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OF THE BRACKISH LAKE LEBSKO

An analysis of the distribution and abundance dynamics of the molluscs of the
brackish lake Lebsko is made. Habitats with sand bottom and no vegetation, exposed to
strong waves or rapid currents, are least favourable for the life of molluscs. In areas
where the medium-muddy bottom is covered by abundant vegetation, the cumrents or waves
being weak, the molluscs find the best conditions for their life. The salinity of the water
is not the most important distribution-limiting factor for the freshwater molluscs found
in the lake under studys A characteristic feature of the mollusc fauna of lake Lebsko is

its strong seasonal and spatial variation.

In the present paper an analysis is made of the distribution and abundance
dynamics of the molluscs of the brackish lake Yf.ebsko in relation to the varia-
tion of some environmental conditions.

In bodies of brackish water fresh water is mixed with salt water of varying
properties, the result being a considerable variation of ecological conditions.
The fauna of these habitats is represented by eurytopic freshwater and marine
organisms, and specific salt-water organisms (Remane and Schlieper
1958, Zienkiewicz 1959).

There have not been many studies on brackish water. The definition of the
brackish lake and the classification of the waters with regard to salinity have
undergone a distinct evolution (Redeke 1922, 1933, Valikangas 1933,
Segestrale 1957, Remane and Schlieper 1958). According to the fre-
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quently applied classification published by Redeke (1933) — Valikangas

(1933) lake fLebsko may be counted among bodies of water of intermediate type
between oligohaline and meiomesohaline brackish waters.

The ecology of the brackish-water organisms and the nature of the habitat
have not hitherto been described exactly. The Polish lakes near the Baltic,
as well the molluscs found in them are not an exception in this respect.

Canal-river teba

Baltic Sea

Fig. 1. Location of stations in lake Lebsko (1-33 — station numbers)

- The common view is that salinity is the main selecting and modifying factor
affecting the mollusc fauna in brackish waters (Demel 1951, Zadin 1952,
Zmudzihnski- 1957, Klimowicz 1958, Remane and Schlleper 1958,
Wiktor 1960). Less attention has been given to the effect of other ecological
factors on the distribution and abundance dynamics of the brackish-water
molluscs, although the influence of these factors is often believed to be
decisive, |

I. STUDY AREA AND METHOD

The research was carried out on lake Y.ebsko?!, a brackish lake with a surface
of 7, 140 ha, maximum width — 7.6 km, maximum length — 16.4 km, average

'The history of lake L.ebsko is discussed in Soszk a’s paper (in press).
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depth — 1.7 m and maximum depth — 6.3 m. On its northern side the lake is
separated from the Baltic by a sand bar. The river f.eba flows. into the lake
on its southern side. The canal-river Leba (Fig. 1) connects lake L.ebsko,
on its eastern side to the sea. During westerly and north-westerly winds the
mobile sand dunes on the sand bar slide into the lake in the middle portion
of its northern shore. In many places over the western and southern shores
of the lake marsh vegetation is found. A characteristic feature is the numerous
floating islands made up of emergent vegetation. Lake f.ebsko is a polymictic,
strongly eutrophised body of water, characterized by strong waves and currents
and considerable influxes of sea water. Most of the bottom surface of the lake
is covered by mud, and its smaller proportion by sand. In the eastern part of
the lake salinity sometimes exceeded the value of 5 and even 7 S%.. Among
the animals found there freshwater forms prevail, but in some regions marine
fauna can be seen (Tab. I).

Marine fauna (with no molluscs) observed in lake L.ebsko in the years 1963—1965

Tab. I
r R A
Species Number of stations Notes on distribution
Cordylophora caspia Pallas Y, 20, &, 31 on Phragmites communis Trin.
* . and Myriophyllum sp.

Laomedea flexuosa Alder 3, 21, 81 on Myriophyllum sp.

Aurelia aurita L. 1. 2¢..81 at backward currents

Spirorbis spirorbis L. - | on Fucus sp.

Nereis diversicolor O. F.

Muller | 32 on sand bottom

Membranipara crustulenta
| Pallas 1,:2¢,: 31 on Fucus sp.

Balanus improvisus L. 1-3, 27-29, 31-32 on Phragmites communis Trin,
Talitrus saltator L. 31 on Enteromorpha sp. |
Gammarus lacusta L. 1.8, 21.:29,.'32 on Enteromorpha sp.

Neomysis vulgaris L. 1-5, 16—17, 27, 31-32| in large shoals

Belona acus L. 4

Salmo salar L., Pleuronectes:

flesus L., Petromyzon ma-

rinus L. 2—6 caught by fishermen

Thirty-three stations had been selected on the lake (chiefly littoral, with
depths up to about 1 m) where samples were collected in the years 1963—-1966
(Fig. 1). At the stations, a great diversity of bottom, abundance of vegetation,
waves, currents and salinity is seen (Tab. II). Characteristic is also the
microdifferentiation of the environment at the stations considered. This dif-
ferentiation most often concerns the vegetation, nature of bottom, as well as
strength of waves. |

The variation of the ecological factors in time is also important as well
as their spatial differentiation. As a result, at some of the stations the habitats
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Description of study environments

W ater movement: a — weak, b — medium, ¢ —~ strong
Bottom: a — sand, b — slightly muddy, ¢ — thick mud-layer
Vegetation: a — absent, b — emergent, ¢ — submergent (scarce), d — submergent (abundant)

Tab, I
Nundi ofl Water movement Bottom Vegetation Salinity i S%e

station a b c a b c a b C d (from-to)
1 X X X X 0.5-6.8
2 X X X X 1,1-3.4
3 X X X X 0.9-2.7
4 X X X X 1.1-2.5
5 X X X X | 1.3-2.7
6 X X X X 0.5—-2.3
7 X X X X 0.2-1.5
8 X X ‘ X 1.3-2.7
9 X X X X 0.2-2.2
10 X X X X X 0.7-2.3
11 X X X 0.2-2.1
12 X X X X 0.9-1.8
13 X X X X 1.2-2.2
14 X X X X 1.3-2.9
15 X X X X 1.3-3.0
16 X X X X 0.9-3.2
17 X X X 1,6-4.5
18 X ¥ X 1.4-2.7
19 X X X 0.3-0.9
20 X X X 0.9-1.8
21 X X X 0.2-0.9
22 X X X 1.6-2.6
23 X X X 1.6-2.6
24 X X X 0.9-1.8
25 X X X 0.3-1.3
26 1 ' X 0.6—-1.6
27 X X X X 0.3-5.6
28 X X X X 1.4—-4.1
29 X X X 1.2—4,2
30 X X X X 0.6-1.9
31 X X X 0.6—-6.8
32 X X X 0.6-7.9
33 ' X X 0.6-7.8

appeared—to vary with the seasons and with the years. Areas once with much
sediments over the bottom turned purely sandy ones, e.g. stations 3, 4 and 11,
Sand sliding from dunes into the lake could clearly be seen at station 5. and
at stations 8, 11 and 14 the mud layers varied considerably in thickness.
During the 2-years period the proportion of marsh plants appeared to have in-
creased considerably, e.g. at stations 8, 10 and 30. The level of the water in
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 the lake also showed considerable periodical variations. Likewise the winds
may have caused a change in wave-strength, currents, salinity and bottom, as
could be seen at stations 1, 3, 11 and 28. In some parts of the lake the bottom
was very muddy, e.g. stations 7, 8, 14 and 29. When describing the stations it
is necessary to take into account some chance factors such as farming activi-
ties, washing-away of shore fragments and vegetation by waves, and the like.

As indicated above, the environmental conditions of the stations reveal
a considerable spatial diversity and seasonal variation, as a result of the
action of various ecological factors. |

Specimens of molluscs for study were collected 6 times: in the summer
of 1963, in the autumn of 1964, in spring, summer and autumn in 1965, and in
the winter of 1966, In 1963 specimens were collected at seven stations located
in the northern portion of the lake, whereas during the remaining years — at
all the stations. A total of 1335 samples was collected, 737 by a quantitative
frame (0.25 m? in surface), 532 by Ekman’s apparatus (250 cm? in section) and
66 by a dredge (30 cm in frame length). At each stations 5 different samples
were collected each time. The material collected was put through a sieve with
a mesh-size 1 x 1 mm and then preserved in 3% formalin or 70% alcohol. In
addition, 187 water samples for salinity analysis were taken. Simultaneously
with sample collecting observations were carried out and records made con-

cerning waves,nature of bottom, water level, amount of vegetation and chance
changes.

[I. MATERIAL

Eight mussel species and twenty-three snail species were found to occur
in lake L.ebsko, with a clear predominance of the freshwater species (94%o).

Bivalvia: Mytilus edulis L., Unio tumidus Retz., U. pictorum L., Anodon-
ta anatina L., Pisidium sp., Sphaerium sp., Dreissena polymorpha Pall. and
Macoma baltica L.

Gastropoda: Theodoxus fluviatilis L., Viviparus viviparus L.,V alvata pis-
cinalis f. antiqua Sow., V. pulchella Stud., V. cristata Miill:, Potamopyrgus
jenkinsi Smith., Bithynia tentaculata L., Lymnaea stagnalis L., Radix auricu-
laria L., R. limosa L., Galba palustris Mull., Physa fontinalis L., Acroloxus
lacustris L., Planorbarius corneus L., Planorbis planorbis L., Anisus vortex
L., A. septemgyratus Bielz., Bathyophalus contortus L., Gyraulus albus Mull.,
G. crista f. cristatus Drap., G. crista f. spinulosus Cless., Segmentina com-
planata Drap., S. nitida Miill., Succinea oblonga Drap.

Shell fragments of two marine mussel species were found: Mya arenaria L.
and Cardium lamarcki Reeve, while in the L.eba canal-river living individuals
of other sea mussel were collected: Mytilus edulis L.. and Macoma baltica L.
In the lake three species common to the Baltic and lake Y.ebsko, were present:
Theodoxus fluviatilis, Potamopyrgus jenkinsi and Radix limosa.
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Range of distribution of individual mollusc species in lake L. ebsko

in the years 1963—-1965

Tab. III
Occurrence
Species T '
Number of stations Percent
| Radix auricularia 1 3.0
Valvata pulchella 1 3.0
Macoma baltica 1 3.0
Sphaerium sp. 1 3.0
Unio pictorum 1 3.0
U. tumidus 1 3.0
Anisus septemgyratus 2 6.1
Gyraulus crista f. cristatus 2 6.1
G. crista f. spinulosus 3 9.1
Mytilus edulis 3 0.1
Segmentina nitida 4 12.1
S. complanata 5 15.2
Gyraulus albus 5 15.2
Potamopyrgus jenkinsi 5 15.2
Theodoxus fluviatilis 6 18.2
Valvata cristata 7 21,2
Acroloxus lacustris 7 21,2
Succinea oblonga 7 21,2
Planorbarius corneus 8 24,2
Anodonta anatina 8 24,2
Anisus vortex 9 27.3
Viviparus viviparus 9 27.3
Dreissena polymorpha 11 33.3
Valvata piscinulis {. antiqua 12 36. 4
Bathyomphalus contortus 14 42.4
Physa fontinalis 15 45.5
Galba palustris 15 45.5
Lymnaea stagnalis 15 45.5
Planorbis planorbis 17 51.5
Bithynia tentaculata 18 54.5
Radix limosa 19 07,0

Individual species of molluscs in the lake varied in their range of distribu-
tion (Tab. III). The snail Radix limosa occurred at most of the stations under
study. The range of distribution of some other snail species: Bithynia tenta-
culata and Planorbis planorbis, was not much smaller. On the other hand some
of the species were found to occur at one station only, e.g. Macoma baltica,
Unio tumidus and U. pictorum. The number of mollusc species varied from

station to station (Fig. 2).
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Fig. 2. Total number of mollusc species at different stations in lake Lebsko in the
years 1963—1965

III. THE EFFECT OF SOME ECOLOGICAL FACTORS ON THE MOLLUSC FAUNA

An analysis was made of the relationship between the occurrence and
abundance dynamics of the molluscs in the lake littoral and the following
ecological factors: waves and currents, nature of lake bottom, amount of vegeta-
tion and salinity.

1. The effect of waves and currents

[Lake l.ebsko is characterized by strong waves and currents. The stations
here considered clearly vary in this respect. The strongest movement of water
was observed in the canals, at river mouths and in open areas; in areas sheltered
by a broad belt of emergent vegetation (e.g. stations 1, 2 and 29) the weakest
water movement was recorded. A similarly weak movement of water was seen
in bays protected by spits, and among piles and submerged tree branches (e.g.
station 11).

An increase in the water movement appeared to be followed by a decrease
of the number of species and of the size of mollusc populations (Fig. 3).
A similar relationship was reported by Sandner (1953) from his study on the
ecology of the leeches of lake L.ebsko. In his analysis of the factors limiting
the occurrence of freshwater organisms Macan (1961) also draws attention
to the considerable influence of water movement, while Klimowicz (1958)
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and 61{1 and (1964) have found that in areas with strong waves most often no
molluscs are found.
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Fig. 3. Relationship between the number of species and of individuals of molluscs in
lake f.ebsko littoral, and the movement of water
1 — number of species, 2 — number of individuals

It has been found that three of the snail species: Theodoxus fluviatilis,
Radix limosa and Potamopyrgus jenkinsi can live in areas with the strongest

water movement (Tab. IV)..Other authors (Hubendick 1947, Kaiser 1950
after Okland 1964, Mie gel 1958, Meier-Brook 1963 and Okland 1964)
have also reported 7. fluviatilis to be often found in regions with strong cur-
rents. Klimowicz (1958) found Potamopyrgus jenkinsi in habitats where the

currents were strong.
In lake t.ebsko in areas with a weak water movement most of the mollusc
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Occurrence of molluscs in different environments of lake L.ebsko
during the years 1963—1965

Water movement: a — weak, b — medium, ¢ ~— strong
Bo ttom: a — sand, b — slightly muddy, ¢ — thick mud-layer

V egetation: a — absent, b — emergent, ¢ — submergent (scarce), d — submergent (abundant)

Tab. IV
Water Bottom Vegetation Salinit
. movement A 4
Species + il e in S%o

alb|c|la|b|lc|a|b|c|d]| (fromto)

.Theodoxus fluviatilis 21 X 1N X x | x | 0.2-6.6
Viviparus viviparus Xt = %4 xndx X 0.2—-4.2
Valvata piscinalis f. antiqua 'l %4 x'tx 0.2-3.1
V. cristata x 31X X X 0.2-2,2
V. pulchella 'l x X X 0.2-1.5°
Potamopyrgus jenkinsi W g R B X X 0.2-6.4
Bithynia tentaculata . X | x x | x | 0.2—-6.2
Lymnaea stagnalis X1 % gl s x | x | x | 0.3-6.2
Radix auricularia X %l x | 0.9-2,2
R. limosa 8 e Ty M 45 O B BT 98 x | x | 0.2-7.6
Galba palustris - 34 W - X i x x | x [ 0.2-6.6
Physa fontinalis X 1% X x [ x | 0.2—-4.3
Acroloxus lacustris % | x X X 0.2-3.6
Planorbarius corneus &5 @8 X fin x | x | 0.2-3.2
Planorbis planorbis 0 18 518 855 x | x | 0.2-6.6
Anisus vortex i B X x | x | 0.2-2,5
A. septemgyratus X | x % x | x | 0.2-1.7
Bathyomphalus contortus I Bl X x | x | U.2-35.1
Gyraulus albus X1 x X X 0.2—-1.8
G. crista . cristatus 8 B X x | x | 0.2-1.4
G. crista f. spinulosus % X x |x | 0.2—-1.4
Segmentina nitida X [x X x | x | 0.8=2.1
S. complanata %] = X x 1x .| 0.8~82
Anodonta anatina x 1% %o o Ly 1.2-3.8
Dreissena polymorpha YRR E TR I YT XY I 1,2-3.8
Unio pictorum x ] x X X 0.9-3.8
Pisidium sp. - 3% I g o T 0.8-2.1
Sphaerium sp. - o {6 % | X X 1.4-2.8
Succinea oblonga % .1 X ¥ Ix X 1.3(—4.3

species occur and some of the snail species, e.g. Segmentina nitida, Gyraulus
crista and Valvate cristata, occur in no other environments. An unfavourable
effect of waves on the molluscs, and particularly on some snail species such
as Valvata cristata, Gyraulus crista and Bathyophalus contortus, has also
been described by Okland (1964).

Water movement affects the molluscs directly or indirectly. Its direct action
is mechanical — individuals of two mussel species, Anodonta anatina and
Dreissena polymorpha, were often seen being swept ashore (esPecially the
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northern shore of the lake) by waves. The indirect action of the water movement
on the molluscs is associated with its effect on other ecological factors, namely,
the lake bottom and salinity. Strong waves cause a displacement of sand, which
makes it difficult for the molluscs to move. Moreover, it creates adverse food
conditions owing to the continuous washing-away of organic particles and of
plant debris, and at the same time causing rapid variations in the salinity.
Waves also make the laying of eggs difficult. Observations on the adverse
effect of waves and currents on the movement and on the trophic conditions
of the molluscs agree with the studies by Zadin (1927 after Kiimowicz 1958)
and those by Klimowicz (1958).

In the brackish lake here discussed a clear effect of the movement of water
on the mollusc fauna is seen. In view of the hydrological nature of lake ¥.ebsko
the effect of the strength of water movement in it may play an important role
by controlling the occurrence and the numbers of the molluscs.

2. The role of the lake bottom

[.ake f.ebsko has a strongly diversified bottom. It appears to be covered
with mud in its central part and near the western and south-western shore,
whereas in the eastern, south-eastern and partly in the north-eastern off-shore
areas the bottom is mostly sandy.

[t has been widely recognised that the distribution of the mollusc fauna,
and of snails in particular, depends on the nature of the bottom (Z adin 1952,
Fromming 1956).

A closer study of the role of the bottom in the distribution of the mollusc
fauna has shown that these organisms avoid a sand bottom as well as a bottom
that is very muddy. They find optimum conditions on a medium-muddy bottom
(Fig. 4).

The nature of the bottom often depends on the force of the movement of
water and its effect on the mollusc fauna is associated with the abundance
of vegetation or salinity value. A sandy bottom as a rule is devoid of submer-
gent and floating vegetation and there is little plant debris on it; the adverse
effect of the bottom discussed on the mollusc fauna is probably reinforced by
a high salinity. Environments of this kind probably have not enough food for
the molluscs, and according to many authors food is the factor determining
the occurrence of molluscs (Schermer 1951 after Okland 1964, Fromm-
ing 1956, Dentham-Jutting 1959 after Okland 1964).

[light mollusc species were found to occur on sand bottom (Tab. IV). The
snail Potamopyrgus jenkinsi was reported by Zmudzinski (1957) to occur
on sand bottom, while for Bithynia tentaculata and Radix limosa the sand
bottom zones were probably only a place of their temporary presence.

The presence of the mussels Anodonta anatina and Dreissena polymorpha
on the bottom described above was most probably the result of their being
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Fig. 4. Relatlonshlp between the number of species and of individuals of molluscs

in lake Lebsko littoral, and the nature of lake bottom
1 — number of species, 2 — number of individuals

carried there by strong waves. However, some authors have reported the occur-
rence of Drei.ssena, polymorpka (Zmudziﬁski 1957, Wiktor 1960, Mikul-
ski and Gizidski 1961) and Anodonta anatina Mikulski and Gizinski
1961) on sand bottom.

It was observed that thick layers of mud, displaced by water motion, covered
the molluscs present there. An intense mineralization going on in the bottom
sediments may result in an oxygen deficiency. Klimowicz (1958) thinks
that a deficiency of oxygen may become the cause of molluscs elimination.
Mud particle motion makes the movement of molluscs difficult, while due to
the less abundant vegetation in very muddy zones unfavourable trophic con-
ditions are created. In those zones 11 mellusc species were found. The common
Viviparus viviparus and representatives of the family Planorbidae possess
a higher haemoglobin content than that found in other smnails. It is probably
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for this reason that they may live in areas with lower oxygen supplies. The
muddy habitats are otherwise populated chiefly by representatives of Pulmonata.
The presence of submerged branches of trees and piles makes it possible for
the molluscs to live in heavily muddied environments, where there is no vegeta-
tion. The branches probably serve as a solid substratum. In medium-muddied
areas all the mollusc species recorded for lake f.ebsko were present (Tab. IV).

In summing up it may be stated that the limiting effect of an unfavourable
substratum on the molluscs is most pronounced where there is a simultaneous
action of a high salinity, strong water movement and scarcity of vegetation.

3. The role of the abundance of vegetation

Liake f.ebsko has a diverse and unevenly distributed flora. Amongst emer- -
gent vegetation water reed (Phragmites communis Trin.) prevails; other abundant
plants are: Schoenoplectus lacustris Palla, rush (Juncus inflexus L.) and
sweet flag (Acorus calamus L..). Amongst the submergent vegetation in the
eastern part of the lake and in the canal a clear predominance of Potamogeton
lucens L., Potamogeton pectinatus L. and Enteromorpha sp. is seen. In the
north-western, western and south-western offshore zones of the lake Stratiotes
aloides L.. and Nuphar luteum L.. occur abundantly.

A large proportion of the mollusc species of the littoral zones is closely
connected with the submergent and floating vegetation. Snails may feed directly
on the higher plants and on both the periphyton, that covers them, and the
debris deposited on them (Fromming 1956, Gaevskaja 1966). For some
species this vegetation serves as a substratum (Stanczykowska 1960a,
Mikulski and Karassowska 1960, Okland 1964) and it checks the
action of the waves (Okland 1064).

The above findings explain the distinct relationship between the amount
of vegetation and the mollusc fauna, found in lake Lebsko (Fig. 5).Some snails
species occurred exclusively on plants e.g. Acroloxus lacustris, Gyraulus
crista and Valvata cristata. The relationship between the occurrence of snails
and the amount of vegetation is to some extent trophical in nature.

In areas where there is no vegetation snails occur in very small numbers
(Fig. 5). In those areas also unfavourable conditions were observed with regard
to food supplies, waves and nature of bottom.

The largest populations of molluscs are found in habitats with abundant
vegetation. In these habitats the numbers of individuals and the nuinber of
mollusc species are almost twice as large as in the areas where vegetation is
scarce, This relationship is most marked during summer. Okland (1964) found
some mollusc species (Acroloxus lacustris, Valvata cristata and Segmentina
complanata) to be more abundant in environments rich in vegetation. A similar
relationship has also been reported by Frommin g (1956). |

As some of the snail species live on specific plant species, the influence
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of vegetation on the number of Gastropoda species was more pronounced. This
is confirmed by the studies carried out by Mikulski and Karassowska

(1960), and by Stan czykowska (1960a).
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Fig. 5. Relationship between the number of species and of individuals of molluscs in

lake F.ebsko littoral, and the abundance of vegetation
1 — number of species, 2 — number of individuals

On submergent vegetation molluscs form larger populations and occur in
large number of species than on floating vegetation (Mikulski and Kargs-
sowska 1960). In lake f.ebsko the most abundant snail fauna was observed
in habitats with Stratiotes aloides L., Nuphar luteum L.. and Enteromorpha sp.
This probably resulted from the fact that both Stratiotes aloides L.. and Nuphar
luteum L. grew in environments where currents where weak and the salinity
was not very high. On plant species such as Batrachium aquatile L., Myrio-
phyllum spicatum L., Flodea canadensis Rich., Potamogeton sp. and Cerato-
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phyllum demersum L.. the snail fauna appeared to be less abundant. The above
results do not entirely agree with the data reported by Mikulski and K a-
rassowska (1960) or those by Stan czykowska (1960a). These authors
found abundant snail fauna on Ceratophyllum demersum L., Myriophyllum spi-
catum L.. and Potamogeton sp. in freshwater habitats. This was probably con-
nected with the bottom being more suitable for the snails, and with weak current
of water in those habitats.

In environments with abundant emergent vegetation large populations of
snails occurred, but usually no snails were seen on the submerged parts of the
emergent plants which occurred there in very large numbers. The only species
that were sporadically found on Phragmites communis Trin. stems were
Lymnaea stagnalis and Succinea oblonga. The occurrence of snails on sub-
merged parts of emergent vegetation has seldom been reported. Okland (1964)
found the snail Acroloxus lacustris to occur on Scirpus lacustris L., while
Berg (1938) observed the presence of the snail Radix limosa on Phragmites
communis lrin.

Some snail species occurred in areas with very scarce vegetation, e.g.
Potamopyrgus jenkinsi, Bithynia tentaculata, Radix limosa, Planorbis pla-
norbis and Galba palustris. According to Stanczykowska (1964) some
authors regard Bithynia tentaculata to be a typically benthonic species. Kli-
mowicz (1958) has described large groups of the snail Potamopyrgus jenkinsi
in the offshore mud zone not covered with vegetation. Radix limosa, Planorbis
planorbis, Galba palustris and Bithynia tentaculata, widely spread in lake
Y.ebsko, are known for their ability to utilize diverse food (Zadin 1952,
Schafer 1953, Cichon-Lukanina 1958). |

It may be concluded that there is a distinct influence of vegetation on the
distribution and abundance of the molluscs under study.

4, The eftect of salinity

The content of salt in the water over the greater part of lake l.ebsko is
much higher than that found in fresh waters. The distribution of salinity in the
lake and in the f.eba river-canal varies in space and time. At stations located
in areas nearest to the sea salinity appears to be the highest (Tab. II), e.g.
stations 1, 2 and 33, and shows the greatest variations, for instance from 0.8 to
7.8 S%o. The lowest values of salinity and its smallest variation in time were
recorded for stations situated in the southern and south-western parts of the
lake, e.g. stations 8, 10 and 11. Zonation of salinity was not always observable.
For some zones over lake f.ebsko Sandner (1953) and Guttowa (1956)
reporied a higher salinity than that determined during the present research.

In his study on the distribution of freshwater molluscs in the coastal lagoon
of Vistula (Zalew Wislany) Klimowicz (1958) has found that this depends

primarily on salinity. According to Remane and Schlieper (1958) for the
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freshwater organisms living in brackish water the critical salinity is
3—5 So.

On the other hand, it has been found, both under experimental conditions
and in the natural habitats, that freshwater molluscs can live in waters with
a higher salinity than the maximum salinity in lake Y.ebsko which exceeds the
salinity value critical for freshwater organisms (Gresens 1928, Schlesch
1938, LLindberg 1948, Boettger 1950, Jaeckel 1960, Klekowski 1963).

In lake t.ebsko the influence of salinity on the occurrence of molluscs is
less distinct than that of the above discussed factors (Fig. 6).
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Fig. 6. Relationship between the number of species and of individuals of molluscs in

lake L.ebsko littoral, and the salinity of the water
1 — number of species, 2 — number of individuals

In certain cases the following factors may have a stronger eliminating
effect than that of salinity: fast flow water, unsuitable substratum, absence
of submergent or floating vegetation. Molluscs were, for instance, found to be
absent nearly from the whole part of the f.eba river-canal before the Leba
harbour, whereas at station 1, where the salinity was higher, 7 freshwater
mollusc species occurred.

Likewise, data from other environments with high salinity values (e.g.
stations 2, 28, 29 and 31) support the supposition that ecological factors other
than salinity play an important role. In areas exposed to waves or strohg
currents, and with a diversified bottom and vegetation the mollusc fauna
clearly varied in respect of both the number of species and the number of
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individuals. In this case the important factor was not salinity but the amount
of vegetation and the nature of the bottom. In environments with no shelter to
check waves, and with a sand bottom or one that was heavily muddied and
devoid of vegetation molluscs were very rare, while in the nearby habitats (at
a distance of no more than 10 m), with the same salinity, they appeared to be
represented by from 5 to 8 snail species (e.g. areas close to stations 1, 2
28 and 29). Moreover, the distribution of individual freshwater mollusc species
in the zones with different salinity over lake Lebsko does not always cor-
respond with their tolerance of salinity (e.g. Theodoxus fluviatilis, Viviparus
viviparus, Acroloxus lacustris, Segmentina complanata and Anodonta anatina).
A limited distribution of species characterized by a high tolerance with regard
to salinity may result from the action of some factors other than salinity.

The results obtained from the present study on the distribution of molluscs
in the brackish lake f.ebsko do not fully correspond with the statement
published by Remane (1934 after Remane and Schlieper 1958) that in
waters with a salinity of 3—5 5%c a rapid elimination of freshwater fauna takes
place. It was found for instance, that in environments where the salinity
attained the value of up to 5 S%. the abundance of molluscs was not much
smaller than in areas with a lower salinity (Fig. 6). At stations with a higher
salinity the mollusc fauna was represented by a smaller numbér of species
forming there populations of smaller size, but although this had no doubt been
to some extent the result of the higher salinity, it is necessary to take into
account the general characteristic of these habitats. They are characterized
by strong waves (stations 27, 32 and 33), sand bottom (stations 31, 32 and 33)
and by scarcity or absence of submergent vegetation (stations 27, 31, 32 and
33). The adverse effects of these factors has been discussed above. It may,
therefore, be presumed that the elimination of the molluscs at stations with
a salinity value above 5 S%. was caused by the adverse conditions of the
environment in general. The knowledge of the tolerance of molluscs with regard
to salinity and its variations would make it easier to find the ultimate explana-
‘tion of the above problem.

in the f.eba river-canal two marine mussel species were found: Mytilus
edulis, and Macoma baltica. The entrance of marine mussels to environments
with rather a low salinity has often been reported (Demel 1951, iadin 1952,
Mulieki 1957, Zmudzinski 1957, 1967, Klimowicz 1958, Wiktor 1960,
1962, Hunter-Hussel 1961, Jazdzewski 1962). It seems that in the
case here considered the mussels had been carried over to the f.eba river-canal.

[n the literature there are reports describing the dwarfing phenomenon among
both the marine molluscs living in freshened zones (Zadin 1952, Zienkie-
wicz 1959, Demel 1962) and the freshwater molluscs found in brackish
waters (Raabe 1956, Klimowicz 1958). Dwarfed individuals of Radix limosa
were found in the f.eba river-canal. It should be considered that the cause of
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this process is also the ecologically unfavourable conditions in general, and
not only, as generally assumed, the high salinity. A similar view has been
published by Raabe (1956). The above assumption is supported also by the
occurrence of dwarfed individuals of Planorbis planorbis in areas with a low
salinity (near station 6).

Fragments of shells of the marine mussels Mya arenaria and Cardium lamar-
cki were also found in lake l.ebsko (over a large area). These had no doubt
been carried over from the sea to the lake. Klimowicz (1958) also observed
Cardium lamarcki shells being carried to the Vistula coastal lagoon from the
sea, |

Mussels are characteristically less tolerant of higher salinity than are the
snails, The above finding has been described by Klimowicz (1958) and
Wiktor (1960).

Snail species such as Radix limosa, Potamopyrgus jenkinsi, Theodoxus
fluviatilis and Bithynia tentaculata appeared to occur at stations with a salinity
above 5.5 S%. (Tab. IV), whereas the following: Gyraulus albus, Segmentina
complanata and Valvata cristata were found at stations where the salinity
was low.,

Some of the snail species known to occur in lake Lebsko are also found
in the Baltic. They are: Radix limosa, Theodoxus fluviatilis and Potamopyrgus
jenkins{ (Demel 1927, 1935, Bursa, Wojtusiak K. and Wojtusiak R. J.
1947, Zmudzinski 1961). Zadin (1952) and Zienkiewi cz (1959) have
also reported the occurrence of some snail species in more freshened regions
of the Baltic sea (e.g. Viviparus viviparus, Bithynia tentaculata, Planorbis sp.
and Lymnaeidae). The presence of some freshwater snail species in brackish
waters was observed also by: Wiktor (1962) in the coastal lagoon of Szczecin,
Zmudzihski (1957, 1967) — in the Vistula coastal lagoon, and Jazdze w-
ski (1962) — in the Bay of Puck. |

Although many authors have found that salinity plays a significant role in
the distribution of the freshwater fauna (Remane 1934 after Remane and
Schlieper 1958, Sandner 1953, Guttowa 1956, Tasjunas 1959, Ma-
can 1961, Hartog 1963, Kinne 1964a, 1964b), in lake fL.ebsko in many
cases salinity was not the most important factor eliminating freshwater mollusc
fauna. It may be presumed that in this lake the elimination and the abundance
dynamics of the molluscs are shaped by several factors; the action of the
particular factors may vary.

IV. QUANTITATIVE AND QUALITATIVE VARIATIONS OF THE MOLLUSC FAUNA

A strongly marked regularity of,the mollusc fauna in lake l.ebsko is its
quantitative and qualitative variation in time and space (Fig. 7 and 8). The
cause of this variability is first of all the complex interaction of many variable
ecological factors, and sometimes also the action of some chance factors.
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At some stations the variations in the number of species came up to 12
species (stations 12 and 14) (Fig. 7). Variations in the number of individuals
were also considerable (Fig. 8). ,

A considerable variation in time too was evident (Fig. 9 and 10). The
largest numbers of species and of individuals in populations were recorded
during summer, and the lowest in winter. At individual stations the species
varied with the seasons. The number of species and of individuals also varied

rom year to year.
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Moreover, during the 3 year period the particular stations varied from year
to year with regard to dominant species. An exception was station 1 and 11
where one and the same.species, Radix limosa, remained the dominant species
throughout this period. During the summer of 1963 a clear predominance of
Radix limosa and Bithynia tentaculata was seen. Lymnaea stagnalis, Physa
fontinalis and Planorbis planorbis were also found in large numbers. In the
autumn of 1964 the most abundant species was Radix limosa and then: Bithynia
tentaculata, Planorbis planorbis, Physa fontinalis and Galba palustris. In the
spring of 1965 the numerical dominance belonged to Bithynia tentaculata. The
less abundant species were: Radix limosa, Galba palustris, Planorbis planorbis
and Physa fontinalis. In the autumn of 1965 the numerical dominance was taken
over by Radix limosa, while Physa fontinalis, Galba palustris, Bithynia tenta-
culata and Acroloxus lacustris were quite abundant, too.

- The cause of the spatial variation of the mollusc fauna must lie in the
environmental conditions which are different in each area of the lake and the
f.eba river-canal. The seasonal variation of the mollusc fauna is no doubt
connected with the phenological phenomena (spring and summer are the breeding
seasons, while in the autumn most mollusc species migrate into the deeper
portions of the lake), Migratory behaviour amongst molluscs has been described
by: Berg (1938), Zadin (1952), Hunter-Russel (1953), Stah czyko w-
ska (1959, 1960b) and Drozdowski (1961), among others.

A characteristic feature of lake f.ebsko is the strong action of the winds.
Winds cause rapid changes in salinity, in bottom and also a dislodgement of
shore fragments, vegetation, tree branches, rhizomes, piles and the like. The
irregular changes in the distribution and abundance of the molluscs are often
associated with chance factors. During the summer of 1965, for instance, no
molluscs were found at station 1. Simultaneously, large quantities of oil and
lubricants were seen covering the water surface within this station for 7 days,
In the autumn of 1964 and in the spring of 1965 an absence of molluscs at
station 14 .was recorded. This resulted from the large amount of mud brought
there by waves. In the autumn of 1964 and in the summer of 1965, simultaneous
with the sand dune slide into the lake at station 5 a migration of the molluscs
could be seen. A proportion of the fauna was then covered by sand. In the
summer of 1965 reed rhizomes with large numbers of snails (Theodoxus fluvia-
tilis) on them were brought to station 29 by currents. Many more examples could
be described.

Variable distribution and abundance of the mollusc fauna has been reported
by many authors (Berg 1938, Feliksiak 1938, Hunter-Russel 1953,
1961, Zmudziﬁslg_i 1957, Stanczykowska 1959, 1960b, Bakker 1959,
Tasjunas 1959, Okland 1964). In lake f.ebsko this variation appears to be
greater than has been described by these authors. It may be presumed that the
cause is, among other things, the more rapidly changing ecological factors of
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the habitat, which have a stroug effect on the molluscs. The great variability
of the fauna in lake Lebsko has also been emphasized by Guttowa (1956).

In his description of the ecology of brackish waters Odum (1963) has
stated that their basic feature is a great variability. The above described varia-
tion in the distribution and abundance of the molluscs, for which there is
sometimes no causative explanation, seems to be a specific feature of the
mollusc fauna of lake f.ebsko.

V. SUMMARY

1) In the brackish lake f.ebsko 31 mollusc species were found, the fresh-
water forms showing a clear predominance (94%);

2) The abundance and the distribution of the mollusc fauna depend én the
joint action of the ecological factors;

a) the least tavourable conditions for molluscs are found in areas with
sand bottom, with no vegetation, and subject to waves of considerable force
and rapid currents (molluscs occur there sporadically or by chance only);

b) the most suitable conditions exist in environments with medium-muddied
bottom, abundant vegetation, and where the waves and currents are not strong
(the most abundant mollusc populations are found there; maximum number of
species — 17, and of individuals — 900/m?);

3) In lake Lebsko salinity is not the most important factor limiting the
occurrence of freshwater molluscs;

4) A specific feature of the distribution and abundance dynamics of the
mollusc fauna in lake l.ebsko is the great variation in time and space, the
number of species and of individuals in populations vary from environment to
environment, from season to season and from year to year (maximum variation
in time — up to 13 species and 800 individuals per 1 m? maximum variation in
space — up to 1% species and 900 individuals per 1 m?).

Cordial thanks are due to Profe Dre Z: Raabe and Prof. Dr. K. Petrusewicz for making
it possible for me to carry out this study, also to Dr. E. Pieczyﬁska for her patience,
help and comments.
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WYBRANE ZAGADNIENIA EKOLOGII MlECZAKéW (MOLLUSCA)
SEONAWEGO JEZIORA LEBSKO

Streszczenie

Analizowano rozmieszczenie i dynamike liczebnosci mieczakéw w powigzaniu
ze zmiennoscig wybranych czynnikow srodowiska. Teremem pracy bylo sionawe jezioro
fF.ebsko (zasolenie we wschodniej czesci zbiornika moze przekraczaé¢ 7 S%o), ktdre
jest plytkim, polimiktycznym, w znacznym stopniu zeutrofizowanym zbiornikiem o bardzo
silnym falowaniu i zréZnicowanym podlozu (od piaszczystego do mulistego). Zbiornik
laczy sie z Morzem Baltyckim kanalem—rzekg Lebsg, przez ktory nastepujg wlewy wod
morskich. Material zbierano z 33 stanowisk (gtéwnie litoralnych) w latach 1963—1966
(fig. 1). Stanowiska charakteryzowaly si¢ roZnorodnoscig i zmiennoscig rodzaju podloza,
ilodci roslinnosdci, falowania i pradéw, zasolenia oraz glebokoséci (tab. II). Material
zbierano aparatem Ekmana (532 préby), ramkg ilosciowg (737 prob) i dragg (66 prob).
Poza tym przeprowadzono analizy wody na zasolenie.

Badano zaleznosci miedzy wystepowaniem i dynamikg liczebnoéci mieczakow
a nastepujgcymi czynnikami ekologicznymi: falowaniem i pragdami wody, charakterem
podioza, iloscig roélinnodci i zasoleniem. Zwrécono réwniez uwage na ilosciowg i ja-
kosciowg zmiennosé mieczakow w czasie i przestrzeni. Jest ona nastgpstwem ztozonych
procesow wspdldzialania wielu czynnikéw ekologicznych i ich zmiennosci, a niekiedy
rowniez dzialania czynnikow przypadkowych.

W badanym slonawym zbiorniku stwierdzono 31 gatunkow migczakéow (w tym 8 ga-
tunkéw malzy i 23 gatunki slimakow), wsrdd ktdrych zdecydowang przewage mialy
gatunki stodkowodne (94%).

Stwierdzono wyrazny wplyw na wystepowanie i dynamike liczebnosci migczakow
litoralu nastepujacych czynnikéw: intensywnosci ruchu wody, charakteru podfoza i ilosci
roslinnosci (fig. 3-5).

Najmniej sprzyjajgce warunki dla migeczakow w jeziorze Lebsko obserwuje sig
w drodowiskach o podfozu piaszczystym, bez rodlinnosci, eksponowanych na bardzo
silne falowanie lub gwahowne prgdy wody (mieczaki wystepujg w nich sporadycznie
i przypadkowo). Najdogodniejsze warunki panujg w srodowiskach o podiozu sSrednio
zamulonym, z duzg iloScig roslinnogci, o stabym pradzie lub falowaniu (migczaki wystg-
puja w nich najliczniej, maksymalnie 17 gatunkéow i 900 osobnikéw/m?). Stwierdzono,
ze zasolenie nie jest decydujgcym czynnikiem ograniczajgcym wystepowanie migczakow
sfodkowodnych w tym jeziorze (fig. 6).



[ 25] Migcz aki stonawego jeziora Lebsko 753

Specyficzna cechg rozprzestrzenienia i dynamiki liczebnosci fauny migczakow
jeziora fL.ebsko jest bardzo silna zmiennosc w czasie i w przestrzeni (fig. 7—10). Wyraza
sie ona zmianami liczby gatunkow i liczebnosci osobnikow w réznych srodowiskach,
w roznych sezonach i latach (maksimum zmiennosci w czasie: do 13 gatunkdw i 800 osob-
nikow/m?, maksimum zmiennosci w’ przestrzeni: do 17 gatunkow oraz 900 osobnikow/m?).
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