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Abstract: A review of endangered and threatened chon-
drostean (sturgeon and paddlefish) species is given. It is
shown that at least three species from the territory of the
former Soviet Union are the most endangered. Among them
is the large Amu-Dar shovelnose Pseudoscaphirhynchus
kaufmanni, which seems to be the last survivor of the most
primitive group among sturgeons, still living in the region
where it originated. These facts call for quick conservation
efforts. Because of the present economic crisis in Russia, there
is no hope that such effort can be made by Russian scientists
alone. Saving sturgeons should be a goal of the international
community.

Introduction

Conservation biology is a crisis discipline (Soulé 1985)
that requires immediate action or recommendations
(Coblentz 1990). The main question of conservation
biology, what to protect, is discussed by many authors
(see, for instance, Allendorf 1988; Vane-Wright et al.
1991; Rojas 1992). One extremely endangered group of
animals that should be the object of conservation biol-
ogy is sturgeons and their close relatives, paddlefishes.
They belong to the Order Acipenseriformes, Infraclass
Chondrostei. Sturgeons, the main representatives of the
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Esturiones y peces espatulas: Especies en peligro que
necesitan conservacion

Resumen: Se presenta una revision de especies condrdsteas
(esturion y pez espdtula) en peligro y amenazadas. Se
muestra que por lo menos tres especies del territorio de la ex
Union Soviética son las mds comprometidas. Entre ellas se
encuentra el gran Amu-Dar Pseudoscaphirhyncus kaufmanni,
que parece ser el ultimo sobreviviente del grupo mds prim-
itivo de esturiones, que aun vive en la region donde fue
originado. Estos bechos claman un pronto esfuerzo conser-
vacionista. Debido a la crisis economica actual en Rusia, no
bay esperanzas de que tales esfuerzos puedan ser realizados
solo por cientificos rusos. La salvacion de los esturiones de-
beria ser un objetivo de la comunidad internacional.

Chondrostei, are primarily known as producers of black
caviar. A lesser known fact is that almost all chon-
drostean species are endangered or threatened. In this
short review I wish to draw the attention of conserva-
tion biologists to this group of ancient fishes. The most
endangered species of sturgeons, inhabiting the terri-
tory of the former Soviet Union, need immediate atten-
tion and can be saved only by joint international efforts.

Chondrostean Background

The order Acipenseriformes is a distinctive assemblage
of fishes (Berg 19484, 1948b; Gardiner 1984; Sokolov &
Berdichevskii 1989) with some unique morphological
characters: most of their endocranium is cartilagenous,
the notochord is retained in the adult stage, and they
have a heterocercal tail. In addition, the body of stur-
geons is armed with five rows of bony scutes.
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Chondrosteans also have a few unusual genetic char-
acteristics. All species investigated are polyploids and
can be arranged as a series 4n—8n—16n (reviews in
Birstein & Vasiliev 1987; Birstein et al. 1993). Their
karyotypes consist of an enormously high chromosome
number, 120, 240, and an estimated 500 (for the last
count only the DNA content has been measured [see
Birstein et al. 1993; Blacklidge & Bidwell 1993]). Chro-
mosomes are of two types: about half of them are of
“usual” size, the macrochromosomes, and the rest are
very small, the microchromosomes. The karyotypes of
120-chromosome species are all similar, indicating a
slow karyological evolution. This correlates with a slow
rate of DNA (Kedrova et al. 1980) and protein (Carlson
etal. 1982; Phelps & Allendorf 1983; Bartley et al. 1985)
evolution. Apparently, unusual genetic patterns allow
acipenseriforms to hybridize easily; many interspecific
and even intergeneric hybrids have been found in na-
ture (Berg 1948b; Carlson et al. 1985). Hybrids be-
tween the beluga Huso buso and the sterlet Acipenser
ruthbenus (and the reciprocal hybrids) obtained artifi-
cially are not only viable but also fertile, and they are
widely used in aquaculture in Russia (Krylova 1988),
Germany (Steffens et al. 1983), and Japan (Kijima &
Maryama 1985).

Chondrosteans are primitive fishes and are very im-
portant in terms of vertebrate evolution (see, for exam-
ple, Berg 1948a). Extant acipenseriforms, the sturgeons
and paddlefishes, can be considered “living fossils”
(Gardiner 1984), since fossil acipenseriforms are known
from the Jurassic (Berg 19484; Obruchev & Kazantseva
1964; Grande & Bemis 1991). In general, it is supposed
that chondrosteans as a group originated in the fresh-
water basins of northern Asia in the early Triassic from
ancient ancestors belonging to the paleoniscoid fishes
(Berg 1948a; Schaeffer 1973; Yakovlev 1977). It seems
that the acipenserids became widespread in the North-
ern Hemisphere in the late Cretaceous, while polyodon-
tids diverged later (Grande & Bemis 1991).

Among all “living fossil” bony fishes the Acipenseri-
formes have the largest number of living species. About
25 chondrostean species are still living in the Northern
Hemisphere, Eurasia, and North America (Table 1). The
relationships between sturgeon species are poorly
known. Unfortunately, most species are endangered or
threatened.

Endangered European Atlantic Sturgeon

>
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s an example, I wish to describe the fate of the Atlantic
(Baltic) sturgeon, Acipenser sturio, a fate that more
plentiful species could share within a few years. Atlantic
sturgeons are large fishes, reaching a length of 3 m and
a weight of 200 kg (Berg 1948b; Holcik et al. 1989).

Although individuals attain maturity rather late (males
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at 7-15 years and females at 8-20 years), they grow
faster than other acipenserids. This fish has been well
known in Western Europe for at least two thousand
years. According to archaeological data, the Atlantic
sturgeon has been used for food since Roman times
(Kinzelbach 1987). Large numbers of sturgeons were
caught in the Rhine estuary, especially during the six-
teenth century. By the end of the nineteenth century, A.
sturio was commercially important in Western Europe
(Holcik et al. 1989).

At the beginning of the twentieth century, A sturio
was widely distributed in the northeastern Atlantic
Ocean, especially the shallow parts of the North and
Baltic Seas and some coastal water bodies in the Medi-
terranean and Pontic regions (Holc¢ik et al. 1989). It was
also occasionally caught around Iceland and the North
African coasts of the Atlantic and Mediterranean. During
the first decade of this century the catch decreased cat-
astrophically. In the 1970s and 1980s, only single indi-
viduals could be caught or seen in the Rhine, Po, Gi-
ronde, Danube, and Douro Rivers (Kinzelbach 1987;
Almaca 1988; Holcik et al. 1989). Acipenser sturio is on
the endangered species list in the former US.S.R.,
France, Poland, and Germany, as well as on the list of the
International Union for Conservation of Nature (IUCN)
(Holc¢ik et al. 1989).

The only population of A. sturio still remaining is the
one in the Black Sea; in the 1970s and 1980s it consisted
of only 300-1000 individuals (Ninua 1976; Ninua &
Tsepkin 1984). Captive breeding from this population
could be the last chance to save A. sturio from extinc-
tion.

Endangered Species from the Territory of the
Former Soviet Union and China

Of the three Central Asian Pseudoscaphirbynchus spe-
cies, the Syr-Dar (P. fedtschenkot), the small Amu-Dar
(P. bermanni), and the large Amu-Dar (P. kaufmanni)
shovelnoses, which thrived 30—-60 years ago in the Syr
and Amu Darya Rivers (Nikol'skii 1938; Berg 1948b;
Tleuov & Sagitov 1973), only a small population of P.
kaufmanni in the Amu Darya River still exists (Pavlov
et al. 1985; Pavlovskaya & Zholdasova 1991). None of
the three shovelnose species was a big fish at 0.3—0.5 m
in length, and they had an unusually wide and flat snout.
It seems that these ancient species survived up to the
twentieth century because the native Muslim popula-
tion of Central Asia did not use these fishes as food and
did not catch them; commercial fishing began only after
the appearance of the Russian population in this region
at the end of the nineteenth century (Nikol’skii 1938).
For the last 25 years there have been no reports of P.
fedtschenkoi being caught (Dukravets & Mitrofanov
1982), and in 1989 P. hermanni was not found (Pav-
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Table 1. Threatened status of the Chondrostean species.*
Species English name Distribution Status Reference
Family Acipenseridae
Main Siberian rivers (Ob, K; AP Sokolov & Vasil'ev 1989¢

Acipenser baeri
Brandt 1969

A. baeri baicalensis
A. Nikolsky 1896

A. brevirostrum
Lesueur 1818

A. dabryanus
Duméril 1868

A. fulvescens
Rafinesque 1817
A. gueldenstaedti
Brandt 1833

A. medirostris
Ayres 1854

A. mikadoi
Hilgendorf 1892

A. naccarii
Bonaparte 1836
A. nudiventris
Lovetzky 1828

A. oxyrbynchus
desotoi

Vladykov 1955

A o. oxyrbynchbus

Siberian sturgeon

Baikal sturgeon

shortnose sturgeon

Yangtze sturgeon
lake sturgeon

Russian sturgeon

green sturgeon

Sakhalin sturgeon

Adriatic sturgeon

ship sturgeon

Gulf sturgeon

Atlantic sturgeon

Irtysh, Yenisei, Lena,
Kolyma)
Indigirka River (Siberia)
Lake Baikal (Siberia)

Rivers, estuaries, and the sea
along east coast of North
America from the Indian
River (Florida) to the
Saint John River (New
Brunswick)

Yangtze River system

The Great Lakes and lakes of
southern Canada

Black, Azov, and Caspian
Seas and rivers entering
into them

Pacific coast of North
America from the Aleutian
Islands and the Gulf of
Alaska to Ensenada,
Mexico

Pacific Ocean from the
Amur River to northern
Japan, Korea, and Bering
Sea, Tumnin (Datta) River

Adriatic Sea, Po and Adige
Rivers

Caspian Sea and rivers
entering into it

Black and Azov Seas and
rivers entering into them

Aral Sea (Central Asia)

Gulf of Mexico and northern
coast of South America

Rivers, estuaries, and the sea

1

V (Canada, USA.)
T (Canada, US.A.)
V (Canada)

E, close to Ex

V (Canada, US.A.)
T (Canada, US.A.)
\"

AP

V (Canada)

V (Canada, USA.)

Ruban & Akimova 1991
Pavlov et al. 1985

IUCN Red List 1988
Williams et al. 1989
Campbell 1991

Doroshov & Binkowski 1985

IUCN Red List 1988
Williams et al. 1989
Lelek 1987

Vlasenko et al. 1989a

Campbell 1991

U.S.S.R. Red Data Book 1984

Lelek 1987

Pavlov et al. 1985; Lelek
1987; Sokolov & Vasil'ev
1989a

Pavlov et al. 1985; Sokolov
& Vasil’ev 1989a

this paper

Williams et al. 1989

IUCN Red List 1988

Mitchell 1814 along east coast of North  SC (US.A.) Williams et al. 1989
America from the
Hamilton Inlet (Labrador)
to the St. Johns River
(Florida)
A. persicus Persian sturgeon Caspian and Black Seas and E Lelek 1987
Borodin 1897 rivers entering into them
A. ruthenus sterlet Drainages of the main rivers E Lelek 1987
Linnaeus 1758 entering the Caspian and AP Sokolov & Vasil'ev 1989b
Black Seas (Volga,
Danube)
Northern Dvina system I this paper
(northern Russia)
Siberian rivers (Ob, Irtysh, K this paper
Yenisei)
A. schrencki Amur sturgeon Amur River system (Siberia) V TUCN Red List 1988
Brandt 1869
A. sinensis Chinese sturgeon Yangtze River system E Georgi (personal
Gray 1834 (China) communication)
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Table 1. Continued.
Species English name Distribution Status Reference
A. stellatus stellate sturgeon Caspian, Azov, Black, and I; AP Shubina et al. 1989
Pallas 1771 Aegean Seas and rivers
entering into them
A. sturio Atlantic (Baltic) Baltic, Eastern North E, close to EX U.S.S.R. Red Data Book 1984;

Linnaeus 1758

A. transmontanus
Richardson 1836

Huso dauricus
Georgi 1775
H. buso
Linnaeus 1758

Pseudoscaphirbyn-
chus fedtschenkoi

Kessler, 1872

P. bermanni

Kessler, 1877

P. kaufmanni

Bogdanov 1874

Scapbirbynchus albus

Forbes et Richardson
1905

S. platorynchus

Rafinesque 1820

S. suttkusi

Williams et Clemmer
1991

Family Polyodontidae

Polyodon spathula
Walbaum 1792

Psepburus gladius
Martens 1862

sturgeon

white sturgeon

Kaluga sturgeon
giant sturgeon or
beluga

Syr-Dar shovelnose

small Amu-Dar
shovelnose

large Amu-Dar
shovelnose

pallid sturgeon
shovelnose

sturgeon
Alabama sturgeon

American
paddlefish

Chinese paddlefish

Atlantic, Mediterranean,
Black Sea, and rivers of
Western Europe

Pacific coast of North
America from the Gulf of
Alaska to Baja California

Amur River system

Caspian, Black, and Adriatic
Seas and rivers entering
into them

Azov Sea population

Syr Darya River (Kazakhstan,
Central Asia)

Amu-Darya River
(Uzbekistan, Central Asia)

Amu-Darya River
(Uzbekistan, Central Asia)

Missouri and Mississippi
River basins

Missouri and Missippi
River basins

Mobil basin in Alabama and
Mississippi

Mainly the Mississippi River
system

Yangtze River system

Lelek 1987; Holc¢ik et al.,
1989

E TUCN Red List 1988

V (Canada) Campbell 1991

R IUCN Red List 1988

VtoE Lelek 1987; Pirogovskii et al.

AP 1989

Ex this paper

E U.S.S.R. Red Data Book 1984

Ex Dukravets & Mitrrofanov
1982; Pavlov et al. 1985

E U.S.S.R. Red Data book 1984

Ex Pavlov et al. 1985

E U.S.S.R. Red Data Book 1984

E, close to Ex

Pavlovskaya & Zholdasova
1991; this paper

E IUCN Red List 1988;
Williams et al. 1989
E Williams et al. 1989
E Williams et al. 1989;
Williams & Clemmer 1991
I1(USA.) IUCN Red List 1988
SC (USA,, Williams et al. 1989
Canada)
E Georgi 1990

* Categories are given in the IUCN system (Ex, extinct; E, endangered; V, vulnerable; R, rare; 1, intermediate; K insufficiently Known) or in the
U.S. Office of Endangered Species system (E, endangered; T, threatened; SC, special concern). AP (artificially propagated) designates species
whose natural reproduction is limited. These species are artificially bred and then released into their natural babitat.

lovskaya & Zholdasova 1991) in the region of the Amu
Darya River, where it had been numerous in the 1960s
(Sagitov 1983). These three species are probably the
most ancient and most closely related to the ancestral
forms of all the acipenserids (Schmalhausen 1991).
However, even the P. kaufmanni population is ex-
tremely endangered. The species has disappeared from
most of its habitat; specimens could be found only up-
stream of the city of Chardzhou (Pavlovskaya & Zhol-
dasova 1991). The decline of P, kaufmanni (as well as
e P. fedtschenkoi and P. ber-
) in their traditional localities during the past
esulted from ill-planned economic activity
er for irrigation, blocking of migratory paths,
of the Karakum and other canals, pesticide pol-
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lution [Sagitov 1983; Pavlovskaya & Zholdasova 1991]).
At the end of the 1960s, P. kaufmanni young-of-the-
year made up 26% of all young fishes descending the
Amu Darya (Tleuov & Sagitov 1973), while at the end of
the 1970s and during the 1980s, Pavlovskaya and Zhol-
dasova (1991) found no young-of-the-year at all. In gen-
eral, the species of Pseudoscaphirbynchus have become
victims of the Aral Sea disaster—the Aral Sea drying as a
consequence of the construction of an enormously large
irrigation system for cotton growing (see Ellis 1990;
Feschbach & Friendly 1991). This system destroyed the
water regime of the Syr and Amu Darya Rivers, which
fed the Aral Sea. In the past, P. kaufmanni was repre-
sented by two forms, the normal (the average length of
adults was about 0.4 m, and weight about 0.8 kg), and
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the dwarf (about 0.3 m in length and 0.4 kg in weight)
(Tleuov & Sagitov 1973). Now normal individuals have
become extremely rare (Goncharov et al. 1991). Pres-
ently, three dwarf P. kaufmanni individuals live in the
Moscow Aquarium.

Another victim of this disaster is the Aral population
of the ship sturgeon, Acipenser nudiventris. This spe-
cies inhabited the Black, Azov, Caspian, and Aral Seas, as
well as the rivers entering their basins (Berg 1948b;
Sokolov & Vasil’ev 1989a). In the Black and Azov Seas,
it was always rare (Svetovidov 1964 ). The ship sturgeon
was most numerous in the southern part of the Caspian
Sea until the 1950s, when the Mingechaur Dam was
built on the Kura River. The specimens from the Aral Sea
population differed in meristic characteristics from
those of the Caspian population. At the end of the 1960s,
in the Amu Darya River, the ship young-of-the-year com-
prised up to 53% of the total number of young of all fish
species (Tleuov et al. 1967). Now, because of Aral Sea
drying, A. nudiventris, as well as the other inhabitants of
this sea, has become extinct in the wild. There are only
six individuals from the Aral Sea population alive in cap-
tivity in the Moscow Aquarium.

There is one more acipenserid species listed in the
former U.S.S.R. Red Data Book (1984 ): the Sakhalin stur-
geon, A, medirostris. This rare, anadromous Pacific spe-
cies is distributed from the Amur River to Northern
Japan, Korea, and the Bering Sea (Andriyashev & Panin
1953; Lindberg & Legeza 1965; Masuda et al. 1984;
Honma 1988). For a long time this species was consid-
ered to be the same species as the American green stur-
geon, also A. medirostris (Andriyashev & Panin 1953;
Scott & Crossman 1973; Houston 1988). Other authors
regarded the Asiatic form as a distinct subspecies, A
medirostris mikadoi (Lindberg & Legeza 1965). Recent
investigations of the DNA content show that the ge-
nome size of the Asian and American forms differ con-
siderably (Birstein et al. 1993; Blacklidge & Bidwell
1993). This means that these two forms can be consid-
ered different species. Therefore, the Asian form, the
Sakhalin sturgeon, should be called A. mikadoi Hilgen-
dorf, the name by which it was first described (Hilgen-
dorf 1892). The only site in Russia where this species is
known to spawn is the Tumnin (Datta) River (Berg
1948b). It has been successfully bred artificially only
once (Artyukhin & Andropov 1990).

Two more Acipenser species, the sterlet, A. ruthenus,
and the Siberian sturgeon, A. baeri, are threatened. The
sterlet is a freshwater species that inhabited the rivers of
Eurasia (Berg 1948b; Sokolov & Vasil’ev 1989b). It was
widely distributed in the rivers flowing into the Caspian,
Black, Azov, Baltic, White, Barents, and Kara Seas. Pop-
ulations also existed in the Siberian rivers—ODb, Irtysh,
and Yenisei. Individuals from the Siberian populations
differed somewhat from the European ones, and that is
why this form was named A ruthenus ruthenus natio
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marsiglii Brandt, 1833 (Berg 1948b). It seems that
much of the diversity of this species has already been
lost. Thus, in the tenth through the fourteenth centuries,
two forms of the sterlet were common in the Volga
River: a rather small one, similar to the contemporary
form, and a fast-growing large one of about 1.25 m in
length (Tsepkin & Sokolov 1990). The large form dis-
appeared 40-50 years ago, apparently as a result of fish-
ing. During the last several decades the sterlet has
wholly disappeared from the rivers of the Northern
Dvina basin in northern Russia (Sokolov & Vasil’ev
1989b) because of uncontrolled logging, pollution, and
other environmental changes. In Russia, the sterlet now
lives mainly in the Volga River. But even there its biol-
ogy has been changed considerably as a consequence of
dams built in the 1930s through the 1950s: fishes grow
unusually fast in large water reservoirs, but they do not
mature (Lukin et al. 1981). The main commercial catch
of the sterlet occurs not in Russia, but in the Danube
System of Bulgaria, Romania, and the former Yugoslavia
(Sokolov & Vasil'ev 1989b). The sterlet aquaculture
maintained in warm water was created in Russia in the
1980s (Novik 1981). For many years, there has been no
record of the sterlet’s presence in any Siberian river.

The same can be said about different populations of A.
baeri. The original area inhabited by the Siberian stur-
geon was very wide: it included Siberian rivers from the
Ob in the west to Kolyma in the east (Berg 1948b;
Novikov 1966; Kirillov 1972). These fish enter brackish
water and travel into the bays of the Arctic Ocean. Be-
cause of their wide distribution and some differences in
the morphology and biology of specimens from differ-
ent populations, the division of this species into subspe-
cies has been discussed by a few authors (review in
Sokolov & Vasil'ev 1989c¢). The Lake Baikal population
of Siberian sturgeon is considered a distinct form, A
baeri stenorrbyncus natio baicalensis (Egorov 1961).
To reproduce, these sturgeons migrate into the rivers
entering Lake Baikal. The real difference between indi-
viduals from distant populations of A. baeri is not
known, however. The main data on this species were
obtained in the 1940s through the 1960s, and “it is
absolutely necessary to conduct additional investiga-
tions employing modern methods” (Sokolov & Vasil’ev
1989¢). The construction of dams and the intensive pol-
lution of Siberian rivers resulted in a sharp decline in
population size in the Ob, Yenisei, Lena, and Irtysh dur-
ing the 1960s (Votinov & Kas’yanov 1974), and a recent
paper indicates that the Indigirka River population is
threatened (Ruban & Akimova 1991).

The aquacultures of A. baeri from the Lena River pop-
ulation are successfully propagated in Russia (Ber-
dichevskii et al. 1983), France (Williot & Brun 1983),
and Japan (Katsumi & Genjiroi 1977). In Russia the
aquacultures are kept in warm-water pools in electric
generating plants. Breeding and raising the Lena River
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sturgeons in warm water greatly changed some of their
morphological and meristic characteristics (Ruban &
Sokolov 1986) and shortened their reproduction period
(Akimova 1985).

The beluga or the great sturgeon, Huso buso, inhabits
the Caspian (main population), Black, and Adriatic Seas,
and rivers entering them (Berg 1948b; Svetovidov 1964;
Pirogovskii et al. 1989). H. buso is among the largest
freshwater fishes: in the past individuals reached a
length of about 6 m and a weight of more than 3200 kg
(Berg 1948b). Fish from different seas differ in morpho-
logical and meristic characteristics, as well as in the age
of sexual maturation. On the whole, H. huso matures
late: males at 10—16 years and females at 13—22 years.
Since the end of the nineteenth century, the beluga has
been one of the main objects of commercial fisheries in
Russia and Eastern Europe. In the Caspian Sea, the high-
est catch was in 1902-1907, and in the Danube in
1898—-1899 (Pirogovskii et al. 1989). Besides overfish-
ing, construction of dams on the Volga, Don, Danube,
and other rivers drastically affected all populations of H.
buso. As a result, the natural reproduction of the beluga
is extremely limited. The H. huso population in the Sea
of Azov is maintained only due to the release of juve-
niles by commercial sturgeon farms, and the size of the
Caspian Sea population depends on the number of ju-
veniles released (Pirogovskii et al. 1989). Lelek (1987)
considers H. bhuso to be endangered.

Two more species of great commercial importance
for Russia, the Russian sturgeon, Acipenser guelden-
staedti, and the stellate sturgeon, A. stellatus, seem to
be threatened (Lelek 1987; Shubina et al. 1989), in spite
of all measures taken by the sturgeon farms (Barannik-
ova 1987). Both species inhabit in Caspian, Black, and
Azov Seas, and river entering into them (Berg 1948b;
Shubina et al. 1989; Vlasenko et al. 1989a). A. stellatus
has been also caught in the Adriatic Sea (Berg 1948b).
The Russian sturgeons reach 2.2—-2.4 m in length, and
65-115 kg in weight. In the past these fish reached the
age of 48 years, but now they do not exceed 38 years
(Berg 1948b; Vlasenko et al. 1989a). Males begin to
reproduce at 11-13 years and females at 12—16 years.

Although the stellate sturgeons can reach a length of
2.2 m and a weight of 54 kg, their usual size is 1.3—1.5
m, and weight 6-13 kg (Berg 1948b; Shubina et al.
1989). The maximum age of this fish is about 27 years,
females having a longer life span than males. The stellate
sturgeons mature sooner than other species, males at
5—6 years and females at 8-10 years (Shubina et al
1989).

The flesh and eggs (caviar) of the beluga, Russian, and
stellate sturgeons are considered valuable and delicious.
Sturgeons have been used for food since the Neolithic
period, 4,000-2,000 years B.C. (Tsepkin 1986), and
commercial sturgeon fishing in the Caspian Region
started in ancient times, around the second century
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(Korobochkina 1964). The influence of this catch,
which was rather small until the end of the nineteenth
century, has led not only to a shrinkage of the area
inhabited by each species and to a sharp decline in the
number of fish, but it has also caused changes in some
biological characteristics of the main European sturgeon
species. At the end of the eighteenth century, sturgeons
were still so numerous in the Volga River that, during
two hours near its delta, it was possible to catch about
500 great sturgeons weighing 600—1000 kg (Koro-
bochkina 1964). An investigation of sturgeon bones
found during archaeological excavations showed that
the average size of the beluga, sterlet, Russian, and stel-
late sturgeons was bigger and their longevity was higher
in the Middle Ages than at present (Tsepkin & Sokolov
1971). Apparently, this difference was caused by a
slower growth rate and a longer maturation during the
Middle Ages than now. Moreover, the morphological
diversity of all sturgeon species that inhabited the Volga
River system was much higher in the past than now
(Tsepkin & Sokolov 1990). For instance, a large form of
the stellate sturgeon was previously common in the
Volga River basin and now exists only in a small form.
Also, a small, slow-growing form of the Russian sturgeon
was widely distributed in the Volga in the past. This
form was nonanadromous and is now extinct.

A. gueldenstaedti has been the largest sturgeon catch
since the end of the nineteenth century. In 1898-1913
it averaged 6700 tons per year in the northern Caspian,
and during the 1940s through the 1970s it was about
the same size (Korobochkina 1964; Vlasenko et al.
1989a). To compensate for the decrease in natural re-
production caused by dams beginning in 1954, 90 mil-
lion juveniles have been released annually by 13 stur-
geon farms into the rivers entering the Caspian Sea
(Barannikova 1987). The maximum catch of the stellate
sturgeon, 10,000—11,000 tons per year, was during
1899—-1900, and about the same amount was achieved
in the 1970s (Korobochkina 1964; Vlasenko et al.
1989a). In the Black Sea, the Russian and stellate stur-
geons are caught mainly in the Danube Delta. The total
catch of sturgeons in this region by Russian, Romanian,
Bulgarian, and former Yugoslavian fisheries currently
comprises 150—160 tons per year. In the Sea of Azov,
the Russian sturgeon population is maintained artifi-
cially by the release of juveniles by sturgeon farms
(Vlasenko et al. 1989a).

The Persian sturgeon, Acipenser persicus, which is
morphologically similar to the Russian sturgeon, inhab-
its the southern and central parts of the Caspian Sea
(Berg 1948b; Vlasenko et al. 1989b). A population of A.
persicus seems also to exist in the Black Sea (Artyukhin
& Zarkhua 1986). This species is commercially caught
mainly in Iranian waters (Vlasenko et al. 1989b). A. per-
sicus is endangered (Lelek 1987).

One more species, which might be a subspecies of the




Birstein

Russian sturgeon, the Adriatic sturgeon, Acipenser nac-
carii, is threatened (Lelek 1987). It lives not in Russia
but in the rivers entering the Adriatic Sea (Tortonese
1989). These fish reach 2.0 m in length and 25 kg in
weight. A. naccarii has little commercial value: only the
flesh is used as food, while “eggs are not consumed as
caviar” (Tortonese 1989).

Two Siberian (Far Eastern) species, the Amur stur-
geon, Acipenser schrencki, and the kaluga sturgeon,
Huso dauricus, were listed as vulnerable and rare spe-
cies, respectively, by the Conservation Monitoring Cen-
ter of the International Union for the Conservation of
Nature (1988). Both species are endemics of the Amur
River basin (Berg 1948b; Nikol'skii 1956). The average
length of the Amur sturgeons is about 1 m, and the
weight 2.5-6.0 kg. Individuals living in the Amur estuary
are bigger than those in the river, about 1.7 m in length.
Singular individuals have appeared in the Sea of Japan
and the Okhotsk Sea (Masuda et al. 1984). A. schrencki
is similar morphologically to the Siberian sturgeons
from the Lena and Kolyma River populations (Berg
1948b; Nikol’skii 1956). The Amur sturgeons mature at
9-10 years.

The kaluga sturgeons are large, reaching 2.9—4.0 m in
length, and 660—820 kg in weight. The average size of
fish in the Amur River and its estuary differs consider-
ably: the river sturgeons are rather small, approximately
1.4 m in length, while in the estuary they are two times
longer, about 2.9 m. Morphologically, H. dauricus is
similar to the great sturgeon (beluga) Huso bhuso. The
kaluga sturgeons enter the Sea of Japan (individuals have
been caught near Hokkaido Island [Amaoka & Nakaya
1975]) and the Okhotsk Sea (H. dauricus has been
found in the rivers of Sakhalin Island [Gritsenko & Ko-
styunin 1979]). Males attain maturity at 14—21 years,
and females at 17-23 years (Krykhtin 1986). The age of
the largest individuals is not less than 50—55 years (Berg
1948a).

The population size of both species, especially of the
Amur sturgeon, was always small (Nikol’skii 1956). The
catch of both species in the Amur River declined dras-
tically at the turn of the century. In 1958 the catch was
banned, but in the early 1970s the Amur sturgeon was
still rare (Krykhtin 1972). Now the Amur sturgeon and
kaluga face extinction; logging and chemicals from gold-
mining operations, as well as from the agriculture on
both the Russian and Chinese banks of the Amur River,
have caused serious water pollution (Matthiessen
1993). But an even greater threat is the revival the
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Two extremely endangered chondrostean species in-
habit another region of Asia, the Yangtze River System in
China. They are the Yangtze sturgeon, Acipenser da-
bryanus, and the Chinese paddlefish, Psepbhurus glad-
ius. Both have been poorly investigated (Kimura 1934;
Nichols 1943; Liu & Zeng 1988) and both seem to face
extinction (Doroshov & Binkowski 1985; Georgi 1990).
The appearance of the Chinese paddlefish is unusual and
curious, the length of the head of these fish being about
half of total body length including the tail. In the past,
the standard length of these fish was about 7 m. The
snout is narrow and very long, up to the third of body
length. It is prolonged in a flat spatulate blade, becoming
flatter towards its narrow tip. In contrast to sturgeons,
the body ef the Chinese and American (see below) pad-
dlefishes is naked, without scutes. Mature Chinese pad-
dlefish migrate from the Yangtze River to the East China
and Yellow Seas (Liu & Zeng 1988). Because of its de-
licious caviar, P. gladius is considered to be one of the
most valuable Chinese fishes. Due to overfishing, during
the last decade the number of Chinese paddlefishes de-
creased immensely, and now P. gladius is regarded as a
protected species in China (Liu & Zeng 1988). One of
the main dangers for A. dabryanus and P. gladius is the
high level of the Yangtze River water pollution (T.
Georgi, personal communication). Dr. Steven Mims of
Kentucky University is working on a program of artifi-
cial propagation of the Chinese paddlefish in the United
States (Mims et al. 1993).

There is no reliable information on the status of two
more Far Eastern Asian species, the Chinese sturgeon,
Acipenser sinensis, and the Japanese sturgeon, A. mul-
tiscutatus. The Chinese sturgeon inhabits the Yangtze
River System in China and enters the China Sea and the
Sea of Japan (Kimura 1934; Nichols 1943; Masuda et al.
1984). Apparently, it can be regarded as endangered (T.
Georgi, personal communication). The Japanese stur-
geon has been described in two prefectures of southern
Japan (Masuda et al. 1984). According to the view of
Artyukhin and Andropov (1990), “it seems evident that
A multisculatus requires revision, since it is most im-
probable that sturgeons absent from continental waters
exist only in Japan.”

North American Chondrostean Species
The status of chondrosteans in the United States and

Canada seems to be better than that of the endangered
species in the former Soviet Union and China. Sturgeons
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ered a subspecies of the European A. sturio because of
their morphological similarity (Magnin & Beaulieu
1963). In the seventeenth century, A. oxyrbynchus was
so numerous in the rivers of New England that it was
“hazardous for canoes and the like small vessels to past
too and again.” (Gent 1965, cited in Smith 1985). It was
even “pickled and brought for England” (Wood 1634,
cited in Smith 1985). The fisheries peaked in 1880—
1890 and almost collapsed in 1905 (Smith 1985). Now,
only remnant stocks of the American Atlantic sturgeon
exist in the areas of former abundance. The northern
subspecies, A. oxyrbynchus oxyrbynchus, is more abun-
dant and widely distributed, ranging from Hamilton In-
let on the coast of Labrador to the St. Johns River in
eastern Florida (Scott & Crossman 1973; Smith 1985).
The southern subspecies, A. 0. desotoi, is limited to the
Gulf of Mexico and the northern coast of South America
(Vladykov & Greeley 1963; Smith 1985). Today, A. o.
oxyrbynchus is of special concern in the United States,
while populations of A. 0. desotoi are listed as endan-
gered in AL, FL, GA, LA, and MS by the U.S. Fish and
Wildlife Service (USFWS), Title 50, sections 17.11 and
17.12 (Williams et al. 1989). In order to protect remain-
ing stocks, the imposition of a total harvesting morato-
rium has been recommended (Smith 1985).

Another species of the Atlantic coast of North Amer-
ica is the shortnose sturgeon, A. brevirostrum (Scott &
Crossman 1973; Dadswell 1979, 1984). These fish are
small, about 90 cm in length after 25 years. Their max-
imum known size is 143 cm and their maximum eight
23 kg. Maximum age is 67 years for females and 30 years
for males (Dadswell 1979). The shortnose sturgeon in-
habits the eastern seaboard from the Saint John River in
New Brunswick to the Indian River of eastern Florida. As
a consequence of overfishing at the beginning of the
twentieth century and of habitat loss, A. brevirostrum is
now on the lists of rare and endangered species of Can-
ada and the United States (Ono et al. 1983; Dadswell
1984; Williams et al. 1989). Doroshov and Binkowski
(1985) assume that this fish is the most endangered of
the American Acipenser species.

A similar process of overfishing at the end of the nine-
teenth century resulted in a fast decline of the American
white sturgeon, A. transmontanus. It inhabits the Pa-
cific coast of North America from the Gulf of Alaska in
the north to Ensenada and Baja, California, in the south,
but sizable populations of this species are limited to
three river systems, the Sacramento, Columbia, and
Fraser rivers (Scott & Crossman 1973; McPhail & Lind-
sey 1986; Lane 1991). The white sturgeons are the larg-
est freshwater fishes in North Amcrica some individuais
can exceed 6 m in iength and 600 kg in weight. The ag
of these individuais is unxnown it is likely ti :
fishing started only in 1880, p &k
3%

IS
foliowed by a sharp decline {93.

[¢]
o
-
(@]
&
=

Conservation Biology
Volume 7, No. 4, December 1993

Birstein

from 1897 to 1905) to practically commercial extinc-
tion; since 1913 the commercial and sports catch has
been below 50 tons per year (Scott & Crossman 1973;
Lane 1991). The Columbia River population also de-
creased after dams were built on this river (Semakula &
Larkin 1968; Galbreath 1985; Lane 1991). In the last
decade, methods of artificial propagation of the white
sturgeon were successfully developed (Doroshov et al.
1983; Doroshov 1985). Now a wide program for study
of the biology and reproduction of this species for
breeding and culturing, headed by Dr. Gary Moberg, has
been developed at the University of California, Davis.

About the same time, at the turn of the century, over-
fishing and (probably) pollution resulted in a rapid de-
cline of the nonandromous lake sturgeon, A. fulvescens,
in the Great Lakes and the lakes of southern Canada
(Vladykov & Greeley 1963; Scott & Crossman 1973;
Houston 1987). These fishes are not large, reaching 0.9—
1.5 m in length and about 160 kg in weight, but they are
well known for their longevity: a sturgeon caught in
1952 was reputed to have been 152 years old (Ono et
al. 1983). This species is listed as threatened (Williams
et al. 1989). Recently, methods of breeding, rearing, and
management of A. fulvescens were developed (Czesk-
leba et al. 1985; Folz & Meyers 1985; Thuemler 1985;
Threader & Brousseau 1986). This means that there is
some hope that the status of this species will be im-
proved in the near future (Holtzkamm & McCarthy
1988).

The present status of representatives of the genus
Scapbirbynchus, the only relatives of the Central Asian
Pseudoscaphirbynchus kaufmanni (see above), is not
very clear. The pallid, S. albus, and shovelnose, S. pla-
torynchus, sturgeons live in the Missouri and Mississippi
River Basins; in Alabama, the genus is represented by a
separate species, Scaphirbynchus suttkusi (Bailey &
Cross 1954; Kallemeyn 1983; Carlson et al. 1985;
Williams & Clemmer 1991). Maximum body size in S.
Dplatorynchus and S. suttkusi rarely exceeds 0.8 m in
length, while S. albus is known to reach a length of 1.7
m. They are similar morphologically to the Pseudo-
scaphirbynchus species (the latter have longer tails).
Some authors (Gardiner 1984) consider the morpho-
logical and anatomical differences between the Scaphi-
rbynchus and Pseudoscaphirbynchus species too small
to divide these five species into two genera. This con-
clusion seems to be the result of poor comparative data.
Commercial fishing of 8. platorynchus was intensive at
the beginning of this century and reached 300,000 kg
per year (Carlander 1954). Now, populatlons of the pal-
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after reconstructions on the Mississippi and Missouri
rivers, may be a threat to the survival of S. albus (Carl-
son et al. 1985).

The last American chondrostean species, the paddle-
fish Polyodon spathula, inhabits the Mississippi River
system and smaller drainages that empty directly into
the Gulf of Mexico (Parker 1988). It was also reported
in the Great Lakes at the turn of the century (Trautman
1957). These fish are smaller than their only close rel-
ative, the above-mentioned Chinese paddlefish, Psepbu-
rus gladius. Their average length is about 1.5 m and
average weight about 40—G60 kg, but the largest individ-
uals in the past reached 2.2 m (Scott & Crossman 1973;
Parker 1988). As with the Chinese species, the Ameri-
can paddlefish have a very unusual, long, paddle-shaped
snout. Commercial harvesting of the American species
has been permitted in 12 midwestern and southern
states (Parker 1988). It is now on the special concern
list of fishes of North America (Williams et al. 1989).
Methods of artificial propagation of this species have
been successfully developed (Hicks 1983), and aqua-
cultures of this species have been created in the United
States (Mims & Clark 1991) and the former Soviet
Union (Gershanovich & Nickolaev 1985).

The data on the present status of all extant chon-
drostean species is summarized in Table 1. The species
are listed according to Rochard et al. (1991), with three
exceptions. A. kikuchii was not included because it
seems to be a synonym of A. sinensis (Takeuchi 1979).
A. multisculatus was not mentioned because its taxo-
nomic status is not clear (see above). A persicus was
added because it is now considered to be a valid species
(Vlasenko et al. 1989b). The contemporary distribution
of species is shown as discussed above. The status of
species is given using the categories of the IUCN Red
List (1988) (Ex, extinct; E, endangered; V, vulnerable; R,
rare; I, intermediate; K, insufficiently known), or, for the
American species, using the categories of the U.S. Office
of Endangered Species (E, endangered; T, threatened;
SC, special concern).

Discussion and Conclusions

From the short presentation of chondrosteans given
above, it is evident that many sturgeon species are en-
dangered. Some species inhabiting the territory of the
former Soviet Union (and, possibly, China) are facing
extinction. Thus, in the near future, the large Amu-Dar
shovelnose, one of the oldest and most primitive “living
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very soon if action is not taken quickly. It is not clear if
the Sakhalin sturgeon can survive without the help of
conservation biologists. In addition, the unique infraspe-
cific forms of at least two species with a very wide range
in the past, the sterlet and Siberian sturgeon, have al-
ready disappeared.

The traditional objects of commercial fishing in Rus-
sia, such as the Russian sturgeon, Acipenser guelden-
staedti, the stellate sturgeon, A. stellatus, or beluga,
Huso buso, are also threatened, in spite of artificial
breeding and propagation (for a review, see Baranni-
kova 1987). The Sea of Azov populations of these spe-
cies are maintained only by artificial propagation and
release of juveniles (see above). Moreover, since 1985
all sturgeon species in the Caspian Sea and rivers of its
basin (including the Volga River) have been seriously
affected by industrial pollution (Altufev et al. 1992). As
a result, the pesticide content in the liver and fat tissue
of the commercial catch in the last few years was 2—5
times higher than the maximum concentration officially
allowable in Russia, and the nickel content was 70 times
higher than the maximum allowable value (Semenov et
al. 1991). Now overfishing threatens the status of stur-
geons in the Caspian Sea and rivers feeding it. In the
past, one centralized state—the Soviet Union—did most
of the fishing in the Caspian Sea basin. The level of the
Iranian catch was low compared to the Soviet level.
Now, after the fall of the US.S.R., there are four new
states located on the banks of this sea. This will probably
result in a rapid expansion of commercial fishing by
these new states and in a decline of all sturgeon species.

Chondrosteans are a real challenge to conservation
biology. Different sturgeon species need different con-
servation approaches. The large Amu-Dar shovelnose is
a typical stream fish regarding problems of conservation
(Sheldon 1988). Populations (subspecies?) of the Sibe-
rian sturgeon are comparable to the populations of the
cutthroat trout, for which “preserving the genetic vari-
ation ... entails preserving as many local populations as
possible” (Allendorf & Leary 1988). There is no hope
that the large Amu-Dar shovelnose or the Sakhalin stur-
geon can survive in the wild, because environmental
conditions in their regions will not be improved in the
near future and the most endangered species can only
be saved by breeding and maintaining populations in
captivity. Captive breeding should be undertaken for at
least the large shovelnose, the Atlantic (Baltic), Baikal,
Sakhalin, and Amur sturgeons, as well as the Black Sea
ship sturgeon. As for the Aral ship sturgeon, only exper-
imental work with the few individuals living in the Mos-
cow Aquarium will determine whether it is possible to
save this form as an artificially created population.

Returning to the problem of the large Amu-Dar stur-
1, it should be noted that a part of its genetic diver-
sity has already been lost; only a dwarf form of these
ecies could be caught now and bred in captivity
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(Goncharov et al. 1991). Possibly, the disappearance of
the normal form was caused by the disconnection of the
Amu Darya River and the Caspian Sea. Because of the
shrinking of the Aral Sea, in 1989 the former Amu Darya
River delta was about 30 miles away from the sea (Ellis
1990). For the Russian sturgeon it is known that the
normal large form was represented by anadromous
fishes, and the small “dwarf’ form, which lived in the
Volga River only and which is extinct now, was nonan-
adromous (Tsepkin & Sokolov 1990). It seems that the
two forms of the Amu-Dar shovelnose can be compared
with those of the Russian sturgeon: in the past the nor-
mal shovelnoses appeared in the brackish water of the
delta (Gosteva 1953), while the dwarf form seems to
live in fresh water only. With the drying of the sea and
delta the normal form became extinct.

One of the main problems of management of these
fishes is their late sexual maturation and the long period
between spawnings. But in captivity, at least in some
species, these characteristics can be changed. For exam-
ple, in the wild, Siberian sturgeon males mature at 20—
24 years, and females at 25—30 years (Sokolov & Vasil'ev
1989c¢). In captivity, however, males attain maturity in
3—4 years, and females in 7—8 (Berdichevskii et al. 1983;
Williot & Brun 1983). Moreover, in captivity males can
reproduce each year, and females every 1.5-2.0 years
(Akimova 1985). In addition, the fertility of Siberian
sturgeons is greater in individuals raised in captivity
(Berdichevskii et al. 1983). The same can be said about
the large Amu-Dar shovelnose: females, maintained in
captivity became sexually mature every year after hor-
monal stimulation (Goncharov et al. 1991), while in the
wild, females reproduce every 4—5 years (Makeeva &
Sagitov 1979). Female fertility also increased during
maintenance in captivity (Goncharov et al. 1991).

Captive breeding is an important temporary measure
for the conservation of endangered sturgeon and pad-
dlefish species. In spite of the negative effect of captive
propagation on the genetic diversity of fishes (Allendorf
& Phelps 1980; Meffe 1986), for such species as the
large Amu-Dar shovelnose, Atlantic (Baltic), and Sakha-
lin sturgeons, or the Chinese paddlefish, the manage-
ment of captive stocks is the only possible means of
saving them from extinction. In the future, it is to be
hoped that the polluted environment of the Amu Darya
and Yangtze River will be improved to the extent that
the large Amu-Dar shovelnose and Chinese paddlefish
could be successfully reintroduced to their natural hab-
itats.

In addition to breeding endangered sturgeon species
ecessary to create banks of
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1983), of bony fishes have been published. Moreover, a
25% hatching rate for cryopreserved carp embryos has
been reported (Zhang et al. 1987). The same methods
should be explored for use in sturgeons.

Russian scientists have a great deal of experience
working with sturgeons, including endangered species.
Specialists from the Koltsov Institute of Developmental
Biology (Moscow, Russian Academy of Sciences) suc-
ceeded in artificially breeding the large Amu-Dar shov-
elnose in the laboratory and in raising the offspring
(Goncharov et al. 1991). A method of diploid androgen-
esis, which can be useful for “restoration” of the Atlantic
sturgeon, is in the process of development at the same
Institute (Grunina & Neifakh 1991). Scientists from St.
Petersburg’s Central Laboratory on the Reproduction of
Fish Stocks successfully bred the Sakhalin sturgeon (Ar-
tyukhin & Andropov 1990). But since the fall of the
Soviet Union and in the ensuing economic crisis, there is
no money in Russia for saving endangered sturgeon spe-
cies. Only the support of American and West European
colleagues interested in the problem of conservation of
biological diversity can help save the most endangered
sturgeon species. Joint programs including expeditions,
breeding, and propagation, as well as studies of ontoge-
nesis are necessary. The results of such studies will be
helpful not only for saving endangered species, but also
for aquaculture of commercial sturgeons.

There is little time left for these international efforts.
In a few years, we may be forced to write words similar
to those of the authors of the work on African cichlids:
“Unfortunately, we are losing the opportunity to study
the cichlid fauna of Lake Victoria, because much of it is
going or has gone extinct ...” (Meyer et al. 1990). With
the extinction of endangered acipenseriforms we will
lose important links in the chain of vertebrate evolution
and, at the same time, one of the best opportunities for
understanding biological diversity as well as the rela-
tionships between the ichthyofauna of two continents,
Eurasia and North America.
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