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Abstract

Two species, the Siberian sturgeon, Acipenser baerii, and stellate sturgeon, A. stellatus,
were studied using mitochondrial DNA (mtDNA) (D-loop, cytochrome b (cyt-b) and ND5/6
genes) sequencing to determine whether traditionally defined subspecies correspond
to taxonomic entities and conservation management units. Initially, several mtDNA
regions for each taxon (A. baerii: 737 bp D-loop, 750 bp NDS5, 200 bp ND6, and 790 bp
cyt-b; A. stellatus: 737 bp D-loop and 600 bp ND5) were examined. The D-loop was the most
variable region and was sequenced for 35 A. baerii and 82 A. stellatus individuals. No
fixed, diagnostic differences were found between any of the subspecies. Geographical

structuring of haplotypes was observed w
gest isolation of the A. baerii baicalensis
populations. No intraspecific subdivisionin;
stellatus. The use of the phylogenetic criterion

ithin A. baerii, and gene flow estimates sug-
subspecies and the Yenisie and Lena River
g was found within the genetic data for A.
(fixed diagnostic differences) for identifying

conservation units is compared to the rationale and results of other methods. Overall,
morphologically and geographically based subspecies designations within Acipenseridae
may not directly correspond to the biological entities appropriate for management and
should not be used for conservation programmes without genetic support.
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Introduction

Habitat degradation and overexploitation for caviar have
caused unprecedented population declines in many stur-
geon and paddlefish species (Order Acipenseriformes)
(Birstein 1993; Barannikova et al. 1995; Khodorevskaya
et al. 1995, 1997; DeMeulenaer & Raymakers 1996). As
a protective measure, several species-level conservation
plans have recently been established, such as the 1998 CITES
listing of all Acipenseriformes and the subsequent regulation
of the caviar trade (Birstein 1993; Birstein et al. 1997; 1998a,b).
Efforts must now focus on protecting the diversity residing
within species by altering harvest and hatchery release
programmes to sustain locally adapted gene pools.

Defining conservation units for sturgeons is particularly
difficult. Similar to many fishes, sturgeons and paddle-
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fishes exhibit a great deal of morphological plasticity
and difficulty exists in defining good characters for
designating species, subspecies and stocks (Bemis et al.
1997; Birstein & Bemis 1997). Recent studies indicate that
many of the morphological and ecological characters
used to initially define subspecies and stocks are ecopheno-
typic and are therefore not heritable indicators of genet-
ically distinct entities. Geographical isolation may also”
be an unreliable proxy for defining intraspecific units due
to the extensive history of population management and
stock translocation for many sturgeon species. As the
existing subspecies and stock designations are based on
morphological, geographical and ecological characters,
these units may not correspond to the appropriate man-
agement units. Under these circumstances traditionally
d opulations can be used as first
t
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Many current fisheries management practices and pro-
tective programmes for sturgeons use traditionally defined
subspecies. For the Siberian sturgeon, Acipenser baerii,
Red Book and Convention on Migratory Species listings
recognize and protect separate subspecies (A. baerii baerii
(Ob River), A.b. baicalensis (Lake Baikal), and A.b. stenorr-
hynchus (Lena and Yenisie rivers)). A. baerii represents
a typical potamodromous sturgeon species existing as a
continuous series of resident populations in most Siberian
river systems and in Lake Baikal (Ruban 1997, 1998). Sub-
species of the anadromous stellate sturgeon, A. stellatus,
correspond to isolated populations in the Caspian (A.
stellatus stellatus), Black (A.s. ponticus), and Azov (A.s. donensis)

! seas (reviews in Berg 1948; Chugunov & Chugunova
i 1964; Movchan 1966; Shubina et al. 1989; Tsvetnenko 1993).

; Restocking plays a vital role in sustaining stellate

sturgeon populations but few studies have considered the
{ intraspecific units appropriate for these programmes

! (Chebanov 1996; Khodorevskaya et al. 1997). As these two

and life-history characters, genetic study of subspecies
designations offers a general case study in the overall
utility of named subspecies or subspecies-defining char-
acters within a management context.

Rapidly evolving mitochondrial DNA (mtDNA) regions
are the most appropriate for intraspecific studies and
have proven useful in studies of many fishes includ-
ing sturgeons (Meyer 1993, 1994; Pourkazemi et al. 1994,
1995, 1997; Bembo et al. 1995; Bernatchez 1995; Toline
& Baker 1995; Ong et al. 1996; reviewed in Wirgin et al.
1997b). The interpretation of these data for defining man-
agement units is, however, less straightforward. As our
study primarily focuses on the subspecies level, the phylo-
genetic species concept and population aggregation ana-
lysis (PAA) (Davis & Nixon 1992) can be applied. Although
we consider diagnostic nucleotides as unambiguous evid-
ence of phylogenetic uniqueness and taxonomic validity,
we also further explore alternative methods for defining
units of conservation priority within this important group

sturgeon species differ greatly in distribution patterns of fishes.
Table 1 Samples examined in current study
GenBank
Subspecies* N Code (D-loop sequence) Sample Collection location Collector
: A. baerii baerii 1 A.b.b.1-11 AF168469-79 muscle Ob River G. Ruban
{ A.b. stenorrhynchus 4 A.b.s. Y1-4 AF168480-83 muscle Yenisei River G. Ruban
1 10 A.b.s.L1-10 AF168484-93 muscle Lena River G. Ruban,
| (Konakovo Hatchery)t V. Birstein
; 1 A.b.s. Lfc AF168494 eggs(fc) Lena River G. Ruban,
; (Konakovo Hatchery)t V. Birstein
} 2 A.b.s. Lcav AF168595§ caviar(cav) Lena River
i (Bordeaux, France, R. Billard,
g aquaculture), P. Williot
i' A.b. baicalensis 7 A.b. baic 1-7 AF168496-502 muscle Lake Baikal} G. Ruban,
3 (Konakovo Hatchery) V. Birstein
( As. stellatu 4 A.s.s. 1-4 AF168503-06 muscle Caspian Sea A. Vlasenko
: 4 A.s.5.5-8 AF168507-10 muscle Caspian Sea P. Vecsei
1 A.s.5.9 AF168511 muscle Volga River A. Vlasenko
: 1 A.s.5.10 AF168512 muscle Ural River T. Gulyas
A.s. ponticus 32 A.s.p.1-32 AF168513-44 blood Danube River R. Suciu
3 (Black Sea)
{ 1 A.s.p.33 AF168545 juvenile Dnieper River J. Waldman
¥ (Black Sea)
; A.s. donensis 30 A.s.d.1-30 AF168546-75 muscle Sea of Azov N. Mugue
! (near Krasnodar)
9 A.s.d. 31-39 AF168576-84 muscle Sea of Azov P.Vecsei
; *For subspecies of A. baerii, see Ruban (1997, 1998); for subspecies of A. stellatus, see Chugunov & Chugunova (1964); Tsvetnenko (1993).
+1n the early 1970s, fertilized eggs of A. baerii from the Lena River population were brought to the Konakovo Hatchery (about 50 miles
i from Moscow) (Sokolov et al. 1976). Since then, the hatchery keeps a captive stock of the Lena River Siberian sturgeon. In the late 1970s,
“ eggs from these sturgeon were sent to Bordeaux (France). Now there is a captive stock of A. baerii at the CEMAGREF Institute that is
. used for scientific studies and there are aquacultures of A. baerii at sturgeon farms in the same area near Bordeaux (Sabeau 1997).
“ $In 1988, larvae of the Baikal sturgeon, A. baerii baicalensis, were brought to the Konakovo Hatchery (Podushka 1995). Currently, there is a
II small stock of mature Baikal sturgeon at this hatchery.
u §identical sequences.
k

I N D PO s 5
e e e e ————
S

®




#
&
+

L N P g

i

A NS ARSI, PRI e

MOLECULAR ANALYSIS OF STURGEON SUBSPECIES S119

Russia
\[} River
OV.

oo g
¢

FEN ? Western Siberia

Lena\River

Fig. 1 Map illustrating the range of study species. (a) Acipenser
stellatus; (b) A. baerii.

Materials and methods

Samples

The number and location of sturgeons used in this study
are given in Table1 and Fig. 1. Muscle tissue samples
from Acipenser baerii baerii were obtained from specimens
caught in the Ob River. Samples from A. b. stenorrhynchus
were taken from the Yenisei River wild sturgeon, from
the Lena River sturgeon kept at the Konakovo Hatchery
(approximately 50 miles from Moscow, Russia) and from
sturgeons aquacultured in France (caviar). Fishes at the
Konakovo Hatchery and French aquaculture stocks origin-
ally were broucht from the Lena River in the 1970s (SOkOlOV
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from individuals belonging to all subspecies (Shubina
et al. 1989): (i) the Caspian Sea subspecies (sturgeons were
caught in the sea and in the main rivers used by A. stellatus
for spawning (Volga and Ural)); (ii) the Black Sea sub-
species (the Danube and Dnieper river populations); and
(iii) the Sea of Azov subspecies. -

DNA extraction and manipulation

All tissue, egg, and blood samples were stored in 70%
ethanol. DNA was extracted using standard phenol-
chloroform extraction protocols (see DeSalle et al. 1993).
For each of 15 A. baerii individuals, a total of approxim-
ately 2.4 kb of nucleotide data (737 bp D-loop + tRNA,
750 bp ND5, 200 bp NDé, and 790 bp cyt-b) were examined.
For each of 11 A. stellatus individuals, 1.3 kb of nucleotide
data (737 bp D-loop and 600bp ND5) were initially
studied. Additionally, 35 A. baerii and 82 A. stellatus indi-
viduals were examined for the D-loop only. cyt-b was
not examined for A. stellatus because prior studies indicated
little intraspecific variation (Birstein et al. 1998b). Also,
primer incompatibility prohibited study of NDé for A.
stellatus.

PCR amplification primers consisted of the follow-
ing: (1) control region: dLp1.5 (Baker etal. 1993) and
H00651 (5-TAACTGCAGAAGGCTAGGACCAAACCT-3)
(Kocher et al. 1989) or modified H00651 (5"-ATCTTAA-
CATCTTCAGTG-3"); (2) ND5: ND5 (5'-AATAGTTTATC-
CAGTTGGTCTTAG-3") (Bembo et al. 1995) and RND5-3
(5'-AAGCCCATGAGTGGTAGG-3"); (3) ND 5/6: ND6 (5’
TTACAACGATGGTTTTTCATAGTC-3") (Bembo et al. 1995)
and ND5-3 (5-AGCAACCCTACCACTCATGGG-3;
(4) cyt-b: B1 (5'-CCATCCAACATCTCTGCTTGATGAAA-
3) (J. Groth, Department of Ornithology, AMNH) and
S2A (5-CCTCCAATTCATGTGAGTACT-3). All PCR was
conducted in a Perkin-Elmer 480 thermocycler (PE Bio-
systems, Foster City, CA, USA) under the following
conditions: D-loop and cyt-b: 94 °C for 1 min, 46 °C for
1 min, 72°C for 1 min 50s for 33 cycles; both ND5/6
reactions: 94 °C for 1 min, 48 °C for 1 min, 72 °C for 1 min
30 s for 33 cycles. No initial denaturation step was used.
For the ND 5/6 fragment, 200 bp of this region were
sequenced using ND6 and 150 bp were sequenced using’
ND5-3. For the purposes of sequencing the larger ampli-
fied fragments of the D-loop and cyt-b internal primers
were designed every 300 base pairs. All PCR products
were purified with BIO 101 Gene Clean system (BIO 101,
Inc., La Jolla, CA, USA) before sequencing. All sequen-
cing protocols followed manufactureres (PE Biosystems)
specifications for cycle sequencing reactions and ABI
373/377 operation (PE Biosystems). Sequences were ini-
tially aligned and analysed using Sequencher 3.0 (Gene
Codes Corporation, Ann Arbor, MI, USA) and then trans-
ferred to MacClade version 3.01 (Maddison & Maddison
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1992) and paUP version 4.0b2 (Swofford 1999) for further
analysis.

Data analysis

Population aggregation analysis (PAA) (Davis & Nixon 1992),
based on the phylogenetic species concept (Cracraft 1989),
was used to search for fixed, diagnostic characters within
the hypothesized intraspecific units. PAA was used to dif-
ferentiate between characters (fixed nucleotide states) and
traits (variable or polymorphic sites) amongst the attribute
data (nucleotide sequence data) (Davis & Nixon 1992).
Characters (fixed nucleotide states) were held as evidence
of phylogenetic uniqueness only if shared by all individuals
within the hypothesized unit. A lack of diagnostic character
differences dictated reliance on alternative, population
genetics-based methodology (Vogler & DeSalle 1994).
Standard tree-building methods as implemented in
PAUP 4.02b were employed to visualize geographical struc-
turing of haplotypes and explore character support for
defined subspecies. Heuristic searches were conducted

using only phylogenetically informative characters in the
tree bisection reconnection (TBR) branch-swapping option.
Jacknife and bootstrap analyses were used to examine the
robustness of clades. Additionally, the raw sequence data
was examined for the presence of unique haplotypes
within each subspecies. The program DnaSP2.2 was used
to calculate the partition of genetic variation (Ggy) (Lynch
& Crease 1990) for each subspecies and population.

Results and Discussion

Acipenser baerii

For A. baerii, most polymorphic sites were identified
within the D-loop (37 sites) while few informative, poly-
morphic sites were found within the ND5 and cyt-b genes
(3 sites and 1 site, respectively). The ND6 sequences were
identical. Based on this information, we focused on the
D-loop to characterize population structure (Table 2). This
genetic evidence does not support the classic subspecies
designations for A. baerii because no fixed differences

A.b. baicalensis 1

Table 2 Variable characters for Acipenser

ATTTAGCGGCTCATGCTTTAAAGAAGGTTATATATGG baerii for combined cyt-b, ND5 and D-loop

Ab.baicalensis2 data matrix
Ab baicalensis3
A.b. baicalensis 4 G e
Ab.baicalensis5
Ab.baicalensis6 .
Ab. baicalensis7
A.b. baerii 1 G..C..T...... CA........... A..GG.CGGA
Ab.baerii2
A.b. baerii 3 G..C..T.A....Couvrnnnnn. A..GG..GG..
A.b. baerii 4 G..C..Tee i AA..GG..GG..
A.D. baerii 5 G..C..T...... Covrnnnil. A..GG..GG..
A.b. baerii 6 G..C..T.A....Coovvvnnnnn. A..GG..G...
A.b. baerii 7 G..C..T.A....Cevvvvnnnn.. A..GG..GG..
A.b. baerii 8 GCC. .CTAA.CT...T..CGG...G..C.GGG.GG. .
Ab. baeriio T..... G....C........ A..GG..GG..
Ab. baerizo P A..GG..GG.A
A.b. baerii 11 G..C..T.A....C............ A..GG..GG..
A.b. stenorrhynchus Lenal L O A..GG..GG..
A.b. stenorrhynchus Lena2 L O A..GG..GG..
A.b. stenorrhynchus Lena3 G..C..Twii i A..GG..GG..
A.b. stenorrhynchus Lena4 G..CoiTui i A..GG..GG..
A.b. stenorrhynchus Lena5 G..C..Tuii i, A..GG..GG..
A.b. stenorrhynchus Lena6 G.oCoiTeie i A..GG..GG.. .~
A.b. stenorrhynchus Lena? L O A..GG..GG..
A.b. stenorrhynchus Lena8 G..CoiTui i TG. .A..GG. .GG. .
A.b. stenorrhynchus Lena9 R e A..GG..GG..
A.b. stenorrhynchus Lenal0 G..Co.Tei i A..GG..GG..
A.b. stenorrhynchus L.eggs G..CC.Teiii i A..GG..GG..
A.b. stenorrhynchus L.cav(2) GooCoTeee i A..GG..GG..
A.b. stenorrhynchus Yenl G..C..T...... Covvnnn G....A.CGG..GG..
A.b. stenorrhynchus Yen2 G..C..T...... N c A..GG..GG..
A.b. stenorrhynchus Yen3 G..C..T...... Covrnn G....A..GG..GG..
A.b. stenorrhynchus Yend Toviiinn. Covvnnnnl E..GG..GG..

T———
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76

huso Fig. 2 Single parsimony tree obtained
baic 1 through heurisitc search of the D-loop
baic 2 data set using multiple individuals of
. Acipenser baerii. Bootstrap and jacknife
baic 3 .

values are given above and below the

62

96
92

baic 5 nodes, respectively. Nodes without
ba?c 6 values indicate less than 50% support. A.
baic7 b b. = A. baerii baerii; A. b. s. L= A. baerii
b.2 stenorrhynchus Lena River; A. b.s. Y = A.
baic 4 baerii stenorrhynchus Yenisei River; A. b.

O o9 oT o OO0

s. L1 baic = A. baerii baicalensis.
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b.s. L4
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b.s. L7

80
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b.s.L9

.b.s. L10

58

b.s. Lcav

b. s. Lfc
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52

52

b.b. 1
.b.b. 3
b.b. 6
b.b.7
b.b. 11

b.b.5

62

.b.b. Y1

b.b. Y2
.b.b. Y3

b.b. 4
b.b.9

b.b. 10

>P*> > > > > > PP > P> > >P>P > P> PP P> P >P P> > P> > > I

A.b.bY4
A.b.b. 8

were observed. However, tree building, inspection of
raw data and gene flow estimates indicate uniqueness
of certain subspecies and populations. Seventeen of the
737 bp of the D-loop data were parsimony informative
and a heurisitc search of these data yielded a single
tree (Fig. 2). Visual inspection of the raw data (Table 2)
combined with the results of the parsimony analysis
suggest that the Lake Baikal subspecies and the Yenisei
river population are distinct. A.b. baicalensis harbours a
unique haplotype which is shared with only one specimen
of A.b. baerii from the Ob River (no. 2). Had this individual
(Ob no. 2) not been examined, it would have appeared as
though Ab. stenorrhynchus and A.b. baern could be

(Ggp) (Fig. 3a) illustrate the highest levels of isolation
between Lake Baikal A. baerii and other subspecies.
Interestingly, high G¢; values were also observed between
Lena and Yenisei River populations which belong to the
same subspecies.

The lack of diagnostic differences between A. baerii sub~.__
species is concordant with the results of previous studies.
In these studies many of the original subspecies-defining
characters of snout morphology, time and site of spawn-
ing, and diet were found to be environmentally controlled
(Ruban 1992, 1997, 1998). The lack of diagnostic differ-
ences found in the electrophoretic spectra of muscle pro-
teins between Ob, Yenisei, and Lena River populations

further supports these findings (Kuz'min 1994). This con-
cordance of genetic, morphometric and meristic informa-
tion suggests that subspecies status may be unwarranted
Instead, it appears that there is or has recently been gene
flow between A. baerii populations in the Ob, Yenisei, and
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Fig. 3 Graphic representation of Gy values
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populations compared

Lena River basins and that the Lake Baikal population is
distinct from these other populations.

Geological factors have certainly played a role in shap-
ing the intrapsecific structure of A. baerii. During the
glaciation age, the Siberian rivers were repeatedly cut off
from the seas and their basins were connected through
a system of lakes (Arkhipov 1998; Grosswald 1998) with
the last connection occurring approximately 18 000-20 000
(Laukhin 1997) or even 10 000-15 000 years ago (Arkhipov
1998). This relatively recent connection suggests that
sufficient evolutionary time has not elapsed for fixation
of nucleotide changes in different subspecies of A. baerii.
A lack of fixed D-loop haplotype differences was also
observed among postglacial populations for another pota-
modromous sturgeon species, the North American lake
sturgeon, A. fulvescens (review in Ferguson & Duckworth
1997). Similarly, no fixed differences were found in the
D-loop between a postglacial population and its parental
population of the anadromous white sturgeon, A. trans-
montanus (Brown et al. 1992, 1993). The recolonization of
the Fraser River by A. transmontanus from the Columbia
River refugium occurred about 10 000-12 000 years ago,
which is apparently not a sufficient time for fixed genetic
divergence, although a difference in the frequency of
shared haplotypes was apparently established.

Further studies are necessary before our results are
directly utilized for management purposes due to the
nature of our sampling. Although A.b. baicalensis could be
considered a distinct conservation unit, our samples for
this subspecies were obtained from a captive population
started in the 1970s from one or possibly two breeding
pairs. It is questionable whether the isolation observed
here is representative of the naturai Lake Baikal popuiation

Azov-Black

between populations and subspecies of
Acipenser baerii and A. stellatus. A. baerii 1s
represented by cross-hatch bars and A
stellatus by solid black bars.

A. baerii
W A stellatus

Azov-Caspian

Black-Caspian

Black/Azov-
Caspian

or simply an artefact of the captive situation. Unfortun-
ately, the wild population of A.b. baicalensis is potenti-
ally extinct (Afanasiev & Afanasieva 1996) and therefore
obtaining wild-caught individuals for comparison may
be impossible. Future restocking programmes for the
Lake Baikal sturgeon will have to consider this issue
as well as the low haplotypic diversity observed within
the captive A.b. baicalensis population. The Ob River
subspecies should be considered as a source population
for such a restocking programme because it contains
the Lake Baikal major haplotype (Ob no. 2) and has the
greatest overall number of different haplotypes. A further
investigation of the Yenisie and Lena river populations
should also be conducted including larger sample sizes,
finer-scale sampling and wild-caught Lena River individuals

A forensic method is currently needed for discrimin-
ating between the eggs and meat of aquacultured and
wild-caught sturgeons. Currently, the populations of the
nominal A.b. baerii in the Ob River and A.b. stenorrhynchus
of the Yenisei River are especially affected by overfishing
for meat and caviar (Ruban 1996, 1997; Sololov 1997).
Caviar from aquacultured, Lena River Siberian-sturgeon
is now produced in France (Sabeau 1997) providing a
viable alternative to wild-caught commercial caviar. Our
studies suggest that the D-loop will not be useful for
tracing the origin of harvest. Genetically tagging aqua-
culture populations may be the best way to identify eggs
from aquacultured and wild A. baerii females.

A. stellatus

© 1999 Blackwell Science Ltd, Molecular Ecology, 8, $117-5127
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Fig. 4 Strict consensus of 18 900 trees obtained
through heuristic search of the D-loop data
set using multiple individuals of Acipenser
stellatus. Bootstrap and jacknife values are

wWow

n

given above and below the nodes, respect-

ively. Nodes without values indicate less

than 50% support. A. s. d. = Acipenser

stellatus donensis; A. s. p. = A. stellatus ponticus;

94

A.s.s. = A. stellatus stellatus.
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observed within the control region sequences (sequence
available upon request) and the ND5 gene region sequen-
ces were identical for the 11 screened individuals. The
parsimony tree shown in Fig. 4, constructed using the 78
parsimony informative characters within the 737-bp D-
loop data set, does not support structuring of haplotypes
by geography and/or subspecies designation. This strict
consensus of 18 900 trees is also not well supported under
bootstrap and jacknife analysis. Low Gg; values confirm
the PAA and tree-building results (Fig. 3b). The overall
lack of structure grouping the Ural River/Volga River/
Caspian Sea individuals, Black Sea individuals or Sea of
Azov individuals suggests that these classically designated

e genet lrallv rnnhmmne

Our study corroborates historic skepticism regarding
the use of subspecies nomenclature within A. stellatus.
The Caspian Sea (A. stellatus stellatus) and the Sea of Azov

(A.s. donensis) subspecies were originally based on aver-
age head proportions and anal and dorsal fin characters,
and later on rates of growth and maturity (Chugunov
& Chugunova 1964; Tsvetnenko 1993). Holcik & Jedlicka
(1994) concluded that these original characters change
with growth and feeding and that designations based on
such attributes are questionable. Similarly, Birstein & Bemis
(1997) agree that such taxonomic nomenclature should
not be used without the support of genetic evidence. The
results of our genetic study combined with the lack of
differences found among muscle protein profiles from
stellate sturgeon from the Volga River, Ural River, Caspian
and Azov seas from other studies (Kuz'min 1994) do not
support subspecies designations.

As the subspecies studied here are presently confined
to isolated water bodies, gene flow through either geolo-
gical or human-induced influences (translocation) must have
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occurred fairly recently to explain our results. Repeated
water connections between the Caspian and Azov-Black
seas have been recorded over the last 1.5 million years,
the last of which occurred approximately 20 000-40 000
years ago (Zubakov 1988). Studies of Caspian and Black
Sea populations of a salmonid (also an anadromous species)
and a brown trout Salmo trutta (Bernatchez & Osinov
1995; Bernatchez 1995; Osinov & Bernatchez 1996) also
reported no fixed genetic differences between these
two basins but, in contrast to our study, differences in
geographical structuring of haplotypes were observed.
The comparison of these results to ours suggests that
restocking may have been a major influence shaping the
intraspecific structure of A. stellatus.

Ongoing restocking programmes are the only means
of sustaining viable populations for many populations of
stellate sturgeon in the Caspian, Azov and Black seas.
In the early 1960s, the Soviet Union started releasing
juvenile sturgeon from 28 specially built hatcheries in
response to the loss of spawning grounds due to river
damming (Barannikova ef al. 1995; Khodorevskaya et al.
1997). In the 1980s, approximately 100-million hatchery-
raised juveniles were released annually into the Caspian
Sea but this number has recently dropped by 50% because
of economic problems in Russia. From 1961 to 1968,
Caspian Sea A. stellatus were introduced into the Sea of
Azov as part of a restocking effort (Tsvetnenko 1993). This
particular interstock transfer has been regarded as largely
unsuccessful due to the low viability of introduced Cas-
pian Sea stellate sturgeon in the Sea of Azov environmental
conditions. Our genetic data suggest that the restocking
programme may have been more successful than previ-
ously thought. Restocking programmes still exist in the
Caspian (Volga River, Russia; Kura River, Azerbaijan;
Sefidrud River, Iran) and Azov (Kuban River, Russia) seas
(Chebanov 1996; Khodorevskaya et al. 1997; R. Kasimov
and M. Pourkazemi, personal communication). None of
these restocking programmes have been accompanied by
genetic stock analysis. Testing whether massive restocking
has affected the premanagement genetic structure could
be accomplished through examining museum specimens
collected before restocking. Formalin preservation of many
museum specimens may make this study difficult (Vachot
& Monnerot 1996; Wirgin et al. 1997a), but would provide
clues as to whether geology or human influences have
caused the absence of population structure found here.

Fine-scale analysis is needed to further characterize
A. stellatus stock structure. This species is heavily exploited
for sevruga caviar, and dam construction and environ-
mental pollution has led to a 60% loss of h15tor1c spawning
grounds as well as range and popul
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the degree of homing fidelity within A. stellatus is still
questionable. Individuals may assort randomly to
different river systems for spawning within each sea.
As the availability of reproductive age fish is a major
hindrance to stellate sturgeon restocking programmes
it is essential to examine this issue to address whether
future interstock transfers would be detrimental. Com-
mercially viable populations still exist in the Volga, Ural,
Kura and Iranian rivers of the Caspian Sea, the Danube
river of the Black Sea and the Kuban river of the Sea of
Azov making these populations good candidates for
initial study. The D-loop may be useful for this work, but
ND5 does not appear to be sufficiently variable (see
also Pourkazemi et al. 1994, 1995; Gilkolaei & Skibinski
1999). Mixed DNA fingerprinting such as that used for
establishing intraspecies conservation units in salmonids
(Angers & Bernatchez 1998; Cummings ef al. 1998; Wenburg
et al. 1998) might be appropriate to further characterize
these populations.

Management units

Although there are several methods available for defining
units of conservation, we have chosen to use the phylo-
genetic approach (using the PSC and PAA) to examine
sturgeon subspecies. The appeal of this method lies in its
simplicity, objectivity and practical utility for endangered
species: diagnostic characters can be easily and unambi-
guously identified and few individuals are needed for
initially screening for diagnosis. We recognize that this
approach is limited, however, to studies of genetically
isolated units and that it can only delimit the boundary
below which population genetics-based methodology
applies. Alternatively, we could have used several other
approaches including haplotype or allele frequency
differences, reciprocal monophyly (ESUs), or genetic
distance measures (Avise 1994; Moritz 1994, 1995). Yet the
interpretation and sampling problems associated with
these methods make them less practical. No objective
boundaries exist for delimiting taxonomic or conservation
units based on haplotype frequency differences or degree
of genetic distance (O’Brien & Mayr 1991; Wayne 1992;
O’Brien 1994; Vogler & DeSalle 1994; Legge et al, 1995;
also see Dizon ef al. 1992; Waples 1995). Furthermore, the
large sample sizes and temporal sampling strategy neces-
sary for accurate and stable frequency estimates make
these methods particularly difficult in studies of endangered
species. Without knowing which method accurately reflects
intraspecific structure and what degree of subdivision

justifies separate conservation, the exercise of defining
management units could become hwhlv subuecnve
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unable to define any strict phylogenetic conservation
units, we resorted to a more subjective approach (gene
flow and haplotype analysis). As conservation units can-
not currently be defined based on gene flow values or the
presence of private haplotypes, we could only use this
information to subjectively identify several intraspecific
units requiring further conservation attention and then
discuss the data in this context. These data show that
the potadromous A. baerii has more intraspecific struc-
ture than the anadromous A. stellatus. Overall, the genetic,
morphological and ecological evidence combined indicate
that the existing subspecies designations do not directly
correspond to conservation management units and the
morphological, ecological and geographical characters used
to define these subspecies are not useful for identifying
conservation units in sturgeons.

Although we appreciate the necessity of articulating
objective methodology and criteria for designating units
of conservation, extenuating circumstances may direct
the actual conservation programmes for many species.
Realistically, fisheries management and protection pro-
grammes for sturgeons will be dictated by economics
and resource availability and not genetic information.
Restocking programmes for A. stellatus illustrate this well:
the possibility of population extinction will have to be
weighed against the detrimental effects of interstock
transfer, because obtaining breeders from all populations
may be impossible. For A. baerii, the last remaining stock
of the Lake Baikal subspecies may be so highly inbred
that interstock transfer from the Ob River may be a better
alternative than stocking using the captive Lake Baikal
population. Future conservation efforts for sturgeons may
be more effectively directed towards population viability
and habitat renewal programmes.
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