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Introduction
The Caspian Sea is the world’s largest lake (area 374
000 km2; volume 78 200 km3), greatly exceeding
Lake Superior by 4.5 times in area and Lake Baikal
by 3.5 times in volume (ZENKEVICH 1963). Several
factors relate to the lake’s unique history, morphom-
etry, age and array of habitats that promote high bio-
diversity (ALADIN et al. 2002). Here, we briefly re-
view the history and characteristics of Caspian Sea
that have caused and maintained the currently ob-
served high biodiversity. We also discuss recent exot-
ic invasions and other potential threats to this unique
ecosystem.
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Factors affecting biodiversity
The Caspian Sea’s ancient origins, multiple sources
of species, large latitudinal extent, uneven distribu-
tion of inflows and nutrient inputs, and low to mod-
erate salinity have all contributed to high biodiversi-
ty. This lake, one of the world’s most ancient conti-
nental lakes, is the remnant of the ancient, mainly
epicontinental, Parathethys Sea. Consequently, the
age of this reservoir is estimated differently by differ-
ent researchers. Some authors give a figure of 5 mil-
lions years and count the age from Balakhanian time,
others consider it 15 million years old and count from
Low-Sarmatian time, and some indicate an even old-
er age of 25–35 million years (ZENKEVICH 1963).
Even accepting a minimal age estimate of 5–6 mil-
lion years provides more than adequate time for the
evaluation of a unique and diverse fauna and flora
(ZENKEVICH 1963, KARPEVICH 1975, ALADIN et al.
2002).

The Volga River in the north dominates freshwater
inflows to the Caspian Sea, contributing around 80%,
and creates marked longitudinal variation in salinity.
Thus, within the boundaries of the Caspian Sea there
are actually three parallel coexisting ecosystems:
freshwater, brackish water (mesohaline) and hyper-

haline. These variable salinity conditions facilitate
high Caspian Sea biodiversity. Due to the full salini-
ty spectrum, freshwater, brackishwater, euryhaline
and hyperhaline hydrobionts can live within the lake,
and the marine-like chemistry of Caspian Sea waters
permits many marine organisms.

Vertical salinity stratification in the modern Caspi-
an Sea is weakly expressed, though salinity values at
the bottom differ substantially from those on the sur-
face (KOSAREV & YABLONSKAYA 1994). The lack of
significant vertical stratification facilitates vertical
mixing, and as a result, a relatively high oxygen con-
tent is observed near the bottom. However, when the
Caspian Sea level was much higher than present,
strong vertical salinity stratification was observed
with practically no oxygen near bottom (KOSAREV &
YABLONSKAYA 1994, DUMONT 1998). Low or anoxic
conditions probably caused the current low diversity
of abyssal fauna and flora observed at depths of more
than 100–150 m. If not for these periods of low dis-
solved oxygen during ancient Caspian Sea level in-
creases, deep-water biodiversity would probably be
comparable to that of Lake Baikal.

In addition to strong salinity variation, biodiversi-
ty is promoted by the great longitudinal extent
(1200 km) of the Caspian Sea, which causes large
north-south temperature gradients. In the Northern
Caspian, up to half the water area is covered by ice in
winter, while in the Southern Caspian the tempera-
ture does not fall below 8–9 °C even in the coldest
months (ZENKEVICH 1963). This kind of spatial distri-
bution of surface water temperature allows occur-
rence of both cold-water and warm-water hydro-
bionts. Further habitat diversity is provided by strong
vertical temperature stratification. Below thermo-
cline water temperatures remain low even in the
hottest summer months. In deep sites cold-water
thermostatic conditions are actually observed with-
out any seasonal changes. Presence of cold deep wa-
ters in the Caspian Sea allows even Arctic organisms
to occupy their upper horizons (ZENKEVICH 1963,
KOSAREV & YABLONSKAYA 1994). Thus, cold, moder-
ate and warm water habitats exist in the lake.
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fProduction characteristic of various Caspian areas
also differ due to the large inputs of nutrients associ-
ated with the Volga and Ural rivers. The areas near
these river deltas are characterised by increased pro-
ductivity due to organic fertilisers brought by river
inflow. Some regions along the Middle Caspian east-
ern coasts are highly productive as well due to local
upwelling. Thus, strong productivity gradients are
observed in the Caspian Sea, and as a result hydro-
bionts adapted to oligo-, meso- and eutrophic condi-
tions find suitable habitats (KARPEVICH 1975).

Sources of current Caspian Sea flora
and fauna

The present fauna and flora of the Caspian Sea
originate from four main sources: (1) Caspian,
(2) Arctic, (3) Atlantic and Mediterranean, and
(4) fresh-water (DERJAVIN 1912, BERG 1928,
ZENKEVICH 1963).

Biodiversity of the Caspian Sea is 2.5 times
lower than that of the Black Sea, and 5 times
lower than that of the Barents Sea (ZENKEVICH

1963). Probably the main reason for relatively
low species diversity is salinity variability. For
true fresh-water species salinity is too high, but
for organisms of marine origin salinity is too
low. Therefore, conditions in the modern Caspi-
an Sea are favourable only for brackish-water
species originating from both marine and con-
tinental water bodies (MORDUKHAI-BOL-
TOVSKOY 1979). However, in comparison to
freshwater lakes, the diverse salinity conditions
in the Caspian Sea serve to increase biodiversi-
ty rather than reduce it.

Fishes and Crustacea have the largest number
of species among all the groups of the Caspian
Sea fauna (two-thirds of all recent species). The
species diversity of these groups is largely de-
termined by their osmoregulatory capacities,
which allow these organisms to live in a wide
range of salinities, from fresh water to even
more saline than ocean water (ZENKEVICH

1963). Domination by these two groups in the
modern Caspian Sea is further evidence that
marked salinity variation has occurred in the
past, and only species with strong osmoregula-
tory capacities could survive and give rise to
adaptive radiation and speciation. Thus, mod-
ern biodiversity of the Caspian Sea reflects the
complicated story of Palaeocaspian transgres-

sions and regressions followed by freshening
and salinization.

In addition to the original Caspian species,
invaders from the Arctic are present in the cur-
rent fauna and flora. How and when all these
organisms came to the Caspian Sea is not
known exactly, but several hypotheses have
been proposed. EKMAN (1916) and SARS (1927)
and later Humboldt (cited by ZENKEVICH 1963)
propose it was the result of a direct contact be-
tween the Caspian Sea and Arctic Ocean.
Grimm and Kessler (cited by ZENKEVICH 1963)
suggest that arctic immigrants came from the
North to the Caspian Sea via fresh water
streams. Guriyanova and Pirozhnikov (cited by
ZENKEVICH 1963) suggested the Kara Sea was a
source of immigrants. All of these hypotheses
have largely been abandoned due to lack of cor-
roborating evidence.

BERG (1928) suggested that “Rybnoe Ozero”
(“Fish Lake”) stretched from the Baltic Sea to
Ladoga Lake, from Ladoga to Onega Lake,
from Onega to Beloe Ozero (White Lake), and
from Beloe to Sheksna River. Thus, connecting
the Caspian Sea with both Arctic and Baltic wa-
ters. Some modern scientists call this hypothet-
ical lake “Mologa-Sheksna Lake” (ZENKEVICH

1963). They believe the so-called Arctic immi-
grants came neither from the Arctic Ocean di-
rectly nor from the Kara Sea, but from the
Baltic and the White seas. All invaders from the
Arctic show little or no sign of speciation, evi-
dence of recent invasion or genetic conser-
vatism.

Invasions of freshwater organisms into the
Caspian Sea took place several times during pe-
riods when its salinity was lowest. The most an-
cient invaders among freshwater species are
considered to be gastropods. The main ion
composition, which differed essentially from
that in the ocean (richer in calcium than ocean
waters), facilitated this process to a large de-
gree.

Atlantic and Mediterranean marine immi-
grants came to the Caspian Sea three times. The
earliest immigrants came during Hvalynian
time as early as 50 thousand years B.P. via the
Kuma-Manychenskiy strait between the Black
and Caspian seas (ZENKEVICH 1963). The next
wave of immigrants came at the beginning of
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fthe 20th century or a little later, some natural
and others of anthropogenic origin. The last im-
migrants came during the mid-20th century
with the opening of the Volga-Don canal in
1954 (KARPEVICH 1975). These invasions were
mainly the result of ballast water dumping or
organisms attaching to vessel hulls (KARPEVICH

1975). Deliberate acclimatization of aquatic
species for food and industrial purposes also
substantially affected the biodiversity of the
Caspian Sea.

The full biodiversity of the Caspian Sea is
still poorly known, and we expect many new
species and subspecies to be described. Many
true marine animals such as Scyphozoa, Antho-
zoa, Gordiacea, Gastrotricha, Kinorhyncha,
Sipunculida, Phoronidea, Loricata, Scaphopo-
da, Tanaidacea, Pantopoda, Tardigrada, Aster-
oidea, Ophiuroidea, Echinoidea, Holothuri-
oidea, Chaetognatha, Ascidiacea, Appendicu-
laria and Acrania are not known in the Caspian
Sea. Some of these organisms are capable os-
moregulators, and being mostly euryhaline,
thought capable of invading and surviving in
the Caspian Sea. Many freshwater and brackish
water species are living in the estuaries of rivers
flowing into the Caspian Sea. If we include
these species and expected, but yet undiscov-
ered or reported, species, the diversity of the
Caspian Sea will surpass that of Lake Baikal.
ZENKEVITCH (1963) mentioned some 450
species of free-living Caspian Metazoa,
CHESUNOV (1978) pointed out some 550
species, and KASYMOV (1987) recorded some
950 species. We may imagine that the real num-
ber of free-living Metazoa is some 1500–2000
species (ALADIN et al. 2002). Speciation in the
Caspian Sea has resulted in overall high levels
of endemism (about 42–46%), which is only
slightly lower than that of Lake Baikal (about
54%). There is a high probability that after fur-
ther studies in the Caspian Sea, the number of
endemic species described could increase and
reach that of Lake Baikal. Only the appearance
of deep-water anoxic conditions in the ancient
Caspian Sea during transgression is likely to
have reduced the number of Caspian endemics.
In some faunal groups of the Caspian that un-
derwent adaptive radiations, the levels of en-
demism are close to 100%.

Current exotic invasions and other
threats to biodiversity

Species from the Atlantic-Mediterranean are
likely currently invading the Caspian Sea. A
Ctenophore (Mnemiopsis leidyi) that just invad-
ed the Caspian Sea (IVANOV et al. 2000, KA-
MAKIN 2005) could lead to an ecological catas-
trophe in this lake. This species impacted the
fishery industry in the Black Sea, basically re-
ducing stocks of fishes that prey on zooplank-
ton. Researchers from Azerbaijan and Turk-
menistan have already noted another Ctenopho-
ra (Beroe ovata) found in the Caspian Sea, al-
though these are yet to be confirmed by photos,
figures or collections. In addition to
ctenophores, the medusa (Aurelia aurita) was
recently found in the Caspian. At present, it is
not certain whether Beroe ovata and Aurelia
aurita are naturalized in the Caspian Sea. How-
ever, a population explosion of Mnemiopsis lei-
dyi in the Southern Caspian reached 3951
ind./m3 (KAMAKIN 2005). Not only the fishing
industry but the whole ecosystem of the Caspi-
an Sea could be endangered by this Mnemiop-
sis invasion (ALADIN et al. 2002, SHIGANOVA et
al. 2003, KAMAKIN 2005).

Recently two additional species of Black Sea
origin invaded the epilimnion of the Caspian
Sea, the planktonic copepods Acartia clausi
and A. tonsa. Last year, one more Cladocera
(Moina mongolica) appeared in the central wa-
ter zone of Northern and Middle Caspian Sea,
although it is not known whether it will natural-
ize (ALADIN et al. 2003). Invaders from the At-
lantic and Mediterranean will obviously contin-
ue to appear in the Caspian Sea until a new bal-
ance between aborigines and invaders is
achieved. The time this balance will be reached
is difficult to predict because at present the en-
vironment in the Caspian Sea is unstable due to
changes in climate, anthropogenic pollution,
and other environmental impacts. Changing
abiotic and biotic components of the Caspian
Sea will increase the risk of invasive species.

In addition to the threats posed by exotic in-
vasions, the Caspian Sea faces an array of oth-
er threats to its biodiversity and health. These
include pollution from oil and gas exploration
and extraction both on the sea and along its
coast; the transmission of these fuels by
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fpipelines under and near the sea; agricultural
and industrial activities near the sea and its in-
fluent rivers that contribute pollution; over-
fishing and poaching (ZONN 1999); lake-level
fluctuations; and global climate change. Multi-
national agreements containing strong and sci-
entifically-based management actions will be
required to preserve its biodiversity.
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