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ABSTRACT : The occurrence of molluscs in 5 lakes joined
by the r. Jorka has been investigated. In all lakes the
mussel Dreissena polymorpha dominated. This species varied
greatly in particular lakes. D. polymorpha varied both as
regards individual characters (size, she and body weight,
growth) and population characters (numbers of planktonic
larvae and settled individuals, range of distribution, bio-
mass, age structure)
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1. INTRODUCTION

Among molluscs, in the littoral of the majority of Masurian
lakes, the mussel Dreissena polymorpha is an obvious dominant. Pre-

liminary investigations also show that it is also the most fre=
quently found mollusc in the r. Jorka watershed. Therefore, the
population of D. polymorpha (larvae and adult individuals)hasbeen
analysed first of all, and problems concerning other molluscs in

lesser detail,

The aim here has been the comparison of species composition
and occurrence of molluscs, as well as the density, distribution,
biomass, age structure of the population and growth of D. poly-

morpha in particular lakes of the r. Jorka watershed. All this

in order to indicate which characters of D, polymorpha compared

may reflect the distinct trophic character of examined sequence
of lakes.

2+ AREA AND METHODS

The studies were conducted in five lakes being a chain system
linked by a small watercourse - the r. Jorka (about 12 km long)
falling into Lake Talty (the system of Great Masurian Lakes, Ma-
surian Lakeland, Poland). These are the following lakes (in the
order of water runoff): Majcz Wielki (area - 1.74 kmz.max.depth -
16 .4 m, mean depth - 6.0 m), Inulec (area - 1.63 kmz, maX. depth =
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10.1 m, mean depth = 4.6 m), Giebokie (area = 0.46 kmz, max. depth

- 34.3 m, mean depth = 11.8 m), Zeiwazek (area = 0.12 kmz, max.

depth = 7.4 m, mean depth = 3.7 m ) and Jorzec (area = 9.41 kmz,max.

depth = 11.6 m, mean depth « 5.5 m). More detailed limnological ine
formation about these lakes can be found in the paper by P 1 a n=

Gl Pyl g wie g 2T el Ny gieta ¢rit10a3).

Lake Majcz Wielki, situated the highest in the watershed ex-
amined, is of a mesotrophic character (mostly forest watershed,
lack of more significant pollution). Remaining lakes are in the
agricultural part of the watershed and receive numerous seasonal
aond pernanent watercourses, including a number of highly polluted
onege{H L T Ihbirtioh £« 1Y Re weéek asvsde 2 v 8 k a
and Pl i@ g e 1931, L ogiw s c2liE Kk oW 8K T Yand
Tomaszewskdi 1981), The highest P 1loading rate -
1.27 g +m~2 « yp~d '
cage culture (P e nc z ak et al., - in press). ShallowLake Inu-
lec is the most eutrophic as well as the lowest situated Lalke Jo-

- is in Giebokie Lake with the rainbow trout

rzec, polluted by permanent Tarm watercourse.

The nolluscs in these lakes were studied in the years 1976~
~1979. The intensity of studies varied according to particular la-
kes .

The occurrcnce of molluscs was estimated by taking samples in
the littoral of cach lake =~ in lalies llajcz Wielki and Inulec on
10 sites, in Giebokie Lalte on C sites, in Lake ZeZwaek on &sites
and in Lake Jorzec on 8 sites. On each site, samples were taken
at three depths: 30-50 cm, 2 m and 4 m. In shallow places the oc~
currence of molluscs was estimated using a O.25_m2 frame limiting
the surface area, and the molluscs were picked'by nand. At great-
er deptins the samples were taken by means of a bottom dredge drawn
wehina the boat on a deternined surface area of the bottom, thus
allowing to obtain quantitative data (Lewandows ki and
. Stanrczykowska 1975), Several tons of qualitative
sanples of molluscs living on plants were taken additionally in
1979.

In order to obtain more precise data on the distribution of D.
Eplymorpha in tnree of the lakes examined, i.e., Giebokie, Zeliwa=

<ek and Jdorzec, diver carried out underwater studies in 1976. On
eacn site samples were taken cvery 1 m down to the depth, where
D. polymorpha no longer occurred, i.e., at 6=7 m. D. polymorpha
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was hand picked by diver from the surface area of the bottom, lin-
ited by the frame (0.25'm2), and placed 3 times at random at cacn
depth examined.,

The occurrence of larvae of D. polymorpha was analysedin all
5 lakes in 1976, in three lakes (Majcz Wielki, Giebokie, Jorzec)
in 1977, and only in Lake Majcz Wielki in 1978. In 1976, sanmples
were taken every fortnight between April and November, in four
lakes from two pelagic sites, and in Lake ZeiwaZzek from one pelag-
ic site only. Samples were taken in the epi-, meta~ and hypolimnion,
and additionally in lakes: Majcz Wielki, Inulec, Jorzec = in the
littoral above the shoals of adult D. polymorpha. In each of the
three lakes examined, in 1977 and in 1978, the number of sites in-
creased to four: two similarly as in 1976 in the pelagial,and two
- in the littoral. Samples were taken only from the epilimnion,
but more frequently than in the first year of investigations, i.e.,
every 4-6 days between June and the end of September.In all years
the 5=litre Bernatowicz sampler was used. The water samples taken
every metre were poured through the plankton net.

The planktonic larvae and bottom animals, were prepgred (dried,

weighed, measured, etc.) according to methods described by S t a-
nczykowska (1977).

3. RESULTS

3.1. Conposition and species differentiation
of molluscs

The épecies composition of molluscs occurfing in five _1akes
examined of the r. Jorka watershed was basically sinilar (TableI).
The differences in species composition were frequently greater with-
in one lake, i.e., on various sites, than when comparing parti-
cular lakes. This concerned especially the molluscs living on
plants, connected with specific types of macrophyte ‘comnunities,
frequently unevenly distrivbuted in the lake, or with specific depth
" or character of the botton.,

Also the estimated numbers of particular mollusc species in
five lakes examined did not show greater differences (Table 1I).

Do polymorphg_distinctly dominated in all lakes. Also abundant



Biotic structure and processes in a lake system

765

Table I. Occurrence of molluscs in lakes of ther. Jorka watershed
+++ - very frequent, ++ - frequent, + - rare, - - no occurrence

Gigbo-|Zeiwa-

Taxons. 2?22:1 Inulec kie hoate Jorzec
e
Prosobranchia
Theodoxus fluviatilis (L.) ++ + PR N, +
Viviparus viviﬁ;rJ;~(L.) + > + - : +
Valvata cristata 0. F.

Mall. + - + + +
V. pulchella Studer st R + + -
V. piscinalis O. F. Mull, I ++ ++ + 4 +
Lithoglyphus naticoides '

C. P?;iffer | + - A - . +
Bithynia tentaculata Eh.) 1 #»e +++ ++ + 4 ++
8. 133&51 (Sheppard ) | + + + + +

Pulmonata |
Physa fontinalis (L.) + + + + +
Lymnaea stagnalis (L.) + + + + +
L. peregra (L.)-_ + - + - +
ks o auric;iaria (L.) | +4 + + & +
L. corvus (Gmelin) = Gal-

ba palustris O, F., MUll.| = + - - e
Planorbis carinatus 0. F.

Mull. o ++ +
Anisus vortex (L.) ++ ++ +
Gyraulus albus (O. F.

MGll.) + ++ +4
Armiger crista (L.) + + +
Planb;géri;s EBrneus e + + +
Ancylus fluviatilis O, F,. |
~ Mull. + TR
Acroloxus lacustris (L.) + + +

Bivalvia
Dreissena polymorpha

(Pall.) - +++ +4+ +++
.ﬂpoqpnta piscinalis Nils. 4+ + o
A. cygnea (L.) - - »
Pseudoanodonta complanata

.Zeiglar - - -

Unio tumidus Retz, + + +
U. pictorum (L.) + - +
Sphaeriidae ++ ++ +4
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were: Bithynia tentaculata, Valvata piscinalis, Theodoxus fluvia-

tilis and species of the genus Sphaerium,

3.2. Populations of Dreissena polymorpha in lakes

examined

32000 oM reanics angd. -8 D806 3N amics
0% K B8NS 8

The numbers of larvae in lakes examined ranged from few to
below 20 individuals per 1 litre of water. Only in Lake Majcz Wie-~
lki the numbers were high; in 1976 and 1978 the density of larvae
there was several times higher than in other lakes ( Fig. 1).

210 1977

Pelagial
.......... Littora/

Fig. 1. Number dynamics of larvae of D. polymorpha in the epilimnion
of lakes of the r. Jorka watershed

The occurrence of larvae in lakes of the r. Jorka watershed
was observed in the pelagic zone (in the epilimnion ) and in the
littoral. The numbers of larvae in the littoral zone in the water
above shoals of adult mussels were usually higher than in the zore
of open water. For example, in parallel samples, at maximal num-
bers of larvae, it was recorded:
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in Lake Majcz Wielki: in the littoral - 210 individuals in 1 1

in the pelagial - 150 ¥
in Giegbokie Lake: in the littoral =- 6 g

L L

in the pelagial - 4
in Lake Jorzec: in the littoral - 15 5
in the pelagial = 2 =

The larvae in the zone above the shoals were usually younger

(smaller) than in the pelagial (Fig. 2). For example, in Lake

()
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Fig. 2. Size distribution of larvae of D. polymorpha in lakes ex-
amined ( June-August 1§;75

Majcz Wielki and in Gigbokie Lake larvae 80 um long were found in
the littoral, whereas they did not occur in the pelagial. In the
first lake they were even 20% of all larvae. In Lake Jorzec, in
both environments, the youngest larvae were similar in size(gofum),
but they were about 50% in the littoral and only 30% of alllarvae
in the pelagial.

Larvae in lakes examined usually appeared at the end of June
and occurred to the first days of September, i.e., they occurred
about 2.5 months in the plankton (Fig. 1). The maximal numbers of
larvae were recorded usually in July. The appearanceof larvae and
their number dynamics were due to a great extent to the tempera-
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ture of water. The reproduction of D. polymorpha usually begins

at water temperature 1500 CK .8 S anowv.a 1965, G a 1 p e r i-

na and Livia'v o « e & 8 nowva 1972, W a l 2z 241973 ana

others). In lakes examined the temperature rise was usually ac-
companied by an increase in the numbers of larvae, whereas the
temperature drop - by a decrease in the numbers of larvae or their
dicappearance. In Lake Majcz Wielki successive cohorts of larvae
appeared parallely to changes in water temperature ( Fig. 3).

¢
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Fig. 3. Occurrence of larvae of D. polymorpha in the littoral of
Lake Majcz Wielki depending on water temperature

RLP .2y Q8.0 60068 -..0.35 A4 LIiA ALV ES AN S

Average numbers of D. polymorpha in the zone of occurrence in
lakes examined were 100-500 ind. per 1 ﬁz of bottom surface area
(Table II). Only in few cases the maximal numbers reached 15 thous.
In Lake Majcz Wielki maximal values were the highest, and in Lake

Jorzec -~ the lowest, i.e., about 800 ind, ° m-z. Thus the average

and maximal numbers of D. polymorpha decreased gradually in the

sequence of lakes examined - being the highest in Lake Majcz Wiel-

ki and the lowest in Lake Jorzec.
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. Table II. Mean numbers and biomass (dry body and shell weight)
of D. polymorpha in the zone of occurrence in lakes of the r.

Jorka watershed

i | :

Elements Majcz . :

compared Wielki Inulec Gleboklg Zeiwazek |Jorzec

: — t p——,
Numbers (ind. - i ) i510 400 280 175 130
Biomass (dry body wt) i

(g id ™) | 12.0 6.71 5.0 5.5 7.0
Shell weight (g - m~2)|139.7 | 85.0| 63.8 77.1  |124.2
| | .

The range of occurrence in the littoral was also uneven in par-

ticular lakes: D. polymorpha occurred the deepest in Lake Majcz
Wielki - down to 7 m, the shal- Sl
lowest - in lakes Zeiwgzek and

1600

Jorzec (Fig. 4). Its greatest | .
~density was at the depth between w0l Majcz Wielki
2 and 4 m, whereas in lakes ex=- b
amined the maximum of occurrence prv i e .
in that range was either shal~ i
lower or deeper. 400

A detailed analysis of the b
horizontal distribution of D. 0 [_1_, il
Pol_ymorpha on various sites, f‘}éwﬁi | Seakid
within particular lakes, showed < |
a high variability ( Figs. 5-=7). %400 B
Differences in the horizontal E s [:J |
distribution within particular 53027 L | Glebokie

lakes were connected with the b

differentiation of environmental 400

conditions in various parts of ™ I_1—-|

lakes. Thus it was found that 4&;.

the period when planktonic lar- r Zelwazek

vae settle on the permanent sub- p 3 I I |

strate was the most significant 400 i

Fig. 4. Occurrence of D. poly- g\ FJ—]_F:’ —

: | | |
morpha at various depths in la- RS i g S B Qe
es of the r. Jorka watershed Depth (m)
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Fig. 5. Distribution of D. polymorpha in Gzg¢bokic Lake

moment as regards the numbers of D. polymorpha population(S t & -

czykowska 1977, S tanh ¢ z2ylk-owuwslkia and lewain-
d owe ki 1980, L.ewandow sk &.::41982);

In three lakes of the r. Jorka watershed (Gigbokie, Zeiwazek
and Jorzec ) the density of D. polymorpha on particular sites was

analysed from the point of the influence of wind direction and
flow of the r. Jorka (water current) through these lakes. A dis-
tinct effect of these factors was observed unly in Lake Zeiwazck
having a relatively uncomplicated shore line and a small surface
area. The greatest density of D. polymorpha was recorded on sites
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Fig. 6. Distribution of D. polymorpha in Lake Zeiwazek

on the eastern side of the lake, greatly affected by the flow and
prevailing western winds, which could have been responsible for
mass. transport of larvae to these places. In lakes Gigebokie and
Jorzec, bigger and having more complex morphometry, the influence
of these factors (water current, wind) wes less visible. A rela-
tively weak current of the r. Jorka in these two lakes did not
affect the distribution of D, polymorpﬁi, and some differences in
the density were rather connected with the kind of substrate in
the littoral (vegetation, character of the bottom, slope). For
example, small numbers or total lack of D. polymorpha in inlet and
outlet parts of Lake Jorzec were due to extremely marshy character

or silting of these zones, thus making difficult or impossible the
settling of postveligers (RAg T |

Such detailed investigations (with the participation of di-
ver ) of factors conditioning the horizontal distribution of set-
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Fig. 7. Distribution ot D. polymorpha in Lake Jora. .

tled D. polymorpha, were not carried out in the two biggest and
most differentiated lakes of this system, i.e., in lakes Majcz
"Wielki and Inulec. This was because a clear picture of correla-

tions was not expected.
The biomass of D. polymorpha as related to surface area unit

of the bottom did not always correspond to the differences in num-
bers among lakes examined. The highest biomass was rccorded in La-
ke Majcz Wielki, where the numbers were the highest, but also high
values were recorded in Lake Jorzec at the lowest numbers(Table II ).
Comparison of size and the weight of shells and body of D.

polymorpha of corresponding age classes in lakes examined showed
considerable differences in these values in Lake Jorzec as compar-
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Fig. 8. Length of D. polymorpha shell according to age, in lakes
of the r. Jorka watershed

ed with other lakes of the r. Jorka watershed (Figs. 8-10). The
mussels in Lake Jorzec were much greater and heavier than in re=
maining lakes. They also had a different rusty-red colour of shells.

Differences in biomass of mussels per surface area unit of
“bottom in particular lakes were not only due to their different
size and weight, but to quite different age structure of D. po-

lymorpha in particular lakes (Fig. 11). In 1977, in Lake 'Majcz

Wielki, the population consisted of more than 50% of one year old
individuals, which covered hardly few per cent in remaining lakes.
At the same time, in Gig¢bokie Lake, most numerous were 3 vyears
old mussels, and in lakes Jorzec and Zeiwazek - 4 years old ones.

The above data distinctly point to an individual character
of D. polymorpha population in each lake examined of the r. Jorka

watershed. Because of the morphological differences of these lakes
the possibilities of distribution of mussels were different in each
lake. In each lake a different per cent of bottom surface was
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Fig. 9. Weight of dry shell of D. polymorpha according to age, in
lakes of the r. Jorka watershed
For explanations see Figure 8

Table III. Comparison of the significance of D. polymorpha popula-
tion in lakes of the r. Jorka watershed

Elements Majcz Giebo-|Zeiwa-
compared Wielki inulec kie Jorzec
i 96D 63 48 | 21 34 24

Settled area (ha) 103 | 85 10 . 4 9
Number of individuals (mil- | _

lions) 523 341 28 7 14
Dry biomass (tons) 12.3 9st] = OFY 0.2 0.6 |
Shell weight (tons) 143 72 Gl bl 11
Water filtratign (million

m3 « season *) 79 - S B 1 2
Seston consumption (tons of

d. wt - season=1) 245 160 13 3 6
Faeces (tons of _, |

d. wt . season ") 151 98 | 8 2 ol
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Fié. 10. Dry weight of D. polymorpha body according to age, in la=-
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For explanations see Figure 8
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Fig, 11. Age structure of D. polymorpha in lakes of the r. Jorka
watersﬁeg ‘
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suitable for colonization by D. polymorpha (Table II1),., Consider=-
ing the differences of the analysed above population characters
it is possible to show how the resources of this mussel vary in
particular lakes. The differences in numbers of individuals and
in their biomass are of various significance in matter cycling in
lakes examined (Table III)(S t anczykowsKka,t awacaz
and Ma tt L oce 1975, Bt ancEyYyRGWS k a et al.1976).

4. DISCUSSION

The species composition of molluscs in all lakes examined ap-
proximated and the dominance é;rdbture was similar. D. polymorpha

was the dominant species. Spgéies composition of molluscs in lakes
of the r. Jorka watershed did nit differ basically from the mol-
luscs of other Masurian lakes. Thus, these data do not allow for
a comparative analysis of lakes examined in order . to indicate
their distinct character,

A more sensitive index of differences among lakes may be an
analysis of one mass occurring species, such as D. polymorpha.

D. polymorpha pobulations in lakes examined showed a great

variability. They differed in individual characters (size, weight
of shell and body, growth) and in population characters (density,
distribution, biomass, age structure). The consequence of above-
-mentioned differences in mussel population was its different sig-
nificance in matter cycling in lake'ecosystems examined. Some cha-
racters of D. polymorpha population in particular lakes could be

connected with a different character, and especially different de-
gree of eutrophication of lakes examined. '
The most abundant occurrence of larvae and adult of D. poly-

morpha, and its deepest range of occurrence were recorded in the

mesotrophic Lake Majcz Wielki. This was undoubtedly connected with

the best oxygen conditions and most suitable substrate, especial-

ly plant one (S tanczykowska and Lewandow-

s ki 1980, Lewandowskdi 1982, 0z imek 1983),

for settlement of postveligers of mussel, especially sensitive to

these environmental charecters. Thus the highest numbers would be

here achieved by the highest survival of postveligers.

| The size of shell, and the weight of body and shell, had a

totally different character in Lake Jorzec - the mussels were big-
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ger and heavier than in other lakes. This would point to the ex=-
istence in this water body of much more suitable trophic condi=-
tions for the mussel, and thus more nutritive seston than in other
lakes of this watershed. According to results of previous investi-
gations on Masurian lakes, the "condition" of D. polymorpha in La-
ke Balaton (S t anc zy kows ka 1977 ) and in the Lagoon of
Szozecin (W L kit oO'r 1969 ) may be a distinct indicator of troph-

ic values of seston.

5. SUMMARY

The occurrence of molluscs in five lakes linked by the r. Jor-
ka (Masurian Lakeland) was analysed in the years 1976-1979.Dreis~-

sena polymorpha was the dominant species in all lakes (Table 1I).

Its larvae occurred in the plankton of lakes examined between the
end of June and the beginning of September, usually below 20 lar-
vae in 1 litre of water. Several times higher numbers were record-
ed in Lake Majcz wielki in 1976 and 1978 (Fig. 1). The average num-
bers of adult D. polymorpha in the zone of occurrence of lakes ex-
~amined ( to the depth 457 -r;t) were 100-500 ind, - n"° of the bot-
tom (Table II). D, polymorpha occurred most abundantly at the depth
between 2 and 4 m (Fig. 4). A great differentiation was observed
as regards horizontal:distribution(:Figs. 5-7), but in the small
Lake Zeiwazek greater numbers of D. polymorpha in the easternpart

could be due to the transport of planktonic larvae by the current
of river Jorka and to prevailing western winds. J. polymorpha dif-

fered much in particular lakes. The mussels varied in individual
characters ( size, weight of shell and body, growth) and popula-
tion characters ( numbers, range of distribution, biomass,age struc-
ture). The significance of D. polymorpha population in matter cy-

cling of lake ecosystems examined was determined (Table III).

6. POLISH SUMMARY

W latach 1976-1979 analizowano wystgpowanie migczakow w 5 je-
ziorach poiaczonych rzeka Jorka (Pojezierze Mazurskie). We wszy-
stkich jeziorach gatunkiem dominujacym by%* matz Dreissena poly-
morpha (tab. I). Jej larwy w planktonie badanych jezior wystgpo-

waly od konca czerwca do poczatku wrzesnia przewaznie w liczebno=-
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éciach kilka=kilkanascie larw w 1 1 wody. Kilkakrotnie wigksze li-
czebnosci stwierdzono w jeziorze Majcz Wielki w 1976 i w 1978 r.
(rys. 1). Przecietne liczebnosci dorosiych o. polymorpha w stre-
fie wystepowania badanych jezior (do gigbokosci 4-7 m)wynosity 100~
~-500 osobn, - o F dna (tab. II). D. polymorpha wystepowaia najli=-
czniej.naiglebokoéci miedzy 2 a 4 m (rys. 4). Stwierdzono duze zroé-
znicowanie w rozmieszczeniu poziomym ( rys. 5-=7), przy czym w ma-

tym jeziorze Zelwazek wigksze liczebnosci D. polymorpha w czesci

wschodniej mogiy byc wynikiem znoszenia larw planktonowych przez
prad rzeki Jorki i przez przewaZajacé wiatry zachodnie. D. poly-
morpha wykazywaty duze zroznicowanie migdzy poszczegOlnymi jezio=-
rami. ROznity si¢ one zarowno cechami osobnikow (wymiary, ciegzar

muszli i ciata, wzrost) jak i cechami populacji (liczebnosé¢, za-
sieg wystepowania, biomasa, struktura wiekowa ). Okreslono znacze-
nie populacji D. polymorpha w krazeniu materii w badanych ekosyste-
mach jeziornych ( tab. III).
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