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Atlantic sturgeon Acipenser oxyrinchus and alien sturgeon
species in Polish waters: can biometric analysis assist species
discrimination and restoration?
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Biometric character analyses were conducted on Atlantic sturgeon Acipenser oxyrinchus,
a species included in a re-establishment programme in the Baltic Sea basin. The study sought
to identify measurable and countable characters most useful for distinguishing 4. oxyrinchus
from three alien species found in open waters of Poland: Acipenser baerii, Acipenser guelden-
staedtii, and Acipenser stellatus. Measurable characters that contributed most to discrimination
included preorbital distance, eye diameter, ventral fin base to anal fin base, and postorbital
distance. Among countable characters, the number of lateral scutes made the greatest contribu-
tion. The data from the present study may be used to supplement existing systematic keys and
lay the foundations for creating a catalogue or atlas of popular species and interspecific hybrids
of sturgeon, including their complete systematic determination.

Jesiotr ostronosy Acipenser oxyrinchus oraz obce gatunki jesiotréw w wodach Polski:
czy analiza biometryczna uzupetni identyfikacje i restytucje gatunkéw?

Stowa kluczowe

Streszczenie

analiza dyskryminacyjna, cechy biometryczne, identyfikacja gatunkéw, przytow, restytucja
gatunku

W niniejszej pracy przedstawiono wyniki analizy cech biometrycznych osobnikow jesiotra
ostronosego Acipenser oxyrhinchus oxyrhinchus, gatunku objgtego restytucja w basenie
Morza Battyckiego. Przy wykorzystaniu technik aglomeracyjnych podj¢to probe wyjasnie-
nia, ktore z cech mierzalnych i policzalnych maja najwicksza przydatnos¢ przy odrdznianiu
Acipenser oxyrinchus oxyrinchus od trzech gatunkéw obcych, fowionych w wodach otwartych
Polski, tj. jesiotra syberyjskiego (Acipenser baerii), rosyjskiego (Acipenser gueldenstaedtii)
oraz siewrugi (Acipenser stellatus). Wyniki analiz wykazaty, ze najwigkszy udziat w dys-
kryminacji na podstawie cech mierzalnych miaty: dtugos¢ rostrum (R), odlegtos¢ migdzy
ptetwami V i A (VA) oraz przestrzen zaoczna (OP), natomiast wsrdd cech policzalnych byta
to liczba tarczek bocznych (SL). Wyniki uzyskane w niniejszej pracy wzbogacaja aktualnie
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stosowane klucze do identyfikacji gatunkoéw jesiotrow oraz moga stanowié¢ podstawe do
opracowania katalogu badz atlasu powszechnie wystepujacych jesiotrowatych jak i ich hybryd
migdzygatunkowych.

Introduction

During the interwar period, when Poland’s borders differed from the present and included
the river Dniester and tributaries of the Danube river, Polish ichthyofauna included four species
of Acipenser: Atlantic sturgeon Acipenser sturio (L. 1758) also known as the common sturgeon,
the sterlet Acipenser ruthenus (L. 1758), the starry sturgeon Acipenser stellatus (Pallas, 1771),
and the rare, ship sturgeon Acipenser nudiventris (Lovetsky, 1828; Kulmatycki, 1919, 1922,
1932, 1933; Starkiewicz, 1922). Numbers of A. sturio in Polish waters were already in decline
in 1908-1910 (Grabda, 1971) and earlier along some stretches of the Vistula River (Sasorski,
1922), while, in the Oder River, it was a rare species even at the beginning of the 20th century
(Kulmatycki, 1921). The last specimens of A. sturio in Polish waters were collected from the
Vistula in the mid-1960s (Zelechowska, 1964).

Many years later, DNA studies of museum specimens revealed that a species similar to
A. sturio, the Atlantic sturgeon Acipenser oxyrinchus (Mitchill, 1815), existed for 800 years in the
Baltic Sea catchment area, and which, being able to better adapt to changing climatic conditions,
supplanted 4. sturio (Ludwig et al., 2002). Thus 4. oxyrinchus, generally regarded as extinct in
the Baltic Sea (Kolman et al., 2011a, b), has been included in the re-establishment plan. Using fish
from the St. John River in Canada, stocking has been conducted since 2004 in locations where
the species was recorded in the past: the Drawa, a tributary of the Oder (70,000 individuals) and
the Drweca, a tributary of the Vistula (51,000 individuals). An agreement between the Inland
Fisheries Institute in Olsztyn and the Leibnitz Institute of freshwater Ecology and Inland Fisheries
in Berlin has allowed the introduction of juvenile A. oxyrinchus to the rivers (Kolman et al., 2008).

Alien sturgeon species are appearing with increasing frequency in European waters,
especially the Siberian sturgeon Acipenser baerii (Brandt, 1869) and the Russian sturgeon
Acipenser gueldenstaedtii (Brandt, Ratzeberg, 1833) that are escapees from fish farms (Nabiatek,
1974; Filipiak, 1996; Elvira, Almodovar, 1997, Keszka, Stepanowska, 1997; Keszka et al., 2011).
Individuals are often observed after periods of high water, especially near rivers supplying fish
farms (Maury-Brachet et al., 2008). The occurrence of alien sturgeon in the natural environment
is a highly controversial issue, especially in connection with the programme being undertaken
for restocking A. oxyrinchus. Interspecific competition from alien species, disease transfer, and
potential risk of hybridization also hinder attempts at restoring the species, especially with the
increasing abundance of the alien species (Kempter et al., 2009; Gessner et al., 1999, 2010).

A necessary prerequisite for the success of sturgeon restoration is identification of exotic
species and their elimination according to national regulations, and, if required, adjusting inter-
national codes and guidelines (Gessner et al., 2010). The identification of Acipenser species is
problematic because of similarities among species due to high plasticity of biometric characters
(Ruban, Sokolov, 1986; Guénette et al., 1993; Ruban, Panaiotidi, 1994; Paaver, 1997). Correct
identification is also complicated by individual plasticity and human interference through the
creation of hybrids (Loy et al., 1997). The aim of the present study was to conduct biometric
analysis of 4. oxyrinchus and compare data with that reported for 4. gueldenstaedtii, A. baerii,
and A. stellatus, as well as to use multidimensional analysis to select diagnostic characters useful
for rapid identification of sturgeon in bycatch.
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Material and methods

Fifty dead juvenile specimens of A. oxyrinchus were collected from seine fishers in three
locations (N 53°43'59"; E 014°28'11"; N 53°44'22", E 014°27'51", N 53°43'10", E 014°26'42") in
the Szczecin Lagoon near the town of Stepnica, from 21 May to 9 June 2008. The fish, some
of which were tagged, originated from German stocking (Gessner et al., 2008) undertaken as
part of a species restoration plan (Figure 1). Specimens were frozen using the method proposed
by Keszka and Krzykawski (2008). Measurements were taken with calipers of 0.01 mm accuracy
according to figure published by Kempter et al. (2013). Masses of individuals were measured
with electronic scales with 0.01 g accuracy. Twenty-one measurable and five countable biometric
characters were compared with characters of

Figure 1. Acipenser oxyrinchus collected from the Szczecin Lagoon

Source: fhoto by S. Keszka.

A. baerii (n = 336), A. gueldenstaedtii (n = 99), and 4. stellatus (n = 69) (Keszka, 2000;
Keszka, Raczynski, 2006). Information on measurable characters for these 3 species were pub-
lished by Keszka and Raczynski (2006), Keszka and Krzykawski (2008), Keszka et al. (2009). All
individuals of alien species originated from warm water aquaculture systems in Nowe Czarnowo
and Gryfino (NW Poland). Biometric characters of the studied species are given in Table 1.

Table 1. Biometric data for four sturgeon species

. Location/number L, [mm] Mass [g]
Species . - -
of specimens (n) min max mean min max mean
Acipenser Roztoka Odrzafiska 209.8 | 680.00 | 351.39 | 31.0 | 1,122.7 | 202.49
oxyrinchus — Stepnica (50)
. . Cage culture
Acipenser baerii _ Nowe Czarnowo (276) 300.5 | 690.00 | 33490 | 50.0 |1,245.0 | 274.20
Acipenser Cage culture
gueldenstadtii ~ Nowe Czarnowo (334) 230.0 | 29.09 | 27.07 | 34.0 207.0 | 112.89
Acipenser stellatus | Cage culture — Gryfino (69) 235.0 | 390.00 | 327.55 | 21.9 137.0 | 6743
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Statistical analysis was performed using Statistica 10.1. Measurable and countable characters
were summarized calculating minimum and maximum values, arithmetic mean, and standard
deviation.

Per cent of total length (L,) of measurable characters and absolute values for countable
characters were used for conducting stepwise discriminant analysis and canonical discriminant
analysis. Results were analysed taking into consideration the classification matrix and values
of standardized coefficients for canonical variables and visualized as scatter plots of canonical
scores.

Results

Measurable Characters

Length and mass were comparable for all specimens (Table 1). Measurable characters
of A. oxyrinchus presented as absolute values (mm) and as per cent calculated with respect to
total length (L) are presented in Table 2. Among the five countable characters, standard deviation
for the number of dorsal scutes and the number of ventral scutes were the lowest and therefore
similar to the mean value (Table 3).

Table 2. Measurable characters of the Acipenser oxyrinchus given as absolute values and as per cent total
length L

Symbol and character description min m\;e:(lue [n:nrin o min \r:l::e [(ﬁiﬂl o
1 2 3 4 5 6 7 8 9

L, — Total length 209.80 | 680.00 | 351.39 | 121.48

L~ Fork length (Smitt’s length) 178.70 | 580.00 | 301.86 | 100.27 | 79.41 |154.30| 86.65 | 90.99
L — Standard length 166.30 | 545.00 | 284.41 | 96.74 | 75.30 |147.66| 81.45 | 90.67
C — Length of head 56.60 | 161.20 | 91.20 | 26.80 | 23.14 | 44.92| 26.48 | 30.04
R — Preorbital distance (length of snout) | 26.40 | 86.20 | 47.87 14.44 | 11.13 | 23.44| 13.88 | 10.67
O — Horizontal eye diameter 50.20 11.70 | 70.22 10.69 | 10.58 | 30.32| 20.14 | 00.31
OP — Postorbital distance 22.60 | 6520 | 36.02 11.27 | 90.46 | 18.98| 10.41 | 10.32
HCo — Head depth (at centre of eye) 13.40 | 37.50 | 20.72 | 50.86 | 50.21 | 10.25| 60.05 | 00.77
HC — Head depth (at nape) 18.90 | 5540 | 31.31 | 90.79 | 60.29 | 14.26| 90.05 | 00.99
H — Maximum body depth 2120 | 72.40 | 38.85 13.13 | 80.18 | 20.41| 11.18 | 10.62
ID — Length of dorsal fin 1270 | 43.10 | 2292 | 70.97 | 50.43 | 12.79] 60.56 | 00.99
Hd - Depth of dorsal fin 12.80 | 51.70 | 2291 | 80.41 | 50.39 | 11.19] 60.54 | 00.88
aD — Predorsal dostance 132.00 | 418.40 | 22048 | 72.60 | 60.02 | 85.04| 63.16 | 30.71
poD — postdorsal distance 11.30 | 51.70 | 23.97 | 90.13 | 50.11 | 14.75| 60.81 | 10.28
E;sﬁae);i:}?i?czﬁgz&?ﬁucle) 5030 | 17.00 | 90.35 | 30.20 | 20.23 | 40.34| 20.68 | 00.31
1A — Length of pectoral fin 60.80 | 24.00 | 12.78 | 40.56 | 20.85 | 60.56| 30.66 | 00.56
hA — Depth of anal fin 10.30 | 40.90 | 21.05 | 80.06 | 40.58 | 10.25| 50.95 | 00.80
pll — Length of caudal penducle 20.90 | 80.70 | 39.67 14.55 | 90.84 | 21.60| 11.29 | 10.62
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1 2 3 4 5 6 7 8 9
pl2 ~ Distance from anal fin tip to tip 33.60 | 11730 | 5879 | 20.58 | 14.98 | 29.92| 16.80 | 10.98
of middle rays in caudal fin
IV — Length of ventral (pelvic) fin 10.20 | 39.10 | 20.88 | 70.75 | 40.42 | 11.23| 50.94 | 00.96
VA - distance from ventral fin base 1750 | 8330 | 35.63 | 1539 | 70.54 | 22.13| 10.10 | 20.36
to anal fin base
PV - Distance from pectoral fin base 6170 | 20830 | 104.13 | 36.23 | 24.40 | 54.92| 29.80 | 30.95
to ventral fin base
aV — Preventral distance 117.50 | 363.60 | 193.41 | 63.10 | 52.19 | 98.36| 55.59 | 60.35
aA — Predeorsal distance 138.10 | 434.90 | 232.10 | 76.54 | 62.43 | 118.85 66.64 | 70.72
SRC — Width of snout at base of barbels | 13.40 | 33.90 | 2130 | 60.04 | 40.84 | 90.96| 60.24 | 00.97
11 - Length of barbel 80.20 | 24.00 | 13.33| 30.68 |30.08 | 90.73| 30.98 | 10.08
re — Distance from tip of snout 1290 | 5590 | 3118 | 90.40 |50.32 | 15.57| 90.08 | 10.46
to cartilaginous arch of mouth
ga;b]zllsmce from tip of snout tomiddle |, 01 36¢0| 1985 | 60.64 | 4093 | 10.12] 5070 | 0072
rr — Distance from tip of barbel 28.50 | 9130 | 51.02| 1522 | 12.02 | 25.57| 14.83 | 10.89
to cartilaginous arch of mouth
SO — Width of mouth 8070 | 28.60 | 15.06| 40.61 |30.27 | 70.17| 40.37 | 00.55
SRr — Width of snout at the base 1530 | 4670 | 27.09| 80.17 | 50.45 | 13.36] 70.90 | 10.21
of mouth
iO — Interorbital distance (skull width) 13.50 | 43.50 | 22.52 | 7027 | 50.68 | 10.98| 60.49 | 00.71
BC — Maximum width of head 19.50 | 64.00 | 3320 | 11.34 | 80.16 | 16.39] 90.54 | 10.21
IP — Length of pectoral fin 2410 | 46.80| 30.52| 60.89 | 90.95 | 12.88| 11.39 | 00.70
Table 3. Countable morphological characters of Acipenser oxyrinchus
Character Min Max Mean sd
Number of dorsal scutes 9 12 10.28 0.67
Number of lateral scutes 21 30 25.22 1.76
Number of ventral scutes 7 10 8.56 0.67
Number of dorsal fin rays 28 41 36.46 2.46
Number of anal fin rays 22 29 24.30 1.45

The characters showed a low variation range. In order to reduce the signal and the number
of characters for further comparison, principal component analysis (PCA) was conducted for the
21 measurable characters of the 4 sturgeon species. The value of y? was high (cumulative inertia:
0.999, ¥*= 6,304.226, P = 0.000), which indicated that the species differed substantially with
respect to measurable characters. Figure 2 shows distribution and direction of vectors on the graph
depicted by the first two principal components of 21 morphological variables.
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R — Preorbital distance (length of snout), LF— Fork length, LS— Standard length, C — Length of head, O — Horizontal
eye diameter, OP — Postorbital distance, HCo — Head depth (at centre of eye), HC — Head depth (at nape), aD — Predorsal
distance, ID — Length of dorsal fin, Hd — Depth of dorsal fin, h — Maximum body depth (last depth of caudal penducle),
1A — Length of pectoral fin, hA — Depth of anal fin, P11 — Length of caudal penducle, IV — Length of ventral (pelvic) fin,
VA — distance from ventral fin base to anal fin base, aA — Preanal distance, 11 — Length of barbell, rl — Distance from tip
of snout to middle barbell, rr — Distance from tip of barbel to cartilaginous arch of mouth.

Figure 2. Results of the principal component analysis for measurable characters with the highest contribution
to species differentiation. Projection of the variables on the factor-plane (1 x 2)

The PCA revealed that the measurable characters with the highest contribution to differentia-
tion of the 4 sturgeon species included head characters along with distance from ventral fin base
to anal fin base (VA) and length of ventral (pelvic) fin (1V). Characters with the highest contribu-
tion to the first two principal components were selected for stepwise discriminant analysis. All
compared measurable characters were taken into account in the discriminant function model
(Wilks’ lambda: 0.00014 approx. F (27.2065) = 1,512.9 P < 0.0000). A classification matrix for
the stepwise discriminant analysis generated for nine measurable characters of the species was
characterized by a high level of correctness (99.5828% Table 4).

The classification matrix displayed the lowest correctness for A. oxyrinchus and A. stellatus,
and the highest for 4. baerii and A. gueldenstaedtii. Only individual specimens of 4. oxyrinchus
might be incorrectly classified as A. stellatus or A. gueldenstaedtii (Table 4). On the basis of both
discriminant functions, canonical discriminant analysis clearly discriminated the four species
with respect to their biometric characters (Figure 3).
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Table 4. Classification matrix of the stepwise discriminant analysis for measurable characters of four
sturgeon species, rows: observed classification; columns: expected classification

Acipenser Acipenser Acipenser Acipenser
% correct oxyrinchus gueldenstadtii baerii stellatus
P=0.06815 P =0.37691 P =0.46453 P =0.09040
A. oxyrinchus 95.9184 47 1 0 1
A. gueldenstadtii 100.0000 0 271 0 0
A. baerii 100.0000 0 0 334 0
A. stellatus 98.4615 1 0 0 64
Total 99.5828 48 272 334 65
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Figure 3. Scatter plot of canonical scores for the analysis of measurable characters of the 4 sturgeon species
(root 1; root 2)

The first discriminant function separated 4. gueldenstaedtii, A. oxyrinchus, A. stellatus,
and A. baerii. The second function discriminated between A. oxyrinchus and A. gueldenstaedtii
and also between A. stellatus and A. gueldenstaedtii. According to the position of A. baerii on
the graph, the second function situate this species between 4. oxyrinchus and A. gueldenstaedtii.
In the first function (root 1), character VA made the most significant contribution to discrimina-
tion, while, in the second function (root 2), the significantly contributing characters included
horizontal eye diameter and preorbital distance. Postorbital distance had a significant contribution
only in the first function (Table 5, Figure 4).

11
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Table 5. Standardized coefficients for canonical variables of measurable characters, Root1-3 — classification

functions
Root 1 Root 2 Root 3
OpP 0.6763 —-0.43705 0.10452
HCo -0.5037 —-0.70146 0.17790
R —-0.3309 2.31381 1.03342
o —-0.7311 —2.71539 1.55823
VA —-0.8352 —-0.04078 0.21091
1 0.1216 1.03025 —2.47056
HC 0.4408 0.37853 0.21382
C 0.3019 0.00752 0.31132
v —0.2852 —-0.13161 —0.05984
Eigenvalue 336.0406 9.75159 0.94491
Cumulative per cent 0.9692 0.99727 1.00000

OP — Postorbital distance; HCo — Head depth; R — Preorbital distance; O — Horizontal eye diameter; VA — Distance from
ventral fin base to anal fin base; 11 — Length of barbell; HC — Head depth; C — Length of head; IV — Length of ventral

(pelvic) fin.
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R: F(3;724) = 2421,1806; p = 0.0000
O: F(3:724) = 2270,2313; p = 0.0000
OP: F(3;724) = 14219,6274; p = 0.0000

VA: F(3;720) = 5479,691; p = 0.0000

A.oxyrinchus A.gueldenstadtii

A.baerii

A.stellatus

[OR
[go
@ oP
@ VA

VA — distance from ventral fin base to anal fin base, R — Pre-orbital distance (length of snout), O — Horizontal eye
diameter, OP —Postorbital distance.

Figure 4. Comparison of the median values of characters providing the greatest contribution to discriminant
functions for the 4 sturgeon species
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Countable Characters

The analysis of standardized coefficient values for canonical variables indicated number
of lateral scutes as the character with the most significant contribution to discrimination (Table 6).

Table 6. Standardized coefficients for canonical variables of countable characters, Root 1 —first classification
function; Root 2 — second classification function

Root 1 Root 2 Root 3
SL 0.941708 —0.095766 -0.517779
SV —0.092696 1.007434 —0.054934
SD 0.163372 0.049238 1.054514
Eigenvalue 6.258933 0.324818 0.000476
Cumulative per cent 0.950595 0.999928 1.000000

SL — Number of lateral scutes, SV — Number of ventral scutes, SD — Number of dorsal scutes.

Correctness of the classification matrix for countable characters was calculated as 79.92%,
lower than for measurable characters (Table 7).

Table 7. Classification matrix of the stepwise discriminant analysis for countable characters of four sturgeon
species, rows: observed classification; columns: expected classification

Species 9% correct A. (ixyrinchus 147 baerii A. guildenstaedtii A.ﬁstellatus

P =0.09042 P =0.60579 P =0.17902 P =0.12477
A. oxyrinchus 98.00 49 0 0 1
A. baerii 96.72 0 324 9 2
A. gueldenstaedtii 7.07 0 92 7 0
A. stellatus 89.86 7 0 0 62
Total 79.93 56 416 16 65

In spite of there being relatively fewer A. oxyrinchus, 98% of A. oxyrinchus individuals were
correctly discriminated. The highest possibility of an error based on countable characters was
observed for A. gueldenstaedtii, which showed similarity of meristic characters with 4. baerii,
as well as the distinctiveness of the 4. oxyrinchus from other species on the basis of having
significantly fewer lateral scutes (Figure 5).

13
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Figure 5. Median values of countable characters: number of dorsal scutes, number of lateral scutes and
number of ventral scutes in four sturgeon species

Discussion

The data from the present study may be used to supplement existing systematic keys and
lay the foundations for creating a catalogue or atlas of popular species and interspecific hy-
brids of sturgeon, including their complete systematic determination (Krylova, 1997). Correct
identification is especially important in the context of species restoration. Stocking of juvenile
European sea sturgeon and A. oxyrinchus as part of their re-establishment programme in
Europe (Elvira, Gessner, 1996; Gessner et al., 2010) along with the co-occurrence of alien spe-
cies, requires an informational campaign for users of the waters, focusing on distinguishing
between native and non-native species. A reference book containing a simple and user-friendly
key with sound taxonomic data is necessary. The data available for comparison with the results
of the present biometric analyses were conducted on only a small number of living specimens
(Artiukhin, Vecsei, 1999; Debus, 1999). When examining 27 museum specimens and a single
live sturgeon, it was noted that variability of some characters of the sturgeon head, mainly due
to scraping the substratum while feeding, precluded considering distances connected with snout
structure as distinguishing characteristics. Comparison of dorsal and lateral scutes suggested that
A. oxyrinchus differs from A. sturio from the Gironde (Atlantic Ocean) and the Rioni (Black Sea)
rivers (Ninua, 1976). The analyses discussed in the present paper compared morphometric data
of A. oxyrinchus, A. stellatus, A. gueldenstaedtii, and A. baerii. Among measurable characters
expressed as per cent of L, preorbital distance, distance from ventral fin base to anal fin base
(VA), horizontal eye diameter (O), and postorbital distance (OP) had the highest contribution to
discrimination (Figure 4). Mainly on the basis of VA, the first function clearly discriminated
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between A. baerii and those of A. oxyrinchus, A. gueldenstaedtii, and A. stellatus (Figure 3).
A longer VA distance distinguished A. baerii from the other three sturgeon species (Figure 4).
In the second function, preorbital distance contributed significantly to discrimination due to the
positive value of the canonical variable coefficient; whereas, in the second function, horizontal eye
diameter contributed significantly to discrimination (Table 5). On the basis of this analysis it can
be concluded that the shorter the rostrum of an A. oxyrinchus individual, the higher the possibility
of mistaking it for A. gueldenstaedtii. Distinguishing A. oxyrinchus from A. baerii may present
difficulties due to considerable changes of the rostrum length during the lifetime of the latter, as
well as the existence of short-rostrum and long-rostrum forms of 4. baerii (Keszka et al., 2009).
Thus, the risk of an erroneous classification is high in the case of juvenile 4. baerii individuals,
which have a longer rostrum than adults of the species. The risk of mistaking 4. oxyrinchus
for another species on the basis of measureable characters is the highest with respect to 4. stel-
latus. The second classification function, with rostrum length having the major contribution to
discrimination, clearly distinguished between the A. gueldenstaedtii and A. baerii grouping and
the A. stellatus and A. oxyrinchus grouping while the first classification function separated the
group of 4. baerii from the groups of the remaining three sturgeon species.

Based on the five analysed countable characters, exotic species are clearly distinguishable
from A. oxyrinchus. The number of lateral scutes had the highest contribution to discrimination
(Table 6). In the sample, the number of scutes ranged from 21 to 30, with a mean of 25.22.
The value was lower than that observed for 4. oxyrinchus in the St Lawrence River in Canada
(28.67) (Artiukhin, Vecsei, 1999) and considerably lower than found for exotic species occurring
in Polish waters (Keszka, Heese, 2003; Keszka, Krzykawski, 2008; Keszka et al., 2009). Low
variability of the countable characters in 4. oxyrinchus specimens in the present study might be
due to the limited number of broodstock used to produce stocking material as well as to an effect
of artificial rearing conditions on juvenile fish, as had been noted in the case of other cultured
sturgeon species (Ruban, Sokolov, 1986).

Exotic sturgeon introduction into European waters may occur from fish released by aquarium
owners and hobbyists who want to dispose of large individuals, sturgeons intentionally released
by fishing clubs and associations, and accidental escape from ponds and farms. Despite clear
regulations applying to alien species in aquaculture under the European Commission Regulation
(EC) no. 535/2008 of 13 June 2008 rules for implementation of the Council Regulation (EC)
no. 708/2007 concerning use of alien and locally absent species in aquaculture, a fourth source
of exotic sturgeon introduction involves artificial breeding and release (Britton, Davis, 2006).
The occurrence of non-native sturgeon species in German and Polish coastal waters and river
estuaries has been growing since the beginning of the 1990s (Spratte, Rosenthal, 1996; Keszka,
Stepanowska, 1997; Arndt et al., 2000, 2002; Keszka, Heese, 2003; Keszka et al., 2011). The pres-
ence of exotic sturgeon species was also observed in the Gironde River in France in 1999 after
a period of storms that caused water levels to rise and resulted in the escape of several thousand
A. baerii from fish farms. This presented a serious problem for inland fishers and anglers in
distinguishing between two sturgeon species, of which one (4. sturio) was strictly protected and
the second (4. baerii) needs to be eliminated from open waters (Gessner et al., 2010). Alien species
release, taking place in spite of the prohibitions connected with environmental protection, should
be considered a potential threat, since alien species may have a negative effect on native species
and their populations, especially in strongly altered ecosystems (Leppdkoski et al., 2002).

Apart from the above implications for alien species introduction, genetic implications
cannot be dismissed, as sturgeons display a potential for hybridization (Kozhin, 1964). Current
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information suggests that the hybrids are fertile, which means that mixed genetic material is
passed on to the next generation, resulting in a dispersal of the original genetic information
and reducing adaptation ability to habitats. The existence of the first hybrids created as a result
of release of exotic 4. baerii has been confirmed by genetic analyses conducted on specimens
collected from the Danube River (Ludwig et al., 2009).

Avoidance of loss connected with fisheries is an important principle behind protecting the
remaining native populations in situ (Kapusta et al., 2008), Gessner et al., 2010), Key factors in
effective restoration of a population include decreasing fishing-associated mortality and obtaining
a high level of acceptance and support from the fishery sector. Measures that need to be taken
include instituting and monitoring programs to limit accidental catch based on the ability of fish-
ers to identify species. The example of 4. sturio in France and preliminary results obtained from
Germany clearly show that this is possible (Gessner et al., 2010).
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