Health Assoc. Inc. 
New York, 626 pp. 

Undervood G. J. C. 1991 - Growth enhancement of 
the macrophyte Ceratophyllum demersum in the 

presence of the snail Planorbis planorbis : the ef

fect of grazing and chemical conditioning - Fresh
wat. Bioi. 26: 325- 334. 

(Received after revising October 2001) 


