
ABSTRACT. Limpet fauna of the Holarctic genus
Acroloxus Beck, 1837 was examined in Lake Baikal.
Morphology of protoconch and teleoconch of three
species (A. baicalensis Kozhov, 1936, A. orientalis
Kruglov et Starobogatov, 1991 and possible new Ac-
roloxus species) was studied with SEM. Additional
shell characters were described for A. baicalensis, col-
lected from its type locality. Distribution of represen-
tatives of the genus Acroloxus in Lake Baikal and its
basin was discussed.

Introduction
Lake Baikal is arguably the most famous of the

world’s so-called ancient lakes and harbours highly
diverse and endemic mollusc fauna. Molluscs are
common members in Baikal biocoenoses. They play
important roles in biological processes and often make
up more than 60% of the biomass of macrozoo-
benthos of the stony littoral zone [Kozhov, 1931,
1947; Miklashevskaya, 1935; Gavrilov, 1950; Bek-
man, Den’gina, 1969; Kaplina, 1974]. The recent
malacofauna of the Baikal water body consists of 180
species of which 83% are gastropods [Sitnikova et
al., 2004; Slugina, Starobogatov, 1999]. The family
Acroloxidae Thiele, 1931 represents a sixth part of
the total gastropod diversity of Lake Baikal and un-
derwent a major radiation. The Baikal acroloxids
amount to 48% of the world’s Acroloxidae diversity.

Limpets in the open Lake Baikal number 25
species belonging to three endemic genera [Staro-
bogatov, 1989; Sitnikova et al., 1993; Shirokaya et
al., 2003; Shirokaya, 2007] which have radiated
extensively since the Late Pliocene [Albrecht et al.,
2007]. In addition, the Holarctic genus Acroloxus

Beck, 1837 is known to inhabit the shallow bays of
Lake Baikal [Kozhov, 1936; Sitnikova et al., 2004].

The first specimen of the Baikal Acroloxus was
collected in Chivyrkuy Bay at the beginning of the
last century [Kozhov, 1936]. The single specimen,
lost at present, was described as an endemic subspe-
cies of the common A. lacustris (Linnaeus, 1758) —
A. lacustris var. baicalensis Kozhov, 1936. Subse-
quently, A. baicalensis Kozhov, 1936 was treated as
an independent species [Kruglov, Starobogatov,
1991]. Its short original diagnosis was also enhanced
with the data on shell shape and dimensions of the
specimen from the Lower Yenisei River (Dudinka
Settl. vicinity) [Ibid.] due to the unavailability of
Acroloxus from Lake Baikal. Despite thorough sam-
pling in shallow bays and gulfs of Lake Baikal, A.
baicalensis limpets have not been found in the lake
since its description. Only 70 years later, Shirokaya
with co-authors [2009] published a short note on
finding of several specimens of Acroloxus in
Chirvyrkuy Bay which were identified as three inde-
pendent species without detailed description of the
shell morphology. Prozorova [2010] touched upon
these species in the discussion on Acroloxus orien-
talis Kruglov et Starobogatov, 1991 distribution in
the water bodies of the Russian Far East and Hok-
kaido Island (Japan). Below we present detailed char-
acters of protoconch and teleoconch in the limpets
identified as A. baicalensis, A. orientalis and Ac-
roloxus sp. focusing on shell description of A. bai-
calensis collected in its type locality — Chivyrkuy
Bay, Lake Baikal.

Material and methods
In 2008 we sampled Acroloxus limpets in Kotovo
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Inlet (coordinates: 53°38’06.7”N, 108°58’10.7”E) of
Chivyrkuy Bay, and in a channel, connecting the
bay with Lake Arangatuy (53°37’40.4”N,
108°59’31.6”E). A total of 16 limpets was picked
up from the aquatic plant Elodea canadensis
Michaux, 1803 at the depth of 0-1.5 m.

For species identification we used a measuring
system suggested by Kruglov and Starobogatov [1991]
for this gastropod family, as well as Starobogatov’s
visual method of comparison of a shell with holotype
templates using a MBS-1 stereo microscope (LOMO
PLC) with camera lucida [Starobogatov, Tolstikova,
1986]. Protoconch characters were studied with scan-
ning electron microscopy (PHILIPS 525 M). Prepa-
ration techniques were described in Shirokaya et al.
[2003]. The shells were measured according to the
scheme presented in Fig. 1.

Results and discussion

Most of limpets collected from Chivyrkuy Bay
were identified as Acroloxus baicalensis and A.
orientalis. Besides, a single shell had the morpho-
logical characters, which did not correspond to any
known Acroloxus species. All limpets found in the
channel of Lake Arangatuy were close to A. orien-
talis.

1. Shell morphology

Protoconch morphology of A. baicalensis and
A. orientalis. Both species are characterized by a
horn-shaped protoconch with a less strong reticular
sculpture than that of littoral endemic acroloxids.
The back slope of the protoconch has both radial
and concentric ribs. On the front slope, a weakly
expressed reticular sculpture is substituted by dots
(Fig. 2: M, P). The initial plate of both Acroloxus
species is drop-shaped (Fig. 2: H, I, S, T) or oval
(Fig. 2: B, C, G, R). The rounded initial plate is
typical of endemic Baikal species [Shirokaya et al.,
2003]. The initial plates of A. baicalensis and A.
orientalis overlap each other in their dimensions:
length and width in A. baicalensis are 0.2-0.24 mm
and 0.13-0.16 mm, respectively, while in A. orien-
talis they are 0.21-0.27 mm and 0.15-0.19 mm.
Interspecific differences in protoconch microsculp-
ture have not been found between A. baicalensis
and A. orientalis.

Protoconch morphology of Acroloxus sp. This
species differs significantly from the two species
mentioned above in its cap-shaped protoconch with
a pitted microsculpture (Fig. 2: A, D, Q). The initial
plate of Acroloxus sp. is drop-shaped (Fig. 2: A, Q).
Interestingly, the protoconch bearing rows of pits is
characteristic of the only abyssal Baikal limpet —
Pseudancylastrum frolikhae Sitnikova et Staroboga-
tov, 1993 [Shirokaya et al., 2003].

Teleoconch morphology of A. baicalensis and
A. orientalis. Baikal A. baicalensis and A. oriental-
is are characterized by a pronounced variability in
their shell morphology which is similar to a pattern
found in acroloxids from Lake Ohrid [Albrecht et
al., 2006]. There are several specimens with inter-
mediate shell shapes (Fig. 2: C, F, G, J, N, O, R),
which may be evidence of cross-breeding or exten-
sive variation within a highly variable single spe-
cies. Typical A. orientalis (Fig. 2: B, E, M) is
characterized by a flattened shell (shell height (H)
to aperture width (W) ratio ≤ 0.54), deep undertop
concavity, evenly convex right slope and equally
rounded front and back aperture edges. Acroloxus
baicalensis (Fig. 2: H, I, K, L, P, S, T) has a higher
shell (H/W ≥ 0.56) with a slight undertop concavity
and a nearly straight right slope. The aperture is
elongated oval with a broader anterior edge.

Morphology of the A. baicalensis shell in Fig. 2
(I, L, P, T) corresponds to the brief description
given by Kozhov [1936, p. 184]. We describe this
shell in detail to simplify the identification of this
species in further investigations.

FIG. 1. Measurements of acroloxid shells (after Kruglov,
Starobogatov [1991], modified). L — length of aperture;
La — distance from apex to the frontal apertural edge
(projected on longitudinal axis of aperture); W — width
of aperture; wL — distance from apex to left apertural
edge; a — chord of anterior (maximal) slope; H — height
of teleoconch; l — length of protoconch; w — width of
protoconch; h — height of protoconch.

РИС. 1. Схема промеров раковины акролоксид (по Круг-
лову, Старобогатову [1991], с изменениями). L — дли-
на устья; La — удаление вершины от переднего края
устья (в проекции на плоскость устья); W — ширина
устья; wL — удаление вершины от левого края ус-
тья; a — хорда переднего (максимального) склона; H
— высота телеоконха; l — длина протоконха; w —
ширина протоконха; h — высота протоконха.
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Moskvicheva, Kruglov et Starobogatov, 1991 in
slow rivers in the Russian Southern Far East togeth-
er. Thus, the distribution range of A. baicalensis
probably bordered by the Yenisei River to the west
and the Pacific Ocean shores to the east is generally
concordant with that of A. orientalis (Fig. 3). Both
species A. orientalis and A. baicalensis are ecologi-
cally similar and inhabit the macrophytic vegeta-
tion of slow rivers and large lakes. Acroloxus
baicalensis, however, sometimes lives on hard sub-
strate.

Given the new data, we assume that A. baicalen-
sis and A. orientalis are closely related cryptic spe-
cies with partly overlapping areas. Both species are

possibly close to Acroloxus sp. that should be de-
scribed formally. Further studies using appropriate
genetic markers should specify the phylogenetic
and phylogeographic status of the populations of
Acroloxus spp. from Lake Baikal and its watershed.

It is important to note that in Transbaikalia two
other limpet species have been recognized which
were previously known from the Russian Southern
Far East. These species are A. hassanicus Kruglov
et Starobogatov, 1991 and A. victori Prozorova,
1996 originally described from the Tatar Strait shore
[Prozorova, 1996]. The first species, previously re-
corded in the Kichera River, a tributary of Lake
Baikal [Kruglov, Starobogatov, 1991], is found in

FIG. 4. Sites of sampling and discussed findings of Acroloxus limpets on the territory of East Siberia and the Russian Far East.
Decoding of the localities is shown in Table 1.

РИС. 4. Места сбора и обсуждаемых находок чашечек рода Acroloxus на территории Восточной Сибири и Дальнего
Востока России. Расшифровка местонахождений представлена в таблице 1.
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the Khilok River as well (Fig. 4). Species A. victori
is identified by L.A. Prozorova in the Shirokaya
River of the Ivano-Arakhley lake-river system as
well as in Amur River drainage (Moadi R., Arsenje-
vo Settl. vicinity) (Fig. 3, 4). Species A. arachleicus
Kruglov et Starobogatov, 1991 was described as
endemic of Lake Arakhley [Kruglov, Starobogatov,
1991]. We found, that it is the only limpet species
inhabiting Arakhley. In the Shirokaya River, both

A. arachleicus and A. baicalensis were collected
sympatrically.

Thus, six species of the Holarctic genus Ac-
roloxus have been recognized in Lake Baikal and
Transbaikalia: A. baicalensis, A. orientalis, A.
arachleicus, A. hassanicus, A. victori and Acrolox-
us sp., undescribed earlier. Species A. victori is new
for the Baikal basin.

No. Species Sites Authors

1 A. baicalensis Yenisei River (Dudinka Settl. vicinity) Kruglov, Starobogatov, 1991

2 A. cf. baicalensis Angara River basin (small lakes) Golyshkina, 1967

3 A. baicalensis small lake near the Mishikha River (south-east Baikal
shore)

Sitnikova et al., 2004

4 A. baicalensis Chivyrkuy Bay of Lake Baikal Kozhov, 1936

4 A. baicalensis, A.
orientalis, Acroloxus sp.

Chivyrkuy Bay of Lake Baikal and a channel,
connecting the bay with Lake Arangatuy

Shirokaya et al., 2009; original
data

5 A. hassanicus, A.
arachleicus

Kichera River basin (unnamed lake), Buryatiya Kruglov, Starobogatov, 1991

6 A. orientalis Khilok River of the Baikal basin, Buryatiya Prozorova, Zasypkina, 2005

6 A. hassanicus Khilok River of the Baikal basin original data

7 A. baicalensis, A.
arachleicus, A. victori

Shirokaya River, Ivano-Arakhley lake-river system original data, material collected
by P.V. Matafonov

8 A. arachleicus Lake Arakhley, Buryatiya Kruglov, Starobogatov, 1991

9 A. orientalis Lake Krugloye, basin of Zeya River, Amur R.
tributary

Kruglov, Starobogatov, 1991

10 A. hassanicus dead channel of Poima River, Bamburovo Settl.
vicinity (Khasanskiy District, Primorskiy Krai)

Kruglov, Starobogatov, 1991

11 A. hassanicus swamp near the Mel'gunovka River debouchment
(Khorol'skiy District, Primorskiy Krai)

Kruglov, Starobogatov, 1991

12 A. hassanicus Sirenevka River basin (small lake), Razdol'noye Settl.
vicinity (Nadezhdinskiy District, Primorskiy Krai)

Prozorova, 1991

13 A. baicalensis Artyomovka River, Shtykovo Settl. vicinity
(Shkotovskiy District, Primorskiy Krai)

original data

14 A. victori Moadi River near Arsenjevo Settl., Amur R. basin
(Khabarovskiy Krai)

original data, material collected
by V.V. Bogatov

15 A. victori Chistovodnaya River near Vanino city, Sea of Japan
drainage (Khabarovskiy Krai)

Prozorova, 1996

16 A. orientalis a rivulet, connecting the Lake Kotika with Tym' River
(Sakhalin Island)

Kruglov, Starobogatov, 1991

17 A. orientalis Bibi River of the Abira R. system, Tomakomai city
vicinity (Hokkaido Island, Japan)

Prozorova, 2010

Table 1. Sites of sampling and discussed finds of Acroloxus limpets on the territory of East Siberia and the Russian Far East *.
Locality numbers in the Table correspond to those in Fig. 4.

* Six other species of the genus Acroloxus are known from the Russian Far East: A. kolhymensis Prozorova et Starobogatov, A.
regelae Prozorova et Starobogatov, A. likharevi, A. ussuriensis Moskvicheva, Kruglov et Starobogatov, A. zarjaensis Kruglov
et Starobogatov, A. klucharevae Kruglov et Starobogatov [Kruglov, Starobogatov, 1991; Prozorova, Starobogatov, 1998].
These species not found in Baikal basin are beyond the scope of this study.



79Limpets of genus Acroloxus in Lake Baikal

Acknowledgements
The authors offer sincere thanks to Prof. V.V.

Bogatov (Institute of Biology and Soil Science,
FEB RAS, Vladivostok city), PhD P.V. Matafonov
and PhD A.P. Kuklin (Institute of Natural Resourc-
es, Ecology and Cryology SB RAS, Chita city) for
kindly donated limpet specimens, V.I. Egorov (Lim-
nological Institute SB RAS) for his assistance with
the scanning electron microscope. The work was
supported by the following Russian Science Foun-
dation grants: FEBRAS № 09-III-A-06-181, RFBR
№ 09-04-98583 and № 08-04-98034, Integration
grant of the SB RAS № 49 (2009) and Project RAS
№ 23.10 within the frame of the Program “Biologi-
cal diversity”.

References

Albrecht C., Shirokaya A.A., Prozorova L.A., Ellis
B.K., Wilke T. 2007. Evolution and biogeography
of ancient freshwater pulmonate gastropods: the
limpet family Acroloxidae (Hygrophila). Abstracts
of World Congress of Malacology, Antwerp, Bel-
gium, 15-20 July 2007. Antwerp: Universiteit Antw-
erpen: 3-4.

Albrecht C., Trajanovski S., Kuhn K., Streit B., Wilke
T. 2006. Rapid evolution of an ancient lake species
flock: freshwater limpets (Gastropoda: Ancylidae)
in the Balkan lake Ohrid. Organisms, Diversity
and Evolution, 6: 294-307.

Bekman M.Y., Den’gina R.S. 1969. Benthal popula-
tion and food supply of Baikal fish. In: Neyman
А.А., ed. Bioproductivity of Siberia water reser-
voirs: 42-47 [in Russian].

Gavrilov G.B. 1950. Fauna diversity of littoral zone of
Lake Baikal. Priroda, 9: 67 [in Russian].

Golyshkina R.A. 1967. Molluscs (Mollusca) of Anga-
ra River. Izvestiya Biologo-Geograficheskogo
Nauchno-Issledovatel’skogo Instituta pri Irkutskom
Gosudarstvennom Universitete, 20: 65-94 [In Rus-
sian].

Kaplina G.S. 1974. Macrozoonbenthos of stony lit-
toral zone of Lake Baikal and its seasonal dy-
namics (data of 1963-1968, Bol’shie Koty Settl.
vicinity). In: Kozhova О.М., ed. Productivity of
Lake Baikal and anthropogenic changes of its na-
ture: 126-136 [in Russian].

Kozhov M.M. 1931. Insight into Baikal fauna, its
distribution and environment. Izvestiya Biologo-
Geograficheskogo Nauchno-Issledovatel’skogo In-
stituta pri Irkutskom Gosudarstvennom Univer-
sitete, 5: 3-170 [In Russian].

Kozhov M.M. 1936. Molluscs of Lake Baikal — sys-
tematics, distribution, ecology, some data on gene-
sis and history. Trudy Baikal’skoy Limnologicheskoy
Stantzii Akademii Nauk SSSR, 8: 1-385 [In Rus-
sian, German summary].

Kozhov M.M. 1947. The fauna of Lake Baikal. OGIZ,
Irkutsk, 303 p. [in Russian].

Kruglov N.D., Starobogatov Ya.I. 1991. Genus com-
position of the family Acroloxidae (Gastropoda,
Pulmonata) and Acroloxus-species inhabiting

USSR. Zoologicheskij Zhurnal, 70(2): 66-79 [In
Russian].

Miklashevskaya L.G. 1935. Data on productivity of
Lake Baikal bottom. Trudy Baikal’skoy Limno-
logicheskoy Stantzii Akademii Nauk SSSR, 6: 99-
198 [In Russian].

Prozorova L.A. 1991. Morphology of gastropodan egg-
clusters from Primorye Region of the USSR. Pro-
ceedings of the Zoological Institute of USSR Acad-
emy of Sciences, 228: 74-110.

Prozorova L.A. 1996. On the species composition of
the Acroloxidae (Gastropoda, Pulmonata) family
in the Russian Far East. Zoologicheskij Zhurnal,
75(4): 494-498 [In Russian, English abstract].

Prozorova L.A. 2010. Acroloxus Beck (Pulmonata,
Acroloxidae) from Hokkaido — new genus and
family of freshwater molluscs for Japan. Rutheni-
ca, 20: 41-44.

Prozorova L.A., Starobogatov Ya.I. 1998. New spe-
cies of the genus Acroloxus Beck (Pulmonata, Ac-
roloxidae) from the Kolhyma River Basin. Ru-
thenica, 8(1): 39-42 [In Russian, English abstract].

Prozorova L.A., Zasypkina M.O. 2005. Freshwater
molluscs of the Khilok River (Selenga River drain-
age, east Lake Baikal region). Vladimir Ya. Levani-
dov’s Biennial Memorial Meetings, 3: 295-301 [In
Russian, English abstract].

Prozorova L.A., Sitnikova T.Y., Zasypkina M.O.,
Маtafonov P.V., Dulmaa A. 2009. Freshwater Gas-
tropoda in the basin of Lake Baikal and adjacent
territories. In: Timoshkin O.A., ed. Index of animal
species inhabiting Lake Baikal and its catchment
area, 2: Basins and channels in the south of East
Siberia and North Mongolia: 170-188 [in Rus-
sian].

Shirokaya A. 2007. A new species of Gerstfeldtiancy-
lus Starobogatov, 1989 (Pulmonata: Basommato-
phora: Acroloxidae) from Lake Baikal. Zootaxa,
1466: 55-67.

Shirokaya A.A., Roepstorf P., Sitnikova T.Y. 2003.
Morphology of the protoconch, adult shell and
radula of some species of endemic Baikalian Ac-
roloxidae (Pulmonata, Basommatophora). Ruthen-
ica, 13: 115-138.

Shirokaya A.A., Prozorova L.A., Sitnikova T.Y.,
Matafonov D.V., Albrecht C. 2009. Limpets of the
genus Acroloxus (Gastropoda: Pulmonata: Acrolox-
idae) in Lake Baikal: taxonomy, shell morphology,
distribution, origin. Abstracts of the International
Symposium ‘Speciation in Ancient Lakes’, SIAL 5,
Ohrid, 7-11 September, 2009. Review — HBI Ohrid,
42: 107-109.

Sitnikova T.Y., Fialkov V.A., Starobogatov Ya.I. 1993.
Gastropoda from underwater hydrothermal vent of
Baikal Lake. Ruthenica, 3: 133-136.

Sitnikova T.Y., Starobogatov Ya.I., Shirokaya A.A.,
Shibanova I.V., Korobkova N.V., Adov Ph.V. 2004.
Gastropods (Mollusca: Gastropoda). In: Timosh-
kin O.A., ed. Index of animal species inhabiting
Lake Baikal and its catchment area, 1: Lake Baikal:
937-1002 [in Russian].

Slugina Z.V., Starobogatov Ya.I. 1999. Guide and key
to the Bivalvia of lake Baikal. Scientific Publishing
Center of the UIGGM SB RAS, Novosibirsk, 114
p. [In Russian].

Starobogatov Ya.I. 1989. Molluscs of the family Ac-



80 A.A. Shirokaya, L.A. Prozorova, T.Y. Sitnikova, D.V. Matafonov, C. Albrecht

roloxidae of Lake Baikal. In: Linevich A.A., ed.
Worms, molluscs, arthropods. Fauna Baikala: 45-
75 [in Russian].

Starobogatov Ya.I., Streletskaya E.A. 1967. Composi-
tion and zoogeographical characteristics of fresh-
water malacofauna of the East Siberia and north-
ern part of the Far East. Trudy Zoologicheskogo
Instituta Akademii Nauk SSSR, 42: 221-268 [In
Russian].

Starobogatov Ya.I., Tolstikova N.V. 1986. Molluscs.
In: Treshnikov A.F., ed. History of the USSR lakes.
General regularities of origin and development of
lakes. Investigation methods of lake history: 157-
158 [in Russian].

Фауна и морфология раковины чашечек рода
Acroloxus Beck (Gastropoda: Pulmonata: Ac-
roloxidae), населяющих озеро Байкал (с
замечаниями по акролоксидам Забайкалья)
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РЕЗЮМЕ. Исследована фауна чашечек гол-
арктического рода Acroloxus Beck, 1837 в озере
Байкал. С помощью сканирующего электронного
микроскопа получены сведения о морфологии
протоконха и телеоконха трех видов: A. baicalensis
Kozhov, 1936, A. orientalis Kruglov et Starobogatov,
1991 и неописанного ранее Acroloxus sp. Для вида
A. baicalensis приведены дополнительные конхо-
логические признаки на основании изучения нового
сбора из типового местонахождения. Обсуждается
распространение видов рода Acroloxus в озере
Байкал и его бассейне.
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Кодекса Зоологической номенклатуры. Копии CD-ROM разосланы в день, указанный на первой
странице в следующие библиотеки: Библиотеку биологической литературы РАН (Москва), которая
является отделом Библиотеки по естественным наукам Российской академии наук (БЕН РАН);
библиотеку Зоологического института РАН; малакологическую библиотеку Muséum National d’Histoire
Naturelle (Париж, Франция); малакологическую библиотеку Natural History Museum (London, UK),
библиотеку National Museum of Natural History, Smithsonian Institution (Washington, DC, USA); Thom-
son Reuters (издатели Zoological Record).
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