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Abstract. The reproductive system of the female so-iuy mullet Liza
haematocheilus (Temminck & Schlegel, 1845) from the Azov-Black Sea
basin has been analyzed regarding the season of observation, fish sex and
stages of gonad maturity. The median and percentile values which can be
used like control values for formation of qualitative characteristic of
variational range of certain individual diameters of oocyte based on the
empirical median calculated for this individual were calculated basing on
the assessment of variational ranges of the large samples of oocyte of
trophoblastic growth. It was demonstrated that in Azov-Black Sea basin’s
conditions the so-iuy mullet spawning occurs as a single-portioned type
except the years with protracted and cold winter. In such conditions is
possible a two-portioned spawning.

1 Introduction
The object of this searching is the so-iuy mullet Liza haematocheilus (Temminck &
Schlegel, 1845) which has become a significant fishing object after its introduction to the
Azov-Black sea basin [1, 2]. Besides, the interest in the so-iuy mullet Liza haematocheilus
as in an object of artificial reproduction and commercial aquaculture is significant [3-5].
The acclimatization of all species assumes not only choosing a specific ecological
niche, place in the food chain, and physical and chemical characteristics of the habitat and
so on, but also a possibility of normal maturation and survival during the sensitive periods
of ontogenesis [6 - 8]. The reproductive habits of the so-iuy mullet Liza haematocheilus
are of interest. It is explained by the continuation of the process of the so-iuy mullet ’s
acclimatization to the conditions of the Azov and Black seas. The Peter the Great Gulf in
the Sea of Japan in which the so-iuy mullet fingerlings were caught for the introduction
differs from Azov and Black seas in indicators of seasonal temperature changes,
temperature maximum and salinity of the water. Research has shown that new living
conditions have led to certain changes in the physiology and morphology of the species [9].
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Despite many years of research on various indicators of the so-iuy mullet living in the
Azov-Black Sea basin [10], currently there is no generally recognized information in fish
farming and fishing about the physiological and biochemical standards of this species in
relation to the area of its introduction.
The purpose of this article is to study the dynamics of maturation of the so-iuy mullet
gonads in the Azov-Black Sea basin as a reflection of the adaptation strategy on the part of
the reproductive system, as well as to determine the quantitative boundaries of oocyte size
that can be used in the qualitative assessment of the state of individual in relation to the
conditions of the Azov-black sea basin.

2 Materials and methods
The results of the research were obtained from samples of fish caught from 2001 to 2018 in
the Azov Sea basin during trawl fishing and industrial coastal fishing (the Kerch Strait, the
Central part of the Azov sea and the Taganrog Bay). The high migration activity of the soiuy mullet suggests that there is no differentiation into subpopulations in the sea of Azov,
and thus there is no need to separate fish depending on the place of catch. In autumn prewintering season fishing was hold from late October to early December, in early spring
season it was hold from late March to early April, and during the spawning run it was hold
from late May to early June.
The total number of studied fish was 836 individuals. A brief description of fish
samples depending on the studied period of life, sex, and stage of gonad maturity is
presented in table 1. Physiological and biochemical parameters were evaluated in fish
ranging in size from 18 cm (two-year-olds) to 68 cm (nine-year-olds).
Table 1. General characteristics of the fish in different periods of their life cycles
Period of life

Sex

Males
Pre-wintering period
Females

Males
After wintering
Females

Males
Pre-spawning period

Females

Gonad
maturity stage

Number, pcs

Length, cm

Weight, g

M±Sx

M±Sx

II

54

44.8±6.61

1528±743

III

58

50.0±4.78

2222±722

II

73

45.5±10.15

1766±1004

III

49

49.4±8.92

2535±1168

II

51

42.0±7.62

1417±787

III

48

48.9±5.26

1848±770

II

49

38.8±10.07

1217±831

III

52

49.8±5.57

2119±992

III

51

44.4±5.90

1342±642

IV

102

45.9±5.02

1532±560

V

49

49.6±5.68

2046±940

III

52

45.8±5.59

1611±808

IV

95

48.6±6.41

2026±976

V

53

47.5±6.70

2346±1022

Note: M is the average value of the parameter, Sx is the standard deviation.
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The diameter of oocyte was evaluated microscopically at 40 times magnification. The
size range of oocytes was calculated for 30-45 females in each of the observation seasons.
Each female was measured for 150-200 oocytes of different sizes. The stages of maturity of
the gonads of females and males were determined according to the scale proposed by E. B.
Moiseeva and A. K. Lyubomudrov [9].
Mathematical data processing was performed by use of specialized software: MS Excel
V. 13, Statsoft Statistica V. 12.

3 Results and discussion
Fish gonads are in constant development that is why they are integral reflection of
individual’s condition in general. The gonads condition, their morphology and maturity
stage are influenced by:
- environmental factors (temperature, oxygenation, salinity, pollution and etc.)
- biological factors (population density, food composition and nutrition, interspecific and
intraspecific relationships and etc.)
- internal organism’s factors (the level of plastic and energy reserves, hormonal status, age,
weight, health status and etc.)
It should be noted that the condition of the reproductive system of individuals
determines the state of the whole organism (organism level), and reproductive capacity of
the population (population level).
The adaptive features of the reproductive system of the so-iuy mullet from the AzovBlack Sea basin have been studied in detail, but, as the analysis of literature data shows, the
results obtained by different researchers are quite heterogeneous, and sometimes
contradictory [11,12].
The differences in habitat parameters between the Azov-Black Sea basin and the Peter
the Great Bay in terms of seasonal changes in temperature, temperature maximum, and
water salinity led, as studies have shown, to certain changes in the physiology and
morphology of the species. It was shown that the higher temperature background of the
Azov and Black seas caused an increase in growth paces and a decrease in the age of first
maturation by an average of 1-2 years. The adaptation to the Azov-Black sea conditions
was resulted in the size heterogeneity of mature eggs, as well as in a decrease in the average
size of oocytes compared to the far eastern population [13]. There is information about the
portionality of gonad maturation in females caught off the black sea coasts of the Caucasus
and Crimea.
Our studies have shown that at the beginning of winter, 25 % of females had gonads at a
maturity stage II–III and 75% of females at a maturity stage III [17]. Starting from the
autumn period, the gonads of female of the so-iuy mullet contain oocytes of two
generations: reserve and current production fund (Fig. 1). The first oocytes do not mature
during the current season and remain at the stage of protoplasmic growth; the diameter of
these oocytes is 30-140 microns. It is suggested that they are a reserve for reproduction of
the next period. Oocytes of the second group stand out by their size and are more mature,
being the expenditure fund of the current spawning; the diameter of oocytes varies within
160-450 microns (Fig. 2). Fishes overwinter, having gonads at II, II–III and III stages of
maturity. During the winter period, depending on the temperature, the development of
gonads either stops or goes at a slow pace.
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Fig. 1. Micrograph of the so-iuy mullet oocytes. Gonads at maturity stage II–III. 40x magnification
А – trophoplasmatic growth of an oocyte (stage III), В – protoplasmatic growth of an oocyte (stage II)

The features of maturation of the female so-iuy mullet in the spring and early summer
periods are described in detail in a number of works. It was shown that oocytes from both
populations increase in size by mid-March. Oocytes of the reserve fund stop growing,
reaching the size of 150-250 microns; the group of trophoplasmic oocytes is represented by
cells of different sizes without a pronounced modality. In our research, it was found that
oocytes of trophoplasmic growth ae characterized by different sizes (225-450 microns) with
pronounced mono- or bimodality. On average, for the entire sample of the so-iuy mullet
caught in late March – early April, the modal group of trophoplasmic oocytes is in the
range of 300-400 microns (Fig. 2). The majority of females during this period had gonads
at a maturity stage III.
The amount of protein and lipids in muscle tissue, gonads, and liver is considered as an
indicator of plastic metabolism in fish. In the pre-winter period, the level of protein and fat
accumulation in muscle tissue depends on the degree of gonad maturity. It was found that
both males and females of pilengas with gonads of the third stage of maturity had higher
values of protein and fat accumulation than individuals with gonads of the second stage of
maturity. Thus, the best conditions for feeding and accumulation of reserve substances have
a positive effect on the rate of maturation of sexual products by the beginning of the winter
season.
By the early spring period, the amount of plastic reserves in fish muscle tissue decreases
compared to autumn; the dynamics of the decline in indicators continues to the beginning
of the spawning period when comparing fish with the same stage of maturity.
The content of total protein in the gonads of females in the pre-winter period
significantly exceeds these indicators in males, regardless of the current stage of maturity.
At the end of winter, there are no differences in this indicator between females and males
when comparing individuals with the same stage of gonad maturity. At the same time,
males and females in the III stage of maturity show higher values compared to individuals
in the II stage of maturity. In the pre-spawning period, the total protein content in the
gonads of females exceeds that of males by almost three times, regardless of the level of
gonad maturity. A similar ratio between females and males in the pre-spawning period is
noted for the content of total lipids in the gonads.
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Fig. 2. Size composition of the so-iuy mullet oocytes during various observation seasons

The formation of the expenditure fund of germ cells occurs by the so-iuy mullet in the
background of an increase in water temperature in a relatively short period of time, lasting
20-40 days starting from the second decade of May. By the end of May, oocytes in ovaries
of the so-iuy mullet are represented by populations of 150-250 microns and 500-700
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microns with a single modal size of 500-600 microns. The majority of females during this
period had gonads at a maturity stage III–IV. It should be noticed that in particular years,
according to our data, up to 60% of maturing females with a bimodal distribution of oocyte
diameters were detected; the distance between modes was 50 microns. As a specimen of the
bimodal distribution of maturing oocytes, we present a female so-iuy mullet caught in the
Temryuk Bay on June 1, 2015 (Fig.3).

Fig. 3. An example of a bimodal distribution of the oocyte diameter in the so-iuy mullet female
(gonads at maturity stage III-IV), caught in the Temryuk Bay on June 1, 2015

As one of the characteristics of the general state of the fish reproductive system in the
aspect of preparation for spawning, it would be useful to evaluate the set of oocytes of
trophoplasmic growth. Due to the fact that such oocytes, even in one individual, can differ
significantly in diameter and have a distribution different from the normal one, it is
impossible to operate with averaged sample parameters. In addition, not a single point
measurement is analyzed, but a set of measurements. We believe that in this case, the
values of the median and percentiles calculated on large samples will be more indicative,
and their further use as control values for forming a qualitative characteristic of the
variation range of oocyte diameters of a particular individual based on the empirical median
calculated for this individual. The proposed reference values of the characteristics of the
variation range of the so-iuy mullet oocytes are presented in table 2.[19-20]
Table 2. A variation range of diameters of Mullet oocytes at the throphoplasmic growth stage
in different seasons of observation (µm)
Period of life

N

M

Sx

P10

P20

P30

P40

Me

P60

P70

P80

P90

Pre-wintering
period

3898

258

81

140

190

210

240

260

280

310

330

360

After wintering

2720

329

70

220

260

300

340

350

360

370

390

400

Pre-spawning
period

4439

516

145

260

420

500

530

550

570

590

610

650

Note: N – number of oocytes, pcs, M is the average value of the parameter, Sx is the
standard deviation, Me is the median, P10, P20, P30, P40, P60, P70, P80, P90 are percentiles of
corresponding percentages
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There are still some discrepancies regarding the structure of the reproductive cycle of
the male so-iuy mullet related to the early stages of maturity. According to studies by E. B.
Moiseeva and A. K. Lyubomudrov, the second stage of maturity occurs by males from
August to February-March. The transition to stages II–III and III begins in mid-January.
The results of other studies [13, 14] demonstrate that males at II-III and III stages of gonad
maturity are caught in late November-early December, and in the total mass the number of
such males dominates. These data coincide with observations of the far eastern so-iuy
mullet. Males caught in mid-and late March, both in the open sea and in the coastal zone,
have synchronously maturing stage III gonads. With an increase of the water temperature
from 9.6-11 °C (April) to 15.5-16.8 °C (May), rapid maturation of sexual products occurs
[15]. By the end of May, most producers have gonads at a maturity stage IV. In the native
habitat, most males during this period have gonad at maturity stage III. Many authors note
that in the Azov-Black sea area there is a one-time maturation of gonads without signs of
asynchrony. It provides a full-fledged spawning of a short-term type in the conditions of
rapid increase in water temperature in early–mid-June. By the so-iuy mullet from the Far
East, the asynchronous development of germ cells at the final stages of spermatogenesis, as
well as the catching-up wave of spermatogenesis, were described. [16-17]
So, the so-iuy mullet acclimatized in the Azov-Black Sea basin has certain adaptive
changes in the reproductive cycle caused by new environmental conditions for it, compared
to one in the Peter the Great Bay. Females from the Azov-Black Sea basin mature at the
same time, signs of asynchrony are observed occasionally. High rates of increase in water
temperature during the beginning of summer led to adaptive one-time maturation of males.
Nevertheless, with a pronounced change in habitat conditions in the form of cooling in the
spring pre-spawning period, there were cases of asynchronous maturation of male gonads,
characteristic of the far eastern habitat. [18]

4 Conclusion
An important characteristic of the state of a population of any species is its ability to
reproduce. The studies have shown that the acclimatization of the so-iuy mullet in the
Azov-Black Sea basin led to a number of adaptive changes in the reproductive cycle, which
provided the population with the ability to reproduce itself. It is revealed that the spawning
of the so-iuy mullet in the conditions of the Azov-Black Sea basin proceeds by singleportioned type: females and males mature at the same time, signs of asynchrony are
observed in cold and protracted spring, when a two-portioned spawning is possible. This
reproductive strategy differs from the features of multiportional spawning in the native
range in the Peter the Great Bay basin.
The study presents control indicators of the variation ranges of oocyte diameters in
different periods of the life cycle of females. The qualitative characteristics of the state of
the so-iuy mullet female based on the assessment of oocyte diameters depend on the
analyzed stage of the life cycle: in the pre-winter period and early spring, the median of the
variation ranges characterizes the amount of body resources spent on trophoplasmic growth
of oocytes and reflects the quality of feeding; in the pre-spawning and spawning periods,
the oocyte diameter characterizes the reproductive qualities of the female. The calculated
control indicators can be used in breeding work with the so-iuy mullet female in conditions
of artificial reproduction and aquaculture, as well as in assessing the state of producers from
natural populations.
It is still an unsolved issue whether the obtained values of reference intervals can be
used in the practice of the so-iuy mullet aquaculture grown in the installations of closedcircuit water supply using artificial feed.
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