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Abstract—In the first decade of the 21th century, the findings of a new invader, the American rotifer, Kelli-
cottia bostoniensis (Rousselet, 1908), has become more frequent in Russia. By 2015 K. bostoniensis had been
detected in more than 40 different waterbodies and watercourses of European part of Russia. American rotifer
is a widely spread and common species in forest lakes and rivers of the Baltic Sea basin, Volga-Baltic water-
shed; in the Volga River basin it has spread southward to 55° N (lakes of the Oka and Pra rivers) and eastward
to 45° E (the Kerzhenets River, Cheboksary Reservoir basin). The rotifers inhabit small (<3 km2) and large
(>200 km2), shallow (<1 m) and deep (>20 m) waterbodies with a trophy range from oligo- to eutrophy. In
Russia K. bostoniensis occurs in a wide range of color of water (30–680 degrees Pt–Co-scale) compared to
waterbodies of Western Europe. The rotifer is tolerant to temperature regime and oxygen concentrations in
water. In the hypolimnion of stratified lakes, K. bostoniensis reaches high abundance (>100000 ind./m3) at a
very low concentration of dissolved oxygen (2.5 mg/L or about 20% of saturation) and water temperature of
5–12°С. The invader and aboriginal species K. longispina coexisted in deep lakes and deep parts of reservoirs
(the depth more than 5 m); in shallow lakes only K. bostoniensis was found. On the contrary, in most parts of
large reservoirs of the Upper Volga only K. longispina was recorded. The possibility and the direction of trans-
fer of the rotifer by swimming birds are discussed.
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INTRODUCTION

The genus Kellicottia Ahlstrom, 1938 (family Bra-
chionidae) includes two species, K. longispina (Kelli-
cott, 1879) and K. bostoniensis (Rousselet, 1908)
(Kutikova, 1970; Koste, 1978). K. longispina is a wide-
spread inhabitant of waterbodies in northern latitudes.

It is a pelagic limnophilic euryhaline species
(Kutikova, 1970). The anterior dorsal edge of the
lorica has six unpaired unequal spines. The middle
right spine is the longest and the left spine is much
shorter. The lateral spines are rather long. The total
body length ranges from 400 to 1000 μm (Koste, 1978).
K. bostoniensis has four unequal spines on the anterior
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dorsal margin of the lorica. The longest spine is ≤140 μm,
the body length is ≤380 μm (Koste, 1978). Photos of
the both species are presented in the publications
(Zhdanova and Dobrynin, 2011; Lazareva and
Zhdanova, 2014; Bayanov, 2014).

The North American K. bostoniensis is known as
the species which actively spreads over waterbodies of
South America (De Paggi, 2002) and Europe (Segers,
2007). In United States and Canada the rotifer is com-
mon for humic acid waterbodies (Roff and Kwiatkow-
ski, 1977; Blouin et al., 1984; Havens, 1991; Scruton
et al., 1991), Great Lakes (Barbiero and Warren,
2011), bays and river mouths, and many bogs (Biêdzki
and Ellison, 2003). K. bostoniensis has been reported as
a dominant species in zooplankton in some reservoirs
of Mexico (Nandini et al., 2006; Figueroa-Sanchez
et al., 2014). K. bostoniensis has been recently recorded
in lakes and reservoirs of different trophy in Brazil
(Ferraz et al., 2002; Landa et al., 2002; Bezerra-Neto
et al., 2004; Peixoto et al., 2010) and Argentina
(De Paggi, 2002). Since the middle of the past century
the rotifer has inhabited waterbodies of Western
Europe (Pejler, 1998).

In Europe, K. bostoniensis was first recorded in one
of the lakes in Sweden in the area of wastewater dis-
charge from a pulp and paper mill in the first half of
the 20th century (Carlin, 1943). By the beginning of
the 21st century the species has become common for
waterbodies in the south of Sweden (Arnemo et al.,
1968; Brett, 1989; Josefsson and Andersson, 2001).
K. bostoniensis is also a common species in humic acid
and weakly polluted waterbodies in the Netherlands
(Leentvaar, 1961), Finland (Eloranta, 1988; Jarvinen
et al., 1995; Keskitalo et al., 1998; Lehtovaara et al.,
2014), and France (Balvay, 1994). The rotifer has been
found in the Elbe and Ems rivers (Germany) (Rühy-
mann, 1962; Schulz, 1964; Streble and Krauter, 2006)
and in the Ohře River (the Czech Republic) (Kosik
et al., 2011). K. bostoniensis has been recently detected
in an oxbow of the Sozh River (the Dnieper River
basin) (Vezhnavets and Litvinova, 2015).

In lakes of the northern part of European Russia
(the Karelian Isthmus) K. bostoniensis was first
recorded in 2000 (Ivanova and Telesh, 2004). Later, its
high abundance has been reported in some rivers and
lakes in the basin of the Upper and Middle Volga
(Zhdanova and Dobrynin, 2011; Lobunicheva et al.,
2011; Bayanov, 2014), in Lake Onega and waterbodies
of its basin, in Lake Ladoga and its tributaries
(Lobunicheva et al., 2011; Makartseva and Rodi-
onova, 2011; Aleshina et al., 2014; Fomina and Syarki,
2015). In Europe, habitats of the species are confined
to rivers and lakes; in 2005–2012 K. bostoniensis was
found in large reservoirs of the Upper Volga (Lazareva
and Zhdanova, 2014).

The aim of this work is to describe locations of
K. bostoniensis and to analyze the ways of its dispersal
in waterbodies of European Russia.

MATERIALS AND METHODS
The work is based on materials of hydrobiological

studies which were conducted in three large reservoirs
on the Sheksna (Sheksna Reservoir) and Volga rivers
(Uglich and Ivankovo reservoirs) and in a small reser-
voir on the Okhta River (Okhta Reservoir), Lake
Ladoga, more than 30 small (<3 km2) lakes of the Val-
dai Hills (Novgorod oblast), the Central Forest
Reserve (Tver oblast) and the Oka Nature Reserve
(Ryazan oblast), Nizhny Novgorod, Vladimir, Lenin-
grad and Vologda oblasts, a river in Nizhny Novgorod
oblast and two brooks in Vologda oblast (Table 1). The
studies were conducted in most waterbodies in sum-
mer and in some waterbodies in spring (April).

Rotifers were counted in the total samples of zoo-
plankton fixed in 4% formalin. Samples were collected
with a Juday net (a mesh size of 85 and 64 μm, respec-
tively) and with samplers of different design of 2–4 L
in volume with the subsequent filtration through a
sieve (Zhdanova and Dobrynin, 2011; Lobunicheva
et al., 2011; Makartseva and Rodionova, 2011; Aleshina
et al., 2014; Lazareva and Zhdanova, 2014; Bayanov,
2014).

RESULTS
Locations of the species. According to our and pub-

lished data K. bostoniensis inhabits 44 waterbodies and
watercourses in a vast territory of European Russia
from 54° to 61° N and from 29° to 44° E (Fig. 1). All
waterbodies in Leningrad oblast (Table 1) belong to
the Baltic Sea basin (particular basins of the Neva
River, Lake Ladoga and the Gulf of Finland in the
Baltic Sea); it also includes Kupetskoe and Tonkoe
lakes (a particular basin of the Andoma River, an east-
ern tributary of Lake Onega) in Vologda oblast and
Bolshoe and Maloe Yaichko lakes (a particular basin
of the Volkhov River) in Novgorod oblast. Other
waterbodies belong to the basin of the Caspian Sea
(particular basins of the Upper and Middle Volga).
Out of them the most northern lakes Lainozero and
Ekozero (Vologda oblast) belong to the Kema River
basin (a tributary of the Sheksna River, Sheksna Res-
ervoir), Lake Trestino (Tver oblast) belongs to the
basin of the system of Upper Volga lakes, Peno, Volgo,
Sterzh, and Vselug. Waterbodies in Ryazan, Vladimir,
and Nizhny Novgorod oblasts belong to the basins of
the Oka and Volga rivers (Cheboksary Reservoir).
Most of surveyed lakes have closed basins (no visible
outlets); they are located near upper riches of the riv-
ers at watersheds of large river basins (the Karelian
Isthmus, the southern part of Valdai Hills, and the
Andoma Upland).

Water objects where the rotifer has been recorded
differ in origin, trophic status, color of water and water
pH (Table 1). Small (<1 km2) and shallow (<5 m)
lakes of glacial or karstic origin predominate; most of
them are eutrophic with humic water color and



310

RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vol. 7  No. 4  2016

ZHDANOVA et al.

Table 1. Characteristics of waterbodies where Kellicottia bostoniensis was detected

No. Waterbody/Coordinates Area, km2 Depth, m Transparency, m pH
Color, grad. 
according to 
Pt–Co scale

Trophy

Vologda oblast
1 Brook from Lake Tonkoe

61°21′ N
37°25′ E

– 1.5 – 7.0 – –

2 Brook from Lake Krivoe
61°27′ N
37°25′ E

– 0.3 – 7.0 – –

3 Lake Kupetskoe
61°20′ N
37°19′ E

1.05 5 0.5 7.0 – Eutrophic

4 Lake Ekozero
61°24′ N
37°24′ E

0.13 2 0.5 6.7 – Dystrophic

5 Lake Tonkoe
61°24′ N
37°20′ E

0.50 2 0.5 6.8 – Eutrophic

6 Lake Lainozero
61°26′ N
37°25′ E

1.70 4 1.0 7.1 – Eutrophic

7 Sheksna Reservoir
60°17′ N
37°19′ E

1665 2.0 1.8 8.0 63 Mesotrophic

Leningrad oblast
8 Lake Maloe Lugovoe

60°35′ N
30°09′ E

0.02 5 0.12 5.8 440–680 Mesotrophic

9 Lake Bolshoe Morozovskoe
60°36′ N
29°52′ E

1.10 3.1 0.4–1.0 7.6–8.4 80–84 Eutrophic

10 Lake Simagino
60°16′ N
29°48′ E

2.70 19 0.8 7.6 76 Eutrophic

11 Lake Chernyavskoe
60°23′ N
29°45′ E

0.88 4.5 1.5 7.1 74 Eutrophic

12 Lake Okhotnichie
60°36′ N
29°19′ E

0.08 13 1.1–1.3 5.3–6.8 57–94 Oligo-
mesotrophic

13 Okhta Reservoir 
60°53′ N
30°29′ E

1.08 3.8 0.7 6.7 210 –

14 Lake Pionerskoe*
60°18′ N
29°16′ E

0.06 18 – 5.5–7.3 46–353 Mesotrophic

15 Lake Pridorozhnoe*
60°18′ N
29°18′ E

0.04 16 – 5.1–7.1 2–40 Oligotrophic
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16 Lake Ladoga
60°45′ N
31°00′ E

18135 46.9 1–3.4 6.8–9.5 – Mesotrophic

17 Vuoksa River
61°02′ N
30°09′ E

– – – 7.1 74 –

18 Tuloksa River
61°08′ N
32°36′ E

– – – 6.4 181 –

Novgorod oblast
19 Lake Maloe Yaichko

57°37′ N
33°11′ E

0.30 4.2 0.75 5.6 170 Eutrophic

20 Lake Bolshoe Yaichko
57°36′ N
33°10′ E

– 1.5 0.5 6.5 370 Eutrophic

21 Lake Glukhoe
57°45′ N
33°09′ E

– 3.5 0.7 7.0 220 –

22 Lake Bragino
57°45′ N
33°11′ E

– 1.4 2.40 6.9 170 –

Tver oblast
23 Lake Vidogoshch**

56°42′ N
36°22′ E

0.17 21.9 0.5–1.1 – 50–55 Eutrophic

24 Lake Trestino
57°00′ N
32°31′ E

0.65 4 2 4.5 55 Eutrophic

25 Ivankovo Reservoir
56°38′ N
36°33′ E

327 9 0.7–0.9 – 30–55 Eutrophic

26 Uglich Reservoir
56°47′ N
37°15′ E

249 7 0.8 – 30–55 Mesotrophic

Vladimir oblast

27 Lake Kshchara
56°25′ N
42°17′ E

1.14 12 2.4 7.6 35 Mesotrophic

Nizhny Novgorod oblast

28 Lake Elovoe
56°21′ N
42°46′ E

0.02 17.3 3.7 5.7 30 Mesotrophic

29 Kerzhenets River
56°30′ N
44°48′ E

– 1.5 0.7 6.8 175 –

No. Waterbody/Coordinates Area, km2 Depth, m Transparency, m pH
Color, grad. 
according to 
Pt–Co scale

Trophy

Table 1. (Contd.)
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* According to : (Zakonomernosti gidrobiologicheskogo…, 2004); ** in the f looded plain of the Volga River within the Ivankovo Reser-
voir; “–” means the data are absent.

30 Lake Roy
55°43′ N
43°09′ E

0.74 20 1.5 6.3–7.2 – Eutrophic

31 Lake Rodionovo
55°43′ N
43°09′ E

0.11 17 3.5 5.6–7.0 – Mesotrophic

32 Lake Svyato
55°43′ N
43°09′ E

0.22 14.6 1.3 7.0 54 –

33 Lake Svyatoe Dedovskoe
55°43′ N
43°09′ E

1.36 14 3.0 6.1 – –

34 Lake Komsomolskoe
55°32′ N
43°09′ E

0.06 8 3 5.9–6.8 – –

35 Lake Bolshoe
55°32′ N
43°09′ E

0.44 21.6 2.5 5.6 – Eutrophic

36 Lake Charskoe
55°31′ N
43°11′ E

0.31 16 1.5 6.2 143 –

Ryazan oblast
37 Lake Lopata

54°45′ N
41°00′ E

1.20 5 0.4 7.2 440 Eutrophic

38 Lake Alekseevskoe
54°44′ N
41°00′ E

0.03 1 0.4 6.7 440 Eutrophic

39 Lake Nefedovo
54°44′ N
40°58′ E

0.03 1 0.4 6.9 70 Eutrophic

40 Lake Beloe
54°43′ N
40°42′ E

0.01 1 0.3 6.9 380 Eutrophic

41 Lake Glushitsy
54°44′ N
40°59′ E

– 1 0.3 6.6 – Eutrophic

42 Lake Aleshina Luka
54°43′ N
40°52′ E

– 1.2 0.5 7 540 Eutrophic

43 Lake Sovkhozny vodopoi
54°43′ N
40°52′ E

– 0.7 0.6 7.5 – Eutrophic

44 Lake Shagara
55°14′ N
40°06′ E

4.24 0.5 – 6.9 – –

No. Waterbody/Coordinates Area, km2 Depth, m Transparency, m pH
Color, grad. 
according to 
Pt–Co scale

Trophy

Table 1. (Contd.)
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рН 5.6–8.4. Only large Lake Ladoga (>18 thousand km2)
of glacial-tectonic origin enters the European system
of Great Lakes and is the closing one in the system of
large lakes (Onega, Saima, and Ilmen) with the total
catchment area of 258 thousand km2 (Ladozhskoe
ozero …, 2002). It is a deep mesotrophic waterbody with
slow water exchange (the water exchange coefficient
equals to 0.08 year–1), weakly mineralized (63.7 mg/L)
oligohumic water and pH ranging from neutral to
weakly alkaline. The rotifer was recorded in the littoral
zone of the lake and its tributaries, Vuoksa and
Tuloksa rivers (Aleshina et al., 2014).

K. bostoniensis was documented in reservoirs not
long ago, in 2005–2012 (Lazareva and Zhdanova,
2014). Large reservoirs belong to the Upper Volga
basin and are characterized by humic water with pH
close to neutral values (Mineeva, 2009; Lazareva
et al., 2013). The most upstream Ivankovo and Uglich
reservoirs are of valley type shallow (the depth along
the river channel is 5–8 m; average length 3.4–5 m);
they are characterized by high water exchange (the
water exchange coefficient is 10.1–10.6 year–1)
(Mineeva, 2009). The Sheksna Reservoir is 5–6 times
larger and is characterized by s slow water exchange
(the water exchange coefficient is 0.96 year–1) and
complex configuration of the water area where com-

paratively deep parts along the channel (up to 17 m)
neighbor with vast shallows (the average depth 3.9 m)
(Sovremennoe sostoyanie…, 2002; Lazareva et al.,
2013). The reservoir is a separate northern branch of
the Volga River system and is a part of the Volga-Bal-
tic waterway. The reservoir includes vast Lake Beloe
(1284 km2) and two reaches of the river: northern
Kovzhinsky and southern Sheksna reaches. The Shek-
sna and Uglich reservoirs are mesotrophic, and the
Ivankovo Reservoir is eutrophic one (Mineeva, 2009).
In all three reservoirs, the rotifer was detected in the
deep-water parts: f looded channels of the Volga and
Sheksna rivers, f looded lowland Lake Vidogoshch.

The small (1.3 km2) Okhta Reservoir is located on
the Okhta River (a right tributary of the Neva River)
within the precincts of St. Petersburg. It is a shallow
polyhumic waterbody with neutral values of water pH;
it is strongly polluted because is used for water supply
of industrial enterprises and as a receiving water body.

In addition to lakes and reservoirs, K. bostoniensis
was recorded in the Kerzhenets River (a left tributary
of the Volga River within the Cheboksary Reservoir)
with high water color and in brooks which outflow
from lakes Tonkoe and Krivoe (the Andoma River
basin).

The map of European Russia with locations of findings of K. bostoniensis. Digits on the map correspond to numbers of the reser-
voirs in Table 1.
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Species abundance. The rotifer was usually found in
the summer season (June–August). Thus, in Lake
Shagara, zooplankton was collected monthly from
May through September, but K. bostoniensis was
recorded only in July and August (Table 2). The den-
sity of rotifers varied considerably in different water-
bodies (Table 2). The maximum density (>100 thou-
sand ind./m3) was recorded, mainly, in the central part
of meso- or eutrophic small shallow watershed and
floodplain lakes and in deep karst lakes. In f loodplain
Lopata and Nefedovo lakes (the f loodplain of the Oka
and Pra rivers) the contribution of K. bostoniensis to
the total density of zooplankton (Rotifera, Cladocera,
Copepoda) constituted up to 50% and its contribution
to the abundance of rotifers was up to 74%. The spe-
cies formed the major portion of the abundance (60–
80%) of rotifers in the hypolimnion of karst stratified
Lake Elovoe. On the whole, K. bostoniensis was a com-
ponent of the dominant species (>10% of the total
density of zooplankton) in 15 different waterbodies
(Table 2).

K. bostoniensis frequently (56%) co-occurred with
K. longispina in the surveyed waterbodies (Table 2). In
Lake Elovoe the density of K. bostoniensis was 50 times
greater than that of K. longispina (Table 2). The maxi-
mum densities of the both species were recorded in the
hypolimnion of the lake at water temperature 5−7°С
(Bayanov, 2014). In four other lakes (Komsomolskoe,
Kupetskoe, Trestino, and Vidogoshch) K. bostoniensis
prevailed in abundance over K. longispina. Only
K. bostoniensis was documented in all f loodplain
waterbodies of the Oka River, some watershed water-
bodies in Leningrad (Maloe Lugovoe and Bolshoe
Morozovskoe), Vologda (Ekozero and Tonkoe),
Novgorod (Maloe Yaichko) oblasts and in Okhta Res-
ervoir. K. longispina prevailed over K. bostoniensis or
the abundance of the both species were similar in
>40% of the surveyed waterbodies.

Thus, K. bostoniensis was abundant and prevailed
over aboriginal K. longispina in small shallow water-
bodies in f loodplains of rivers and watersheds of river
basins.

DISCUSSION
In waterbodies of Western Europe (France, Fin-

land, and Netherlands) the rotifer more often inhabits
humic (>100 mg Pt/L) or weakly polluted lakes and
rivers in a wide range (5.2−6.5) of water pH values
(Leentvaar, 1961; Eloranta, 1988; Balvay, 1994;
Jarvinen et al., 1995). In waterbodies of Sweden influ-
enced by eff luents of the pulp and paper industry,
K. bostoniensis is distributed in a wide range of envi-
ronmental conditions (pH 4.8−8.5, oxygen content,
2.4−12.0 mg/L, color of water, 20–150 mg Pt/L)
(Arnemo et al., 1968). In the territory of European
Russia the rotifer was also found in waterbodies which
differed considerably in morphometry, abiotic and
biotic environmental conditions (Table 1). On the

whole, in Western Europe K. bostoniensis dwells in
small (<3 km2) and large (>200 km2), shallow (<1 m)
and deep (>20 m) waterbodies with the trophy range
from oligo- to eutrophy (Leentvaar, 1961; Arnemo
et al., 1968; Eloranta, 1988; Balvay, 1994; Jarvinen
et al., 1995). In waterbodies of European Russia the
species dwells in the same range of environmental
conditions. Habitation in different waterbodies indi-
cates high ecological plasticity of the species and the
possibility of its further dispersal.

In the waterbodies surveyed, the rotifer was found
along the entire water column. In deep stratified
Kshchara (Zhdanova and Dobrynin, 2011), Elovoe
(Bayanov, 2014), and Pridorozhnoe (Ivanova and
Telesh, 2004) lakes the rotifer preferred meta- and
hypolimnion where the density of the population was
2–100 times higher than in the epilimnion. This indi-
cates low dissolved oxygen requirements of K. boston-
iensis. The rotifer can exist at its very low concentra-
tions. Thus, in Lake Kshchara the abundance of K. bos-
toniensis in the hypolimnion at the depth of 8–12 m
was 170–750 thousand ind./m3 at the oxygen concen-
tration <2.5 mg/L or about 20% saturation (Zhdanova
and Dobrynin, 2011). The maximum concentration of
rotifers (>4 mln/m3) was recorded at the depth of 7 m
in the layer of the temperature jump (О2 ~ 6 mg/L,
>50% saturation). In October 2000, the abundance of
K. bostoniensis was 490 thousand ind./m3 in the
epilimnion of Lake Pridorozhnoe and reached 2 mil-
lion ind./m3 in the hypolimnion (Ivanova and Telesh,
2004). But the rotifer was absent in the anaerobic
(О2 < 1 mg/L) hypolimnion of Lake Vidogoshch; it
inhabited only its epilimnion (the layer 0–4 m)
(Lazareva and Zhdanova, 2014). The published data
(Campbell, 1941) indicate that in stratified waterbodies
K. bostoniensis dwells in the hypolimnion at the begin-
ning of summer but by the end of summer it moves up
to the epilimnion as anoxic conditions develop.

The rotifer is tolerant to temperature regime. In the
surveyed lakes it reaches high abundance at tempera-
ture 5–12°С in lower layers of the water column, and
at 15–20°С in shallow waterbodies. In lakes of Scan-
dinavia the high abundance of K. bostoniensis is also
recorded in a wide range of water temperatures (9–
15°С); it occurs from the end of April through
November; the maximum portion of egg-bearing
females was recorded in August (Arnemo et al., 1968).
In the territory of Russian Federation (Shagara and
Elovoe lakes), the highest densities of rotifers were
recorded in July. The maximum abundance of K. bos-
toniensis in waterbodies of Russia reaches 150–
1230 thousand ind./m3 (Table 2) that is comparable with
the maximum abundance documented in the native hab-
itats of North America (1200 thousand ind./m3) (Roff
and Kwiatkowski, 1977; Blouin et al., 1984; Havens, 1991;
Scruton et al., 1991; Biêdzki and Ellison, 2003; Barbiero
and Warren, 2011), Brazil (190 thousand ind./m3)
(Landa et al., 2002; Bezerra-Neto et al., 2004; Ferraz
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Table 2. Abundance (thous. ind./m3) of Kellicottia bostoniensis and K. longispina in the surveyed waterbodies

The portion (%) in the total abundance of zooplankton is given in brackets, “–” the data are absent, * the data obtained by
E.S. Makartseva.

Waterbody Date 
of sampling

K. bostoniensis K. longispina

central part littoral central part littoral
Brook from Lake Tonkoe 08.2011 1.0 (3) 1 (3)
Brook from Lake Krivoe 08.2011 12.0 (36) 0.5 (2)
Lake Kupetskoe 08.2010 154.3 (48) 188.2 3.7 (1)
Lake Ekozero 08.2011 – 123.4 (43) 0.0 0.0
Lake Tonkoe 08.2012 5.3 (7) 14.6 0.0 0.0
Lake Lainozero 08.2010 1.1 (1) 4.0 0.8 (<1)
Sheksna Reservoir opposite 
the Kema River mouth

08.2005 0.3 (<1) 0 0 1.6–3.4 (2–6)

Lake Maloe Lugovoe* 07.2010 180.0 (43) – 0.0 –
Lake Bolshoe Morozovskoe* 04.2010 30.7 (7) – 0.0 –
Lake Simagino* 07.2012 – – – –
Lake Chernyavskoe* 07.2012 6.5 – – –
Lake Okhotnichie* 07.2010 11.5 (16) – 2.3 (3) –
Okhta Reservoir 08.2013 59.0 (6) – 0.0 –
Lake Ladoga

Shchuchiy Bay
Volkhov Bay
Petrokrepost Bay
Transition zone

07.2010
07.2011
07.2010
07.2010

–
–
–

0.1 (<1)

0.4 (<1)
34 (<1)
0.5 (<1)

–

–
–
–

1 (1)

80.0 (<1)
0.0

8 (10)
–

Lake Elovoe 08.2011 365.3 (83) – 0.7 (<1) –
Kerzhenets River 07.2013 0.01 (<1) 0.0
Lake Svyatoe Dedovskoe 08.2011 0.3 (<1) − 4.3 (13) −
Lake Bolshoe 06.2010 0.2 (<1) − 11.8 (15) −
Lake Komsomolskoe 06.2010 26.4 (56) − 0.3 (<1) −
Lake Rodionovo 07.2010 1.7 (3) − 37.8 (68) −
Lake Roy 07.2010 1.8 (1) − 27.9 (23) −
Lake Svyato 07.2011

07.2013
4.3 (5)

42.8 (46)
−
−

2.7 (3)
4.4 (5)

−
−

Lake Charskoe 07.2014 18.0 (19) − 34.1 (37) −
Lake Maloe Yaichko 07.2007 11.1 (14) 0.1 (<1) 0.0 0.0
Lake Bolshoe Yaichko 07.2007 0.5 (<1) 0.4 (<1) 16.8 (1) 12.4 (4)
Lake Glukhoe 07.2007 0.2 (1) − 4 (19) −
Lake Bragino 07.2007 1.6 (<1) 0.1 (<1) 37.5 (20) 19 (4)
Lake Lopata 07.2007 1236.8 (68) 5.8 (2) 0.0 0.0
Lake Alekseevskoe 07.2007 21.0 (4) 56.4 (18) 0.0 0.0
Lake Glushitsy 07.2007 0.1 (<1) − 0.0 0.0
Lake Nefedovo 07.2007 0.8 (<1) 603.0 (16) 0.0 0.0
Lake Beloe 07.2007 5.0 (1) 144.0 (31) 0.0 0.0
Lake Aleshina Luka 07.2007 0.7 (<1) 8.0 (2) 0.0 0.0
Lake Sovkhozny vodopoi 07.2007 0.1 (<1) 0.0 0.0 0.0
Lake Shagara 07.2010

08.2010
11.6 (<4)
0.5 (<1)

− − −

Uglich Reservoir opposite 
the Dubna River mouth

08.2012 0.1 (<1) − 1.3 −

Ivankovo Reservoir opposite 
the Shosha River mouth

08.2012 0.4 (<1) − 0.2 (<1) −

Lake Vidogoshch 08.2005
08.2012

0.5–3.3 (<2) − 0.5–21.9 (<1–8) −

Lake Trestino 08.2008 14.9 (34) − 1.1 (3) −
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et al., 2009; Peixoto et al., 2010) and Scandinavia
(560–3000 thousand ind./m3) (Arnemo et al., 1968;
Eloranta, 1988).

The rotifer inhabits waterbodies with different
degree of humification and forms numerous popula-
tions in oligohumic and polyhumic waterbodies. In
Russia, K. bostoniensis occurs in a wider range of color
of water (30–680 grad according to Pt–Co scale ) then
it has been reported for other European countries
(20–180 mg Pt/L) (Arnemo et al., 1968; Eloranta,
1988; Balvay, 1994).

Earlier publications (Arnemo et al., 1968; Balvay,
1994) report the co-existence of K. bostoniensis and
K. longispina. In the surveyed waterbodies of Russian
Federation, K. bostoniensis occurred separately from
the aboriginal species or coexisted with it. The co-
existence of the two representatives of the genus was
typical for deep-water lakes and parts of reservoirs (the
depth more than 5 m), K. bostonieinsis was often
recorded only in shallow lakes. In reservoirs of the
Upper Volga only K. longispina was found (Lazareva
and Zhdanova, 2014).

The expansion of K. bostoniensis is an example of
bioinvasions into fresh waters as a result of human
activity (Dumont, 1983; Pejler, 1998). The appear-
ance of the species in Europe is caused by its transfer
via ballast waters of ships (Arnemo et al., 1968; Gray
et al., 2007). Further dispersal of the species occurs,
probably, downstream the rivers and/or via migratory
waterfowl. Many of the surveyed waterbodies do not
have any visible outlet and it can be suggested that
resting eggs of K. bostoniensis were translocated to
these habitats namely by birds. Air transport of dry
resting eggs of hydrobionts by dust-raising winds from
the coast of waterbodies is common for arid regions
(Aladin and Plotnikov, 2004). But the dispersal of roti-
fers by wind is hardly possible in the zone of excessive
moistening because the coasts remains damp and roti-
fers and their eggs remain buried in wet soil among lit-
toral vegetation even if the water level in waterbodies
drops. In the course of experimental studies using traps
installed on Antarctic islands and in the United States it
has been established that only few species of rotifers
(only Keratella cochlearis Gosse from Brachionidae)
can be transported to long distances by wind and rain
(Janiec, 1996; Jenkins and Underwood, 1998).

The dispersal of rotifers by other migratory animals
(zoochory) has been studied poorly but there are many
arguments against the possibility of the transport of
rotifers at viable developmental stages in the digestive
tract of birds (Segers and De Smet, 2008). Neverthe-
less, birds as well as amphibians and insects can trans-
port resting eggs and live rotifers on the body surface
(Maguire, 1959, 1963; Schlichting and Milliger, 1969).
During spring and autumn migrations the f lying speed
of ducks and geese is >80 km/h and they cover 500–
600 km for one passage (Yakobi, 1966). According to
other data the f lying speed of mallard during migra-

tion is 40–80 km/day (Migratsii ptits…, 1997) and the
speed of northern pintail is 90–100 km/day (Ptitsy
Sovetskogo Soyuza…, 1952). Many species of river and
sea ducks perform molt migrations in summer (Moni-
toring i sokhranenie…, 2010), young mallards usually
undertake autumn migrations in non-migratory direc-
tion at a distance of more than 100 km (Migratsii
ptits…, 1997). Most river ducks perform short-distance
feeding f lights from a waterbody to a waterbody (Ptitsy
Sovetskogo Soyuza …, 1952). In such a way birds can
transport, at least, resting eggs on the body surface at
long distances during their migrations. During short-
distance migrations from waterbody to waterbody
birds can also transport live rotifers. This fact can
explain frequent findings of Kellicottia bostoniensis in
groups of closely located lakes (lakes of the Karelian
Isthmus, Valdai Hills, Andoma Upland and flood-
plains of the Pra and Oka rivers).

In the central and northern parts of European Rus-
sia mallard (Anas platyrhynchos L.), northern pintail
A. acuta (L.), common teal (A. crecca L.), and gar-
ganey (A. querquedula L.) are common in nesting
places. Wintering grounds of these ducks cover all
water areas in West Europe from the central Baltic Sea
region to the Atlantic Ocean; birds which live in the
north of Western Siberia also migrate to wintering
grounds in Western Europe (Monitoring i sokhrane-
nie…, 2010). The estimated total abundance of ducks
flying along the White Sea-Baltic Canal was several
millions of specimens (Delany and Scott, 2002). Bird
ringing makes it possible to establish that water birds
migrating long distances use large lakes and rivers as
landmarks of their general direction and to make stops
for rest (Steinbacher, 1951; Malchevsky and Pukinsky,
1983). Birds f ly from wintering grounds in Western
Europe through the Baltic Sea to the east, north-east
and south-east to the upper reaches of rivers f lowing
westward. Thus, the migration routes of transient sea
species (e.g. the long-tailed duck Clangula hyemalis
(L. 1758)) pass from the Gulf of Finland through the
Karelian Isthmus and Neva River to Lake Ladoga and
farther north-east to the coast of the Barents Sea;
many flocks of these ducks stop to rest and feed on
lakes of the Karelian Isthmus (Mal’chevskii and Puk-
inskii, 1983). To the east of this migration route the
group of lakes is located in the Andoma Upland water-
shed (Table 1) at the distance of <200 km from Lake
Ladoga and about 50 km from Lake Onega, i.e., 1–
2 days of f light of ducks. In the direction to southeast
large groups of lakes are located at the distance of
700–1000 km (two large migration passages) in the
Valdai Hills (Verkhnevolzhskie lakes), in upper
reaches of the Pra River, a left tributary of the Oka
River (the system of Klepikovskie lakes in the north of
Meshchera Lowlands) and Orshinskie lakes in the
upper reaches of the Soz River, a left tributary of the
Volga River which can be used for orientation and rest
of birds. Out of the abovementioned four groups of
lakes we surveyed three groups, only Orshinskie lakes
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were not studied. The rotifer Kellicottia bostoniensis
was detected in all three groups and/or in neighboring
small waterbodies of their basins.

We suppose that the rotifer K. bostoniensis is trans-
ported from Western Europe to waterbodies on the
eastern coast of the Baltic Sea and farther eastward to
waterbodies of the Volga-Baltic watershed against the
current of rivers that drain into the basin by birds
during their migratory f lights and post-nesting migra-
tions. To the east along with this vector of invasion,
live specimens of K. bostoniensis and resting eggs can
be probably dispersed with water of rivers in the Volga
River basin f lowing south and east. The fact that the
species has been already recorded in waterbodies of the
Middle Volga basin (right-bank waterbodies to 43° E
and left-bank waterbodies to 45° E, Table 1) indicates
the high speed of its dispersion to the east. In the Volga
River the rotifer was not found to the south of 56° N
and to the east of 38° E (the upper part of the Uglich
Reservoir) (Lazareva and Zhdanova, 2014). Its find-
ings in small lakes and rivers along the both banks of
the Volga River farther southeast indicate involvement
of birds in the species dispersion. To date, the distribu-
tion of the rotifer in Russia is limited by the forest
zone. But in Central and South America the rotifer
inhabits arid and tropical regions (Landa et al., 2002;
De Paggi, 2002; Bezerra-Neto et al., 2004; Figueroa-
Sanchez et al., 2014). In the Volga basin, the boundary
of the forest zone, will not, probably, impede the roti-
fer dispersal southward.

First findings of K. bostoniensis in Russia became
more frequent in the first decade of the 21st century.
Most waterbodies were surveyed for the first time and
it is not known how long the rotifer has inhabited
them. But the studies of some waterbodies have been
conducted for many decades (Lake Ladoga, Lake
Okhtinskoe, Ivankovo, Uglich, and Sheksna reser-
voirs) (Ladozhskoe ozero…, 2000; Ekologicheskie prob-
lemy…, 2001; Sovremennoe sostoyanie…, 2002; Laza-
reva et al., 2013) that makes it possible to determine
the period of appearance of the invader in plankton.
Thus, the rotifer has been recorded in zooplankton
samples in the Ivankovo (Lake Vidogoshch) and
Sheksna reservoirs since 2005, in the downstream
Uglich Reservoir in the Volga cascade since 2012, in
Lake Ladoga since 2012, and in the Okhta Reservoir
since 2011.

The introduction of K. bostoniensis into Lake
Ladoga could occur by two ways: from Finnish lakes
along the system of the Vuksa River to Shchuchiy Bay
and Lake Okhotnichie and to the southern part of
Lake Ladoga via ship’s ballast waters (Makartseva and
Rodionova, 2011). The rotifer, probably, penetrated to
the Sheksna Reservoir with water current from the
upper reaches of the Kema River; K. bostoniensis is
numerous in waterbodies of the Andoma Upland
(Lainozero, Ekozero, and Kupetskoe lakes) con-
nected with the Kema River (Lobunicheva et al.,

2011). The rotifer was introduced into the Ivankovo
Reservoir with water of the Volga River or was trans-
ported by water birds from the system of the Upper
Volga lakes (Lazareva and Zhdanova, 2014). K. bos-
toniensis penetrated into waterbodies of Nizhny
Novgorod oblast along the water current of the Oka
River from the west and was transported by birds from
waterbodies in Vladimir oblast (Bayanov, 2014) where
to date the species is numerous and, probably, has
appeared quite recently (Zhdanova and Dobrynin,
2011). The dispersal of rotifers in waterbodies of the
left-bank Middle Volga is, apparently, caused by their
transfer by birds. The basin of the river is not hydro-
graphically connected with the waterbodies where the
species was found and is located far from them. The
river f lows from north to south along the meridian; the
nearest habitat of K. bostoniensis is in the vicinity of the
city of Nizhny Novgorod on the right bank of the
Volga River (Cheboksary Reservoir) 70 km to the
northwest from the Kerzhenets River mouth.

CONCLUSIONS

In Russia, the American rotifer K. bostoniensis was
first recorded in lakes of the Karelian Isthmus in 2000.
By 2013 it had been documented in more than 40 water
objects of European Russia. The rotifer is widespread
and common in forest lakes and rivers of the Baltic Sea
basin, Volga-Baltic watershed; in the Volga River
basin it has spread southward to 55° N (lakes of the
basins of the Oka and Pra rivers) and eastward almost
to 45° E (the Kerzhenets River, the Cheboksary Res-
ervoir basin).

The rotifer K. bostoniensis was transported by water
birds during migratory f lights and post-nesting migra-
tions from Western Europe to waterbodies on the east-
ern coast of the Baltic Sea and farther east to water-
bodies of the Volga-Baltic watershed against the cur-
rents of rivers which drain into the basin. The role of
birds in dispersal of the species is indirectly confirmed
by the fact that the rotifer is more frequent in small
waterbodies including those located in watersheds and
having no visible outlet, in non-navigable rivers and
brooks. To the east, along with this vector of invasion
live specimens of K. bostoniensis and resting eggs are,
probably, spread with water of rivers of the Volga basin
which flow southward and eastward.

The rotifer inhabits small (<3 km2) and large
(>200 km2), shallow (<1 m) and deep (>20 m) water-
bodies with a trophy range from oligo- to eutrophy. In
Russia K. bostoniensis occurs in a wide range of color
of water (30–680 degrees Pt–Co-scale) compared to
waterbodies of Western Europe. The rotifer is tolerant
to temperature regime and oxygen concentrations in
water. In the hypolimnion of stratified lakes, K. bos-

toniensis reaches high abundance (>100000 ind./m3)
at a very low concentration of dissolved oxygen
(2.5 mg/L or about 20% of saturation) and water tem-
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perature of 5–12°С. The ability to live in different
waterbodies indicates high ecological plasticity of the
species and the possibility of its further dispersal.

In waterbodies of European Russia, K. bostoniensis
was detected separately from the aboriginal species
K. longispina as well as together with it. The invader
and aboriginal species K. longispina coexisted in deep
lakes and deep parts of reservoirs (the depth more than
5 m); in shallow lakes only K. bostoniensis was found.
On the contrary, in most parts of large reservoirs of the
Upper Volga only K. longispina was recorded.

ACKNOWLEDGMENTS
We are grateful to A.I. Kopylov, Yu.V. Gerasimov,

and V.T. Komov for organizing the expeditions,
Yu.I. Malina for assistance in making illustrations.

This work was partially supported by the Program
of Basic Research of the Department of Biological Sci-
ences, Russian Academy of Sciences “Biological
Resources of Russia: Dynamics under Global Climatic
and Anthropogenic Impacts,” Vologda Regional
Department of the All-Russian Public Organization
“The Russian Geographical Society” within the
framework of the project “Taiga without Boundaries.”

REFERENCES
Aladin, N.V. and Plotnikov, I.S., Impacts of species invad-

ers on biodiversity of the Caspian Sea, in Biologicheskie
invazii v vodnykh i nazemnykh ekosistemakh (Biological
Invasions in Aquatic and Terrestrial Ecosystems), Mos-
cow, St. Petersburg: KMK, 2004, pp. 275–296.

Aleshina, D.G., Kurashov, E.A., Rodionova, N.V., and
Guseva, M.A., The current state of spring zooplankton
in the tributaries of Lake Ladoga, Voda: Khimiya i
Ekologiya, 2014, no. 4, pp. 64–71, http://watchemec.ru/
article/26501/.

Arnemo, R., Berzins, B., Grönberg, B., and Mellgren, I.,
The dispersal in Swedish waters of Kellicottia bostonien-
sis (Rousselet) (Rotatoria), Oikos, 1968, vol. 19, no. 2,
pp. 351–358.

Balvay, G., First record of the rotifer Kellicottia bostoniensis
(Rousselet, 1908) in France, J. Plankton Res., 1994,
vol. 16, no. 8, pp. 1071–1074.

Barbiero, R.P. and Warren, G.J., Rotifer communities in
the Laurentian Great Lakes, 1983–2006 and factors
affecting their composition, J. Great Lakes Res., 2011,
vol. 37, no. 3, pp. 528–540.

Bayanov, N.G., Occurrence and abundance level of Kelli-
cottia bostoniensis (Rousselet, 1908) in lakes of the
Nizhniy Novgorod region, Russ. J. Biol. Invasions,
2014, vol. 5, no. 2, pp. 111–114.

Bezerra-Neto, J.F., Aguila, L.R., Landa, G.G., and Pinto-
Coelho, R.M., The exotic rotifer Kellicottia bostoniensis
(Rousselet, 1908) (Rotifera: Brachionidae) in the zoo-
plankton community in a tropical reservoir, Lundiana,
2004, vol. 5, no. 2, pp. 151–153.

Biêdzki, L.A. and Ellison, A.M., Diversity of rotifers from
northeastern USA bogs with new species records for

North America and New England, Hydrobiologia,
2003, vol. 497, no. 1, pp. 53–62.

Blouin, A.C., Lane, P.A., Collins, T.M., and Kerekes, J.,
Comparison of plankton-water chemistry relationships
in three acid stressed lakes in Nova Scotia, Canada,
Hydrobiology, 1984, vol. 69, no. 6, pp. 819–841.

Brett, M.T., The rotifer communities of acid-stressed lakes of
Maine, Hydrobiologia, 1989, vol. 186/187, pp. 181–189.

Campbell, R.S., Vertical distribution of the plankton Roti-
fera in Douglas Lake, Michigan, with special reference
to depression individuality, Ecol. Monogr., 1941, vol. 11,
no. 1, pp. 1–19.

Carlin, B., Die Planktonrotatorien des Motalaström: zur
Taxonomie und Ökologieder Planktonrotatorien,
Medd. Lunds Univ. Limnol. Inst., 1943, vol. 5.

Delany, S. and Scott, S., Waterbird population estimates, in
Wetlands International Global Series, Wageningen,
2002, no. 12.

Dumont, H.J., Biogeography of rotifers, Hydrobiologia,
1983, vol. 104, pp. 19–30.

Ekologicheskie problemy Verkhnei Volgi (Environmental
Problems of the Upper Volga), Kopylov, A.I., Ed.,
Yaroslavl: Yaroslavl Gos. Tech. Univ., 2001.

Eloranta, P., Kellicottia bostoniensis (Rousselet), a plankton
rotifer species new to Finland, Ann. Zool. Fenn., 1988,
vol. 25, pp. 249–252.

Ferraz, H.D.A., Landa, G.G., and Paprocki, H., Zoo-
plankton of an urban stretch, Itapecerica River, Divi-
nopólis, Minas Gerais, Brazil, Check List, Campinas,
2009, vol. 5, no. 4, pp. 890–894.

Figueroa-Sanchez, M.A., Nandini, S., and Sarma, S.S.S.,
Zooplankton community structure in the presence of
low levels of cyanotoxins: a case study in a high altitude
tropical reservoir (Valle de Bravo, Mexico), J. Limnol.,
2014, vol. 73, no. 1, pp. 157–166.

Fomina, Yu.Yu. and Syarki, M.T., Zooplankton of Lake
Onega, diversity and productivity, III Vseross. Nauch.
Internet-konf. s mezhd. uchastiem “Bioraznoobrazie
nazemnykh i vodnykh zhivotnykh. Zooresursy”, Tezisy
dokladov (III All-Russia Sci. Internet Conf. with Int.
Participation “Biodiversity of Terrestrial and Aquatic
Animals: Zoo Resources,” Abstracts of Papers), Kazan:
Sinyaev D.N., 2015, pp. 71–74.

Gray, D.K., Johengen, T.H., Reid, D.F., and MacIsaac, H.J.,
Efficacy of open-ocean ballast water exchange as a
means of preventing invertebrate invasions between
freshwater ports, Limnol. Oceanogr., 2007, vol. 52,
no. 6, pp. 2386–2397.

Havens, K.E., Summer zooplankton dynamics in the lim-
netic and littoral zones of a humic acid lake, Hydrobio-
logia, 1991, vol. 215, no. 1, pp. 21–29.

Ivanova, M.B. and Telesh, I.V., Seasonal and interannual
dynamics of planktonic rotifers and crustaceans, in
Zakonomernosti gidrobiologicheskogo rezhima vodoemov
raznogo tipa (The Regularities of Hydrobiological
Regime in Reservoirs of Different Types), Alimov, A.F.
and Ivanova, M.B., Eds., Moscow: Nauchnyi Mir,
2004, pp. 71–83.

Janiec, K., Short distance wind transport of microfauna in
maritime Antarctic (King George Island, South Shet-
land Islands), Pol. Polar Res., 1996, vol. 17, nos. 3–4,
pp. 203–211.



RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vol. 7  No. 4  2016

DISTRIBUTION AND WAYS OF DISPERSION 319

Jarvinen, M., Kuoppamäki, K., and Rask, M., Responses
of phyto- and zooplankton to liming in a small acidified
humic lake, Water Air Soil Pollut., 1995, vol. 85, no. 2,
pp. 943–948.

Jenkins, D.G. and Underwood, M.O., Zooplankton may
not disperse readily in wind, rain, or waterfowl, Hydro-
biologia, 1998, vol. 387/388, pp. 15–21.

José de Paggi, S., New data on the distribution of Kellicottia
bostoniensis (Rousselet, 1908) (Rotifera: Mono-
gononta: Brachionidae): its presence in Argentina,
Zool. Anzeiger, 2002, vol. 241, no. 4, pp. 363–368.

Josefsson, M. and Andersson, B., The environmental con-
sequences of alien species in the Swedish lakes
Mälaren, Hjälmaren, Vänern and Vättern, AMBIO,
2001, vol. 30, no. 8, pp. 514–521.

Keskitalo, J., Salonen, K., and Holopainen, A.L., Long-
term fluctuations in environmental conditions, plank-
ton and macrophytes in a humic lake, Valkea-Kotinen,
Boreal Environ. Res., 1998, vol. 3, no. 3, pp. 251–262.

Kosik, M., Čadková, Z., Pøikryl, I., Sed’a, J., Pechar, L.,
and Pecharova, E., Initial succession of zooplankton
and zoobenthos assemblages in newly formed quarry
lake Medard (Sokolov, Czech Republic), in The 11th
Int. Mine Water Association Congress—Mine Water—
Managing the Challenges, Aachen, Germany, September 5,
2011, Abstracts of Papers, Rüde, T.R., Freund, A., and
Wolkersdorfer, C., Eds., Aachen, Germany: Interna-
tional Mine Water Association (IMWA), 2011, pp. 517–
522.

Koste, W., Rotatoria. Die Rädertiere Mitteleuropas, Stutt-
gart: Gebrder Borntraeger, 1978.

Kutikova, L.A., Kolovratki Fauny SSSR (Rotatoria) (Roti-
fers in Fauna of the Soviet Union, Rotatoria), Lenin-
grad: Nauka, 1970.

Ladozhskoe ozero: Monitoring, issledovanie sovremennogo
sostoyaniya i problemy upravleniya Ladozhskim ozerom i
drugimi bol’shimi ozerami (Ladoga Lake: Monitoring
and Research of the Current State and Problems of
Ladoga Lake Management and Other Large Lakes),
Filatov, N., Ed., Petrozavodsk: Kol’sk Nauch. Tsentr,
Ross. Akad. Nauk, 2000.

Ladozhskoe ozero: Proshloe, nastoyashchee, budushchee
(Ladoga Lake: The History, Present, and Future),
Rumyantsev, V.A. and Drabkov, V.G., Eds., St. Peters-
burg: Nauka, 2002.

Landa, G.G., Rull, del Aguila, L.M., and Pinto-Coelho, R.M.,
Distribuiç�o espacial e temporal de Kellicottia bostoniensis
(Rousselet, 1908) (Rotifera) em um grande reservatório
tropical (reservatorio de Furnas), Estado de Minas Gerais,
Brasil, Acta Sci., 2002, vol. 24, pp. 313–319.

Lazareva, V.I., Stolbunova, V.N., Mineeva, N.M., and
Zhdanova, S.M., Features of the structure and spatial
distribution of plankton in the Sheksna Reservoir, Biol.
Vnutr. Vod, 2013, no. 3, pp. 46–55.

Lazareva, V.I. and Zhdanova, S.M., American Kellicottia
bostoniensis (Rousselet, 1908) (Rotifera: Brachionidae)
in the Upper Volga Reservoirs, Biol. Vnutr. Vod, 2014,
no. 3, pp. 63–68.

Leentvaar, P., Quelques rotateurs rares observés em Hol-
lande, Hydrobiologia, 1961, vol. 18, no. 3, pp. 245–251.

Lehtovaara, A., Arvola, L., Keskitalo, J., Olin, M., Rask, M.,
Salonen, K., Sarvala, J., Tulonen, T., and Vuorenmaa, J.,

Responses of zooplankton to long-term environmental
changes in a small boreal lake, Boreal Environ. Res.,
2014, vol. 19, pp. 97–111.

Lobunicheva, E.V., Ivicheva, K.N., and Makarenkova, N.N.,
Results of the first hydro-biological studies of Athletics
reservoirs, in Mater. Vologod. nauchno-prakt. konf.
“Kraevedcheskie (Prirodovedcheskie) issledovaniya na
Evropeiskom Severe” (Proc. Vologda Sci.-Pract. Conf.
“Local History (Natural History) Study in the Euro-
pean North”), Cherepovets: Cherepovets Museum
Association, 2011, pp. 25–31.

Maguire, B.J., Passive overland transport of small aquatic
organisms, Ecology, 1959, vol. 40, no. 2, p. 312.

Maguire, B.J., The passive dispersal of small aquatic organ-
isms and their colonization of isolated bodies of water,
Ecol. Monogr., 1963, vol. 33, pp. 161–185.

Makartseva, E.S. and Rodionova, N.V., First findings of
Kellicottia bostoniensis (Rousselet 1908) (Rotifera, Bra-
chionidae) in the lakes Ladoga and Okhotnich’e, in
IV Mezhd. nauch. konf. “Ozernye ekosistemy: biologich-
eskie protsessy, antropogennaya transformatsiya,
kachestvo vody” (IV Int. Sci. Conf. “Lake Ecosystems:
biological processes, anthropogenic transformation,
and water quality,” Abstracts of Papers), Minsk: Bel.
State Univ., 2011, p. 222.

Mal’chevskii, A.S. and Pukinskii, Yu.B., Ptitsy Lenin-
gradskoi oblasti i sopredel’nykh territorii (Birds of the
Leningrad Region and Adjacent Territories), Lenin-
grad: Leningrad Gos. Univ., 1983.

Migratsii ptits Vostochnoi Evropy i Severnoi Azii: Plastincha-
toklyuvye. Rechnye utki (The Birds Migration in Eastern
Europe and Northern Asia: Anatidae, Dabbling
Ducks), Moscow: Nauka, 1997.

Mineeva, N.M., Pervichnaya produktsiya planktona v
vodokhranilishchakh Volgi (Primary Production of
Plankton in Volga Reservoirs), Yaroslavl: Printkhaus,
2009.

Monitoring i sokhranenie bioraznoobraziya taezhnykh eko-
sistem Evropeiskogo Severa Rossii (Monitoring and Bio-
diversity Conservation of the European North of Russia
Taiga Ecosystems), Danilov, P.I., Ed., Petrozavodsk:
Kol’sk Nauch. Tsentr, Ross. Akad. Nauk, 2010.

Nandini, S., Merino, M., and Sarma, S.S.S., Seasonal and
depth related zooplankton distribution in the reservoir
Valle de Bravo (state of Mexico, Mexico) with emphasis
on rotifers, in XI International Symposium on Rotifers,
Mexico City, Mexico, March 11–18, 2006, Abstracts of
Papers, Mexico: Natl. Autonomous Univ. Mexico,
2006, p. 61.

Peixoto, R.S., Brandão, L.P.M., Valadares, C.F., and Bar-
bosa, P.M.M., Occurrence of Kellicottia bostoniensis
(Rousselet, 1908) and Mesocyclops ogunnus Onabamiro,
1957 in lakes of the Middle River Doce, MG, Brazil,
Acta Limnol. Bras., 2010, vol. 22, no. 3, pp. 356–360.

Pejler, B., History of rotifer research in northern Europe,
Hydrobiologia, 1998, vol. 387/388, pp. 1–8.

Ptitsy Sovetskogo Soyuza (The Birds of the Soviet Union),
Dement’ev, G.P. and Gladkov, N.A., Eds., Moscow:
Sovetskaya Nauka, 1952, vol. 4.

Roff, J.C. and Kwiatkowski, R.E., Zooplankton and zoo-
benthos communities of selected Northern Ontario



320

RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vol. 7  No. 4  2016

ZHDANOVA et al.

lakes of different acidities, Can. J. Zool., 1977, vol. 55,
pp. 899–911.

Rühymann, D., Die Rädertiere im Plankton des Ham-
burger Hafens, Mikrokosmos, 1962, vol. 51, pp. 294–
297.

Schlichting, H.E. and Milliger, L.E., The dispersal of
microorganisms by a hemipteran, Lethocerus uhleri
(Montadon), Trans. Am. Microsc. Soc., 1969, vol. 88,
no. 3, pp. 452–454.

Schulz, H., Biometrische Messungen an Kellicottia boston-
iensis (Rousselet), Mitt. Hamburg. Zool. Mus. Inst.,
1964, vol. 61, pp. 117–121.

Scruton, D.A., Chengalath, R., Carter, J.C.H., and Tay-
lor, W.D., Distribution of planktonic rotifers and crus-
taceans in one hundred and eight lakes from insular
Newfoundland, Can. Tech. Rep. Fish. Aquat. Sci., 1991,
no. 1825.

Segers, H., Annotated Checklist of the Rotifers (Phylum Roti-
fera), with Notes on Nomenclature, Taxonomy and Distri-
bution, Auckland: Magnolia, 2007.

Segers, H. and de Smet, W.H., Diversity and endemism in
Rotifera: a review, and Keratella Bory de St. Vincent,
Biodivers. Conserv., 2008, vol. 17, pp. 303–316.

Steinbacher von, J., Vogelzug und Vogelzugforschung, Frank-
furt am Main: Dr. Waldemar Kramer, 1951.

Sovremennoe sostoyanie ekosistemy Sheksninskogo vodokhra-
nilishcha (The Current State of the Sheksna Reservoir
Ecosystem), Yaroslavl: Yaroslavl Gos. Tekh. Univ.,
2002.

Streble, H. and Krauter, D., Das Leben im Wassertropfen:
Mikroflora und Mikrofauna des Süßwassers, Stuttgart:
Kosmos, 2006.

Vezhnavets, V.V. and Litvinova, A.G., First record of the
north American rotifer Kellicottia bostoniensis (Rousse-
let, 1908) from the Sozh River, Belarus, Russ. J. Biol.
Invasions, 2015, vol. 6, no. 2, pp. 135–136.

Yakobi, V.E., Birds: morpho-ecological adaptation to high-
speed flight, in Mekhanizmy poleta i orientatsii ptits
(Mechanisms for the Flight and Orientation of Birds),
Kleinenberg, S.E., Ed., Moscow: Nauka, 1966,
pp. 64–81.

Zakonomernosti gidrobiologicheskogo rezhima vodoemov raz-
nogo tipa (The Regularities of Hydrobiological Regime
in Reservoirs of Different Types), Alimov, A.F. and
Ivanova, M.B., Eds., Moscow: Nauchnyi Mir, 2004.

Zhdanova, S.M. and Dobrynin, A.E., Kellicottia bostonien-
sis (Rousselet, 1908) (Rotifera: Brachionidae) in water-
bodies of European Russia, Biol. Vnutr. Vod, 2011,
no. 1, pp. 45–52.

Translated by N. Ruban


