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Abstract—This study was aimed at assessing the state of reproductive function according to the fish-breeding,
hematological, and morphophysiological parameters of the female paddlefish Polyodonspathula (Walbaum,
1792), which have repeatedly matured and spawned for food and fish breeding purposes. The work was carried
out in 2019—2020 at the BIOS experimental aquaculture complex in the Astrakhan region. It has been shown
that the age of the fish, the number of maturations, and the interspawning periods are the most important
factors that made it possible to compare the fish-breeding and biological parameters of paddlefish females
that matured and spawned in 2020. The stability of the coefficient of fatness explains the degree of activity of
the reproductive function of female paddlefish. Significant differences in morphophysiological parameters
between age groups, as well as between females from which caviar for various purposes was obtained, have not
been shown. The leukocyte formula of the blood of the studied paddlefish females showed a lymphoid char-
acter and viscoelastic properties of leukocytes, as well as the cell agglutination noted during the separation of
individual blood components. The distribution of leukocyte types differed slightly depending on the age com-
position (CV'=35.55and 35.23%, P<0.05; CV'=23.96 and 30.92%, P < 0.05, 23, and 18 years, respectively).
The results of hematological studies showed that the younger generation (18 years old) of female paddlefish,
from which caviar was obtained for food purposes, is better adapted than the older generation (23 years old),
and the development of reproductive function is less susceptible to stress factors during maturation. A differ-
ent picture is observed for fish that have spawned for fish breeding purposes.

Keywords: female paddlefish, maturation age, interspawning periods, spawn yield, hemoglobin, total serum
protein, leukocyte count, reproductive function
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The American paddlefish (Polyodonspathula Wal-
baum 1792) has distinctive features, which include
high growth rates due to an unusual way of eating food
by filtering water containing nutrient organisms, as
well as the possibility of obtaining delicious meat and
expensive black caviar (Melchenkov and Kanidieva,
2015). In 1974, Polyodonspathula larvae were first
imported from the United States (Missouri) to Europe
in three regions of the USSR: Krasnodar Territory
(experimental plant Goryachiy Klyuch), Donetsk
region of Ukraine (Donrybokombinat) and Astrakhan
region (Ikryaninsky plant; Elnakeeb et al., 2021). For
40 years, scientists have been working on the acclima-
tization of paddlefish, which resulted in fish breeding

and technological standards for rearing paddlefish in
ponds and recommendations for breeding (Kozlov,
1998). Paddlefish, like sturgeon, reaches sexual matu-
rity at a later age and larger size than the majority of
other fish species (Belyaeva et al., 1997). Sexual matu-
rity of females occurs at 7—14 years (about 6 years in
river conditions) with a weight of 10—15 kg and a total
length of 107—140 cm (Elnakib et al., 2022). An ade-
quate understanding of the costs of its reproduction is
required to appreciate and properly scientifically
understand the active growth and development of the
paddlefish in aquaculture. The same knowledge is
necessary for the conservation of the species, and not
only for understanding the evolution of the life cycle.
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Fig. 1. The BIOS scientific-experimental complex of aquaculture.

Studies of the reproductive function of paddlefish
females matured under artificial conditions and a
comparative assessment with indicators of fish of nat-
ural origin are very relevant for the further develop-
ment of the aquaculture of this valuable species.

Hematological parameters of aquaculture fish are
indicators of changes in their health, which can be
caused by stress, diseases, and rearing conditions
affecting productivity (Fazio, 2019; Ahmed et al.,
2020). The physiological status of females, determined
by a hematological indicator, as one of the most com-
mon biomarkers for monitoring homeostasis in fish,
especially during spawning periods, can be one of the
most reliable assessments of the state of reproductive
function (Priborsky and Velisek, 2018).

It is known that the correlation of the fish index is
closely related to the hemoglobin level, the number of
erythrocytes, and serum protein (Demkina et al.,
1977), since they increase with age (Sennikova et al.,
2014). In this context, the hemoglobin content is lower
in younger fish than in older ones, and it decreases in
the interspawning periods (Arkhangelsky and Vikhly-
aeva, 1999). The physiological state of the fish and
the degree of its change, which is caused by positive
or negative factors of external and internal nature,
are most fully assessed by blood indicators. In this
regard, hematological parameters during the
spawning period are significant biological markers
that characterize the reproductive function of fish
(Melchenkov, 1992).

The purpose of the research is to evaluate the
reproductive function of the paddlefish according to
fish-breeding, biological, and hematological parame-
ters of repeatedly matured females in ponds when
obtaining mature oocytes for food and fish-breeding
purposes.

ARID ECOSYSTEMS  Vol. 12
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MATERIAL AND METHODS

The work was carried out during two fish-breeding
seasons of 2019—2020 at the BIOS Research and
Experimental Aquaculture Complex of the Volga-
Caspian Branch of the All-Russian Research Institute
of Fisheries and Oceanography (Fig. 1).

The 2020 spawning campaign involved 63 paddle-
fish females, who repeatedly matured and spawned for
food and fish farming purposes. Selected spawners
were separated by sex and placed separately in 18 con-
crete pools, which maintained the necessary condi-
tions: water temperature 16—20°C, oxygen content
5.5-6.2 mg/L, pH 7.0—7.4. The following indicators
were calculated to assess the reproductive function of
paddlefish females: the age of maturation, the number
and frequency of maturation, and the yield of spawn
according to the formula:

B = m/ M x100%, (1

where m is the mass of spawn, kg and M is the body
mass of the female, kg.

The readiness of females for spawning was deter-
mined using the coefficient of polarization of spawn
by selecting oocytes using probe samples. To deter-
mine the activity of spermatozoa, semen was collected
using a Janet syringe or pressure on the abdominal
cavity in the direction of the urogenital opening
(Mims et al., 2000).

Morphometric indicators (body weight and length)
were recorded, and data from electronic tags were read
to identify fish. The efficiency of growing paddlefish
in ponds was calculated by the Fulton’s fatness coeffi-
cient (Pravdin, 1966) according to the formula:

K =100x (mass,g)/ (length,cm)’, )

where K is the fatness factor, in percentage.

Studies were carried out to assess the state of the
blood according to the leukocyte formula, the concen-



498

SUDAKOVA et al.

Table 1. Fish breeding and hematological parameters of female paddlefish (Polyodonspathula) spawning in 2020

e of first Spawn yield, .
Female no. rﬁituration, of II:;E}ZSirons MNP of felzl/llzjz, ke | of ij:rsl’ ke l;; of bs;dy Hem;)/glldobm, TSP, g/L
years mass
1st group 1997 (age 23)
1 15 4 4 15.3 1.7 11 100.9 32.8
2 15 3 4 15.4 1.4 9 97.1 21.8
3 19 2 4 19.6 1.7 9 108.7 17.4
4 23 1 — 13.3 1.5 11 75.5 30.6
5 19 2 4 14.2 1.1 8 98.8 11.9
6 19 2 4 20.2 2.8 14 113.3 29.5
7 15 6 1 15.8 1.3 112.9 29.5
8 21 2 2 15.4 1.3 90.4 14.1
2nd group 2002 (age 18)
9 13 2 4 13.8 1.5 11 97.1 19.6
10 9 4 3 15.3 2.0 13 75.9 16.3
11 13 2 4 16.8 Resorb. - 113.6 31.7
12 15 2 2 14.2 1.8 13 78.7 14.1
13 15 2 2 11.6 1.0 9 81.9 26.2
tration of hemoglobin (Hb), and total serum protein RESULTS AND DISCUSSION

(RSP). The experiment involved two groups of female
paddlefish, matured in 2020, from which they received
caviar: eight individuals born in 1997 and five individ-
uals born in 2002; and four individuals born in 1997
and five individuals born in 2002 for fish breeding pur-
poses. The following blood parameters were calcu-
lated: the number of blood cells, the concentration of
hemoglobin, the level of serum proteins, and the leu-
kocyte blood count. Hemoglobin (Hb) concentration
was measured from hemoglobin cyanide concentra-
tion using a PE-5400 UV/Vis spectrophotometer. The
content of total protein in blood plasma was assessed
using an IRF-22 refractometer. The leukocytes were
classified visually on blood smears using a sliding glass
slide (glass size, 24 mm % 50 mm). Blood smears were
stained according to Pappenheim using the May-Griin-
waldGiemsa (MGG) dye, and the Fish Blood Atlas (Iva-
nova, 1983) was used to study cell morphology.

Statistical analysis was performed using
XLSTAT®2019.2.1 and R academic software (R Core
Team 2016). The level of statistical significance set at
p < 0.05 (95% confidence interval) and tolerance of
0.0001 was used for the analysis. Data are presented as
the mean * standard error. To study the hematological
profile of fish, a study of the homogeneity of disper-
sion (Skewness-Kurtosis test) was performed, taking
into account their fluctuations based on the age struc-
ture of fish, as suggested by (Sennikova et al., 2014).

Hematological studies were performed on females
from which caviar was obtained in two age groups (23
years and 18 years), which revealed significant differ-
ences between them.

The results of studies of female paddlefish, from which
mature oocytes were obtained for use in food purposes.
The physiological state (fish-breeding, biological,
hematological, and morphophysiological parameters)
was studied in 13 paddlefish females, from which
spawn was obtained for processing for food products, and
the leukocyte formula of their blood was also studied.

The obtained results of fish-breeding and hemato-
logical parameters presented in Table 1 indicate that
the highest hemoglobin values (113.3 g/L) were shown
by female No. 6, which first matured at the age of
19 years and gave the largest amount of caviar during
the second maturation: 2.8 kg (yield of 14%). Female
paddlefish No. 7 matured six times and also had high
hemoglobin values, 112.9 g/L, but a smaller amount of
spawn was obtained from her (1.3 kg, yield 8%). The
average protein content in the blood serum of the
studied females was 23.45 g/L, the highest values were
observed in individuals Nos. 1 and 4 (32.8 and
30.6 g/L), the lowest values were in females nos. 2 and 3:
14.1 and 11.9 g/L, below average.

Attention is drawn to the low values of spawn yield,
the average indicator of which is 9.8%, which is almost
2 times less than in paddlefish females from the natu-
ral habitat in America (15—25%) and 1.5 times lower
for acclimatized individuals in an experimental fish

ARID ECOSYSTEMS  Vol. 12
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Table 2. The morphophysiological parameters of spawning paddlefish
Statistical . . . Fulton’s fatness Hemoglobin Total protein
indicators Weight of fish, kg | Fish length, cm coefficient concentration, g/L | in blood serum, g/L
1st group 1997 (23 years old, n = 8)
MEtm 16.15+£0.9 144.88 £ 2.1 0.41 £ 0.06 99.7 + 4.47 2345129
c 2.46 5.94 0.17 12.66 8.21
v, % 15.2 4.1 41.15 12.69 35.01
2nd group 2002 (18 years old, n =5)
M=Em 14.34 £ 0.9 143.2+2.3 0.45+0.04 89.44 £ 7.06 21.58 £ 3.3
o 1.92 5.22 0.09 15.79 7.27
CV, % 13.41 3.64 19.99 17.66 33.7

hatchery farm Goryachiy Klyuch of the Krasnodar
Territory in Russia (Melchenkov, 1992).

The morphophysiological parameters in the studied
paddlefish females (length-to-weight ratio) were low
(Table 2). The average value of the fatness coefficient
was relatively low, less than one, with a satisfactory
physiological state.

The physiological state of the paddlefish born in
2002 was also satisfactory, the average hemoglobin
concentration was 89.5 g/L, the minimum values were
noted in individuals nos. 10 and 12 (75.9 and 78.7 g/L),
and the maximum values were observed in female
no. 11 (113.6 g/L), which also had the highest body
mass, 16.8 kg. The total protein in the blood serum
(TSP) were low and averaged 21.6 g/L, which some-
what differs from the values of the TSP in the first
group.

Older female paddlefish (23 years old) had a
slightly larger mass (over 16 kg) and matured at 15 and

B 23 years
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19 years of age. Their average blood counts were also
better than those of the second fish, but the spawn
yield rate was higher in females that reached puberty
earlier, at 18 years.

The leukocyte formula of the paddlefish females
showed that all fish leukocytes are divided into two
groups: granulocytes and agranulocytes. Determining
the leukocyte types of paddlefish females in two age
groups (23 and 18 years old) made it possible to identify
significant differences between them (Fig. 2, Table 3).
Young forms of neutrophilic granulocytes and eosino-
phils, which is interpreted as a hyperfunctional ele-
ment, were observed in the analyzed blood smears. In
contrast, different levels of stab granulocytes were
found in mature forms in two groups (23 and 18 years
old), which is consistent with the published data (Sen-
nikova et al., 2014).

In general, leukocytes of female paddlefish showed
a slight positive asymmetric distribution in both

18 years
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Fig. 2. The ratio of different types of leukocytes in female paddlefish. Symbols for Fig. 2 and 3: Y, B, S, young (metamyelocytes),
band, and segmented granulocytes; E, eosinophils; M, monocytes; L, lymphocytes; N, neutrophils; MY, myelocyte.
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Table 3. The statistical parameters of distributions of different types of leukocytes by age maturation of paddlefish females

during the spawning period of 2020

Age groups
Indicators 1st group 1997 2nd group 2002 f(;l;};efzr(:;;;e
(23 years old, n = 8) (18 years old, n = 5)
sturgeon, %*
Mtm Y K v, % M=Em Y K v, %

Neutrophils, % 36 £291| 0.82 | —1.21 | 22.86 36 £2.59|-0.19 |—2.97 | 16.08 18.25
Myelocyte 2.7+0.57| 0.71 | —0.33 | 50.85 44+121| 018 |—0.68 | 61.41 5.25
Metamyelocytes 109+ 1.75| —0.39 | —1.17 | 4543 |14.6 £2.54| 0.67 0.34 | 38.93 1.75
Band granulocytes 16.6 = 1.73| —0.7 —-0.2 29.46 10£261| 019 [—-2.03 | 58.31 1.0
Segmented granulocytes | 5.4 £0.63| 0.9 —1.06 | 32.89 7+1.1 0.17 | =175 | 34.99 10.25
Eosinophils 6.6 £ 1.08 0.59 0.63 | 46.3 441051 04 —0.18 | 25.91 2.25
Monocytes 24+048 0.73 | —0.74 | 46.69 2.0+0.32] 0 2.0 35.36 0.1
Lymphocytes 56 +1.96| —0.8 —0.37 9.92 |[57.6+28 |-044 |—1.39 | 10.88 67.15
Nucleus displacement +
Agglutination + +

Notes on Tables 3 and 6: v, the skewness coefficient, K, the kurtosis coefficient; Grushko, 2009).

groups, which, as a rule, was symmetrical about the
median (skewness was 0.23 £ 0.26, 0.12 = 0.12, M £ m).
Kurtosis less than one indicates the proximity of the
distribution to the surface (kurtosis was —0.56 £ 0.22,
—0.83 £ 0.55, M = m). Thus, the distribution of blood
components does not differ in age composition (CV =
35.55and 35.23%, p < 0.05).

The results we obtained indicate that the lympho-
cytes predominated in the blood of all the female pad-
dlefish studied, accounting for about or more than half
of the total. In some individuals, lymphocytes were
reduced to 41—42% due to an increase in the number
of neutrophilic granulocytes. In addition to lympho-
cytes from agranulocytes, there were also monocytes,
which accounted for 2—4% of all leukocytes. Among
granular leukocytes, the eosinophil content was in the
range of 7—4%, although the remaining proportions of
leukocyte components indicate no significant differ-
ences in age-related immunity and stability, which is
expected due to the exposure of all females to stress
during their spawning period, contrary to the results
published by (Sennikova et al., 2014). The viscoelastic
properties of leukocytes showed that the rate of dis-
placement of nuclei during the separation of individ-
ual blood components (depending on particle size) is
higher than in older fish.

The results of studies of female paddlefish, from which
mature oocytes were obtained for fish breeding purposes.
The results of studies of fish-breeding and hematolog-
ical parameters indicate that the paddlefish females
were in a satisfactory physiological state (Table 4). The
hemoglobin concentration varied: the mean value in
older adults was 95.3 + 6.75 g/L.

The hemoglobin concentration was higher in
repeatedly mature females; for example, female no. 2,

which matured three times, had Hb = 109.8 g/L while
this indicator was one-third lower, 77.3 g/L, in female
no. 3, which spawned once. At the same time, the
female paddlefish with a high hemoglobin value had
the lowest protein content in blood serum, which indi-
cates a decrease in somatic growth and fertility. It was
found that the weight of female #2 was 11.2 kg, which
was below the average value (13.8 kg). Therefore, it can
be assumed that fish weight and serum protein content
are associated with reproductive efficiency regardless
of hemoglobin concentration, but only as long as it
does not fall below the average value (95.3 = 6.75g/L).
This is confirmed by a large yield of spawn, as evi-
denced by the data of specimen no. 1 (20%) with a
hemoglobin value of 98.8 g/L.. The hemoglobin con-
centration in female no. 3 was low, less than the aver-
age value (77.3 g/L) with a large body weight (15.5 kg),
and the yield of spawn was lower (10%).

The second group of female paddlefish born in
2002 matured several times, except for fish no. 6. Their
interspawning periods were about 4 years, which is
very important for assessing reproductive function.
The average values of hemoglobin concentration in
the blood of fish of this group were 105.26 + 7.12 g/L,
and the content of serum protein was 24.8 = 1.46 g/L.
It should be noted that there is a pattern of influence
of fish breeding indicators on the spawn yield. Thus,
females Nos. 5, 7, and 8 matured several times at an early
age of reaching sexual maturity, on average 12 years,
interspawning periods lasted for 4 years, and the aver-
age value of their weight was about 14 kg. The percent-
age of spawn yield was insignificant (12—11%), despite
the fact that the hemoglobin concentration was lower
than its average value. Obviously, the weight of the fish
and the concentration of hemoglobin did not affect

ARID ECOSYSTEMS  Vol. 12
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Table 4. The fish breeding and hematological parameters of female paddlefish (Polyodonspathula) spawning in 2020
e of first Spawn yield .
Female no. rlzituration, Number =\ yp | Mass Mass % ofbyody | Hemoglobin, | .o, oy
years of maturations of female, kg | of spawn, kg mass g/L
1st group 1997 (age 23)
1 23 1 1 15.3 3 20 98.8 19.6
2 20 3 2 11.2 1.1 10 109.8 11.9
3 23 1 1 15.5 1.5 10 77.3 17.4
4 23 1 1 13.3 1.5 11 95.3 21.8
2nd group 2002 (age 18)
5 14 2 4 13.5 1.68 12 90.7 26.2
6 18 1 1 14.1 1.2 9 117.2 29.5
7 10 5 3 17.4 1.69 10 126.4 23.8
8 14 2 4 13.3 1.45 11 91.4 20.7
9 10 4 3 18.2 H/O H/O 100.6 23.8
Table 5. The morphophysiological parameters of the spawning paddlefish
Statistical . . . Fulton’s fatness Hemoglobin Total protein
indicators Weight of fish, kg | Fish length, cm coefficient concentragtion, g/L |in blood sI;rum, g/L
1st group 1997 (23 years old, n = 4)
M=Em 12.83 £0.75 140.25 + 3.33 0.46 = 0.01 95.3+6.75 17.68 £ 2.12
z 1.51 6.65 0.02 13.5 4.25
CV, % 11.75 4.74 4.78 14.16 24.04
2nd group 2002 (18 years old, n = 5)
MEtm 14.14 £ 0.9 144 £ 3.39 0.47 £ 0.02 105.26 £ 7.12 24.8 + 1.46
z 2.02 7.58 0.03 15.93 3.27
CV, % 14.27 5.27 7.16 15.14 13.2

the reproductive function; on the contrary, the age at
which sexual maturity was reached, the number of
maturations, and the period between spawning were
decisive factors in determining the effectiveness of the
reproductive function. It should be noted that female
paddlefish no. 6 had high concentrations of hemoglo-
bin and serum protein (117.2 and 29.5 g/L), but she
matured later (at 18 years old) and the yield of her
spawn was only 9%. Hemoglobin concentration and
serum protein content are the main indicators of the
physiological state of fish, but not of reproductive
function.

The morphophysiological indicators of paddlefish
females (Table 5) indicate low parameters of the fat-
ness coefficient (<1), but the content of hemoglobin
and TSP in groups of different ages was above average,
which indicates a good physiological state of females.

Erythrocytes are represented by mature forms of
the erythroid series; these are cells of an ellipsoidal
type with a centrally located rounded compacted
nucleus of a dark purple color, they contain the respi-

ARID ECOSYSTEMS  Vol. 12

No.4 2022

ratory pigment hemoglobin in the cytoplasm. In addi-
tion to supplying the body with oxygen and nutrients,
they perform enzymatic functions (Elnakib et al.,
2021).

Slight changes are traced in red blood cells. Thus,
an increase in cell size (anisocytosis) was observed in
13% of fish, and a change in the shape of erythrocytes
in the form of deformation, possibly caused by
mechanical damage rather than poikilocytosis, was
found. A slightly noticeable displacement of the
nucleus towards the membrane was observed in single
erythrocytes (in 18% of cases). It is known that such
changes in the cells of the erythroid series are a revers-
ible process, and, in the future, erythrocytes can sepa-
rate from each other without being damaged.

The study of the leukocyte blood formula showed that
lymphocytes predominated in all females, accounting
for about or more than half of all leukocytes. In some
individuals, lymphocytes were reduced to 44—49%
due to an increase in the number of neutrophilic gran-
ulocytes. With respect to metamyelocytes and their
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Fig. 3. The ratio of different types of leukocytes in female paddlefish.

stage of development, the percentage was inversely
proportional to lymphocytes, which decreased more
in late-maturing fish (9%) as opposed to middle-aged
fish (11%). Metamyelocytes were the most studied
granulocytic cells in all the studied fish. In contrast,
pranulocytes and segmented granulocytes, eosino-
phils, and monocytes were higher in older females
than in middle-aged females (23 years, 13 and 6%; 18
years, 19 and 12%). Equal proportions of myelocytes,
eosinophils, and monocytes were found in both
groups (Fig. 3).

According to R.A. Bullis (1993), the paddlefish
leukocyte differential had a much larger range than the
0 to 4% range reported for other fish species and a
lower percentage of granulocytes, consistent with pub-
lished data (Petrie-Hanson and Peterman, 2005). The
uniformity of variance results from the Skewness-Kur-
tosis test are presented in Table 6.

A slightly positive asymmetric distribution of pad-
dlefish uterine stage leukocytes was observed in both
groups, apparently symmetrically close to the median
(asymmetry was 0.32 = 0.38 and —0.01 = 0.18). The
kurtosis distribution means that the data tends to be

Table 6. The statistical parameters of the distributions of various types of leukocytes by the age of maturation of female

paddlefish during the spawning period, 2020

Age groups
Indicators Ist group 1997 2nd group 2002 f(;l;h; frelr(;r;;
(23 years old, n = 8) (18 years old, n =5)
sturgeon, %*
MEtm T K v, % M=Em " K v, %
Neutrophils, % 43.5+0.87| 0 —6 398 | 358%+3.71| 0.36 |—1.05 23.15 18.25
Myelocyte 2.25+0.48|—-0.85 | —1.29 | 42.55 3.2+£0.37|-0.51 |-0.61 26.15 5.25
Metamyelocytes 1325+ 1.7 1.2 1.98 | 25.69 | 15.4+2.04|—-0.48 |-2.9 29.61 1.75
Band granulocytes 19+2.58| 0 —1.2 27.18 12 +1.45|-0.73 2 27 1.0
Segmented granulocytes 9+ 178 1.33 1.5 39.54 52+116| 0.5 0.8 49.78 10.25
Eosinophils 6+0 — — 54+0.87| 0.08 |—0.82 36.10 2.25
Monocytes 3+£0.71| 141 1.5 47.14 2.8+0.49| 0.61 |—-3.33 39.12 0.1
Lymphocytes 475+ 1.32|-0.86 |[—0.29 5.57 56 £4.12| 0.1 —1.36 16.46 67.15
Nucleus displacement +
Agglutination + +
ARID ECOSYSTEMS  Vol. 12 No.4 2022
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distributed around the median in different directions
(0.56 £ 1.04 and —0.91 = 0.62).

The morphological picture of the Russian stur-
geon, which, to a certain extent, is similar to the pad-
dlefish presented by S.B. Pillows (1988) was used for
comparison. The proportion of lymphocytes in stur-
geon females fluctuated inversely with neutrophils, as
in the paddlefish, which is clearly seen in the first
group. It should be noted that the number of mono-
cytes was an order of magnitude greater, and the num-
ber of eosinophils was 3 times greater than in female
sturgeon, which is confirmed by a number of research-
ers (Grushko, 2009; Ivanova, 1983; Pillow, 1999). Of
course, it is necessary to further study the differential
number of leukocytes for different age paddlefish at
different times of spawning.

Thus, the distribution of leukocyte components
differed slightly depending on the age composition.
The results showed that young females had a higher
rate of nuclear displacement than older females, indi-
cating poor leukocyte characteristics.

CONCLUSIONS

Hematological studies showed that all the studied
female paddlefish were in satisfactory physiological
condition. Significant differences in the concentra-
tions of hemoglobin and serum protein in the blood
were not revealed. The blood obtained from paddle-
fish females had high hemoglobin values, which indi-
cates a good adaptation of the fish to new conditions
of keeping and their considerable endurance. It was
found that paddlefish females in the pond conditions
of the Astrakhan region reached sexual maturity later,
the yield of spawn also turned out to be lower com-
pared to fish from the natural habitat in North Amer-
ica and fish acclimatized in the Krasnodar Territory.
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