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ABSTRACT: In field experiments the settling was analy-
sed of D, polymorpha larvae on natural and artificial sub-
strates, and in 26 Masurian lakes - the occurrence of set-
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morpha were determined, Two moments connected with a high
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critical for the formation of a population. The first of
these is the passing of the planktonic larvae to sedentary
life and the second one - the mortality of postveligers at-
tached to submerged vegetation.
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1. INTRODUCTION

Though the mussel, Dreissena polymorpha, plays an important
role in aquatic ecosystems and is the object of common interest,

not all the aspects of its biology and ecology have been studied
sufficiently. The transition of larvae from the planktbnic to the
sedentary habits is the example of a problem not yet sufficiently
known, Studies of the settlement of larvae were conducted only
from the point of view of protection of hydrotechnical installa-
tions, and they concerned artificial substrates (e.g., K a & a-
nova 1961, S$evecova 1968, Mort on 1989, Wal 2z
1973, 1975, Sk alska ja 1976). According to K i r p i-
enko's (1965) suggestion, the settling of larvae is a
critical moment in the life of D, polymorpha, at which the grea-
test reduction of numbers may take place, This has in principle
been confirmed by 1atef studies. By comparing the abundance of
larvae in the plankton and the numbers of attached one year old

individuals in the following year it was found that in the Lagoon
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of Szezecin (Wi kt or 1969) and in Lake TaXtowisko (S t a fi-
czykowska 1977), which represent very different environ-
ments, the mortality of D. polymorpha may at that time exceed 99%.
Similar calculations have been carried out by Wa l z (1978).
However, no detailed studies of this critical period have so far
been undertaken.

Knowing that the level of numbers of D, polymorpha is mainly
affected by the mortality at early ontogenic stages, investigations
were undertaken to determine the importance of this very little
known life period of this mussel species for the population that
is forming. It seems that although it represents a very small frac-
tion of ontogenic life, this period may to a large degree determine
the age structure and population size of this species in a water body.
Particular attention was given to the settling of larvae in lakes
and to the mortality of D, polymorpha at this stage of life.

This problem was approached in the first part of the study
(Lewandowski 1982) by ‘analysing the occurrence of D. poly-

morpha larvae in the plankton, whereas in the present part an ana-
lysis has been carried out of: the settling of D. polymorpha larvae
on natural and artificial substrates (time, distribution, growth

conditions), rate of survival of settled individuals of the new

generation during a growing season, and from year to year in the

study years, formation of a D, polymorpha population in the lakes

investigated.

2., STUDY AREA AND METHODS

The study area was the Masurian Lakeland where a total of
26 lakes were investigated. The lakes differed in size, depth and
trophic value (Table I), owing to which very different conditions
of occurrence of D, polymorpha could be considered. The investiga-
tions were carried out in the years 1976-1979. The intensity of
studying D. polyggypha in the particular lakes varied.
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Table I, Description of lakes covered by studies of sedentary D. poly-

morpha
Years of studying
No.|Name of lake ?E:? Depth (m) Limn:i;iical Q&V:iitiigpha
i A 1976|1977 [1978[ 1979
1 |Majecz Wielki | 163 | 16.4| 6,0 |b-mesotrophic| + + + +
2 |Inulec 178 10,1| 4.6 |eutrophiec +
3 | Gxebokie 471 34,3|11.8 |eutrophic + +
4 |Zexwgzek 11 T.4| 3.7 |eutrophic +
5 |Jorzec : 42| 11,6| 5.5 [eutrophic +
6 | 0xéw 61| 40.1|12.9 |b-mesotrophic| +
7 (KoZzowin 78| T.2| 4.0 [eutrophic +
8 |Czos 279 | 42,6|11,1 |eutrophic + + +
9 |Bartag 72 | 15.2| 6.4 |eutrophic + ¥
10 [Gim 176 | 25.8| T+.6 |b-mesotrophic e
11 |Gromskie 240 | 15.8| 5.8 |eutrophic B
12 |Jaskowskie 152 | 16.5| T«3 |eutrophic +
13 |Juno 381 | 33.,0/11.9 |eutrophic +
14 |Kierzliriskie 9% | 44,5|11.7 |a-mesotrophic +
15 [Kue 99 | 28,0| 8,0 |a-mesotrophic +
16 |Lampackie 198 | 38.0|11.9 |b-mesotrophic +
17 |Lidzbarskie 122 | 25,2 |10.,0 |eutrophic +
18 |MaXszewskie 202 | 16,9 | 6.3 [eutrophic +
19 [Mardz 332 | 41,0|11,9 |b-mesotrophic +
20 |Piakno 259 | 56.6 [13.0 |a-mesotrophic +
21 |Probarskie 201 | 31,0| 9.2 |b-mesotrophic +
22 |Rumian 306 | 14.4| 6.5 |eutrophic +
23 |Rzeckie 56 | 29.0| 7.0 [|eutrophic +
24 |Sarz 77 | 15.0| 5.0 |eutrophic +
25 |Skanda 51 [12.0| 5.8 |eutrophic +
26 |Szelgg Naly 84 [ 15,2 | 5.7 |eutrophic * |
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The settling of b. polymorpha larvae was studied in Lake Majcz
Wielki in 1977 and 1978, Microscopic slides (7.5x 2.5 cm) were
used as artificial substrates, The total accessible surface of both
sides (upper side and under side) of these slides was 32,5 cm2. On
the bands of a plastics net attached to a metal frame (50X 30 cm)
36 slides were fastened in 3 rows. Two such sets were immersed to
a depth of 2 m in the lake littoral (Fig. 1) before the beginning
of the breeding of D, polymorpha., Every several to over a dozen

days throughout the breeding season of the species 3 slides were

taken down from either set for analysis. The last slides were left
in the lake for winter to be taken down in the spring of the fol-
lowing year, before the beginning of the next breeding season of
D. polymorpha., Prior to their setting up the slides had been kept
for 2 weeks in an aquarium to allow a layer of periphyton to de-
velop on them., Thus the settling larvae attached themselves to the
periphyton algae and not directly to the smooth surface of the
glass., This behaviour has been noted by B ¢ h 1 e (1971) in an
analysis of the settling of the larvae of yytilus edulis (L.) on

polystyrene plates., After being taken down, the slides, at the
beginning with a thin periphyton layer, wére examined directly
under the microscope. Later on (end of summer-autum) the peri-
phyton and the settled D, polymorpha were scraped off the slides
and used for analyses. The top side and the under side of a slide

were analysed separately, the number of settled individuzls was
recorded and the individuals were measured,

In this type of studies of the settling of D, polymorpha larv-
ae most investigators use relatively large plates, e.g., 10X10 cm
(Ka¥anova 191, Walz 1973, 1975), 25X25 cm (L u f e-
r ov 1965), or even 0.5 n’ (Morton 1969), the plates being

as a rule of rough materials (e.g. wood, concrete or asbestos). It

is difficult to directly determine the exact number of settled in-
dividuals and especially of the smallest ones of 200-300 ym in
body-size, on plates of this type. Mort on (1969), for in-
stance, assumes that in his studies the smalleét individuals may
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Jepth (m)

Fig. 1. Experimental setup for studying the settling of* D. poly-

morpha larvae on slides Kossrh Spady 8

1 = buoy, 2 ~ rope, 3=~ frame, 4 - brick, 5 - plastics netting,
6 - slide

have not been noticed, For this reason, settled young D. polymorpha
are counted after being removed from plates, usually by scraping

or washing off, These methods, are not, however, accurate and may
leave out some of the settled individuals: the former by destroy-
ing some of the youngest individuals on rough surfaces, the latter
- due to the impossibility of removing all settled individuals, As
indicated by the investigation carried out during the present series,
even the smallest settled D. polymorpha may already attach to the
substrate, and even a long shaking, e.g., of plants in water, does
not completely remove settled D. polymorpha from them - it leads

to the falling off of 50% (from Ceratophyllum demersum L.) to 80%
(from Elodea canadensig Rich,) of young D. polymorpha, The use of
microscopic slides as substrates for settling larvae was in the

present study chosen on account of the possibility to examine
directly under the microscope and to scrape the periphyton and
settled D, polymorpha off them more exactly owing to the high
smoothness of the glass., As indicated by the data reported by

Dl yig. e Tadd *hiw bt iR in o Y (1975), even rough wooden plates are
colonized by settling larvae 15 days after their immersing at the
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earliest, that is, only after the formation of a thin layer of
periphyton,

The following were used as natural substrates for settling
larvae: mud, sand, stones, shooté of Characeae and colonies of adult
D. polymorpha. The intended substrates were placed in plastics con-
tainers (10 cm long and 7 cm broad), Ten containers, that is, 2 with

each type of substrate, represented one set (Fig. 2). Three such

Depth (m)
T

£3

Fig. 2, Experimental setup for studying the settling of D, poly-
morpha larvae on natural substrates
1 - buoy, 2 = rope, 3 = frame with containers, 4 - brick, 5 - con-
tainer, A - mud, B - sand, C - pebbles, D - D, polymorpha colonies,
E -~ plants

sets were placed at a depth of 2 m in the lake littoral in May. The
experiment was terminated in September. The contents of the con-
tainers were transferred to plastics bags and preserved with 4%
fofmalin. Settled D, polymorpha were counted by examining the
material on a tray, and then under a stereoscopic microscope, to
count the smallest individuals (200-300 um long). About 4.5 thousand
individuals of settled postveligers have been measured in the two

types of experiments.
In 26 Masurian lakes studies of the occurrence of settledggz

polymorpha were conducted for 1-4 years (Table I). In six of the
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lakes (Majcz Wielki, GXebokie, Zelwgzek, Jorzec, O0xéw, Kotowin) a
more detailed analysis has been carried out by collecting samples
at 6~10 sampling stations in a lake, taking into account the whole
zone of occurrence of D, polymorpha where samples were tgken at
one-metre depth intervals. In the remaining lakes samples were col-
lected at 2-3 stations at depths of 1, 2, 4 and sometimes 0.5 and

6 m. Samples were collected in different periods of the growing
season (May, August, September).

In order to determine changes against time (from year to year),
in several lakes samples were collected at the same stations for
2-4 consecutive years, In Lake Czos in 1978 sampling was done every
month (between 10th and 20th day of the month) throughout the grow-
ing season.,

To determine the numbers of the new generation of D, polymorpha,
in 3 lakes (Majcz Wielki, KoZowin, Oxéw) a detailed analysis of the

occurrence of settled individuals was made twice during a year:
before (May) and after (September) the breeding season. :
Samples were collected by means of a triangular bottom dredge,
40 cm in side length, hauled from a boat at anchor over a distance
of 1 m parallelly to the lake shore, A similar method for collecting
large mussels has been used fairly often (St anhdczykowska
1964, Widuto and Kompowski 1968, Lewand ow-
ski and Standczykowska 1975 among others): The con-
tents of the dredge brbught to surface from the lake bottom were

transferred to a benthos sieve and live D, polymorpha, usually form-—
ing colonies, were picked from them, Samples collectéa at smaller
depths usually contained submerged vegetation with young D. poly-
morpha attached to it. These were as a rule large and homogeneous
samples. In such cases the whole vegetable material was spread
evenly over the sieve and only part of it, e.g., 1/2 or 1/4 of the
contents of the sieve, was taken for further analyses. For the pre-
servation 4% formalin was used.

Each sample was studied by stages by examining the material part
after part on a tray and picking out of it all D, polymorpha that
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could be seen with the naked eye. Subsequently, to take into account
the smallest, just settled, postveligers, individual plant shoots,
large D, polymorpha, Unionidae, empty mollusc shells, etc., were
fhoroughly examined under a stereoscopic microscope. The sediment
that remained in the tray and in the container was also scanned in
a camera under a steroscopic microscopé. A total of over 400 sam-
ples were examined., On their basis the density was determined of

D. polymorpha per 1 m2 of the bottom, and in the case of individuals
settled on plants -~ the density of D. polymorpha per 1 m2 of vegeta-
tion~-covered bottom and per 100 g of wet plant weight. The plants
were weighed in the wet state after draining water from them on

blotting paper.
In this paper D. polymorpha found on the bottom of the lakes

are referred to as "colonial" individuals, whereas young D, poly-
morpha found on submerged plants and never forming colonies are
referred to as "plant-dwelling" individuals.,

The age of adult.D, polymorpha was determined by counting an-

nual growth rings on the shell, This is the method commonly used
for determining the age of mussels (e.g., Crowley 1957,
Okland 193, Negus 1966, Piechocki 1969,
Wiktor 199, Lewandowski and Stanczyko-
ws ka 1975, Spirddonov 1975, Stardczykow-
s 'k a 1977), although it is subjective and not always certain,
especially in the case of old individuals. In the present investi-
gations the ageing was facilitated by the collecting of mussels in
different periods of the growing season - the zone of this year’s
growth was, therefore, marked differently - and by earlier field
experiments aimed at a direct determination of the growth of D,
polymorpha in lakes (A. Stanczykowska and K. Lewandowski - un-
published data).

For the analysis of dead D, polymorpha larvae, in July and

August 1978 bottom sediment samples were collected in three lakes
(Majcz Wielki, KoXowin, Oxéw). The samples were collected at 3-5
stations, where the bottom was muddy (at the depth of 5-19 m),
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using Kajak’s tubular bottom sampler with a catching surface area

of 10 cmz. For the analysis water from above the sediments, and the
top (2 cm) sediment layer were used., After preservation in 4% formal-
in solution the whole material was scanned under a stereoscopic

microscope.

3. RESULLS

3e1s Settlement of D, polymorpha larvae

Belale .S et A 1 ement orn, & P bl i RoA e SNg

substrates

After remaining in the plankton for several days, D, polymorpha
larvae begin to fall out of the bulk of lake water and pass to the

sedentary habits; colonizing various underwater objects. To deter-
Amine the rate of this process, field experiments have been carried
out by exposing glass substrates (microscope slides) in a lake.

In Lake Majcz Wielki throughout the'growing season of 1977 D,
polymorpha larvae failed to colonize the slides. This was probably

‘due to the fact that the numbers of planktonic larvae in that year
were very small (Lewandowski 1982),

An abundant colonization of slides was, however, observed in
1978, when the numbers of planktonic larvae in Lake Majcz Wielki
were many times higher (Lewand owski 1982),

A detailed analysis of the body-size of planktonic larvae and
of the youngest Jjust settled postveligers has demonstrated that
the transition of larvae from the planktonic to sedentary habits
may occur over a fairly wide range of body-size of individuals.
Most D, polymorpha larvae settled at a body-size of over 200 um.

From this size on there occurred a clear fall in the number of
larvae in the plankton. Much smaller postveligers could, however,

be encountered among settled individuals, The smallest post-
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veligers attached to the substrate measured 140 um (Fig. 3). Analyses
of live individuals have shown that a large proportion of settled
larvae do not attach to the substrate, but they actively translocate
over its surface. Among such individuals D, polymorpha with a body-
-size of several millimetres, as well as typical pla;;tonic larvae,

even ones 80 um long, could be seen.

15 -
10 Planktonic
5 b
£
R ) 55 90 %5 0 B
5 Not atfached Attached
. o bottom to bottom
Sedentary
15
201
251

Fig, 3. Body-size of planktonic and sedentary D, polymorpha larvae
(Lake Majez Wielki, June-August 1978) (1118 planktonic and 966 se-
dentary larvae have been measured ) :

In Lake Majcz Wielki in 1978 two settling peaks were observed.
The first, small, peak occurred in the second half of June, the se-
cond, much bigger, in mid-July when the largest numbers of settled
posfveligers were recorded (Table 1I). In those experiments a larger
number was always found of postveligers attached to the under side
of the slides than to the top side: on an average 2-6 times as many
and at the most 17 times as many. Both sides of the slides were
colonized by larvae directly out of the water bulk, There also oc-
curred a crawling of settled larvae from the upper side to the
under side of a slide, this being indicated by the fact that the
average size of an individual was always larger on the under side
than on the upper side. It seems that on the under side there ex-
isted better conditions for filtering organisms.
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Table II, Average numbers of young D, polymorpha settled on experi-
mental microscope slides in Lake Majcz Wielki(beginning of exposure
10 May 1978, slide size 7.5 %x2.5 cm, total accessible area of upper

side and under side of a slide — 32.5 cm”)
2
Date of taking- | TR BV Loy do Shiograg dbstiee
upper | lower (thous, ind, * m~
24 June 1978 32 85 117 36
30 June W 22 29 9
3 July 10 24 34 10
6 July 25 161 178 55
12 July 65 | 294 359 110
17 July 115 | 361 476 | 146
20 July 121 502 673 207
30 July 72 151 223 69
14 Aug. : 36 87 | 123 38
10 Sept. 13 7 90 28
29 May 1979 7 24 31 9

Calculaged per 1 m2 of the glass substrate during the peak
settling (20 July 1978), the results amounted on an average to
over 200 thous, ind, * m-2 (Table II). The maximum value recorded
for this period was 875 postveligers on a whole slide (which
equals to 270 thous, ind. ° m-g), as many as 776 postveligers ha-
ving been found attached to the slide wunder side alone
(= 480 thous. ind. - m™2),

The results make it possible to exactly follow the changes
taking place in the plankton of the littoral, and in the settlement
of larvae in Lake Majcz Wielki. Planktonic larvae were first seen
on 12 June 1978 (Fig. 4). The distribution of body-size of the
larvae shows that they had appeared a few days earlier, because
some of them were already 150 um long, larvae of the smallest size
predominating. The culmination of this intensive appearance took
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A - numbers of planktonic larvae, B - size structure of planktonic larvae, C - average number of
D. polymorpha settled on experimental slides, D - body-length distribution of D, polymorpha set-
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place on 20 June (20 thous. ind, ° m'3), small larvae being relatively
few in number and medium-sized larvae (100-200 pm) dominating. Plank-
tonic larvae of the largest body-size, over 200 um, could also be
already seen, and after that time settlement followed. The first
sample containing settled postveligers was collected on 24 June,

when also the first mass occurrence of settled individuals was re-
corded (117 postveligers on a slide), the smallest individuals (up
to 250 pm) predominating, The ﬁiggest ones were up to 300 pm long,

so they must have settled a few days before. At that time the number
of larvae in the plankton decreased, and on the other hand there were
very few small larvae in it. This resulted from the lack of recruit-
ment of new larvae and the passing of older larvae to the next body-
-size classes, On 30 June the lowest number of larvae (1 thous.,

ind, °* mf3) was recorded, but since the smallest larvae dominated in
plankton samples, this moment can be assumed to be the beginning of
another peak. No larvae with a body length over 150 um were found at
that time, and there was no settlement at all. Three days later the
same situation was found, but the number of the smallest larvae was
even greater and some larvae attained the length of 200 um, but

there was no settling yet and only the individuals that had settled
earlier were found to have grown in size - the biggest among thenm
measured 0.5 mm; postveligers 350-400 pum long were dominating, and
there were hardly any individuals of the smallest body-size. On
6 July the highest numerical peak of larvae (30 thous. ind. * m~
was found in the littoral plankton; the dominant group was the
smallest larvae and settlement began, Smallest individuals clearly

3)

predominated among settled postveligers (almost 50%) . During the
next days (until 20 July) a decrease in number of the larvae in
the plankton, a steady decrease in the percentage of larvae under
100 ym and a very intensive settling coculd be seen., On 20 July the
highest number of settled postveligers was recorded., On slides
taken down on 12, 17 and 20 July the smallest individuals clearly
dominated. Samples collected at later dates showed a small number
of larvae in the plankton, although the proportion of the smallest
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larvae was sometimes large (e.g., on 14 August) and there was no
mass settlement. An intensive growth could be seen of individuals
settled earlier, and two dominant classes became conspicuous cor-
responding to two periods of intensive settling of larvae., One of
the classes consisted of larvae that had settled in the period
20-24 June, the other - of those which had settled between 6 and

20 July. In September, individuals of the first class attained an
average length of 4-6 mm and a maximum length of 7 mm, Those of the
second class attained an average length of 600-1200 pm, In September,
sporadical postveligers 250 ym long could still be found among set-
tled individuals, At the end of the growing season the current
year’s individuals weré from 0,5 to 12 mm long. Measured at the

end of May the following yéar, these individuals had a body length
from 0.7 to 15 m,

Belels St -tiliement on natural substrates

SFe"t Tt 1 efmile n FElHi®nidhiarr V' h'e cYo'nd't t“‘4dom s
of <t he field experiment., Because of its
patchy nature, the littoral zone provides a variety of possibilities
for settling D. polymorpha larvae. Tesfs have been carried out to
find out what substrates are most suitable for them, Five kinds of

substrates, most typical of the lake littoral, have been chosen: mud,
sand, stones, colonies of adult D. polymorpha and plants. Of the lit-
toral plants shoots of Characeae were used. In very many lakes (e.g.,
in iakes Majcz Wielki and KoXowin) these plants dominate over other

submerged plants and form large underwater meadows. Three of the
substrate kinds placed in the experimental containers, that is, mud,
sand and shoots of Characeae can be considered as a section of the
littoral, whereas the ramaining two (stones and colonies of adult
D. polymorpha) had a higher density in the containers thean in
lakes, For instance, each container always contained two medium-

-sized colonies which jointly consisted of an average of 63 (from

2 — Ekol. pol. 30, 3—4
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53 to 68) adult D. polymorpha, that is to say, about 9000 ind. * m—2,

while their density in Lake Majcz Wielki was on an average 350 ind.°m”

" in the zone of inhabitancy, and their meximum density was 750 ind.°m"
The settlement of D. polymorpha larvae was very similar at all
the stations in Lake Majcz Wielki, where the experimental sets had

been placed., Characeae shoots proved to be the best substrate for
the settlement of D. polymorpha, and mass settlement was found on
them (from several hundred to over 2,5 thous, individuals per a con-
tainer). They were followed by formed D. polymorpha colonies (sev-

eral hundred individuals per a container). Stones appeared to be a
much worse substrate, whereas sand and mud were colonized at a very
low rate (Table ITI),

Table III, Settling of D, polymorpha larvae on different natural
substrates (Lake Majecz Wielki, experimental containers 7X10 cm,

exposure time from May to September 1978)

Average number
Kind of substrate of D, polymorpha Range
in container

Characeae 1727 604-2720
D. polymorpha colonies 455 167-697
Stones 61 25-109
Sand 13 T=23%
Mud 13 3-38

The settlement of D, polymorpha larvae on the different sub-
strates was no doubt connected not only with the kind of substra-
te, but also with the degree of its complication, that is, with the
really accessible surface for settlement., The greater the degree of
substrate complication, the more intensive the settling of D, poly-
morpha larvae.

By calculating the experimental data per 1 m2 of vegetation-
-covered bottom an average value was obtained of about 250 thous.

(from about 90 thous. to almost 400 thous.) settling current year’s

2

.
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D polymorpha. Much fewer larvae settle on formed D, polymorpha
colonies, Under the conditions of ILake Majcz Wielki an average of
2200 and at the most 8 thous. young individuals per 1 m2 can settle
on such a substrate., Up to about 1000 current year’s D, polymorpha

can settle on 1 m2 of a stony bottom, depending on the number of
stones,

Settl,emeﬂt and occurrence of 8 e t-
i I R D photliny SREGHT PrhlarEadns i Rle 2ok Lot dbroveia L
In the Masurian lakes under study the density of D, polymorpha oc-
curring in formed colonies on the bottom of the littoral was usually
several hundred individuals per 1 m2 of bottom surface in the zone
of inhabitancy. Only in two out of the 26 lakes under study did
D. polymorpgi fail to be present (lakes Sarz and Szelag Maly),
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Fig. 5. Average numbers of D. polymorpha settled on the littoral
bottom in 26 Masurian lakes
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whereas in two others (Juno and PiYakno) their density was very low
(less than 10 ind. * m~2). In three lakes (Czos, O¥éw and Iidzbarskie)
the average densities exceeded 1000 ind, ° m"'2 in the zone of inhab-
itancy (Fig. 5).

One of the possibilities that can be found in the littoral by
the larvae passing from the planktonic to the sedentary habits and
looking for a suitable substrate is the submerged plants. Almost all
the littoral in most Masurian lakes is covered with vegetation. Lit-

erature data on the occurrence of D, polymorpha on plants are ex-

ceptionally scarce, while the present investigations indicate that

the occurrence of D, polymorpha on submerged plants is a common and

Colonial

Individuals living
individuals

on plants

Rurnian

Matszewskie

Kotowin
Gim
Kierzlinskie
HNajez Wielki
Rzeckie |
Kuc

Czo08

/nulec
Bartag i
Haroz
Skanda
Grom

L e

Otow
Lampackie
Jaskowskie
Lidzbarskie
Probarskie
Gtebokie
Jorzec
Zelwagzek

0 20 40 60 80 % 100

Fig, 6., Percentage of D. polymorpha individuals living on plants
and in colonies in the Masurian lakes
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mass phenomenon. In most of the lakes under study apart from indivi-

duals of D, polymorpha present in formed colonies on the bottom of

the littoral, D, polymorpha were found on plants as a rule in den-

‘sities many times exceeding the densities found on the bottqm out-
side the plants. In 13 lakes plant-dwelling D, polymorpha represen-
ted over 85% of the whole population in the lake. Only in'5 lakes
were plant-dwelling individuals found to be absent (Fig. 6) - the

cause of this often was a poor submerged vegetation in the littoral,
€.8., in the small but deep channel lakes Jorzec and GXebokie.
The densities of D, polymorpha found on submerged plants at the

different stations and depths of the particular lakes not infre-
quently exceeded 100 thous. ind, ° m"2 of vegetation-covered lake
bottom, The density of D, polymorpha found in formed colonies on
the bottom of the littoral was much lower (Table IV). The highest
density found of colonial individuals on the bottom of the lit-

toral (11,5 thous. ind. * 4" o Take Bartgg) was about 150 times

lower than the highest density found of plant-dwelling individuals
@lmost 2 mlln. ind. per 1 m° of littorsl bottom - Lake Rumien).
Different species of submerged plants are colonized by D, poly-
morpha at a varying rate. Considerable differences are found when
perennials are compared with annuals (this problem has partially

Table IV, Frequency of densities of D, polymorpha settled on the
bottom and on submerged vegetation in 24 Masurian lakes (percentage
of samples)

Density classes Settled individuals

(ind, - w2 of bottom) on bottom on vegetation
less than 100 2241 8.8 .

100-1000 36.4 31.0

1001-5000 32.4 26,6

5001 -20000 9.1 2lez
20001-100000 0 8.0
over 100000 0 4,4
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been described in an earlier paper - St andczykowska
and Lewandowski 1980). In the case of perennial species

the percentage of samples with attached D, polymorpha is always
higher than in the case of annuals (Table V).

Table V., Degree of colonization of annual and perennial plants by
D. polymorpha in the lakes under study

Fiamss g s

Perennials

Fontinalis antipyretica (Hedw.) 87

Characeae 67

Ceratophyllum demersum (L.) 64

Elodea canadensis (Rich.) 54
Annuals

Potamogeton perfoliatus (IL,) 10

P. pectinatus (L.) ‘

P, lucens (L.)

Myriophyllum spicatuqﬂ(L.)

Among perennials the highest densities of D, polymorpha were
found on Ceratophyllum demersum (L.), Fontinalis antipyretica (Hedw. )

and Characeae, slightly lower on Elodea canadensis (Rich.). On these
plants the highest densities came up to 500-800 thous. ind,- d_aof'
the bottom of the littoral., The densities of D, polymorpha on an-
nuals were lower - they did not in principle exceed 5 thous. ind.

per 1 m2 of vegetation-covered bottom. Only in one case was a very

high density found - about 300 thous. ind.+ m 2 of lake bottom

overgrown with Potamogeton pectinatu§_(L.) - this was the situation

found in Lake Rumian, where, as has already been mentioned, plant-
~dwelling D, polymorpha were encountered in exceptionally large
numbers, The time of sample collecting in this 1ake (beginning of
August) and the body-size of plant-dwelling individuals (99,5% of
plant-dwelling individuals were less than 0.5 mm long) indicate
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that the situation was recorded at the point of time immediately
following a mass transition of D, polymorpha larvae from the plank-

tonic to the sedentary habits,
The number of D. polymorphe settled on 100 g (wet weight) of
each plant species varies, too. Several thousand settled D. poly-

morpha were usually found per 100 g of peremnnials, the maximum

number exceeding 100 thous. individuals. An exception was Chaia-
ceae for which smaller numbers of D, polymorpha per 100 g of vege-
table weight were recorded, because of the high weight of these
plants caused by incrustation. In most cases there were several
hundred individuals per 100 g of annual plant species, and the
maximum numbers varied considerably from species to species, being,

however, on the whole much lower than on perennials (Table vI).

Table VI, Maximum numbers of settled D, polymorpha per 100 g of
plants in the lakes under study

Tianges | D.Ngzgsioggha

Perennials

Fontinalis antipyretica 118000

Ceratophyllum demersum : 110000

Elodea canadensis 105000

Characeae 34000
Annuals A

Potamogeton pectinatus 104000

P, lucens ‘ 19000

P, perfoliatus 3500

Myriophyllum spicatum 1200

On perennials settled D, polymorpha were encountered throughout

the year, whereas on annuals only current year’s D. polymorpha in-
dividuals were found settling during midsummer. The general regula-

rity was that only the youngest D, polymorpha occurred on submerged

plants., They were mainly current year’s individuals (in the autumn)
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and one year old individuals (in the spring). The oldest D, poly-
morrhe encountered on plants were 3 years old. Thus there occurs a
rapid decrease in numbers and percentage of the successive age-
-classes as they become older and older. Suck & picture of the age-
-structure of -D., polymorpha found on plants was commonly encountered
in different lakes.

Study Lake 2lant-awe{  pojonjal
period Uing indi=\ jndjviduals
viauals

%
Gromskie 50 =

=
Jaskowskie 50— _I =
-
.1 I
Kierzliriskie 50 =
r—H !
Naroz 50 E
I I
Spring Lompackie 50 [ i
Skanda 50 =

T

Probarskie 50-\No data

T

Kue 50- 1 - No data
==
Natszewskie 50 -
T T 1 |
Autumn Rumian 50
i T T I T
Gim 50 - No data

I T

Lidzbarskie 50 No data —

02 8T S 2 56
Age(years)

Fig. 7. Age structure of plant-dwelling and colonial D, polymorpha
individuals in different lakes before breeding (spring) and after
breeding (autumn) (1977)




Early developmental stages of Dreissena polymorpha 245

Quite a different age-structure was observed in the case of

formed D, polymorpha cclonies found on the bottom not on plants,

In this case all age classes were represented, that is, up to the
5th or 6th year of life, and middle-aged individuals dominated more
often than the youngest ones. Among colonial individuals the distri-
bution of numbers by age classes was much more even than among plant-
~dwelling individuals (Fig. 7, Table VII).

Table VII, Maximumr numbers of different age classes of D, polymorpha
settled on plants and on the bottom of Lake Rumian (August 1977)

Numbers of D. polymorpha
Age class of D, polymorpha (individuals per 1 m
(in yéE?ﬁT’zE%sEEf of littoral bottom)
on plants on bottom
(0] 1700000 1800
1 3300 2100
2 250 - 1600
£ 80 900
4 280
5 40

Stalks of emergent plants, and especially of the reed (Phragmi-
tes sustralis (Cav,) Trin. ex Steud.), abundantly occurring in the
lake littoral, represent a substrate that is completely different
from those discussed above for settling D. polymorpha individuals.
The reed is for certain less accessible to settling D. polymorpha

individuals than are submerged plants, because it grows in shallow
lake zones reaching depths up to about 1,5 m at the most; the sur-
face of the subherged part of the stalk is smeller than that of
other plants, and apart from this, reed stalks have a one-year
life cycle. On the other hand, however, the reed grows in close
communities with large numbers of stalks (about 50 stalks per 1 m2)
(Szezeparski 1978). Though its life is short, a reed
stalk can last in the dry state for a relatively long time, not
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losing its properties as a substrate, and even after its breaking

off and falling on to the bottom it continues for a fairly long
time to be a suitable substrate for D, polymorpha. The reed is one

of few plants representing a rigid substrate, and only on it, among
submerged plants, were D. polymorpha colonies found, the size of

which many a time exceeded 100 individuals. The expansion of.g&
polymorpha into a reed bed is relatively small - they occurred in
St frplssat o

largest numbers at its edge on the side of the open water (Table
VIII).

Table VIII, Range of D, polymorpha distribution into the reed bed
(dry last year’s reed stalks, Lake KoXowin, June 1978)

Numbers of D, polymorpha
Distance from reed-bed Depth settled on 1 staik
edge (m) (m) ;
- average range
35 31 0~-210
i 0.5 B 0-~12
10 0.3 0 (37 Ak

In Lake KoZowin, in June, before the breeding season of D,
polymorpha settled individuals were found mainly on dry, prévious
year’s reed stalks, One year old individuals dominated (86-91%),
and the oldest D. polymorpha were 3-4 years old. At that time to
current year’'s stalks that were just germinating adult D, poly-
morpha attached (up to 3 individuals on a stalk) and their density

remained low throughout the growing season; Therefore on the reed
mainly current year’s postveligers are found. In July, ‘they settled
at the same rate on dry stalks as on the current year’s stalks., On
an average about 200 attached postveligers, 320 at $he most, were
recorded for single stalks.

On the reed settled_p. polymorpha may in certain situations

attain a level of density of up to about 20 thous, individuals per

1 m2 of reed-covered lake bottom.
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The horizontal distribution of settled D. polymorpha in a lake
depends on the one hand on the environmental conditiohs in the dif-
ferent parts of a lake and on the other hand - on the inflow to
those places in each breeding season of planktonic larvae capable
of settling. Planktonic larvae present in the epilimnion are sub-
ject to the action of winds and currents. A detailed analysis of

the horizontal distribution of settled D. polymorpha in several
lakes has shown that the effect of these factors becomes visible

in small lakes, the shoreline of which is not complicated and the
littoral is homogeneous and little varied. In Lake ZelwgZek, a
small water body, in its windward eastern part, reached also by
the current of the Jorka river, the density of settled D, poly-
morpha exceeded 1000 ind, ° m-2, while at other places it did not
attain the level of 100 ind. * m 2., A similar situation was found
in Iake KoXowin, the littoral of which was uniformly covered with
Characeae: in the windward eastern part the number of settled
postveligers alone was at the end of the growing season five times
as large as that in the western part.

In the other lakes (GXebokie, Jorzec, Ok¥éw), the littoral of
which was characterized by a great diversity and variation (dis-
persed submerged vegetation of an insular distribution, muddy
spots, shoals of adult D, polymorpha), the effect of winds and
currents on the distribution of settled D. polymorpha was not so

marked.

3.2, Mortality of the young D. polymorpha generation

‘The mortality of the young generation was studied by a direct
analysis of dead individuals. In the experiment aimed at investi-

gating the settlement of D. polymorpha larvae on glass substrates

dead individuals represented on an average 3.9% of all the indi-
viduals found on microscope slides. As the growing season passed,
the percentage of dead D, polymorpha on the slides grew (Table ),
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Table IX, Percentage of dead D, polymorpha on experimental slides
(Lake Majcz Wielki, exposure from May 10, 1978)

Date of taking-down Percentage of dead Size of dead
of slides individuals (average) indiz:ggals
24 June 1978 0.3 185-200
30 June ‘ 0 s
3 July 0 =
6 July 0 -
i J uty 1.8 95-245
17 9r - 2.9 80-650
20 July 36 95-560
30 July 4.7 80~650
14 Aug. 4.9 © 110-825
10 Sept. 30.8 200-920

Individuals less than 250 um long, that is, those that died at
the stage of passing from the planktonic to sedentary habits, re-
presented 41,3% of the dead individuals, These data should, howe-
ver, be considered with some caution, because empty shells of dead
individuals (as well as living individuals) may have come off the
slides still during the exposure. This is confirmed by the slides
taken down in May the fcllowing year on which no dead individuals
were found.

A clear picture of mortality has been obtained from the experi-
ment dezaling with the settlement of larvae on different natural
substrates. In this experiment all dead individuals remained in

the experimental containers., Dead young D, polymorvha were found

with 21l kindis of substrates, but their number on the different

substrate kinds varied. In the case of plants, D. polymorpha col-

‘onies andi stones, that is, substrates on which postveligers settle
most abundantly (Table III), dead individuals constituted as 1i£—
tle as several per cent. On the other hand in the case of sand and
mud dead individuals made up on an average more than 30%; in some

containers they came up to 67% (sand) and 71% (mud) (Table X).



Early developmental stages of Dreissena polymorpha 249

Table X. Percentage of dead D. polymorpha on different natural sub-
strates (Lake Majcz Wielki, experimental containers 7 X10 cm, ex-
posure time from May to September 1978)

Percentage of dead individuals
Kind of substrate
average range
Characeae 2.6 ' 1e3=3.5
D. polymorpha colonies 3¢8 2.8~=6,5
Stcnes Gl 1.8=16,6
Mud 46.3 13,3-70.7

Sand and mud, therefore, represent a clearly unfavourable sub-
strate for settling D, polymorpha (poor settlement, a high morta-
lity during the experiment that lasted only 3 months), and it may
be assumed that all the individuals which have found themselves on

sand or mud will die within a relatively short time.

By calculating these data per 1 m2 it is possible to find cut
that on an average 3-4 thous. young D. polymorpha die in an area
of this size of a sandy or muddy bottom.

The dead individuals examined were from 220 um to 3 mm long,
most of them were less than 1.5 mm long at the time of their death,

regardless of the kind of substrate (Fig, 8).

Environmental conditions prevailing in the lake profundal, where
the bottom is muddy, did not fully correspond with the experimental
conditions created in the case of muddy bottom, Under the experi-
mental conditions settling larvae could find a better substrate
over a small area, as indicated by the high preference (Table TET)
The lake profundal does not provide such a possibility, and all the
larvae that fall from the pelagial die at a much higher rate., This
has been confirmed among other things by analyses of mud sampies
from the profundal which have shown that in this zone in Lake Majcz
Wielki there were on an average 130 thous. dead postveligers on
1 m2, the maximum being 400 thous., Smaller numbers of dead post-

veligers {up to 4 thous.,) per 1 m2 of muddy bottom were found in
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Fig. 8. Body-size of dead D, polymorpha on different substrates

Lake KoXowin and Lake 0%dw, where the numbers of planktonic larvae
were, however, smaller than in Lake Majez Wielki.

The size of dead D, polymorpha varied over a fairly wide range
- between lengths characteristic of typical planktonic larvae
(110 pm) to 1400 ym, which indicates that some individuals had

died still in the plankton, others - at the stage of passing from
the planktonic to sedentary habits. However, a large proportion
showed some growth after falling on to an unfavourable substrate
and died only some time later.

A great variation of the mortality picture has been found in
the submerged vegetation of the littoral zone of the lakes where
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most postveligers settled. In the autummn, that is, after the com-
pletion of settling, dead postveligers in all the lakes under study
‘ represented on an average 4.4%1 (= 2700 ind, per 1 m? of littoral),
The range of the results was from 0,2 to 56.0%, from which follows
that in some situations dead postveligers were more numerous than
1iving postveligers. The largest numbers of dead postveligers were
found in Lake Czos, where their maximum density per 1 m2 of bottom
surface covered with submerged vegetation was found to be about

22 thous, In spring the following year, but before the beginning
of the breeding season of D, polymorphg, the percentage of dead
individuals was higher relative to that recorded for the autumn

(on an average 13,9%).

A detailed analysis of-these dead individuals has shown, howe-
ver, that most of them (59-85%) had died before the beginning of
winter - for the ring that forms on the shells at the time of the
winter stoppage of growth was absent. Other individuals had died
during winter (a faintly marked winter ring) or in early spring
(with the current year’s increment clearly marked), In Lake Majcz
Wielki, for instance, 70% of the dead young D, polymorpha analysed
in spring had died in late autumn, 23% - in winter and 7% in early
spring. Shells of the smallest postveligers that die in summer and’
early autumn are never preserved in the sediments of the littoral

t111 the spring of the next year. In spring, the smallest shells
were about 1 mm long, and only sporadically - 400 pam, while during
the preceding autumn individuals 200 um long were often found
among dead postveligers.

The results indicate a very high mortality of D., polymorpha at
early stages following the transition from the plankto;ic to seden-

tary habits.,

1 1008 = living + dead postveligers.
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3.3, Abundance dynamics and the age-structure of settled
D. polymorpha

The age-structure of a D, polymorpha population in a body of

water is primarily affected by the reproduction which varies from
year to year, and by the mortality at the different developmental
stages of D, polymorpha, A certain role may in this case be played

also by migration.

A very marked effect of the young generation on the age-struc-
ture of D, polymorpha and a great variation of this structure in
different years was observed in Lake Majcz Wielki, In 1976, the
numbers of planktonic larvae were in this lake very high (L e-
wandowskdi 1982), due to which in the June of the follow-
ing year one year old individual_s predominated. In 1977, the num-
ber of larvae in the plankton was very small (Lewand owskdi
1982) and practically no settlement was seen., Consequently, there
were hardly any one year old individuals in the next year, and in
June two year old individuals (settled in 1976) dominated. Due to
the production of large numbers of larvae in 1978, in September

the most numerous among D. polymorpha settled on submerged vegeta-

tion and in colonies on the bottom not on plants were the current
year’s individuals, and in Juné 1979 - one year old individuals
(Fig. 9).

Examples of a little varying, from year to year, age-structure
of settled’p. polymorphg‘in different lakes are given in Figure 10,
In lakes Jorzec and Giebokie, where the number of planktoniec larvae

in two consecutive years was very small (Lewandowski
1982), a very low proportion of the youngest classes was found in
the age-structure of settled:individuals. In two other lakes (Bar-
tgg and O¥éw) a converse situation was found. In both study years
the youngest D, polymorpha dominated in them. A growth of the per-
centage of the youngest individuals in these lakes in 1978 relative
to 1977 resulted in an increase in the total density of settled

D, polymorpha in the zone of their inhabitancy: from 720 to 3000
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Fig. 9. Age structure of sedentary D. polymorpha in Lake Majcz
Wielki on submerged vegetation and On the bottom (in colonies)
in different periods
A - June 1977 (after a high level of numbers of planktonic larvae
in 1976), B - June 1978 (after a very low level of numbers of
planktonic larvae in 1977), C - September 1978 (after a high level
of numbers of planktonic larvae in 1978), D - June 1979 (after a
high level of numbers of planktonic larvae in 1978)

e in Lake

ind, ° m"2 in Lake Bartgg, and from 1500 to 2100 ind, * m~
06w, These two lakes clearly differed in the proportion of one
year old individuals in the age-structure. This proportion was
much larger in Lake Bartgg as a result of the dominance of plant-

-dwelling D, polymorpha (Fig, 6); in Lake 0¥éw the submerged vege-
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Fig. 10. Age structure of D, polymorpha in four lakes in consecu-
tive years (in June)

tation of the littoral zone was much poorer so there were fewer
plant-dwelling D, polymorpha.

A detailed analysis of the dynamics of numbers of settled D,
polymorpha was carried out in Lake Czos. The total abundance
showed considerable variations over a relatively short time (Fig.
11), which was due to the numerical proportion.of the youngest,
just settled individuals, mainly on vegetable substrates. The age-
~-structure of settled colonial and plant-dwelling individuals in
different periods was similar to the structures discussed earlier
on for other lakes (Fig. 7), that is, in the case of a vegetable

‘substrate before the breeding season of D, polymorpha one year-

~0ld individuals positively dominated, and after the breeding
season - the current year’s individuals, aged from several to
over a dozen weeks, A certain deviation from this pattern was
found in July, that is, in the middle of the breeding season when
the settling had just begun and the current year’s individuals
were still lesé numercus than one year old individuals (Pig. 12),
The data obtained from the study make it possible to trace

the fate of settled D, polymorpha of the different age groups in
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Fig. 11, Dynamics of numbers of colonial and plant-dwelling D. poly-
morpha in lLake Czos

Lake Czos, Plant-dwelling individuals show an intensive decrease in
numbers from year to year. Between September 1977 and September
1978 there occurred a decrease of 89% of individuals almost one
year old. Between August 1978, with a high initial density of post-
veligers (280 thous. ind.* m™2 of the littoral), and August 1979
there occurred a 98% fall in numbers, this decrease being very high
already in the first month (bétween Auguét and September 1978 - 78%) .
A rapid, too, decrease in numbers - often as high as 100% - was ob-
Served in the case of older age classes, e.g., between the 1st and
2nd years of life - as was the case in the years 1977-1978 and
1978-1979, or between the 2nd and 3rd life years - as was the case
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Fig. 12, Age structure of plant-dwelling and cclonial D. polymorpha
in Lake Czos

in the years 1977-1978. On submerged plants individuals aged over
3 years were never encountered (Fig. 13).

A very similar situation was found in Lake Majcz Wielki where
08% of plant-dwelling postveligers that settled in 1978 disappeared
within a year. A 100% reduction in numbers on plants is always found
to occur between 3rd and 4th year of life, but it was observed also
at an earlier stage (between 1st and 2nd year of life) in the case
of a very small D, polymorpha age group of the same year settling
in 1977.
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Fig., 13, Variation in numbers of plant-dwelling D, polymorpha of
the particular years in Lake Czos Fods.

In Leke Bartgg there occurred a 99% reduction in the number of
one and two year old D. polymorp@g, and a 100% reduction of in-
dividuals two and three years old, between June 1977 and June 1978.

A reduction in the number of plant-dwelling D, polymorpha is
caused primarily by the mass mortality of the youngest individuals,

but there is also some migration, Migration, more often passive

than active, takes place mostly in the autumn when plant shoots
die and break off, especially shoots of annuals, and when those
young D, polymorpha which fall on to the bottom must look for a

new substrate. In such a situation it is the formed D, polymorpha
colonies on the bottom of the littoral that are most frequently
cclonized., This was observed, for instance, in Lake Czos where

there occurred an increase in the number of one year old indivi-

duals within colonies in spring relative to the numbers of 0 class
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individuals in autumn the preceding year. In May 1978, the density
increased up to about 1300 ind. -mfz, as compared with 370 ind.°m”
in September 1977. A similar situation was found in the case of the

successive age class of D, polymorpha the abundance of which in-

2

creased almost three~fold in August 1979 relative to September
1978, This phenomenon of migration of young D, polymorpha from
plants to colonies living on the bottom of the littoral takes place

also between 1st and 2nd year of life - for also in this case an

increase in numbers was found in June 1978 relative to September
1977 (Pig. 14).
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Fig. 14. Variation in numbers of colonial D, polymorpha of the
particular years in Lake Czos

In Lake Majcz Wielki, as in Lake Czos, in spring a growth in
numbers of one year old individuals occurred relative to settled
postveligers in the previous year {(by 69%), and of two year old in-
dividuels (by 14%) relative to one year old individuals in the
previous year, and in ILake Bartgg where two year old individuals
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in colonies were found to be more numerous by 55% than one year old
individuals a year before.

In shallower sites settled postveligers are more abundant than
adult colonial individuals., In ILake Majcz Wielki, for example, post-
veligers were most abundant at the depths of 1,0-2.5 m, that is,
within a close growth of Characeae, and adult individuals - on the
bottom at the depth of 4 m (Fig, 15). At the depth of 4 m in this
lake the translocation of young D. polymorpha from plants to colo-
nies on the bottom is particularly evident. This is the border zone
between a close growth of Characeae in shallower sites and areas
with declining vegetation or with no vegetation at all, and where
colonial individuals dominate, In June 1978, in this lake at the

depth of 4 m the average number of colonial D, polymorpha was
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Fig. 15. Occurrence of D, polzgorgga at different depths in Lake
ajcz Wielki

A - postveligers (September 1978%, B - colonial individuals (June
3 1978
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750 ind. * m™2. In September, that is, after the termination of bre-
eding and settling the numbers increased to 3300 ind, ° m-2. The
next year, but still before the next breeding' season (June 1979),
the number of colonial D, polymorpha at that depth increased tob
8800 ind, * m'2, that is, by 168% relative to the numbers found in
September 1978.

The translocation of young D. polymorpha from plants to colo-
nies is confirmed by a frequent presence o;>p1ant remains in the
byssuses of one and two year old individuals found within the colo-
nies on the bottom.

Mortality of settled D, polymorggg from year to year can only
be discussed by jointly considering changes in the numbers of in-
dividual. age classes of colqnial and plant-dwelling individuals.
An analysis of the results obtained shows that there is a véry
high mortality among the youngest age classes (Table XI), this
being related primarily to the fate of plant-dwelling individuals.
An exception to this is Lake OYéw in which submerged vegetation

is relatively poor and plays a minor role as a substrate for set-
tling D, polymorpha. The mortality of the youngest individuals
there due to the dying of the vegetable substrate is not, there-

fore, so rapid.

Table XI. Mortality (per cent) of settled D, polymorpha in relation
to age in four different lakes :

Life period Lakes
of. D. polymorpha
Zyears§ Czos | Majcz Wielki | Bartag Oxéw
0=1 972 96,0 not in- not in-
vestigated | vestigated
1=2 91.2 50,6 89.6 3745
2-3 7807 2802 3905 48.6
3=4 85.0 5%3e5 25,0 T4.2
4=5 84,6 65,6 778 86,2
5=6 100.0 100.0 100.0 100.0
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In the lakes under study a decrease in mortality is observed
when D, polymorpha are at the age of 2-4 years, but it increases
again as they grow older, and usually between 5th and 6tH year of
life it is already 100% (Table XI).

The data collected in 1978 from Lake Majcz Wielki make it pos-
sible to estimate the total number of young D. polymorpha which
settled that year fhrbughout the lake. Six zones differing in the
number of settling postveligers have been distinguished in this
lake. Settling postveligers have been found to be absent from two
zones: from the shore part of the reed bed (up to a depth of about
0.5 m) and from the profundal part of the lake to a depth of about
Te5 m, The highest numbers of just settled individuals were recor-
ded for the zone of close growth of submerged vegetation, mainly
Characeae (depths of 1,0-2,5 m). Much smaller numbers were found
in both shallower (the reed bed to a depth of 0.5-1,0 m) and deeper
sites (2,5-5.0 m), where there occurred formed colonies of adult
Q. polymorpha, while the density of submerged vegetation decreased.
The lowest density of just settled postveligers was recorded for

the 5,0-7.5 m zone which was already without vegetation, and where

there occurred single colonies on the bottom.

Table.XII; Occurrence of settled current year’s D, polymorpha
" in Lake Majcz Wielki (September 1978)

Zone Ares Numbers of current year’s
(depth) ‘| of zone - D, polymorpha
(m) (na) ‘ i

thous, ind.*' m in zone

0~0,5 10,4 ) 0 0
045-1.0 10.4 10,0 1,0 - 107
1,0-2.5 18.4 145.0 26.7 - 10°
2,5-5,0 32,3 | 12,0 3.9.10°
5,0~745 31,1 0.6 0.2- 10°

Over 7.5 60,9 0 0
Total in lake 31,8+ 107
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Taking into account the surface areas occupied by these zones
in the lake, it has been estimated that on the termination of the
breeding season of D, polymorpha ' (mid-September) there were
31.8 '109 settled current year’s individuals in the whole Lake
Majcz Wielki (Table XII).

The initial quantity for this settlement was the total number
of planktonic larvae that occurred in the lake during the breeding
season of 1978 (Lewandows ki 1982). The growing season
lasted then from 8 June to 27 August 1978 (81 days), and there
were each day on an average about 15000 planktonic larvae per 1 m3
in the epilimnion. Assuming a 10 days' 6ccurrence of larvae in the
plankton, the daily production of larvae is estimated at
15007 3nas m°3. So the total number of D, polymorpha larvae in the
epilimnion of Lake Majcz Wielki (a volume of 6224.6 thous. m3) in
the growing season of 1978 may have amounted to 756.3 -109 indi-
viduals.

Individuals that settled in 1978 represented 4.2% of the above
value, so the mortality at the stage of transition from the plank-
tonic to sedentary habits and during the first moments of the se-
dentary life amounted in ILake Majcz Wielki to 95.8%.

A similar calculation has been made for Lake KoXowin (the volu-
me of the epilimnion - 2843%.,4 thous. m3) in which the total number
of planktonic larvae in 1978 was approximately 2 -1911. The smaller
number of larvae than in Lake Majcz Wielki resulted from smaller
average numbers of larvae found each day during the breeding sea-
son (14000 ind. * m-3) and a shorter breeding season which lasted
only 50 days (from 22 June to 10 August 1978). Due to this, on.the

termination of the breeding season of D, polymorpha the average

number of current year’s individuals in the zone of inhabitancy
was only 7500 individuals per 1 m2 of littoral bottom.

The total number of these individuals in the whole lake in Sep-
tember may thus have been 128 ¢ 107. Such a high mortality, amounting
to 99.4%, during the transition to the sedentary life may be ac-

counted for by a low percentage in the lake of a surface suitable
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for the colonization by D. polymorpha. In Lake Kozowin the zone
suitable to D. polymorpha represents 21.,8% of the lake surface

area, while in Lake Majcz Wielki it represents as much as 56.4%,
and it ends at a smaller depth in the former than in the latter
lake, Consequently, there were far fewerAplanktonic larvae above
this zone than in Take Majcz Wielki.

A mortality higher than in Lake Koxowin was found in Lake O0éw.
It was caused, as has been mentioned earlier on, by a very poor
zone of submerged vegetation and thereby a smaller, than in Iake
Majez Wielki, and Lake KoXowin, surface suitable to settling post-
veligers, During 60 days of the breeding season in 1978 there were
appfoximately 81 -109 larvee in the plankton of Lake O%éw, In the
littoral to the depth of 5 m, this representing 22.1% of tﬁe lake
surface area, a total of about 35 °1O7 postveligers settled (an
average of 2600 ind, * m"2). Thus the mortality of D. polymorpha
larvae before attaining the stage of postveliger amounted in tﬁis
lake in 1978 to 99.6%. :

4, DISCUSSION

In the relevant literature some data can be found on the settle~

ment of D, polymcrpha larvae on various artificial substrates.

These data are difficult to compare, because of the different ex-
posure times allowed, but all the investigators who carried out

the experiments obtained lower numbers of settled larvae per 1 m?
than those obtained in this series of experiments with glass sub-
strates, which indicates that glass is a very good substrate for
settling larvae. In Lake Majcz Wielki a maximum number of 480 thous.
postveligers per 1 m2 of glass substrate has been found, A similar
meximum number - 400 thous. ind, » m> was obtained by Luferov
(1965) in Rybinskoe Dam Iake on wooden substrates exposed from May
to Cctober. Smaller numbers were reccrded when wooden substrates

were exposed for about 1 month in Gorkovskoe Dam Lake - & maximum
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of 115500 individuals per 1 m2 was recorded, in most cases less
than 10000 ind, * m72 (Skalskaija 1976). In the Dnepr-Kri-
voj Rog Canal glass substrates were used on which over 30000 ind.'mfe,
at the most, settled during a 10 days’ period in July (§ e vc o-
va 1968),

On asbestos substrates, used in a dam lake near London, a maxi-
mum of less than 2000 ind.* m > settled (M ort on 1969).
A comparative analysis, from the point of view of hydraulic engine-
ering, of the vulnerability of substrates of different kind to the
settlement of D, polymorpha larvae has been made by W al z (1973)
in Lake Constance. Iron and PVC have proved to be the best for;a,
polymorpha, On plates (10X 10 cm) made of these materials over
1000 postveligers settled, that is, up to about 160000 ind. ° m°2.
On each plate of plexiglass, concrete, aluminium and zinc several
hundred larvae settled, and the least suitable to the settling

larvae proved to be copper and brass plates, on each of which as
few as several individuals settled. D, polymorpha showed some se-
lectivity also with regard to plates of different varieties of PVC
(Wa1lz 1975). ‘

Steelon nets have also been used as a substrate for settling

D, polymorpha larvae (S zlauer 1974), Curtains mede of such
nets were placed in a water course to protect hydrotechnical in-
stallations, About 5 million individuals, that is, 200 thous. in-
dividuals per 1 m> of net settled on a 26 m° curbtain.

A detailed analysis of the size of D. polymorpha laryae pass-'
ing from the planktonic to sedentary ha%its in Lake Majcz Wielki
has shown that most of the larvae settled at a body-length of over

200 uym, but among larvae attached to a substrate individuals measur-
ing 140 um and even less could also be encountered (Fig., 3). State-
ments in the literature always say that settling D. polymorpha

larvae are over 200 ym long (Kirpi & enko 1962, 1965,
Wiktor 199, Szlauer 1974, Dy gea and Lub ja-
nowv 1975 andvothers). In the Cimiljanskoe Dam Lake most indi-
viduals settled at body-lengths of 225-250 and even 255 om G G LY
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piéenko 1971c). Only in the KujbySevskoe Dam Lake were smal-
ler individuals found among settled D. polymorph§! but they always
measured over 175 ym (K i rpi & enk o 1964), that is to say,
more than those in Lake Majcz Wielki.

The settling of larvae appears to be spread throughout the

growing season, due to which late in the autumn, at the end of the
growing season the body-size dispersion of current year’s D. poly-
morpha is very big. In Lake Majcz Wielki it ranged from 0.5 to
12 mm, This has also been pointed by other authors. For instance,
in a canal extending‘from the lower Odra river current year’s
D. polymorpha were from 1 to 14 mm long (S zlauer 1974), in
-the Cimiljanskoe Dam Lake ~ from 0.3 to 15mm (Kirpi & e n-
k o 19710), and the Kujbygevskoe Dam Lake - from 0,2 to 16 mm
(Kirpiéenko 1971a).

The occurrence of D, polymorp@g on plants is a problem that
 has hardly ever been dealt with in the literature. Investigations

carried out during the present research have shown unequivocally
that the occurrence is of a mass nature. On the one hand in most
of the lakes under study plant-dwelling D, polymorpha represented
over 85% of a whole population (Fig. 6), and on the other hand -
the humber of individuals settled on the vegetation covering 1 m
of the littoral wés often higher than the number of D. polymorpha
settled directly on the bottom (in form of colonies), and mé;& a
time they exceeded 100 thous. individuals (Table IV). Considerable
differences have been revealed when comparing the colonization by
D, polymorpha of different plant species, and of annuals and peren-
nials in particular. D, polymorpha that settled on submerged vege-

2

tation were characterized by a specific age-structure which consis-
ted only of the youngest individuals. This pattern of distribution
of D. polymorpha on plants appears to be typical of most of the

lakes investigated during the present study.

Some iQVestigators restrict their reports to the statement
that D. polymorpha do occur on plants (e.g8., Wikt or 1969,
KXonstantinov and Spiridonov 1977), and some-
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times also that the number of young D. polymorpha on plants is very
large (Kadéanova 1961, 1963, 1965, Dy ga and Lub ja-
nov 1975), but there have been hardly any uore specific numerical
data, and the possible mechanisms and factors affecting plant-dwel-
ling D. polymorrha have been ignored completely. This is probably
connected with the fact that the settlement on plants concerns
-mainly the current year’s D, polymorpha, that is, the smallest ones,
already from a body-length of about 200 pym. According to K o r n o-
bis (1977), a precise determination of the numbers of this class

by the methods used frequently is practically impossibles Mo r t on
(1969) observed current year’s individuals only in September when
they were already about 6 mm long.

Certain numerical data, though not considering the smallest
postveligers and thereby difficult to interpret,~have been reported
in papers on plant-associated fauna, In Lake Druzno, for example,
the highest density of D. polymorpha has been found on Mzriophzllum
spicatum (L.) - about 800 individuals per 1 m3 of space filled with
vegetation., In this lake D, polymorpha occurred also on Ce ratophzl-
lum demersum (L.) (about 600 ind.+ m~ ) Stratiotes aloides (I.)
(about 400 ind, * m ~3) and on Potamegeton crispus (L,) (several
ind,*m™) (Karassowska and Mikulskdi 1960), Of
similar nature are the data on the occurrence of Bivalvia (mzinly

D, polymorpha, but also Pisidium sp.) on submerged macrophytes of
the MikoYajskie Leke (S o s z k a 1975) where an average of 78 in-
dividuals (up to about 1700) were found on 1 m2 of littoral surface,

and an average of 11 individuals (up to about 200) per 100 g of
plant weight.

The only more detailed data on this subject have been reported
byMicheevw (1969) for the Pljalovskoe Dam Lake, He found the
largest number of settled plant-dwelling D, polymorpha in September-
-October. D, polymorpha abundantly colonized plants directed towards
open parts of the water body: for example he found about 28000 indi-
viduals per 1 kg of Myriophyllum spicatum and about 11000 D, poly-

morpha per 1 kg of reed.
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Of other substrates accessible to settling D. polymorpha larvae
in the littoral it is the formed adult D, polymorpha colonies that
are readily colonized, as indicated by the results of the present
investigations and by numerous data in the literature (Wa l z
1973, Kirpidenko and Antonov 1977, . K orn o~
bis 1977 and others). Barlier studies (Lewand owski
1976) indicate that young D, polymorpha settle more readily on for-'

med colonies of their species than on empty shells and stones of a
similar size., D, polymorpha find a very convenient substrate for
settling on submerged bushes and trees which are particularly abun-
dant in dam lakes found in the European part of the Soviet Union.
Mass occurrence of D, polymorpha on such substrates has been found,
for instance, in the Kamskoe Dam Lake (G r om o v 1965), in the
Stalingradskoe Dam Lake (later on named Volgogradskoe) T
chov 1961, Bel javskaja 195, Konstanti-
nov and Spiridonov 1977) and in many others (L u-
ferov 196, Kirpidenko and Antonov 1977).
Substrates of this kind can be found, if on. a much smaller scale, .
also in lakes, where they are represented primarily by fallen tree
trunks, broken branches, e.g., in the Szymbarskie Lake (0 r z e-
chowski 1966){

It seems that the size of a postveliger population settled on
a substrate depends to a very large extent on the degree of sub-
strate complexity, that is, the real surface accessible to settling
postveligers, Larger numbers were found, for instance, on plants

such as Ceratophyllum demersum and Fontinalis antipyretica, and
PNV NV VANV VAN A TN, N VNIV

lower on Elodea canadensis and on reed stalks, A similar interpre-
tation can be given to the results of the experiments concerned
with the settling of larvae on different natural substrates. The
Gensity of postveligers increased with the growing complexity of
substrates: from sand and mud through stores and D, polymorpha

colonies to plants. Similar observations have been made also with
regard to other invertebrates. F i sche r (1964), for exampley

found considerable differences in the number of Odonata (Lestes),
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depending on the architectonics of the plants on which they occur-
'red, whereas Dus o g e (1966) observed higher densities of

Hirudinea, Asellus aguaticus (%.) and Ephemeroptera larvae on D,

polymorpha colonies than on stones,

The age-structure of sedentary D. polymorpha in various bodies

of water is very rarely analysed. The age-structures reported by
different authors very much resemble the results of the present
study if they relate only to colonial individuals (Figs. 7, 10 -
Lake Jorzec and GXebokie Lake)., It seems that such a picture of the
age-structure of D, polymorpha populations in different lakes in

most cases results on the one hand from the fact that the youngest
current year’s individuals are ignored, and on the other hand from
the fact that plant-dwelling individuals are ignored, the latter
cause being related to the former one. In the Lagoon of Szczecin,
for instance, current year'’'s 1ndividuals_represented on an average

2.2% of close communities of D, polymorpha, outside the zone of

submerged vegetation, while one year old individuals represented
39%, current year’s individuals béing taken into account only from

a body-length of 2 mm on (Wi k t or 1969), In Lake Crapina (flood
plain of the Danube) individuals aged 2-3 years dominated among

sedentary D, polymorpha (Fl ore scu 1970). This author
relates the low density of the youngest age classes to the feeding

of fish., Likewise, 2-3 year old D, polymorpha dominated in the Vol-
gogradskoe Lake (S piridono v 1975).

Some authors analyse D. polymorphe populations for body-size
and not for age., With some approximation made, body-size can be
' referred to the age of individuals, and then also low numbers of
the youngest individuals are found. In the Szymbarskie Lake indi-
viduals representing size classes of 10-20 mm and 20-30 mm poéi-
tively dominated (O r zechows ki 1966). This author relates
the very low proportion of smaller individuals to the mortality and

variation of numbers of D, polymorpha in the different years,

It was probably due to the ignoring of the smallest settled in-
dividuals of D, polymorpha in the dam lake near London that the
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proportion of current year’s individuals in the population on the
termination of breeding in the autumn of 1967 was very small, and
increased only the next year, but already as the proportion of one
year old individuals (Mor t on 1969); this resembles the situa-
tion found in the present series comnected with an increase in num-
bers of one year old individuals in colonies due to the migration
of plant-dwelling D, polymorpha, but in his studies Mo r t on
(1969) did not take into account individuals less than 4 mm in
body-length.

On the basis of an age-structure determined once only some au-
thors determine the mortality of D, polymorpha from year to year at
the transition from one age class to another, Wikt or (1969),
for instance, analysed this problem in the Lagoon of Szczecin by
assuming that the yearly recruitment of the D, polymorpha population
in this water body is a constant quantity and that the population is
in a biological equilibrium. In his considerations the last-cited |
author does not take into account current year’s individuals, be-
cause at the time of investigations the process of settling was
not yet terminated. The initial value is the number of one year
old individuals, Wikt or’s data (1969) on mortality very much
resemble the situation found during the present series in Lake O0xdw
(Table XI), where the littoral vegetation is very poor and D, poly-
morpha virtually occur only in colonies. In the Lagoon of Szczecin,
where only colonial individuals were analysed, it has been found
that mortality is at its lowest between 1st and 2nd year of life
(10,9%), being higher between 2nd and 3rd (55.8%) and 3rd and 4th
(50.1%) years of life, and the highest between 4th and 5th (83,7%)
and 5th and 6th years of life when all the remaining individuals
die (100%). :

The mortality of the youngest D, polymorpha that settled on ex-
perimental plates in Lake Constance was determined by W a l z
(1975). Between 10 October 1973 (the largest number of current
year’s individuals) and 10 April 1974 the mortality on the under
side of plates placed at a depth of 5 m was, according to the above-

4— Ekol. pol. 30, 3—4
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-quoted author, 95%, and on the upper side - 43%. As it is difficult
in this case to speak only of mortality, because there may have taken
place some migration (sets of plates were arranged on large base-
-plates), and some individuals may have come off the plates, which
has been mentioned earlier on., It is for this reason, that such cal-
culations have not been mede in this study. It may be stated, merely
for the purpose of comparison with Wal z’s (1975) data, that
in Leke Majcz Wielki the loss of young D, polymorpha on experimental
plates between 20 July 1978 and 29 May 1979 (Table II) on the upper
side was similar to that on the under side and amounted to 94-95%.
On the basis of the results from the present investigations and
data in the literature it is possible to trace the particular life
stages of D, polymorp@gf considering them from the point of view of

the formation of populations of this mussel species in lakes.
D, polymorpha is characterized by a very high fecundity - 30-40

thous. eggs were found in mature females (Karpe vi& 1955,
Giljarov 1970, and others).

Nothing is known about the mortality of eggs, that is, at the
earliest stage of ontogenic life. We do not know what percentage of
eggs in the water are not fertilized, what biocoenotic or other fac-
tors may cause death at this stage, etc.

The next stage at which part of the individuals are eliminated
is the planktonic stage. Planktonic larvae may become a food item
for some fish species and some invertebrates. Wi k t or (1958)
found D.vpolymorpha larvae in the alimentary tracts of the European

smelts (Osmerus eperlangg\L.), perch-pike (Lucioperca lucioperca L.),

ruff (Acerina cernua L.) and the roach (Rutilus rutilus L,), up to

65 individuals in one alimentary tract., G r i gora & (1963)
found up to 125 larvae in the alimentary tracts of the roach. The

use of this food item by the fry may vary considerably, depending

on the density of the larvae in the plankton, on the season and on
the intensity of fish reproduction, and in most cases it lasts for

a relatively short time (in the Lagoon of Szczecin, e.g., - 2-4 weeks)

and concerns only a specific size class of fry, mostly those above a
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dozen mm long (W SR ooy 1958) . Among invertebrates some species
of Cyclopidaé may feed on planktonic larvae of D. polymorpha (XK a-
rabin 1978) and so may some filtering organisms such as adult
D. polymorpha (Michee v 1967).

1 The occurrence in the bottom sediments of Lake Majcz Wielki of

emnpty shells of typically planktonic larvae indicates that at this
stage there also occurs natural mortality not caused by biocoenotic
factors., Environmental factors that may cause a reduction in numbers
of the larvae include water pollution (this applying to all age clas-
ses of D, polymorpha) (D yga and Lub janov 1972), me-
chanical destruction of larvae, e.g., during their passage through
technical installations (Jaro¥enko and Nabere¥%ny ]
1971), or the carrying away of larvae by tidal waves (Wi kt o r
1969, Kirpid&enko 1971b and others). It seems, however,
that the mortality of D. polymorpha at this developmental stage is
relatively low, When determining the reproductive potential of D.
polymorpha populations on the basis of literature data on the average
number of eggs in females from which the actual numbers of planktonic
larvae were subtracted, Wikt or (1969) and St aticzy- -
kowska (1977) havé established that in two completely diffe-

rent types of environment (a coastal lagoon and a lake) the reduc-
tion at this stage amounted to about 20% and was caused primarily
by biocoenotic conditions,

A critical moment in the life of D, polymorpha is the transi-
tion from the planktonic to the sedentary habits. The very high
mortality at this stage is caused mainly by environmental condi-
tions the most important of which is the lack of a suitable substrate
for settling. As indicated by the present investigations, only a per
cent fraction (0.4% -.Lake Oxéw, 0.6% - Lake Korowin), and in the
case of a large littoral rich in suitable substrates only several
per cent (4.,2% - Lake Majcz Wielki) of settling larvae find a suit-
able substrate and thus the possibility to undergo further develop-
ment. Those of them which happen to settle on a bad substrate (mud,
sand) or fall into the profundal where there are in addition bad
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oxygen conditions need not die at once. This is indicated by the
results of an experimeht during which postveligers vegetated for
several months on sand and mud (Tables III, X), and by the range
of body size of dead individuals found in the profundal, showing
clearly that growth in length had continued for some time., This
finding is confirmed by data found in the literature. K i r p i-
¥enko (1971c), for example, analysed the growth of settled
postveligers lowered to various depths in the Cimil janskoe Lake.
To the depth of 18 m he observed at fifst a clear growth in size
of the individuals and only after 14 days did their dying begin.
Likewise, in Lake Constance to the depth of 60 m W a 1 z (1975)
observed a decrease in numbers, progressing with time, of post-
veligers settled earlier, and only after several months did mortal-
ity on experimental plates attain the level of 100%.

It is thus only the small proportion of larvae which have found
themselves on suitable substrates that have the chance to survive.
The subsequent fate of settled postveligers depends to a large ex-
tent on the kind of the substrate. Two basic types can be distingu-
ished among substrates suitable for the settling larvae. One of the
types is a positively good substrate on which individuals that have
settled can occur throughout their life. It is represented primarily
by formed colonies of D, polymorpha and to a lesser extent by stones,
living mussels of the Unionidae family (Lewandowski
1976), empty shells of molluscs, etc. The other type represents sub-
strates which are also very good for settling, but by'contrast to
the former type they are short-lived, i.e., their duration is shorter
than the life span of D, polymorpha, This type includes aquatic ve-

getation. However, even on the best substrates (D. polymorpha colo-

nies, plants, glass plates) a certain relatively small percentage of
postveligers can be found to have died within a short time after set-
tling (Tables IX, X). According to Kirpi enko (1971a), it
is at this stage of ontogenic life that the weak and poorly developed
individuals die, For the transition from the planktonic to the seden-
tary habits is connected with métamorphosis, that is, with a consid-
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erable reconstruction of many organs and body systems of the individ-
uals, It is at the first moments of life that any developmental ano-
malies may become conspicuous (Kirpi ¥enko 1971a).

In the Masurian lakes most D, polymorpha larvae settle on sub-
merged plants. The initial conditions which are very good for set-
tling postveligers are followed by a high rate mortality of these
individuals., This is caused primarily by environmental conditions o
dying of the existing substrate and the necessity to look for a new
one, Mass mortality of D. polymorpha affects first of all individuals

settled on annuals, because these plants decompose in the autumn. Less
rapid, but also intense is the dying of D, polzgorpha on perennials
on which individuals older than 3 years are not found, Apart from
the breaking-off and dying of the macrophytes themselves, there may
be a strong mortality-causing effect on D. polymorpha of periphytic
filamentous algae attached to macrophytes. Such a situation was found
in Lake Czos, for instance, where submerged plants were covered with
a thick layer of algae to which settling postveligers attached. The
death of the algae between August and September caused a very rapid
death of plant-dwelling D, polzgorpha (Fig. 11). The possibility,
mentioned by K a anova (1961), that sedentary’ individuals
may return to the plankton when the original substrate decomposes
seems to be debatable. Such a return would only be possible in the
case of the smallest settled postveligers (Fig. 3), which are, howe-
ver, very few in number when the vegetable substrate disintegrates;
most of the postveligers will have exceeded 250 um by theh, that is,
" a body size that mekes their return to the planktonic habits impos-
sible (Fig. 4).

Apart from environmental conditions, mortality of D., polymorpha

settled on plants may to some extent result also from biocoenotic
factors. In this case an important role may be played by fish spe-
cies feeding directly on D, polymorpha (mainly the roach). According

to Micheevw (1969), young D, polymorpha which live on plants

are more accessible to fish than are individuals strongly connected

with colonies. Small postveligers can by chance be eaten by organisms
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feeding on periphyton (e.g., Gestropoda) and plants (e.g., of fishes
~ the rudd, Scardinius erythrophthalmus L., of birds - the swan,
Cygnus olor Gm, and others). Not only the eating, but also a mechan-
ical knocking of young D, polymorpha off plants on to a sandy or

muddy substrate can reduce their numbers, During its feeding the
snail, Radix ovata (Draparnaud), for instance, destroys about half
the available periphyton which when separated from the substrate
falls on to the bottom (Piec zyn s ka 1970). Some of the
young D, polymorpha that fall off plants and on to the bottom do not
die, as has alread; been mentioned, but principally Jjoin already

formed D, polymorpha colonies. In general, however, young (up to

3 years) D, polymorpha settled on plants die in large numbers., At

that stage the mortality from year to year usually exceeds 90%.

Responsible for mortality within formed colonies can be mainly
biocoenotic factors. D. polymorpha is the food item of some fish
(roach, Rutilus rutilus L., bream, Abramis brama L. and others)
(Pl1iszka 1953, Kondratev 198, Nebolsina
1962, 1965, M e jsner and Micheev 195, Me jsner
1966, Micheev 1966, 1974, Ol s zews ki 1978 and
others) and birds (chiefly the coot, Fulica atra L.) (L e u z i n-
ger and Schuster 1970, Stempniewicz 1974,
Widniewski 1974, Borowiec 1975 and others), as
well as of crayfishes (Orconectes limosus Raf.) (Pod ol 9o 1o
1974, S zlauer 1974), The mortality of the youngest classes
(0=2 years), to some extent blurred by the recruitment of individu-
als that leave plants, is comparatively small as is that of the
middle-aged classes (2-4 years) (Table XI, Wikt or 1969). It
is only in older age classes that the death rate clearly increases.
In the latter case the cause, in addition to the ageing of indi-
viduals, may also be, especially in large colonies, a limited supply
of food and oxygen to older individuals which are in the deepest
layers of the colomies (M icheev 1969).

Numerous data found in the literature and the author’s own find-
ings indicate that D, polymorpha cclonies are very variable., Dif-
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ferences were fournd in numbers, age-structure, etc. betweén water
bodies that often were interconnected and formed one complex, between
years in the same water body, and even between sites of the same water
body, that is differences in time and space. This variable picture

of D, polymorpha populations in different ecological situations re-

sults from the effect of a whole complex of factors affecting mainly
the early developmental stages of this mussel. A significant role

is played by the initial density of a population and its age-struc-
ture, due to which the production of planktonic larvae may vary.
Planktonic larvae present in the epilimnion will be subject to the
action primarily of water currents and atmospheric conditions: tem-
perature ahd directions and force of winds. Water movement caused

by winds, for instance, may have a decisive effect on the survival
rate of larvae passing to the sedentary habits, as a result of find-
ing themselves over an area that is suitable or unsuitable for their
settlement., This will depend also on the lake morphometry, and espe-
cially on the surface area and nature of the .littoral, on the pre-
sence of vegetation in it, on the species-composition of the vegeta-
tion, on the presence or absence of other substrates and on other
factors.

An analysis, made during this study, of the death rate of D,
polymorpha at different stages of life has shown that in most Masur-
ian 1lakes two moments critical for the formation of a population
can be distinguished. The first moment is the transition of plank-
tonic larvae to the sedentary habits when the survival rate is
often equal to & per cent fraction and at its maximum to several
per cent, The picture of this process seems to be similar in all
bodies of water, The second critical moment is the high mortality
of postveligers settled on plants. Only several per cent of settled
postveligers in a lake survive the first year of life, This applies
to those lakes the littoral zone of which is covered with submerged
vegetation, this being typical of most Masurian lakes, This factor,
affeéting the formation of a D, polymgrpha population in lakes,

does not occur in dam lakes where there are more permanent than
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vegetable substrates, and it is most probable that owing to the ab-
sence of the second critical moment in the life of D, polymorpha in
dam lakes, the abundance of this species in them is muech greater than

in ordinary lakes.
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5. SUMMARY

In the years 1976-1979 investigations of sedentary Dreissena
polymorpha were carried out in 26 Masurian lakes, The intensity of
the investigations varied. To determine changes against time, in
several lakes samples weré collected at the same station for 2-4
consecutive years, and in Lake Czos - every month throughout the
growing season (1978). To determine the numbers in a new D. poly-
morpha generation, a detailed analysis of the occurrence of seden-
tary individuals was made twice during the year: before the begin-
ning and after the termination of the breeding season in 3 lakes
(Majcz Wielki, KoZowin and Ox6éw), Apart from this, in Lake Majcz
Wielki in the years 1977, 1978 field experiments were carried out

to study the settlement of D, polymorpha larvae on natural and arti-

ficial substrates.

The generalized results .are as follows:

1. Larvae passing from the planktonic to the sedentary habits
settle most readily on submerged vegetation (Table III). larvae
settle on annuals at a different rate than on perennials, the rate

of their settling on plants varies also from species to species,
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depending among other things on the structure (architectonics) of
plants (Tables V, VI). Settlement on formed D;.poiymorpha colonies

and on stones is less intense, sand and mud being entirely unsuit-
able as substrates (Table III).

2. In the majority of the lakes under study plant-dwelling D.
polymorpha represented over 85% of the population (Fig. 6), and
the densities of individuals settled on the vegetation covering 1 m2
of the littoral were many times higher than the density of those
that settled directly on the bottom (in colonies), and many a time
they exceeded 100 thous. individuals (Table IV).

3. Due to the spreading of the breeding of D, polymorpha in time

and the settling of larvae in the growing season, the range of body-
~lengths of current year’s individuals is very wide and may amount
to over a dozen millimetres (Fig. 4).

4. D, polymorpha settled on plants and colonial D. polymorpha

differ completely in their age-structure. On plants, only the young-
est - mainly current year’s and one year old individuals are found,
and at the most (sporadically) - 3 year old ones, In colonies, all
age classes, that is, until 5th-6th year of life, occur, middle-
-~aged individuals usually dominating (Figs. 7, 9, 12, Table VII).

5. After the death of plants the young D, polymorpha that set-

tled on them eventually join, due to a passive and active transloca-
tion, colonies of this species formed on the lake bottom of the
littoral zone (Fig. 14).

6., Two moments critical to the formation of a population and
connected with mortality are distinguished in most lakes., The first
moment is the transition from the planktonic to the sedentary ha-
bits when over 99% of individuals may die. Only a per cent fraction
and at the most several per cent of settling individuals find a sui-
table substrate, The second critical moment is connected with the
mortality of postveligers settled on submerged vegetation - only
several per cent of settled postveligers in a lake survive till
the end of the first year of their life. Due to the effect of eco-

logical conditions which are different in each lake and year, and



278 - Krzysztof Lewandowski

act on the early developmental stages of D. polymorpha at the two
critical moments, the picture of the different populations of this

mussel species shows a great variation.

6. POLISH SUMMARY

W latach 1976-1979 w 26 jeziorach mazurskich prowadzono badania
nad wystepowaniem osiad*ych Dreissena polymorpha, Badania prowadzo-

no z rézng intensywnoscig. Dla uchwycenia zmian w czasie w kilku je-
ziorach préby‘pobierano na tych samych stanowiskach przez 2-4 kolej-
ne lata, a w jeziorze Czos - co miesigc w okresie sezonu wegetacyj-
nego (1978 r.). W celu okre$lenia liczebnosci nowego pokolenia D,
polymorpha szczegbows analize wystepowania osiadZych osobnikdéw prze-
prowadzono dwukrotnie w ciggu roku: przed rozpoczg¢ciem i po zakon-
czeniu sezonu rozrodczego w 3 jeziorach (Majcz Wielki, KoZowin, 0xéw) .
Ponadto w jeziorze Majcz Wielki w latach 1977-1978 w eksperymentach
terenowych (rys. 1, 2) badano osiedlanie si¢ larw D. polymorphg.na

podZozach naturalnych i sztucznych,

Ogdélne wyniki przedstawiajg si¢ nastepujgco: v o

1. Larwy przechodzgce z planktonowego do osiadZego trybu zycia
najintensywniej osiedlajg si¢ na ros$linnoéci zanurzonej (tab. 111),
Intensywnoéé tego procesu jest rézna w przypadku roslin jednorocz-
nych i wieloletnich, w przypadku réinych gatunkéw roslin i zalezy
m.in. od struktury (architektoniki) ros$lin (tab. v, VI). W mnie jszym
stopniu larwy osiedlajg sig¢ na uksztathwanych koloniach D, poly-
morpha i na kamieniach, a podZoZem zupeinie nieodpowiednim jest pia-
sek i mux (tab. III),

2, W wigkszos$ci badanych jezior naroslinme D, polymorpha stano-

wity ponad 85% liczebnos$ci calej populacji (rys. 6), a liczebnosci
osobnikéw osiad¥ych na ro$linncsci porastajgcej 1 m2 litoralu byzty
wielokrotnie wyzsze od liczebnosci D. polymorpha osiadZych bezpo-'

$rednio na dnie (w formie kolonii) i niejednokrotnie przekraczaiy
100 tys, osobnikéw (tab, IV),
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3. Rozciggniecie w czasie rozrodu D. polymorpha i procesdéw osia-

danisa larw w sezonie sprawia, Ze pod koniec okresu wegetacyjnego
rozpieto$é d¥ugoéci tegorocznych osobnikdéw jest bardzo duza i wyno-
sié moze kilkana$cie milimetréw (rys. 4).

4, 2. polyygrghg osiade na roslinach i D, polymorpha kolonijne

charakteryzujs sie zupeinie rbéing strukturg wiekowsg, Na roglinach
wystepujg tylko najmt*odsze osobniki - gXdéwnie tegoroczne i jedno-
roczne, a najwyzej (sporadycznie) - 3-1etnie: W koloniach natomiast
wystepujg wszystkie klasy wiekowe, czyli do 5-6 roku zycia, a domi-
nujg zwykle osobniki w S$rednim wieku (rys. 7, 9, 12, tab, VIiI).

5. Mrode D, polymorpha osiadZe na roslinach, po ich obumarciu

na skutek biernego i czynnego przemieézczania sie zasilajg z czasem
uksztattowane kolonie wystepujgce na dnie strefy litoralnej (rys.
14).

6. W wickszosci jezior mozna wyréznié dwa momenty krytyczne dla
. ksztaXtowania sie populacji, zwigzane ze $miertelnoscig, Moment
plerwszy to przechodzenie z planktonowego do osiadZego trybu zycia,
kiedy moze gingé do ponad 99% osobnikdéw. Tylko uamek procenta, a
maksymalnie kilka procent osiadajacych osobnikéw znajduje odpowied-
nie pod*oze., Drugi moment krytyczny jest zwigzany ze émiertelnosécig
postveligerdéw osiad?ych na roslinno$ci zanurzonej - do pierwszego
roku zycia przezywa zaledwie kilka procent w stosunku do postveli-
gerdw osiadXych w jeziorze. Réznorodnosé warunkdéw ekologicznych w
réznych jeziorach i w réznych latach wpiywajsca na wczesne stadia
rozwojowe D, polymorpha w obu momentach krytycznych powoduje bardzo

zmienny obraz réznych populacji tego maxza,
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