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HWccnenoBanue cocrostHus nomyisiun Dreissena polymorpha (Pallas, 1771) B 03. Hapoub ObUIO BBITIONHCHO B JICTHHC
Mmecsibl 20162017 rr. JIi1s omleHKH pacrpeneNeHns TONyISIAN APSHCCeHBI HA Pa3IMIHbIX TITyOnHaX 03. Hapods ObLIO 00-
CIIeIOBaHO 9 TPaHCEKT, Ha KOTOPHIX JpeiicceHa oOHapykeHa B mpobax, oToOpaHHbIX Ha mryouHax ot 0,5 1o 8 M. ITo pe3yms-
TaraM MCCIICIOBAHHS OBbLIO BBISBJICHO, YTO MAKCHMAJIBHBIX BEJIMUYMH IUIOTHOCTH U OHOMACCHI B pacdere Ha | M* ruiomaim
JIHa JpeliceHa MoCTHraja Ha nyOuHax 2—6 M B mpodax, rae MakpohuToM-cyocTpaTtoM Oblia Xapa. BeposTHO, 3TO CBsI3aHO
C OCOOCHHOCTSIMH Pa3BUTHsI XapOBBIX BOJOPOCIEH (HEMOJIHOE OTMUpaHUE B 3UMHHUI MEpHON), UX Mopdosornei (cuibHas
Pa3BETBIEHHOCTH TAJUIOMA U, KaK CJIEACTBUE, OOJIbIIAs IUIONIA b MOBEPXHOCTH JUISl IIPUKPEIUICHUST), TEM (haKTOM, YTO Xapo-
BBIC BOZOPOCIIH SIBIISIIOTCSI AKTUBHBIMU KapOOHATOOCAIUTEIISIMU (IIEpOXOoBaTast TIOBEPXHOCTh 00JIer4aeT NPHKPEIUICHNE Be-
JMTEPOB K PACTEHHIO). YCTAHOBIICHO, YTO CPEIHSAS MHANBHUIyalIbHAs Macca 0co0eil IpeiicceHbl, pa3BUBAOIINXCS Ha TPYHTE

O0pa3en UUTHPOBAHUMA:

Kprox /1B, XKykoBa AA. buotonuyeckoe pacnpocTpaHEeHUE UH-
Ba3uBHOTO Buaa — Dreissena polymorpha (Mollusca, Bivalvia)
B o3epe Hapous (bemapycw) B 20162017 rr. JKypuan Beno-
PYCCKO20  20CY0apCmBenno20  yHugepcumema. — IKON02Us.
2021;4:28-35 (Ha aHIIL).
https://doi.org//10.46646/2521-683X/2021-4-28-35

For citation:

Kryuk DV, Zhukava HA. Biotopic distribution of invasive
species — Dreissena polymorpha (Mollusca, Bivalvia) in lake
Naroch (Belarus) in 2016-2017. Journal of the Belarusian State
University. Ecology. 2021;4:28-35.
https://doi.org//10.46646/2521-683X/2021-4-28-35

ABTOpHBI:

Mapva Bauecnasoena Kprox — mnaquuii HayqHbIi COTPYAHUK
TUIPOIKOJIOTHH OHOJIOTHYECKOTO (haKyabTeTa.

Anna Anamonveena Kykoea — KaHIunar OHONOTHUECKUX
HayK, IOLIEHT; HadaJabHUK HapouaHckoil Ononornyeckoit cran-
uu uM. [. I. Bunbepra.

Authors:

Darya V. Kruk, junior researcher at the laboratory of
hydroecology, faculty of biology.

KrukDV(@bsu.by

Hanna A. Zhukava, PhD (biology), docent; head of the Naroch
biological station named after G. G. Vinberg.

anna_eco@tut.by

28



N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

B IIPUOPEKHOH 30HE, OKa3aJIach CyIIECTBEHHO OOJbIIe, 4eM y 0co0eif, KoTopsle pa3BuBatoTCs Ha Makpogurax. [Tocie cpas-
HCHU TOJTYYCHHBIX HAMU JJTaHHBIX C JAaHHBIMHA NPEAbITYIITNX I/ICCHe}IOBaHHﬁ MOXKHO 3aKJIFOYHUTH, YTO 3a IMOCJICAHUEC ABA ACCA-
THJICTUA BCIIUYUHBI IIJIOTHOCTU U 6I/IOMaCCbI ﬂpeﬁCCGHLI B 03. Hapoqb CyHICCTBEHHO HE UBMCHUJIUCDH.

Knroueswie cnosa: Dreissena polymorpha; GHOTOIIMYECKOE paclpeielieHre; INIOTHOCT OMyIsinuy; 03. Hapous; morpy-
JKCHHBIC MaKPO(HUTHI.

bnrazooapnocme. ABTOpBHI MaTepuaa BbIpaXKaloT OJIaroapHOCTh AaiiBepaM MexayHapoaHoi kareropuu B. B. Karynbko
u A. A. ConaTeHKOBY 3a HCOIICHUMEBIH BKJIa]] B COOp ITOJICBOTO MaTepHaa.

BIOTOPIC DISTRIBUTION OF INVASIVE SPECIES — DRESSENA POLYMORPHA
(MOLLUSCA, BIVALVIA) IN LAKE NAROCH (BELARUS) IN 2016—2017
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The study of the population of Dreissena polymorpha (Pallas, 1771) in the Naroch Lake was carried out in 2016-2017. The
distribution of the Dreissena’s population at different depths of Lake Naroch was examined at 9 transects. Dreissena was found
in samples taken from 0.5 to 8 m depths and reached its maximum densities at depths of 2—6 m. As the result of the investigation,
we found that the main substrate for the development of Dreissena in the lake are submerged macrophytes. The highest values
of Dreissena’s abundance were observed in the samples, where Chara algae was the main substrate. This is probably due to
the peculiarities of the charophyta development (incomplete dying off in winter), their morphology (strong branching of the
thallus and, as a consequence, a large surface area for attaching of dreissena) and the fact that Chara algae are active carbonate
precipitators (a rough surface of the thallus facilitates attachment to the plant). At the same time, the average mass of individuals
of Dreissena developing on the bottom in near-shore zone was significantly greater than that of the individuals developing on
macrophytes. After comparing the obtained data with the data of previous studies, it can be concluded that over the past two
decades, the values of the weighted average density and biomass of Dreissena in Lake Naroch have not changed significantly.

Keywords: Dreissena polymorpha; biotopic distribution; population density; Naroch Lake; submerged macrophytes.
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Introduction

Dreissena polymorpha (Pallas) is a small invasive bivalve mollusk, capable of living at different depths of
water bodies. Getting into suitable habitats, Dreissena quickly forms extremely dense settlements and often turns
into the absolute dominant in benthic and periphytic communities both in terms of abundance and biomass. The
active resettlement of Dreissena on the territory of Belarus took place at the end of the 20™ century.

It has been shown that, getting into suitable water bodies, zebra mussel over several years becomes a driving factor
in changing the habitats for native species. The influence of zebra mussel is primarily associated with its filtration type
of nutrition, due to which this mollusk intercepts and deposits in its tissues a significant part of organic matter and
nutrients, preventing their deposition and burial in bottom sediments [2; 3]. From a practical human point of view, the
introduction of zebra mussel can be also positive. In particular, an improvement in water quality and, in some cases,
an increase in the productivity of benthos-feeding fish. At the same time there are negative traits. For example, over-
growing underwater constructions and mass developing in pipelines leads to serious difficulties in water supply. In
addition, the sharp edges of the shells at the bottom in littoral can create inconvenience for swimming people, and it is
very noticeable for the reservoirs that are actively used for recreational purposes, such as, for example, Lake Naroch.

In Lake Naroch — the largest reservoir of the Republic of Belarus — Dreissena was first recorded in the late 1980s
(according to other data, Dreisena was found in 1985-1986) [1; 4]. Regular hydrobiological studies carried out at
Lake Naroch for over 60 years have made it possible to identify and describe quantitatively a number of conse-
quences of the introduction of Dreissena, the main of which was the switching of matter and energy flows from
planktonic communities to benthic and periphytic ones (while maintaining the same production level of the whole
ecosystem). This process was named «bentification» [5; 6] or «contourization» [4] in the scientific literature.

The first estimates of the Dreissena population density after its introduction into Lake Naroch were carried
out by A.Yu. Karataev and L.E. Burlakova [1; 2]. So, in 1990, Dreissena in Naroch was examined for the first
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time only in the area of the confluence of the River Skema from the lake Myastro (which confirmed its entry into
Naroch from above located Lake Myastro), the main substrate for it at that time were the shells of Unionids, sub-
merged macrophytes and stones. In terms of the entire lake bottom area, the density and biomass of Dreissena in
1990 in Naroch were small and constituted 7.4 + 3.0 ind./m? and 1.5 + 0.6 g/m>. However, in the next few years,
as it is typical for many invasive species, there was an “explosive” increase in the population of zebra mussel, and
by 1993 the population density of the mollusk in Naroch had increased by 103 times, and the biomass by 68 times,
amounting 763 % 149 ind./m* and 99 + 30 g/m? on average for the lake. Dreissena by this time inhabited all suit-
able substrates, mainly developing on submerged macrophytes, and moved deeper into the lake up to 8 m. Since
1995, the total population of Dreissena in lake Naroch stabilized and, according to [2], remained the same until
2002. In 2005, according to the data of bottom grab samples in May and October, the weighted average values
of Dreissena’s density and biomassin the lake were 1508 + 221 ind./m* and 158.4 & 17.9 g/m?, respectively [7],
which is also similar to the data obtained in the late 1990s — early 2000s.

Materials and methods

In June—August 2016 and June—September 2017 we estimated the density and biomass of Dreissena in Lake
Naroch with the help of divers who used underwater photography and manual collection for sampling mollusks
from macrophytes and bottom. This study, carried out after a rather long break in accordance with the scheme of
previous years [2], made it possible to assess the current state of the Dreissena population in the lake and compare
the obtained results with that of 20 years ago. In total, in 2016-2017 we examined 9 half-sections extending from
the shore line to the maximum depths of submerged macrophytes distribution in the lake (fig. 1): transects 1-3
were located in the Small stretch of the lake, transects 4-9 were in the Large stretch.

Fig. 1. The location of the Naroch lake on the map of Belarus and the layout of the transects along which the zebra mussel samples
were taken in the lake Naroch in 20162017 (similar to those where dreissena was sampled in 1999-2002)

Dreissena and submerged macrophytes were collected manually using a 0.5x0.5 m frame (as shown in fig. 2)
along the transects when submerging for each meter of depth or when plant associations were changing.

Fig. 2. Sampling of zebra mussel and accompanying samples of bottom sediments and macrophytes in Lake Naroch in 2016
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Results and discussion

During the period of work in the summer months of 20162017 9 transects were examined. Transects were
located along the periphery of the lake and covered depths in the range of 0.5-8 m (to the lower boundary of
the submerged macrophytes distribution in the lake). The main results of the study of quantitative counts of
Dreissena, as well as the description of soil type and submerged macrophytes (which are the substrate for the
Dreissena attachment), are presented in table 1.

Table 1

Density of zebra mussel at different depths of the lake Naroch (weighted averages are presented)

Transect Sampling | Soil type . Number of Dreissena | g mass* Dreissena
(Sr:;ri‘lil:rl) depth, m | of bottom Macrophyte species COI]?&?gg%mes déj nosli)t/}’f(;;]()i%l/ilz polymorpha, g/m?
0.5-0.6 |Silty sand |Chara, potomogeton 15 4 0.6
0.8-1.0 |Silty sand |Chara 3 1033 874.5
1.9 Silty sand | Chara 1 1708 626.5
2.5 Silty sand | Chara 1 5492 408.6
: 3.0 Silty sand | Stratiotes, ceratophillum, elodea 1 2892 726.0
3.1 Silty sand | Chara, stratiotes 1 9716 479.4
3.1 Silty sand | No macrophytes 1 0 0.1
4.7 Silty sand | Chara 1 568 873
0.5 Sand Chara, nitellopsis 10 147 93.9
1.5 Sand Chara 1 5680 416.3
2.1 Silty sand | Elodea 1 364 78.4
2.2 Silty sand | Chara, ceratophillum, fontinalis 1 36 5.8
2.2 Silty sand | Chara, stratiotes 1 168 25.7
2 2.2 Silty sand | Chara 1 1332 108.8
25 |Siltysand | Fotomogeton. ceratophillum, 1 1288 128.8
3 Silty sand | Chara 1 1080 297.8
4.7 Silty sand | Chara 1 2840 258.2
5.5 Silty sand | Potomogeton, chara 1 376 60.9
6.6 Silty sand | Elodea 1 652 874
0.5-0.8 |Sand No macrophytes 15 131 70.8
0.5-0.8 |Sand Potomogeton 10 0 0.1
3 1.6 Silty sand | Elodea, ceratophillum 1 852 119.3
1.8 Sand Chara 1 336 150.6
4.6 Silty sand | Chara 1 872 167.8
0.5 [Sandand oy 3 149 216
0.5 Ssgll]%:nd No macrophytes 3 936 207.5
1.6 Silty sand | Chara, ceratophillum, fontinalis 1 4472 418.2
4 1.7 Silty sand | Chara, elodea, fontinalis 1 1836 205.7
2.1 Silty sand | Ceratophillum 1 792 55.2
2.4 Silty sand | Elodea 1 72 7.9
3 Silty sand | Chara, elodea, ceratophillum 1 984 159.5
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Ending table 1

Transect | g, oling | Soil type . Numberof - Dreissena | i o ocx Droissena
mumber | R hotiom Macrophyte species collected frames | polymorpha | Z%0000 7K B
(see fig. 1) (0.25m?) density, ind./m
0.4—-0.6 |Sand No macrophytes 20 18 153
0.4-0.6 |Sand Chara 1 144 372
0.4-0.6 |Sand Chara 1 1452 507.6
0.4-0.6 |Sand Potomogeton 3 7 0.9
: 3.8 Silty sand | Chara, fontinalis 1 344 150.8
4.5 Silty sand | Chara 1 1536 239.8
7 Silty sand | Chara, potomogeton 1 428 86.8
74 Silt Chara 1 1052 43.6
0.5 [Sandand epar 5 97 88.8
0.5 |Sandand ) 5 14 56
6 2.0 Silty sand | Chara 1 3144 1155.6
35 Silty sand | Chara 1 4792 824.6
5.0 Silty sand | Chara 1 956 123.6
7.5 Silty sand | Chara 1 252 53.2
0.4 Silty sand | Chara 20 0 0.1
. 22 |Silty sand gj’;fnnggﬁi:‘s’glgcgjra 1 304 282.0
43 Silty sand | Chara, stratiotes 1 1572 390.2
8.0 Silty sand | Nitellopsis, ceratophillum 1 4 0.5
0.6-0.7 |Sand Chara 15 23 57
3.0 Silty sand | Chara 1 1736 387.1
P 4.0 Silty sand | Chara, potomogeton, elodea 1 2296 350.0
55 [sittysand | GOR romoseton. fontinalis| ! 352 4246
6.8 |Silty sand gggjﬁfgg&&m clodea, 1 136 272
0.5 Sand Chara 10 44 21.1
1 Sand Chara 5 90 303
3.0 Silty sand | Chara 1 676 82.3
9 4.2 Silty sand | Chara, elodea, potomogeton 1 164 61.8
54 Silty sand | Ceratophillum, elodea 1 376 105.8
6.3 Silty sand | Ceratophillum, elodea 1 784 210.1
8.0 Silt Elodea, chara 1 748 877

Note. *Wet weight was measured after drying the zebra mussel on filter paper.
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The results of the study showed that the main substrate for the development of Dreissena in the lake remain
submerged macrophytes (as in was in the late 1990s — early 2000s), the densest thickets of which currently occupy
depths from 2 to 6 m. Accordingly, in this range of depths the zebra mussel also reaches its maximum densities,
like it has been noted earlier [1]. The distribution of spatial distribution of density and biomass at different depths
is graphically depicted at the figures 3 and 4.
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Fig. 3. Distribution of the zebra mussel biomass by depth in the Naroch lake in samples 20162017
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Fig. 4. Distribution of the zebra mussel density by depth in the Naroch lake in samples 20162017

The graphs show that there is no clear correlation between the abundance/biomass of Dreissena and depths
of sampling. The maximum biomass values are within the depth values from 1 to 4 m, and the maximum density
values from 1.5 m to 3.5 m. With increasing depth, the values of both parameters decrease. Probably, these results
indirectly indicate the dependence of the Dreissena population on the intensity of the bottom overgrowth with
macrophytes, which, in turn, is limited not only by the depth, but also by the type of soil, currents, etc. Moreover,
at medium depths chara and ceratophillum are more common, when at depths over 6-7 m elodea is mare com-
mon (which is a less convenient substrate for attachment in comparison with chara algae, which mainly occupy
shallower areas of the lake). The distribution of the zones of overgrowth with submerged macrophytes over the
various depths of the lake are presented in more details in [8]. In the presence of a suitable plant substrate (chara
algae), mollusks can be found in a fairly large number also at depths over 6 m.

Due to the fact that different types of submerged macrophytes in the lake have different ratios of surface area
to mass and their own morphological features, the relationship between the air-dry mass of macrophytes and the
abundance/biomass of dreissena collected from the same site has not been revealed. According to Spearman’s
rank correlation analysis the data on the biomass of dreissena didn’t show dependence with air-dry mass of mac-
rophytes (n =36, r =—0.028), as well as for the abundance of dreissena and air-dry mass of macrophytes (n = 36,
r=0.063). It was noted that the most favorable substrate for the development of Dreissena in Lake Naroch is chara
algae, since their morphological structure and features of the life cycle allow dreissena to fix successfully on the
thallus in large numbers. First of all, this is facilitated by the strong branching of the thallus and, as a consequence,
a large surface area for attachment, as well as the fact that chara algae are active carbonate precipitators (a rough
surface facilitates attachment to the plant). Also chara thallus shows the incomplete dying off in winter (and due
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to calcification of cell membranes, even dying parts of the thallus decompose more slowly), which allows zebra
mussel to develop on chara algae for more than one vegetative season [9].

Also it has been shown that dreissena individuals that develop at shallow depths on sandy soil (usually they form
drusen or attach to stones and snags) have a higher specific weight in comparison with that developing on mac-
rophytes. This is mainly due to the seasonal development of most water plants , which also leads to dying off the
mollusks attached to them in winter when they submerge in silt at the bottom. Therefore, for samples collected in
2016-2017 on macrophytes, the average weight of one zebra mussel (£standard error of the mean) turned out to be
significantly less than that for mollusks collected in shallow water on a sandy substrate (0.24 + 0.02 and 0.80 + 0.05 g,
respectively). Differences between the individual weights of individuals found on the two substrates were higly sig-
nificant (Mann-Whitney U-test, p = 0.0003, n = 15). The similar situation was observed in the lake earlier: the aver-
age weight of mollusks on macrophytes in 1993—-1995 and 1997 was equal to 0.07 = 0.01 and 0.10 £0.01 g, and on
a sandy substrate — 0.35 = 0.07 and 0.3+ 0.05 g respectively (calculated based on the archival data of L. E. Burlakova).

The collected data from 9 investigated transects where superimposed on the bathymetry of the lake and the
weighted average values of the density and biomass of Dreissena in the lake were calculated. Data of the present
study were compared with the data of previous. The results are shown in table 2.

Table 2
Long-term dynamics of the Dreissena polymorpha population in Lake Naroch
Years of research Number of observations (sample size) Dens‘?’ Blomazss, Source
sp./m g/m
1990 54 74 +3 1,5+0,6
1993 49 763 &+ 149 99 £+ 30
1994 126 758 £ 240 115+ 30 [2]
1995 116 1521 £451 107 £44
1997 285 922 +238 99 +20
2002* 37 757 £ 198 256+78 | Archival data of L. E. Burlakova
2005%* 177 1508 +£221 158 + 18 [7]
20162017 188 1202 + 128 199+ 18 Our data

Note. *Samples were taken at depths up to 2 m; **according to bottom grab samples.

The data obtained in 1995-1997 are the most comparable with the data of our study, because they were sam-
pled according to the same scheme. Other data can be considered as indicative, since the number of collected
samples and the depth of their sampling varied. So, in 2002, zebra mussel samples were collected only in shallow
areas of the littoral zone, mainly on sandy soil, which led to lower average density values with a higher biomasses;
in 2005, bottom areas were examined at depths from 0.8 to 8 m using a bottom grab [7].

If we compare our data with the data of previous studies, especially paying attention to that in 1995 and 1997 when the
population of Dreissena in Lake Naroch reached a plateau and the research scheme was the same, it can be concluded that
over the past two decades, the mean values of dreissena’s density and biomass in the lake had not changed significantly.

Conclusion

In 2016-2017 after almost 20 years break, a large survey of the lake Naroch was carried out in order to assess the
population density and spatial distribution of Dreissena polymorpha. It had been shown that the main substrate for
the development of dreissena in the lake remain submerged macrophytes, mainly chara algae, which develop mostly
in the depth range 2—6 m. Our results indicate that in recent 20 years the population of Dreissena in Lake Naroch is
in a stationary state, keeping the values of the weighted averages of density and biomass close to those observed at
the end of the 1990s. Dreissena on submerged macrophytes in the lake is mainly represented by annual individuals
that die when macrophytes die off in winter. The part of the population located in shallow water area is represented
by mollusks of different ages (this is confirmed by the higher values of individual weight and size characteristics of
individuals), which form a reproductive reserve for the population in the lake ecosystem that ensures the colonization
of a new generations of zebra mussels on submerged macrophytes in the next growing season.
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