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Abstract
Archived specimens of Dreissena, collected as part of a long-term biomonitoring
effort in the lower Don and Volga River systems and dating back to 1979, were reexamined. Originally identified as Dreissena polymorpha or variants thereof, some
of the specimens were identified to be Dreissena bugensis. Based on this new evidence, the invasion history of D. bugensis in these two river systems was re-evaluated. The finding of D. bugensis in the lower Volga River in the early 1980s rather
than in the late 1980s/early 1990s indicates that its spread was much slower than
earlier believed. Apparently, widespread dispersal was greatly facilitated by the
completion of the reservoir system in the Volga River in the late 1980s which created conditions that were more conducive to this species. Upstream dispersal in both
the Don and Volga Rivers was likely a function of human-mediated transport.
Key words: Volga-Don canal; nonindigenous species; biological invasions; aquatic
invaders; Ponto-Caspian region.

1. Introduction
The range extension of the quagga mussel
(Dreissena bugensis Andr., 1897) provides a
striking example of how rapidly a species can
colonize new environments once outside its
native habitat. This species was first described in
the Yuzny (South) Bug River (Dnepr-Bug Liman

estuary), Ukraine at the end of the 19th century
(Andrusov 1890). Its distribution remained confined within the Dnepr-Bug River region until the
1940s when the construction of canals allowed it
to spread through the reservoirs and river systems
of the Black Sea basin (Zhuravel 1951;
Kharchenko 1995). More recently, in the 1990s, it
was found outside its native range in the Volga
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River system and in low-saline waters of the north
Caspian Sea (Reid, Orlova 2002; Orlova et al.
2004). Although absent from western Europe (Bij
de Vaate et al. 2002), it became established in the
North American Great Lakes in 1989 (May,
Marsden 1992), and is still spreading within this
system (Nalepa et al. 2001). Because of worldwide concern over biological invaders, there has
been a concerted effort to predict future range
extensions and assess ecological risks associated
with species such as D. bugensis that have an
invasion history (Ricciardi, Rasmusson 1998;
Leppakoski et al. 2002; Ricciardi 2003). Since
future predictions are based on past tendencies, a
clear documentation of the chronology, pathways,
and circumstances associated with dispersal patterns is critical to the assessment process.
The introduction of D. bugensis into the
Volga River system was significant for several
reasons. For one, it was the first time this species
occurred outside its native watershed and second,
it allowed this species to greatly expand its range
in Eurasia. There are uncertainties, however, of
when this species became established in the Volga
River, and thus it is unclear how it arrived and
then spread through the system. According to previous reports, the first record of D. bugensis in the
Volga River system was in 1992 in reservoirs
along the mid-portion of the river (Antonov
1993). It was suggested then that the invasion
pathway was through the Volga-Don Canal,
which connects the Don River system (Black Sea
basin - native range) and the Volga River (Volga
River basin - extended range). D. bugensis was
not reported from the Don River at the time, so
these first colonizing individuals must have been
from the Black Sea basin. A recent re-examination of archived specimens, however, showed that
D. bugensis was present in the lower Volga River
and the lower Don River in the early 1980s
(Zhulidov et al. 2004). Thus, this raises questions
concerning the timing of the invasion process and
the vectors contributing to the establishment and
spread of this species in the Volga River.
In this paper, we further re-examine archived
specimens of dreissenids collected at several locations in the Don and Volga Rivers. We then reconstruct the invasion history of D. bugensis though
the Volga River system.

2. Materials and methods
Samples of Dreissena were collected yearly
at four sites in the Don River (Sites 2, 3, 4, 5;
Fig. 1) and two sites in the Volga River (Sites 6, 7;
Fig. 1) as part of a biomonitoring program that
was initiated in 1979. One site was directly east
(Site 6) and another directly west (Site 5) of the
Volga-Don Canal (Fig. 2). This artificial waterway

was completed in 1952 and serves as an important
shipping corridor (Volf 1971). It also provides a
pathway by which species move between the
Ponto and Caspian basins (Grigorovich et al.
2003). The canal is 101 km long and includes 45
km of natural river channel and reservoirs along
with 13 sluices (Fig. 2). It extends from the
Sarepta Cove of the Volga River (just south of
Volgograd) to the Don River (Tsimlyansk
Reservoir) near the town of Kalach-on-Don.
The six sampling locations were part of a
larger station set within the continuing bio-monitoring program under the supervision of the
Hydrochemical Institute. Dreissenids at the various sites were collected by hand from any accessible substrate along the shore. Collections were not
quantitative, but care was taken to collect representative specimens randomly and in direct proportion to their occurrence. Dreissenids were dried
whole (shell and soft tissue) and stored in doubled
polyethylene bags. All specimens were originally
identified as Dreissena polymorpha or variants of
this species but, upon examination of specimens at
a few sites, some specimens were identified as
Dreissena bugensis (Zhulidov et al. 2004). As a
result, all archived specimens collected between
1979 and 1996 at all monitoring sites were reexamined. Overall, about 165 dreissenid specimens were examined, and D. bugensis was differentiated from D. polymorpha based on morphological features of the shells as described in May
and Marsden (1992). The absence or presence of
well-developed carina, and the acute angle
between dorsal and ventral surfaces of the shell
were the main features separating the two species.
Relative proportions of D. bugensis and D. polymorpha were determined for each site.

3. Results and discussion
Prior to our examining the archived specimens, there was no information on the presence/absence of D. bugensis in the Don and Volga
River systems in the immediate vicinity of the
Volga-Don Canal. When first examining the
archived specimens, we found that D. bugensis
was present in the Volga River system at a site
near Akhtubinsk (Site 7; Fig. 1) as early as 1981
and in the Don River system at a site near Rostovon-Don (Site 2; Fig. 1) in 1980 (Zhulidov et al.
unpubl.). Upon re-examination of archived specimens collected at sites in the immediate vicinity
of the canal in 1992, we did not find D. bugensis.
It was not present at the Sarepta Cove site (Site 6)
located just east of the canal, nor was it present at
the Kalach-on-Don site (Site 5) located just west
of the canal (Table I). Since D. bugensis was present in the Volga River near Akhtubinsk as early as
1981, the canal likely did not serve as an interme-
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Fig. 1. Location of sampling sites in the Don and Volga River systems. Sites 2-7 were locations where archived
specimens of Dreissena were re-examined. The other sites are mentioned in the text or given in Table 1.

diate source of mussels to the river as suggested
previously (Orlova et al. 2003). Most likely the
source of the Volga River population found near
Akhtubinsk was from mussels present in ship ballast water, or from individuals attached externally
to ship structures (biofouled). The source most
likely was from the parent population in the Black
Sea basin since D. bugensis in the Don River sys-

tem was very rare in the early 1980s (Zhulidov et
al. unpubl.). The evidence suggests that ship traffic also contributed to the spread of D. bugensis in
the Don River system. It was found at an
upstream site near the city of Voronezh (Site 4;
middle Don River) in 1996, which was 4-6 years
before it was found at some downstream sites
(Sites 3 and 5) in 2000 and 2002.
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Fig. 2. Detailed illustration of the Don-Volga canal and location of sampling sites in the immediate vicinity of the
canal. The canal is 101 km long and the maximum change in elevation is 88 m. The canal connects the Ponto and
Caspian Basins and likely provided the pathway by which ship traffic transported Dreissena bugensis into the Volga
River.

The revised invasion chronology of
D. bugensis in the Volga River based on our
archived specimens suggests that this species did
not spread as rapidly as earlier believed, and also
provides better insights into habitat preferences
of this species. Previously, the first record of
D. bugensis in the Volga River occurred in the
Kuyshevskoye/Saratovskoye reservoirs (Site 8)
in 1992 (Antonov 1993). Based on the size of
these specimens and typical growth rates, most
likely it was introduced into these reservoirs
between 1988-1990 (Orlova et al. 2004). It was
subsequently found downstream in the Volga

River delta/north Caspian Sea region in 1994
(Grigorovich et al. 2003). Conceivably the latter
could have been a separate introduction via ship
transport, but most likely the introduction was a
result of the downstream drift of veliger larvae as
suggested by Orlova et al. (2004). The distance
between Kuybyshevskoye/Saratovskoye reservoirs (Site 8) and the Volga River delta is about
700 km, well within the 500 km per year downstream dispersal of D. polymorpha veligers determined for the same stretch of river (Kirpichenko
1997). This of course assumes that the D. bugensis population increased rapidly after the initial
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Table I. Summary of available data on the invasion chronology of Dreissena bugensis in the Don and Volga River
basins as based on revisions of archived specimens. Relative abundances given in 2002 are not based on archived
specimens.
Site
(see
Fig. 1)
1
2
3
4
5
6
7
8
9
10

Site Description

Year
Monitoring
was Initiated

Dnepr-Bug Liman (estuary)
Lower Don River, City of Rostov-onDon
Lower Don River, Tsimlyansk
Reservoir
Middle Don River, 50 km
downstream city of Voronezh
Middle Don River Volga-Don
Channel, near town of Kalach-on-Don
Lower Volga, near Volga-Don
Channel, Sarepta Cove downstream of
City of Volgograd
Lower Volga, near town of
Akhtubinsk
Middle Volga River, Kuybyshevskoye
and Saratovskoye reservoirs
Upper Volga, Rybinskoye Reservoir
Upper Volga region, Gor’koyskoye
and Uglichskoye reservoirs

Year
D. bugensis
was first
found

Percentage
D. bugensis / total Dreissena
in 2002

1890

Reference

Andrusov (1890)

1979

1980

4 to 75 %

Zhulidov et al.
(unpubl.)

1985

2000

Approx. 1%

Present study

1986

1996

No data

Present study

1992

2002

Approx. 3%

Present study

1992

19831

Approx. 2%

Present study

1979

1981

No data

No data

1992

No data

19972

No data

2000

Varied from abundant to rare
in different habitats
Varied from abundant to rare
in different habitats, tends to
replace D. polymorpha
Varied from abundant to rare
in different habitats

Zhulidov et al. (2004);
present study
Antonov (1993, 1996);
Kalayda (2003)
Scherbina (2003);
Orlova et al. (2004)
Scherbina (2003)

1 Archived specimens indicated that D. bugensis was at this site in 1983 but was not found when the Biomonitoring program was initiated
in 1992.
2 Samples of Dreissenidae collected in 1993 by Dr. V. Kozlovskaya, Institute for Biology of Inland Waters, were re-examined at the
Hydrochemical Institute. D. bugensis was found at one of the sites, indicating that this species was actually present earlier than previously
reported.

introduction, producing sufficient propagules for
downstream dispersal. Our finding of D. bugensis in the lower Volga River near Akhtubinsk in
1981 would indicate, however, that population
expansion in the Volga River was not rapid. The
distance between the Akhtubinsk site and the
Volga River delta is only 170 km, yet it took 13
years for the population to disperse downstream
over this stretch. Thus, the production of propagules was likely minimal. As noted by Orlova et
al. (2003), D. bugensis prefers conditions associated with a lacustrine rather than a riverine environment; that is, an environment with stable,
slow changing water temperatures and low flow
regimes. The spread of D. bugensis through the
Dnepr River basin in its native range occurred
only after a series of reservoirs were constructed
(Mills et al. 1996). Likewise, although found in
the Volga River in the early 1980s, its spread
apparently only occurred after the flow regime of
the Volga River was altered upon completion of
the reservoir system in the late 1980s (Litvinov
2000). Even so, as of 2002 the proportion of
D. bugensis within the total dreissnid population
(D. bugensis and D. polymorpha) remains low in
areas of the lower Don and Volga River systems
(Table I), indicating conditions may still be marginal for D. bugensis. Once established, this

species usually replaces D. polymorpha as the
dominant dreissenid within 4-9 years (Mills et al.
1996). The dispersal of D. bugensis into upstream
reservoirs in the Volga river system (Sites 9, 10)
in the late 1990s could only have been a result of
human-mediated transport, and would be similar
to the non-contiguous, upstream "jump" dispersal
pattern observed for D. bugensis in the North
American Great Lakes (Wilson et al. 1999).
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