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Recent trends in relative abundance of two
dreissenid species, Dreissena polymorpha and
Dreissena bugensis in the Lower Don River system,
Russia
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Abstract: We sampled sites in the lower Don River system, Russia between 1977 and
2004 (5 sites) or between 1999 and 2004 (10 sites) to determine relative trends in two
dreissenid species, Dreissena bugensis and Dreissena polymorpha. The sites were
located in the main river, in connecting reservoirs, and in a major tributary, the Man-
ych River. For sites sampled beginning in 1977, D. bugensis was first found in the
lower river in 1980 and then more upstream in 1991. The relative proportion of D.
bugensis increased to reach a maximum of 30–50 % of the dreissenid population by
1999. After 1999, this species decreased at 14 of the 15 sites. At sites in the Don River,
the proportion that D. bugensis comprised of the total dreissenid population after 1999
declined from 25–50 % to 10–18 %, whereas at sites in the Manych River the propor-
tion declined from 65–75 % to 33–43 %. The decline of D. bugensis relative to D.
polymorpha is unique; in most other water bodies D. bugensis displaces D. poly-
morpha over time because of its superior physiological attributes. Reasons for the rela-
tive decline of D. bugensis are unclear, but we speculate that selective predation by
fish may be a potential factor.
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Introduction

Dreissena polymorpha (Pallas 1771) and Dreissena bugensis (Andrusov
1897) also known as zebra mussel and quagga mussel, respectively, are spe-
cies of Ponto-Caspian origin that have invaded areas far beyond their native
ranges to both Europe and North America (Starobogatov 1994, Mills et al.
1996, Orlova & Scherbina 2002). Their expansion has had diverse ecosys-
tem-wide effects, heavily impacting aquatic communities, especially in North
American lakes (Ludyanskiy et al. 1993, Vanderploeg et al. 2002).
Whereas D. polymorpha began to spread intensively throughout Eurasia about
200 years ago and has now colonized most of western Europe (Staroboga-
tov 1994), D. bugensis has only recently (late 1980 s/early 1990 s) begun to
spread outside of its native range within the Black Sea basin (Orlova &
Scherbina 2001). In North America, the two species were first reported al-
most simultaneously in the late 1980 s (Hebert et al. 1989, May & Mardsen
1992).

The recent range expansion of these two ecologically similar species places
them in direct competition for available resources. In areas where they are
sympatric, D. bugensis is competitively superior to D. polymorpha, having
displaced D. polymorpha as the dominant dreissenid in North American lakes
and rivers (Mills et al. 1999, Ricciardi & Whoriskey 2004), and in rivers
and reservoirs of Ukraine and Russia within 9 years (Kharchenko 1995,
Mills et al. 1996, Orlova & Scherbina 2002). In some areas, however, a
partitioning of available substrate has allowed D. polymorpha to remain co-
dominant with D. bugensis (Diggins et al. 2004).

In a previous study, we unexpectedly found low abundances of D. bugensis
relative to D. polymorpha in the lower Don River system despite the former
species having colonized the region for over a decade (Zhulidov et al. 2004).
Our primary focus in this previous study was to document distribution patterns
of the two species over a broad range of conditions. It was not possible, there-
fore, to ascertain whether relative abundances of the two species were stable
and conditions were not favorable to D. bugensis, or whether relative abun-
dances were in fact changing, but displacement was occurring at a slower rate
than found in other studies. In this paper, we examine relative trends in D. bu-
gensis and D. polymorpha populations by presenting temporal patterns over a
27-year period in the same lower Don River system.

Material and methods

Samples of Dreissena were collected from 15 sites in the lower Don River system, in
the lower part of the Tsimlyansk Reservoir, and also in the Manych River system
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Table 1. Location of sites sampled in the lower Don River (Stations 1–11) and in the
Manych River system (Stations 12–15) in July 1999–April 2004.

Station Station Location Distance from Times
Designation Don River Sampled,
(see Fig. 1A) mouth (km) 1999–2004

1 Tsimlyansk Reservoir, 50 km upstream 373 4a

from dam
2 Tsimlyansk Reservoir, 0.3 km downstream 323 7b

from dam
3 Don River, 32km downstream from town 291 7b

of Volgodonsk
4 Don River, downstream Village of 207 7b

Konstantinovsk
5 Don River, 6.5 km downstream 160 5c

Village of Semikarakorsk
6 Don River, Village of Razdorskaya 150 6d

7 Don River, 15km downstream 97 7b

Village of Bagaevskaya
8 Don River, 1km upstream Aksay settlement 61 7b

9 Don River, Village of Koluzaevo 33 7b

10 Don River delta, B. Kalancha, upstream 20 7b

village of Dugino
11 Don River, 1km upstream of Town of Azov 16 6d

12 Manych River, Proletarskoye Reservoir 258 7b

13 Manych River, Village of Vesyoly 160 5e

14 Manych River, Ust-Manych Reservoir 99 7b

15 Manych River, near Village of Manychskaya 98 7b

a Oct 2002, May 2003, Sep 2003, Apr 2004.
b Jul 1999, Jun 2000, Sep 2001, Oct 2002, May 2003, Sep 2003, Apr 2004.
c Aug 2001, Oct 2002, May 2003, Sept 2003, Apr 2004.
d Jul 1999, Aug 2001, Oct 2002, May 2003, Sep 2003, Apr 2004.
e Jul 1999, Sep 2002, May2003, Sep 2003, Apr 2004.

within the western part of the Kuma-Manych depression (Table 1, Fig.1) (Zhulidov et
al. 2004). The lower Don River was defined as the river section from the Tsimlyansk
Dam to the delta at Taganrog Bay of the Azov Sea. Some of the sites were located near
the continuous monitoring stations of the State Service (Network) of Observation and
Control of Environmental Pollution (OGSNK/GSN) of the Federal Service of Russia
for Hydrometeorology and Environmental Monitoring (Roshydromet) (see: Zhulidov
et al. 2000, 2001). The initial year of sampling varied between the sites. Five sites were
sampled beginning in 1977 (Sites 2, 6, 7, 8, and 11), eight sites were sampled beginning
in 1999 (Sites 3, 4, 9, 10, 12, 13, 14, and 15), one site was sampled beginning in 2001
(Sites 5), and one site was sampled beginning in 2002 (Site 1). Samples were usually
collected once a year during the ice-free season (April to October) except in 1995–
1998 when no samples were collected. The last sampling date for all sites was in April,
2004. Dreissenids were collected as part of a biomonitoring program under the super-
vision of the Hydrochemical Institute. On each sampling date, care was taken to collect
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Fig.1. Location of sampling sites in the lower Don River and Manych River systems.

representative specimens (90–300 individuals) from each site. Since our purpose was
to document relative abundances of the two species over a wide area, we focused on
collecting specimens from a variety of substrates and water depths. At each site, mus-
sels were collected from two depths. In shallow water (< 2 m), mussels were collected
by hand from any accessible substrate along the shore (concrete piles, twigs, macro-
phytes, etc). In deeper water (2–6 m) mussels were collected with an Eckman-type box
corer (area = 0.01m2). These methods were followed throughout the entire study pe-
riod. Maximum water depths are 10–12 m in the lower Don River and 2–3 m in the
Manych River so our sampling depths well-characterized habitats in each river system.
All specimens were dried whole (shell and soft tissue) and stored in doubled poly-
ethylene bags. Subsequently, only large individuals of similar size (15–22 mm) were
identified to species. Identifications were based on shell morphology as described by
May & Mardsen (1992). Specimens identified as D. polymorpha had a well-devel-
oped carina (i. e., acute angle) between the ventral and dorsal surfaces, while speci-
mens identified as D. bugensis did not have a carina. Approximately up to 62 % of D.
bugensis generally fit the description of the “profunda” form as found in the North
American Great Lakes (Dermott & Munawar 1993, Claxton et al. 1998). How-
ever, because of uncertainties in shell morphology, these individuals were not consid-
ered separately from the typical form of D. bugensis.
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Fig. 2. The relative proportion (percent) of the total Dreissena population comprised
by Dreissena bugensis at the 11 sampling sites in the lower Don River system. Sites in
the left column were sampled 1977–2004, while sites in the right column were sampled
1999–2004.
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Results

Trends in dreissenid distribution

For the five sites that were initially sampled in 1977, D. bugensis was found
first at sites in the lower portion of the Don River system and then at sites in
the upper portion. It was found at Site 11 in 1980, at Sites 7 and 8 in 1981, at
Site 6 in 1984, and at Site 2 in 1991 (Figs. 1 and 2). The relative proportion of
D. bugensis gradually increased at each of these sites, reaching a peak of 30–
50 % of the dreissenid population in 1999. However, beginning in 1999 and
through 2004, the relative proportion of D. bugensis declined at 14 of the 15
sites sampled (Figs. 2 and 3). The only location where D. bugensis did not de-

Fig. 3. The relative proportion (percent) of the total Dreissena population comprised
by Dreissena bugensis at the 4 sampling sites in the Manych River, 1999–2004.
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cline was at the site in Tsimlyansk Reservoir (Site 1) where it comprised only
a small fraction of the dreissenid population (≤ 5 %). For the 14 other sites, the
mean decline between 1999 (13 sites) or 2001 (1 site) and 2004 was 24 %
(range 14 to 36 %), and this difference was significant (Wilcoxon signed rank
test; P < 0.01). Proportional declines of D. bugensis in the lower Don River
and the Manych River systems were similar despite greater initial abundances
of this species in the latter system. Over the 6-year period, the association in
trends between the stations was highly significant (Kendall’s coeffi cient of
concordance = 0.81; P < 0.001; excluding Station 1). In 1999, D. bugensis ac-
counted for 25–50 % of total dreissenid numbers at sites in the Don River
downstream from the Tsimlyansk Dam and 65–75 % in the Manych River. By
2004, relative proportions decreased to 10–18 % and 33–43 % in the two riv-
ers, respectively.

Discussion

To our knowledge, this is one of the few records of D. bugensis declining rela-
tive to D. polymorpha in an area of overlapping distributions. Most all previ-
ous studies in both Eurasia and North America have shown that D. bugensis,
over time, displaces D. polymorpha. Displacement has occurred in a variety of
different habitat types, ranging from warm-shallow and deep-cold lakes, to
rivers and reservoirs (Kharchenko 1995, Mills et al. 1996, Mills et al.
1999, Orlova & Scherbina 2002, Ricciardi & Whoriskey 2004). Reasons
for the competitive advantage of D. bugensis seem to lie in species-specific
differences in physiological characteristics. D. bugensis has a higher assimila-
tion efficiency than D. polymorpha so that at low food levels it maintains
higher growth and fecundity rates (Baldwin et al. 2002). Also, D. bugensis
has a lower respiration rate under different seasonal temperature regimes
(Stoeckmann 2003). Lower respiration rates decrease metabolic costs, allow-
ing D. bugensis to have greater growth and greater allocations of energy to
soft body mass than D. polymorpha at similar food conditions (Roe & Mac-
Isaac 1997). These attributes give D. bugensis a strong competitive advantage
during periods of low food and high temperatures. Also, because of higher
growth rates, D. bugensis larvae settle at a larger size than D. polymorpha lar-
vae, giving them a competitive advantage (Martel et al. 2001). While some
laboratory studies found D. bugensis to be less tolerant of higher temperatures
than D. polymorpha (Domm et al. 1993), controlled studies under more natural
conditions showed that growth and survival of D. bugensis was similar to, or
greater than, D. polymorpha at typical summer-warm temperatures (Mac
Isaac 1994, Thorp et al. 2002).
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All sites within the lower Don River and Manych River systems displayed
a similar decline in D. bugensis. This consistent decline occurred over a water-
way system of more than 600 km, and across stations that were likely sub-
jected to very different local influences. To have such an extensive decline,
either a broad, fundamental change occurred in river conditions beginning in
1999, or conditions were marginal for D. bugensis to begin with. In the latter
case, possibly an initial colonization period was followed by the observed de-
cline as the population failed to acclimate to an unfavorable habitat. At sites in
the lower Don River that were sampled beginning in 1977, D. bugensis in-
creased gradually to reach a maximum of 40–50 % of the dreissenid popula-
tion within 18–19 years. This rate of population increase relative to D. poly-
morpha is considerably less than the 71% within a 4–9 year period found in
the lower Dnepr (Dnieper) River (Mills et al. 1996). Yet the abrupt decline
beginning in 1999 is difficult to explain. A fundamental change in river condi-
tions seems unlikely. Based on long term monitoring data, broad changes in
hydrochemical conditions such as flow regimes or chemical composition have
not occurred in these river systems over the past decade (Zhulidov, unpubl.
data). In our previous paper, we speculated that the greater dominance of D.
bugensis in the Manych River compared to the lower Don River might be due
to differences in total mineral/calcium content (Zhulidov et al. 2004). Total
mineral content was 1780–2360 mg/L in the Manych River, but only 450–
810 mg/L in the Don River system; calcium content was 119 mg/L and 45–
78 mg/L, respectively. We suggested that higher levels in the Manych River fa-
vored D. bugensis over D. polymorpha since levels exceeded the optimum for
D. polymorpha (70 mg/L; Ludyanskiy et al. 1993). However, the decline of
D. bugensis over the 5-year study period was similar in the two river systems
making this original suggestion unlikely. If higher total mineral/calcium con-
tent in the Manych River system favored D. bugensis, then declines would
likely have been less than those found in the lower Don River system.

One possible explanation for the widespread decline of D. bugensis is
selective predation by the fish community. D. bugensis has a thinner, more
fragile shell than D. polymorpha (Nichols [http://www.nsgo.seagrant.org/
funding/zmlifehistory.html], Tyutin & Medyantseva 2004 a, b, our unpubl.
data). A thinner shell allows fish to more efficiently crush and digest even
large individuals. Unlike the Great Lakes region in North America, where few
native fish species are able to efficiently feed on D. polymorpha and D. bugen-
sis (Jude 2003), in Eurasia these bivalves are important food items for a var-
iety of fish. Most of them are cyprinids including roach (Rutilus rutilus L.),
common bream (Abramis brama L.), silver bream (Blicca bjoerkna L.), ide
(Leuciscus idus L.), carp (Cyprinus carpio L.), and black carp (Mylopharingo-
don piceus Richardson). Some species from other families are also active
consumers of dreissenids, especially round goby (Neogobius melanostomus
(Pallas), sterlet (Acipenser ruthenus L.) and some whitefish species (Staro-

http://www.nsgo.seagrant.org/funding/zmlifehistory.html
http://www.nsgo.seagrant.org/funding/zmlifehistory.html
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bogatov 1994, Reshetnikov 2003). Each of these fish species can be highly
selective of its molluscan prey (Starobogatov 1994), and thus influence both
the absolute and relative number of dreissenid species.

We believe that the recent expansion of D. bugensis into areas previously
inhabited only by D. polymorpha can lead to shifts in food preferences of
some common Eurasian fish species that previously did not feed intensively
on dreissenids. Kasyanov & Izyumov (1995) indicated that the dreissenid in-
vasion into Volga River reservoirs resulted in a divergence of roach popula-
tions into molluscivorous and herbivorous forms, with different growth rates
and different morphological and ecological characteristics. We speculate that
after an initial colonization period and abundances of D. bugensis peak, the
fish community adapts to this new food source, contributing to subsequent de-
clines. D. bugensis has only recently invaded the Rybinskoye Reservoir, but it
has now become the dominant prey item of bream (G. K. Scherbina pers.
comm.). It has been suggested that colonization of a given water body by
dreissenids would increase local populations of molluscivorous fishes, further
contributing to the selection process (Tyutin & Medyantseva 2004 b).

Selective fish predation, besides explaining the widespread decline of D.
bugensis relative to D. polymorpha in the two river systems, may also explain
the proportionally greater abundance of D. bugensis in the Manych River. The
relationship between shell thickness and calcium content in dreissenids is not
known but, because of greater calcium content of the river water, the shells of
D. bugensis in the Manych River may be thicker than in the lower Don River,
leading to a diminished level of selective predation.

Although D. bugensis usually displaces D. polymorpha as the dominant
dreissenid, the latter can remain dominant in certain types of habitats. A recent
study found that D. polymorpha was more prevalent on macrophytes than on
adjacent benthic substrates (Diggins et al. 2004). On macrophytes, D. poly-
morpha comprised 30–61% of all dreissenids, while on benthic substrates D.
bugensis comprised 92–100 %. An increase in macrophytes in the Don River
and Manych Rivers could have occurred during our study period, leading to a
proportional increase in D. polymorpha. However, we sampled a variety of
different substrates and all displayed a similar decrease in D. bugensis. Habitat
partitioning was also observed vertically along a canal wall (Ricciardi &
Whoriskey 2004). D. polymorpha dominated biomass at an upper wall loca-
tion (1.5–2.0 m), but D. bugensis dominated at lower locations (> 2.5 m). At
the former location, D. bugensis decreased from comprising 60 % of total
dreissenid biomass to 20–30 % in one year. The authors offered no explana-
tion for the D. bugensis decline. While a comparison of changes on such a
small scale to changes in a large river system may not be justifiable, it does il-
lustrate that abrupt shifts in relative abundances do occur.

While unlikely, selective infection by an unknown pathogen may also have
been the cause of the decline of D. bugensis relative D. polymorpha. Even
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though spatial distributions overlap and metabolic functions of the two species
are similar, differential infection rates have been documented (Karatayev et
al. 2000). Again, whatever the cause of the proportional decline of D. bugensis
relative to D. polymorpha, the abrupt change in 1999 would indicate some
threshold tolerance level had been exceeded.

Our results contrast to most all previously documented trends for these two
species in areas of overlapping ranges. In this regard, relative trends in the
lower Dnepr (Dnieper) River, Ukraine are of particular interest. D. bugensis
replaced D. polymorpha as the dominant dreissenid in 4–9 years in this river
system (Kharchenko 1995). Since the Dnepr River study was conducted in
the early to mid-1990 s, further surveys should be conducted to determine if D.
bugensis is still the dominant species. If D. bugensis is still dominant, then a
detailed comparison of environmental conditions within the lower Dnepr and
lower Don/Manych River systems may provide insights into factors influenc-
ing relative abundances of these two species. It should be noted that D. bugen-
sis was first described in the Yuzhny (Southern) Bug River at the turn of the
century, but this species was not found (Alimov & Bogutskaya 2004) or
was rare (Zhulidov, unpubl. data) in this region of the river in the early
1990 s. A survey in the late 1990 s found that D. polymorpha was 10 times
more abundant than D. bugensis in the Southern Bug River Estuary (I. A. Gri-
gorovich, pers. comm.), further demonstrating that under some conditions D.
bugensis does not replace D. polymorpha.

Acknowledgements

This work was carried out under the Russian Federation Environmental Management
Project (North-Caucasus water management and protection sub-component under the
World Bank loan to the Russian Federation) and the Rostov Strategic Plan for Sewe-
rage and Water Supply, financed by the British Department for International Develop-
ment. The South Russian Regional Centre for Preparation and Implementation of In-
ternational Projects (CPPI-S), Rostov-on-Don, Russia provided partial funding. We
thank post-graduate student Gennadiy Podtopta, Rostov State University, Rostov-on-
Don, Russia for help in preparing the map, as well as Dr. I. Grigorovich, Virginia
Polytechnic Institute and State University and Dr. G. Scherbina, Institute for Biology
of Inland Waters Russian Academy of Sciences for consultations.

References

Alimov, A. F. & Bogutskaya, N. G. (2004): Biological Invasions in Aquatic and
Terrestrial Ecosystems. – KMK Scientific Press Ltd. Moscow- St. Petersburg,
Russia (in Russian).

Baldwin, B. S., Mayer, M. S., Dayton, J., Pau, N., Mendilla, J., Sullivan, M.,
Moore, A., Ma, A. & Mills, E. L. (2002): Comparative growth and feeding in
zebra and quagga mussels (Dreissena polymorpha and Dreissena bugensis): im-
plications for North American lakes. – Can. J. Fish. Aquat. Sci. 59: 680–694.



Dreissena in the Lower Don River 219

Claxton, W. T., Wilson, A. B., Mackie, G. L. & Boulding, E. G. (1998): A genetic
and morphological comparison of shallow- and deep-water populations of the
introduced dreissenid bivalve Dreissena bugensis. – Can. J. Zool. 76: 1269–1276.

Dermott, R. & Munawar, M. (1993): Invasion of Lake Erie offshore sediments by
Dreissena, and its ecological implications. – Can. J. Fish. Aquat. Sci. 50: 2298–
2304.

Diggins, T. P., Weimer, M., Stewart, K. M., Baier, R. E., Meyer, A. E., Forsberg,
R. F. & Goehle, M. A. (2004): Epiphytic refugium: are two species of invading
freshwater bivalves partitioning spatial resources? – Biological Invasions 6: 83–
88.

Domm, S. R., McCauley, W. & Kott, E. (1993): Physiological and taxonomic separa-
tion of two dreissenid mussels in the Laurentian Great Lakes. – Can. J. Fish.
Aquat. Sci. 50: 2294–2297.

Hebert, P. D. N., Muncaster, B. W. & Mackie, G. L. (1989): Ecological and genetic
studies on Dreissena polymorpha (Pallas): a new mollusc in the Great Lakes. –
Can. J. Fish. Aquat. Sci. 46: 1587–1591.

Jude, D. J. (2003): The effect of round (Neogobius melanostomus) and tubenose (Pro-
terorhinus marmoratus) gobies on Great Lakes native species. – In: Invasions of
alien species in Holarctic. – Proc. of the US-Russia Invasive Species Work-
shop. 27–31 August, 2001, Borok, Russia pp. 515–522.

Karatayev, A. Y., Molloy, D. P. & Burlakova, L. E. (2000): Seasonal dynamics of
Conchophthirus acuminatus (Ciliophora, Conchophthiridae) infection in Dreis-
sena polymorpha and Debugensis (Bivalvia, Dreissenidae). – Eur. J. Protistol. 36:
397–404.

Kasyanov, A. N. & Izyumov, Yu. G. (1995): Growth and morphology of the roach
Rutilus rutilus in the Pleshcheevo Lake in connection with Dreissena establish-
ment. – Voprosy Ikhtiologii 35: 546–548 (in Russian).

Kharchenko, T. A. (1995): Dreissena: range, ecology, fouling impacts. – Hydrobiol.
J. 31: 3–20 (in Russian).

Ludyanskiy, M. L., McDonald, D. & MacNeil, D. (1993): Impact of the zebra
mussel, a bivalve invader. – Bioscience 43: 533–544.

MacIsaac, H. J. (1994): Comparative growth and survival of Dreissena polymorpha
and Dreissena bugensis, exotic molluscs introduced to the Great Lakes – J. Great
Lakes Res. 20: 783–790.

Martel, A. L., Baldin, B. S., Dermott, R. M. & Lutz, R. A. (2001): Species and
epilimnion/hypolimnion-related differences in size at larval settlement and meta-
morphosis in Dreissena (Bivalvia). – Limnol. Oceangr. 46: 707–713.

May, B. & Mardsen, J. E. (1992): Genetic identification and implications of another
invasive species of dreissenid mussel in the Great Lakes. – Can. J. Fish. Aquat.
Sci. 49: 1501–1506.

Mills, E. L., Christman, J. R., Baldwin, B., Owens, R. W., O’Gorman, R., How-
ell, T., Roseman, E. F. & Raths, M. K. (1999): Changes in the dreissenid com-
munity in the lower Great Lakes with emphasis on southern Lake Ontario. – J.
Great Lakes Res. 25: 187–197.

Mills, E. L., Rosenberg, G., Spidle, A. P., Ludyanskiy, M., Pligin, Y. & May, B.
(1996): A review of the biology and ecology of the quagga mussel (Dreissena bu-
gensis), a second species of freshwater Dreissenid introduced to North America. –
Amer. Zool. 36: 271–286.



220 A. V. Zhulidov et al.

Orlova, M. I. & Scherbina, G. K. (2001): Dreissena bugensis (Andr.) (Dreissenidae,
Bivalvia): range expansion in Europe, invasion history, patterns and future inva-
sion perspectives. – In: US-Russia Invasive Species Workshop, Borok, Russia, Au-
gust 27–31 2001. Book of Abstracts, pp.150–152 (in Russian).

– – (2002): On distribution of Dreissena bugensis (Dreissenidae, Bivalvia) in reser-
voirs of the Upper Volga River basin. – Zoologichesky Zhurnal 81: 515–520 (in
Russian).

Reshetnikov, Yu. S. (2003): Atlas of Russian Freshwater Fishes. 2nd Edition. –
Nauka Publishing House, Moscow.

Ricciardi, A. & Whoriskey, F. G. (2004): Exotic species replacement: shifting domi-
nance of dreissenid mussels in the Soulanges Canal, upper St. Lawrence River,
Canada – J. N. Amer. Benthol. Soc. 23: 507–514.

Roe, S. L. & MacIsaac, H. J. (1997): Deepwater population structure and reproduc-
tive state of quagga mussels (Dreissena bugensis) in Lake Erie. – Can. J. Fish.
Aquat. Sci. 54: 2428–2433.

Starobogatov, J. I. (1994): Freshwater Zebra Mussel Dreissena polymorpha (Pall.)
(Bivalvia, Dreissneidae). Systematics, Ecology, Practical Meaning. – Nauka Pub-
lishing House, Moscow (in Russian).

Stoeckmann, A. (2003): Physiological energetics of Lake Erie dreissenid mussels: a
basis for the displacement of Dreissena polymorpha by Dreissena bugensis. –
Can. J. Fish. Aquat. Sci. 60: 126–134.

Thorp, J. H., Alexander, J. E. Jr. & Cobbs, G. A. (2002): Coping with warmer,
large rivers: a field experiment on potential range expansion of northern quagga
mussels (Dreissena bugensis). – Freshwat. Biol. 47: 1779–1790.

Tyutin, A. V. & Medyantseva, E. N. (2004 a): Patterns of dispersal of Aspidogaster
limacoides (Aspidogastrea) with Dreissenid mollusks in the Upper Volga River re-
servoirs. – In: Ecological problems of unique natural and anthropogeneous lands-
capes. Proc. of the Russian National Conference. Yaroslavl, Russia, December 16–
17, 2004. pp.166–170 (in Russian).

– – (2004 b): Mollusks of the Dreissena genus as intermediate hosts of mass hel-
minth species in the Upper Volga River reservoirs. – In: 15-th Komi Republic con-
ference of young scientists, Syktyvkar, Russia, April 19–23, 2004. Book of Ab-
stracts, pp. 305–306 (in Russian).

Vanderploeg, H. A., Nalepa, T. F., Jude, D. J., Mills, E. L., Holeck, K. T., Liebig,
J. R., Grigorvich, I. A. & Ojaveer, H. (2002): Dispersal and emerging ecologi-
cal impacts of Ponto-Caspian species in the Laurentian Great Lakes. – Can. J.
Fish. Aquat. Sci. 59: 1209–1228.

Zhulidov, A. V., Khlobystov, V. V., Robarts, R. D. & Pavlov, D. F. (2000): Crit-
ical analysis of water quality monitoring in the Russian Federation and former So-
viet Union. – Can. J. Fish. Aquat. Sci. 57: 1932–1939.

Zhulidov, A. V., Robarts, R. D. & Khlobystov, V. V. (2001): The need and require-
ments for modernizing surface water quality monitoring in the Russian Federation.
– Water Internat. 26: 536–546.

Zhulidov, A. V., Pavlov, D. F., Nalepa, T. F., Scherbina, G. H., Zhulidov, D. A.
& Gurtovaya, T. Yu. (2004): Relative Distributions of Dreissena bugensis and
Dreissena polymorpha in the Lower Don River System, Russia. – Internat. Rev.
Hydrobiol. 89: 326–333.

Submitted: 17 March 2005; accepted: 17 November 2005.


