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Abstract
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The study was conducted with female individuals of Russian Sturgeon at the age of five and seven years old and hybrid of Sibe-
rian and Russian Sturgeon at the same age in the spring and the same groups in the winter. In hybrids of both age groups, there was
a significant increase in gonads during the growing season. At 5-year-old, ovarian height increased by 69.8% (p < 0.05); the girth by
68.0% (p < 0.05); area — almost three times (p < 0.001). At 7-year-old differences are: 32.8% (p < 0.05); 29.5% (p < 0.05); 2.3 times
(p <0.01). In the spring, in 10% of the studied hybrids, an onset of oocyte formation was found. In December, oocytes are very well
seen in 30% of the studied fish. In 5-year-old Russian Sturgeon, the height of the ovary increased by 64.1% (p < 0.01); area 64.3%
(p <0.05); but the girth has practically not changed. In the 7-year-old Russian Sturgeon, the height of the ovary increased by 78.5%
(p <0.001), the girth by 28.9% (p <0.001) and the area by 95.08%. (p < 0.01). The height of the hybrid ovary during the spring was
higher compared to the Russian Sturgeon by 51.1% (p < 0.05) in the 5-year-old fish and by 71% (p < 0.001) in the 7-year-old. How-
ever, the ovary girth in the 5-year-old Russian Sturgeon has higher values than in the same age hybrid — 13.6% (p < 0.05). There is
no significant difference in ovarian girth and area in 7-year-old Russian Sturgeons and hybrids. A significant difference in area was
found between Russian Sturgeon of different age, and in 7-year-old it was larger by 41.9% (p < 0.05). In winter with a 6-summer-old
hybrid compared to Russian Sturgeon at the same age, the height of the ovary and its girth were higher 56.3% (p <0.001) and 45.0%
(p <0.05) respectively, while at 8-summer-olds, at higher hybrid parameter values, the differences are not significant.
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Abbreviations: Ag, — S-years old 4. gueldenstaedtii; Ag, — T-years old A. gueldenstaedtii; Ag,, — 6-summers old
A. gueldenstaedtii;Ag,, — 8-summers old 4. gueldenstaedtii; Hy, — 5-years old hybrid (F A. baerii x A. guelden-
staedltii); Hy, — 7-years old hybrid (F, A. baerii x A. gueldenstaedltii); Hy,, — 6-summers old hybrid (F 4. baerii x
A. gueldenstaedtii); Hy, — 8-summers old hybrid (F, 4. baerii x A. gueldenstaedltii)

Introduction Kecse-Nagy, 2011). For the Bulgarian Danube and Black
Sea aquatory of 2012, the catching, transport and sale of stur-
Natural populations of Sturgeon species are threatened geons, as well as products from them are prohibited. In 2016

(Boyadzhiev, 2002, etc.), and a number of measures are be- the ban was prolonged by another 5 years (MZH, 2016). The
ing taken to conserve and restore them (Bloesch et al., 2006; primary task of rescuing endangered populations is the de-



Development of female Russian sturgeon (Acipenser gueldenstaedtii) and hybrid... 63

velopment of aquaculture production of Sturgeon fish.

Important for Sturgeon aquaculture in our country is the
Russian Sturgeon. The species is often used for industrial
hybridization in connection with increased production effi-
ciency (Ponomarev & Ivanov, 2009, etc.). The Sturgeon fish
cross and under natural conditions, hybrids are often found
in sympatric populations (Chebanov & Galich, 2013).

Burtsev (2013) points out that, at the level of Acipenseri-
dae’s threatening in natural ecosystems, the development of
biotechnology for their cultivation is an innovative mecha-
nism for their recovery. Representatives of the Acipenseri-
dae family refer to species carrying out breeding migrations
(Nikolyskiy, 1971). When grown in cages, Sturgeon fish are
placed in an environment that is radically different from the
conditions in natural ecosystems where there is a complex of
factors and conditions necessary for successful reproduction.
For an efficient reproduction in a full-aquaculture super-in-
tensive farm, it is necessary to know the patterns of develop-
ment of Sturgeon in unusual conditions. In this regard, we
set our goal to study the development of ovary in Russian
Sturgeon and hybrid (Siberian and Russian Sturgeon) at the
age of five and seven years old in the spring and in the winter
using ultrasound methods.

Materials and Methods

The study was conducted with female Russian Sturgeon
(Acipenser gueldenstaedlii) at five- (Ag,) and seven years
of age (Ag,); hybrid of Siberian and Russian Sturgeon (F1
Acipenser baerii x Acipenser gueldenstaedtii) at five- (Hy,)
and seven years of age (Hy.) in the spring, and with the same
groups during the winter. We performed the first scan in May
2017 and the second in December 2017 and the beginning of
January 2018. From each group, 10 individuals (n =40) were
studied in each of the seasons. The average body weight of
the fish was: Ag, —4.952 + 0.09 kg; Ag, — 5.200 + 0.09 kg;
Hy, —4.200 £ 0.06 kg; Hy, — 5.575 £ 0.076 kg.

The fish have been grown on a farm for super intensive
production in cages localized in the reservoir of Kardzhali
since they were one summer old. By type, the reservoir refers
to large, deep reservoirs — its area is 16.07 km?, the volume
532.9 x 10°.m?. Kardzhali reservoir is located in Southeast-
ern Bulgaria at 41° 37 ‘N latitude and 25°20” E longitude. It
falls into the South-Bulgarian climate zone, the East Rhodo-
pean climatic region. The average altitude is about 280 m.

Fish from different species and age groups are grown in
separate 8x8 m cages with water depth 6 m from the surface.
The net of the cages is double, of polyamide. Feeding is with
specialized for sturgeon fish granulated feed.

Ovarian development was monitored by non-invasive

herd monitoring, using sonographic methods in live fish not
participating in the breeding campaign. A Mindray DP 50
echograph was used with a 75L38EA linear transducer (5-
10 MHz). With specialized software originally installed on
the ultrasound scanner, the thickness (cm) of the ovary was
measured at the frontal view; the girth (cm) and area (cm?) in
transverse view. Scanning was performed in the area of 3-4th
abdominal bone scute, counting from the abdominal fin to
the head on the left side of each fish. IBM SPSS Statistics 21
was used for statistical data processing.

Results and Discussion

As aresult, a collection of ultrasound images of the Rus-
sian Sturgeon and the hybrid was collected, from which we
chose the most characteristic of each group (Figures 1-9).

In sturgeon fish, sexual dimorphism is not well expressed.
Chebanov & Galich (2010) note that until recently, the lack
of appropriate methods for early diagnosis of the sex was
the main limiting factor in the creation of uterine herds of
Sturgeons for industrial rearing, and the problem has dimin-
ished after the introduction of ultrasound diagnostics. These
methods allow non-invasive determination of gonad sizes
and their individual characteristics (Du et al., 2017). The aim
is to define gender as early as possible (Masoudifard et al.,
2011).

On Figure 1 there is a frontal (1a) and a transverse (1b)
photograph of the gonads of a Ag, in the spring. The hetero-
geneous structure of the generative part and the pronounced
hipoechogenicity are well seen. The ovarian fat envelops
most of the ovary. It has a pronounced anechogenicity, which
is visualized in black in the picture. The generative tissue
is with roughly unclear contours, and the upper part clearly
shows the border between the ovary and the musculature — a
serous membrane. The height of the ovary is 1.49 cm, the
girth is 10.30 cm, and the area of the generative part is 1.97
cm. In the same species, at the age of 6 summers, during
the winter period (Fig. 2), the heterogeneous structure of
the generative part is not so well expressed. The height of
the ovary is 1.88 cm. Ovarian fat takes a small part of the
ovary at the expense of better-developed generative tissue.
The ovary’s generative part girth is 12.25 cm and the area is
4.67 cm?.

In Ag., during the spring period (Fig. 3), the heteroge-
neous structure of the generative part is well visible. The
hyperechoic serous membrane is clearly visible. The height
of the ovary is 1.11 cm, the girth is 7.03 cm and the area is
1.76 cm?. During the winter period (Fig. 4), the increased
generative part of the gonads is clearly visible. On the frontal
picture, the increased ovarian height is evident due to the
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Fig. 1. Ultrasound
images of a Ag,
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Fig. 2. Ultrasound
images of a Ag_,
(winter season)

a) frontal view

b) transverse view
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Fig. 3. Ultrasound
images of a Ag,
(spring season)
a) frontal view

b) transverse view
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Fig. 4. Ultrasound
images of a Ag_
(winter season)

a) frontal view

b) transverse view
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Fig. 9. Ultrasound images of a Hy,, with oocyte forming processes (winter season)
a) frontal view b) transverse view

accumulation of ovarian fat, clearly expressed by its anecho-
genicity. The height of the ovary is 2.81 cm. The ovarian fat
envelops almost entirely the generative tissue, which in this
case is visualized with uncleared rough contours. The serous
membrane is even more distinguishable, as it borders with
anechoic fat area. The girth of the ovarian generative part is
10.08 cm and the area is 5.03 cm?.

On Figure 5 there is a frontal (5a) and a transverse (5b)
photograph of a Hy, in the spring season. The height of the
ovary is 1.16 cm. Muscle stands out with its hypoechoic
structure, as well as the generative part of the ovary, but it is
darker in color. The serous membrane clearly stands out with
its hyperechogenicity. The generative part has a clearly ex-
pressed heterogeneous structure. Ovarian fat occupies a no-
ticeably smaller part of the gonads. The girth of the ovarian
generative part is 7.28 cm and the area is 2.02 cm?. At Hy,,
during winter season the most pronounced heterogenicity
of the ovarian generative part is observed, which occupies
a significantly smaller part at the expense of the ovarian fat,
and has a hypoechoic structure with a light hue (Fig. 6) The
measured ovary height is 2.50 cm. The girth of the ovarian
generative part is 13.14 cm and the area is 3.47 cm?.

In Hy., in the spring (Fig. 7), the generative part is with
roughly unclear contours and a heightened heterogeneous
structure and the pronounced hypoechogenicity with dif-
ferent shades. Ovarian fat occupies more than 50% of the
whole ovary. The height of the ovary is 1.70 cm. The girth
of the generative part is 11.54 cm and the area is 3.19 cm?
The ultrasound images of Hy,, during the winter season
(Fig. 8) show a better developed ovary with less ovarian fat
compared to spring photographs of individuals in the same
group. The height of the ovary is 2.79 cm, the girth is 10.23
cm and the area 5.58 cm?. The generative part has a hetero-

geneous structure and a marked hypoechoic character, but
it has lighter shades. Ovarian fat visibly occupies a smaller
part of the ovary. The muscle fibers are visualized with mod-
erate brightness, and alternating walls separated by connec-
tive tissue appear on the screen as narrow sloping, almost
vertical stripes and have a brighter hue of the muscles.

In the ultrasonographic studies in the spring, 10% of the
individuals were found to start oocyte formation. In Decem-
ber, in 30% of the studied females the oocytes are well seen.
(Fig. 9). The growth of gonads and the deposition of yolk in
oocytes leads to swallowing of ultrasound waves, thus un-
able to visualize the ventral border of the ovary and to dis-
tinguish the generative part of ovarian fat. The serous mem-
brane at the dorsal end stands out well.

In general, it can be concluded that using ultrasound im-
aging the ovaries are seen as heterogeneous structures with
mixed echogenicity, uneven borders, and without a tunic.
The fat part of the ovary is visualized in the form of darker
areas, distinct from brighter ovarian tissue.

The two parental forms involved in the hybridization —
the Russian and Siberian Sturgeons, differ significantly in
biological features. The Russian Sturgeon is a typical anad-
romous species. Chebanov & Galich (2013) note a complex
intra-species structure in natural populations of the species
(local populations, subspecies, summer and autumn forms).
The authors point out that females of this species mature
at about 10-16 years of age; Vasileva et al. (2006) — 12-15
years; Filipova & Zuevskiy (2009) in different populations
from 8-10 to 14-15 years. Sevryukov et al. (2001) establish
mass maturation of female Russian Sturgeons grown under
industrial conditions at 6-7 years. The Siberian sturgeon is a
monotypical species (Ruban, 1999), represented by isolat-
ed populations, and within the natural areas there are river,
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lake-river forms that carry out postmodromal migrations or
are not anadromous at all. In northern regions, female indi-
viduals mature at 11-30 years of age (Makeyeva et al., 2011).
Konchits & Savonchik (2010) indicate that the age of sexual
maturation in the Siberian Sturgeon can vary considerably
depending on the conditions of breeding, whereas in warm-
water farms the female fish mature at the age of 5-7 years.
Similar age (4-7 years) is indicated by Filipova & Zuevskiy
(2009). According to Ponomarev & Ivanov (2009) Siberian
Sturgeon matures earlier than Russian, and is better adapted
to artificial cultivation conditions. Its use as a parental form
is conditioned by the good characteristics of the species as
a subject of cultivation. For the first time a hybrid between
Russian and Siberian Sturgeon was obtained in the second
half of the last century (Filipova & Zuevskiy, 2009).

Our studies show that in the spring period in the Rus-
sian Sturgeon compared to the hybrid of the same age, the
ovaries are smaller in height (Table 1). In 5-year old hybrids
the height was higher by 51.1% (P < 0.05) and by the age of
7 years by 71% (p < 0.001). The individual variability of the
indicator is broad, the most significant being for Ag,, and
the lowest for Ag.. The variation in the ovarian girth is also
relatively high, with final variants being the 5 and 7-year old
Russian Sturgeon in the above-mentioned directions. How-
ever, in the ovary girth, for Ag,, the value is higher, com-
pared to the hybrid at the same age by 13.6% (p < 0.05).
In the seven-year-old individuals, of both genotypes, no sig-
nificant difference was found in the ovary girth and area. A
significant difference in ovarian area was found among Rus-

Table 1. Ovarian characteristics of Russian Sturgeon and
ing different seasons

sian Sturgeons of different age, and in the seven-year-olds it
is higher with 41.9% (p < 0.05). The ovary area is the most
variable of the three studied parameters.

In the Hy,, in winter, compared to Russian Sturgeons of
the same age, the ovary height and its girth were higher by
56.3% (p < 0.001) and 45.0% (p < 0.05) respectively, while
at 8 summer-olds, at higher hybrid parameter values, the dif-
ferences are not significant. In Ag_, the height of the ovary is
26.5% higher (p < 0.05), compared to individuals at the age
of 6 summers. The variation of the indicator in the individual
groups is quite heterogeneous — from relatively low in the
hybrids at the age of five to significant in the other groups.
A significant difference in individual variability is also seen
in the ovarian girth. As with the Russian Sturgeon and the
hybrid, at the 6 summers of age, the variation is significantly
higher than at the 8 summer-olds. Ovarian area in hybrids
of different ages is similar, whereas in Russian Sturgeon the
ovary area of the 8-summer-old fish is 68.4% (p < 0.001)
larger than the 6-summer-old. In the Ag_,, the ovarian area
variation is extremely high. The smallest is the coefficient of
variation in Hy,.

A significant increase in the size of the gonads from
spring to winter was found in the hybrids of both age groups
(Fig. 10). In five-year-olds, ovarian height increased by
69.8% (p < 0.05); the girth by 68.0% (p < 0.05); area — al-
most three times (p < 0.001). In the seven-year-olds differ-
ences are: 32.8% (P < 0.05); 29.5% (P < 0.05); 2.3 times (p
< 0.01) respectively. In the Russian Sturgeon at the age of 7
years the height increased by 78.5% (p < 0.001), the girth by

Siberian and Russian Sturgeon hybrid, of different ages dur-

Genotype / Age
Ag. Ag,, Ag, Ag,. Hy; Hy. Hy, Hy,.
Indices (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Season
Spring | Winter | Spring | Winter | Spring | Winter | Spring | Winter
Height, cm
AX 0.92ci 1.51dfi 1.07ah 1.91th 1.39bce 2.36de 1.83abg 243g
+Sx 0.11 0.14 0.07 0.17 0.10 0.08 0.12 0.30
CVv 35.40 27.85 17.39 24.90 20.01 8.70 18.15 30.10
Girth, cm
AX 7.03¢c 7.17af 7.15h 9.27ah 6.19ce 10.40fe 7.29g 9.44g
+Sx 0.59 1.02 0.35 0.23 0.37 0.75 0.67 0.33
CV 25.36 42.60 13.76 7.16 15.89 17.69 26.11 8.65
Area, cm®
AX 1.29cf 2.12def 1.83ci 3.57di 1.57a 4.35ea 1.84b 431b
+Sx 0.14 0.46 0.18 0.40 0.18 0.31 0.24 0.71
Cv 33.43 64.85 28.03 31.72 30.09 17.39 36.83 40.49

Differences between the values denoted by the same symbols in the rows are significant: a; d; e —p < 0.001; b; i —p < 0.01; ¢; f; g— p <0.05
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Fig. 10. Ovarian development of Russian Sturgeon
(Acipenser gueldenstaedtii) and hybrid of Siberian and
Russian Sturgeon (F1 Acipenser baerii x Acipenser guel-
denstaedtii), at different ages, through different seasons
(height, cm; girth, cm; area, cm?)

28.9% (p < 0.001) and the area by 95.08%. (p <0.01); while
in the case of five-year-olds, the girth did not change signifi-
cantly with a significant height increase of 64.1% (p < 0.01)
and the area of 64.3% (p < 0.05).

Conclusions

Ultrasound monitoring of live individuals provides a
good opportunity to track ovarian development in Sturgeon
fish. On the ultrasound image, they are seen as heteroge-
neous structures with mixed echogenicity, uneven borders,
and without a tunic. The ovarian fat is visualized in the form
of darker areas.

During the growing season, in hybrids, the size of the
gonads grew significantly and by five-year-olds the increase
was substantial compared to the seven-year-olds. The Rus-
sian Sturgeon has the same regularity, with the dynamics
of seven-year-olds being more substantial. In hybrids, the
height of the ovary is higher than that of the Russian Stur-
geon, while the differences in girth and area vary across sea-
sons and age groups.

During the spring season, 10% of the hybrids are found
to begin oocyte formation. In December, oocytes are very
well seen in 30% of the studied females.
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