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Impact of salinity and temperature on early ontogenesis of mullets has been studied. It was found that optimum
salinity values for spawning and embryonic growth of mullets in the Azov and Black Seas were close to the neutral
buoyancy of the impregnated and swollen eggs varied within the range of 16 - 18 %o for striped mullet, 18 - 22 %o
for golden mullet and 17 - 20 %o for So-iuy mullet. Optimum values for these species respectively made up: 20 -
23 °C, 19 - 21°C and 18 - 20 °C. After starting of external feeding and finishing of metamorphosis the larvae of
striped mullet and So-iuy mullet demonstrated euribiontic character for environmental factors and ones of golden

mullet — stenobiontic features.
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SETTING OF THE PROBLEM

Black Sea mullets are valuable species for
marine fisheries which for a long time have
been widely farmed in the estuarine farms in
the Black Sea. However, depressive state of
their populations (stipulated by overfishing in
some years and deterioration of conditions of
the natural reproduction), observed for several
recent decades, greatly reduced the amount of
fishing and resulted in decline of traditional
mullet farming in the estuaries of the Azov and
Black Seas [1]. It made reasonable to examine in
details the biology of these species as well as to
start activities for reproduction of the Black Sea
mullet and introduced Pacific mullet.

As a result of research by YugNIRO methods
for rearing of striped mullet (in cooperation
with VNIRO) [2], golden mullet [3] and So-iuy
mullet [4 - 6] have been developed. However, in
spite of existing biotechnologies, many problems
concerning reproduction of these species are
still poorly studied.

Amongst the most important ones are study
of the adaptive mechanisms providing efficient
reproduction of mullets in the Azov and Black
Sea area (the northern part of the range), as
compared with the centre of their natural ranges
with the salinity of 31 - 37 %o, in tropical and

subtropical zones of the World Ocean [7 - 10].

The study of this problem is in our opinion the
necessary condition for improvement of certain
stages in biotechnology of rearing and increased
efficiency of artificial reproduction of mullets
and consequently productive capacity of the
fish-farming water bodies.

In this connection the purpose of the present
paper comprises the study of impact of most
important non-biological environmental factors
(salinity and temperature) on embryonic and
larval growth of mullets.

MATERIAL AND METHODS

Material was sampled for 1985 - 2012, at
YugNIRO experimental site “Zavetnoye” (the
Kerch Strait), and at the fish farming site “Budaki”
of the Pilot mullet plant (Odessa Region). The
objects of studies were breeders, embryos and
larvae of three mullet species, namely striped
mullet, golden mullet and So-iuy mullet.

Breeders of mullets with ovocytes at IV and
V maturity stages were sampled during their
spawning migrations from the Sea of Azov
into the Black Sea. In 1989 - 1993 artificially
farmed So-iuy mullet (breeding stock) was used
for work. To stimulate the maturity of mullet
females methods of hormone injections were
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applied [6]. Impregnation of eggs and their
incubation was carried out in water with various
salinity (from 3 - 5 up to 45 %eo).

Buoyancy of eggs and standard growth of
mullet embryos and pre-larvae were studied
within the salinity range of 5 - 45 %o. The value
of neutral buoyancy was taken as a water salinity
value under which the greater portion of eggs
was suspended (on the surface and in water
depth). All the experiments were carried out
three times.

The data were processed applying the widely
adopted statistic methods [11] and electronic
tables Excel.

RESULTS AND DISCUSSION

Mullet eggs are pelagic, the normal growth of
embryos takes place only in sea water, the density
of which is close to that of an impregnated and
swollen egg [12]. Therefore when undertaking the
artificial reproduction of mullets in order to create
the favorable conditions for eggs incubation and
growth of early larvae it is the most important to
determine the neutral buoyancy value varying
greatly for fishes of one species, depending on
the habitat area and being connected with the
reproduction conditions[13, 14].

Changes in the eggs of mullets in the process
of growth, impregnation and swelling affect
their natural buoyancy. More active hydration
of ovocytes, reduction in size of mature
eggs, increase in relative volume of fat drop,
predominance of low density fractions in lipid
composition — waxes (up to 80 %) are cases of
adaptation as a result of which density of eggs
for Black Sea mullets reduces to a larger extent
that in fishes from the range centres [13]. All
these provide buoyancy of their eggs in water
with relatively low salinity (17 - 18 %eo).

Similar changes took place in So-iuy mullet
in the process of acclimatization in the Azov
and Black Seas areas. In the Strait of Amur So-
iuy mullet is found at salinity of 31 - 33 %o [15,
16], in breeding stock the neutral buoyancy of
eggs was fixed at 23 - 30 %o, and in fishes of
natural populations of the introduced species
the neutral buoyancy of eggs is found in the
range of from 14 up to 20 %o (mainly at 17 - 18
%o). The discrepancies revealed are associated
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with changes in morphological and physiological-
biochemical values of eggs for these fish groups [17].

Eggs of Black Sea mullets may be impregnated
within the wide range of salinity: for the striped
mullet - at 15 - 35 %o, for the golden mullet -
at 10 - 40 %o, however the normal growth of
embryos and high percentage of larvae hatching
are observed only at salinity of 17 - 25 %o [18].

In the course of research undertaken it was
revealed that unlike the aboriginal mullets the
eggs of So-iuy mullet are impregnated in a wider
range of salinity. As it is shown by the data given
in Figure la, in water with salinity of 5 - 45 %o
the percentage of eggs impregnation make up
60 - 82%. It was found that So-iuy mullet eggs
might be impregnated even at lower salinity (2
- 3 %o). In fresh water no impregnation took
place, as spermatozoons lost their motility— only
their fluctuation motions were recorded (our
observations).
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Figure 1. Impregnation of eggs and embryonic growth

of So-iuy mullet in the water with various salinity: a -
breeding stocks (fish farmed under artificial conditions), b - natural
populations (1 - cleavage, 2 — gastrula, 3 - organogenesis, 4 - motile

embryo, 5 — hatching)
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Observations of eggs from fishes of the
breeding stock impregnated in the water with
various salinities demonstrated that even at
the stage of a small —cell morula the growth of
a part of embryos ceased in water with salinity
less than 20 %o and more than 30 %o. Further
with reducing salinity from 20 down to 5 %o
and with its increasing from 30 up to 45 %o at
all the stages of embryonic development the
embryo mortality increased. Hatching of larvae
was observed only within the range of salinity
under which positive buoyancy for any certain
portion of eggs was fixed, but not less than 40
%o (Figure 1, a). Obviously, the cause of death
of embryos stuck in the surface film in the water
with salinity of 40 - 45 %o, as well as ones fallen
on the bottom in the water of low salinity are
disturbances in oxygen supply [19].

Thus, for So-iuy mullet from the breeding
stocks larvae hatching was observed at 20 - 35
%o, optimum - at 23 - 30 %o (Figure 1 a). In the
course of acclimatization in the Sea of Azov and
the Black Sea the optimum salinity at the early
ontogenesis shifted to lower values. For fishes
from the Azov population spawning in the Black
Sea and in the Kerch pre-strait area it reduced to
17-20 %o (Figure 1, b).

The data obtained also evidence the high
adaptive potential of So-iuy mullet enabling
the species to reproduce in the water under a
wide range of salinity. For a comparatively short
period of time (not more than for 20 years after
introduction) self-reproducing populations of
So-iuy mullet occurred in the Sea of Azov and
the Black Sea.

Neutral buoyancy of So-iuy mullet eggs
sampled near the Budak spit (Odessa region) and
in the Kerch Strait for the period of spawning
migration was recorded in the water with salinity
from 14 up to 20 - 21 %o, mainly at 17 - 18 %o. It
is specific that for some females (approximately
25 %) 5 - 70 % of mature impregnated eggs can
keep positive buoyancy in the water with salinity
of 12 - 13 %eo.

Along with it, spawning and hatching of So-
iuy mullet viable larvae at such salinity, in
particular in the waters of the Sea of Azov, may
be possible only under certain temperature
conditions. As it was shown by us earlier [20],

the normal completion of So-iuy mullet ovocytes
maturation takes place under temperature 16 -
23 °C. Upon intensive warming of the Azov Sea
water in spring and summer up to temperature
above 23 - 24 °C, female maturation often ends
with the total resorption of germinal cells,
and larvae hatched weakened due to intensive
consumption of nutrients in the ovum. As a
rule, in the warm water of small salinity they are
affected by bacteria.

We have found that for the growth of most
So-iuy mullet eggs in the Azov and Black Seas
sea water with salinity 17 - 20 %o at temperature
of 18 - 20°C is favorable, for striped mullet -
16 - 18 %o at 20 - 23°C and for golden mullet
- 17 - 22 %o at 19 - 21°C. After starting the
active feeding the favorable temperature range
for striped mullet larvae is within 20 - 27°C,
maximum growth is registered at temperature
23 - 26°C. In this period the salinity of water
may be reduced down to 13 - 14 %o [18].

After starting the active feeding So-iuy mullet
larvae also change their attitude to salinity. As
we have revealed [21], that since 6 - 8 days old
they are able to withstand the reduction in
salinity down to 5 %o, and after preliminary
acclimatization for 2 days in brakish water they
may adapt to fresh water (at water temperature
20 - 22 *C). Environment salinity reduction after
starting the external feeding and especially after
starting the silvering period has a stimulating
effect on their development and growth.

In rearing So-iuy mullet larvae till 25 days
old (till completion of metamorphosis) their
increased survival rate was recorded in the
brakish water (5 %o) [22]. Reduced salinity
promotes to increased rate of growth and
enlarged content of delipidated dry matter and
lipids in larvae tissues.

At the same time, for striped mullet juveniles
in freshened down to 15 %o water the survival
rate and growth rate were considerably less than
under greater salinity. Variations are associated
with increased energetic consumption while
reducing the ambient salinity [23]. These data
correspond to the outcomes of our research
proving the greater stenohaline feature of early
juveniles of golden mullet as compared with
juveniles of striped mullet and So-iuy mullet.
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More intensive growth of larvae and juveniles
of golden mullet are recorded in the Black Sea
water with salinity of 19 - 20 %o. Before starting
the external feeding and filling the swimming
bladder the best parameters of survival and growth
rate are observed at temperature 18 - 19 "C, and
after starting the active feeding - at 22 — 23 "C [4].

Thus, while carrying out activities for mullets’
artificial reproduction the optimization of
such environmental factors as salinity and
temperature is of great significance for their
growth at early ontogenesis.

CONCLUSIONS

1. Impregnation of mullet eggs takes place
within the wide range of salinity (from 5 - 10 %o
up to 30 - 45 %o), in the process of embryonic
development the optimum rate for salinity gets
narrow. In the course of mullet acclimatization
in the Azov and Black Seas the range of salinity,
being favorable for embryonic and larval growth,
shifted to the side of smaller values and made up
for striped mullet 16 - 18 %o, for golden mullet
- 17 - 22 %o and for So-iuy mullet — 17 - 20 %o.

2. The optimum temperature for embryonic
development of the Azov and Black Seas mullet
is respectively 20 — 23 °C for striped mullet, 19
- 21 °C for golden mullet; 18 - 20 °C for So-iuy
mulllet.

3. After starting the active feeding the survival
rate and growth of striped mullet and So-iuy
mullet increased at reduced salinity down to 5
- 14 %o and under increased temperature up to
25 - 28 °C. The golden mullet grows better in
sea water at salinity of 19 - 20 %o and under the
temperature of 22 - 23 °C.
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CTATDBA ITOCTYIIMJIA B PETAKIIVIO 29.10.2013 .
JI. 1. BYJIII

BB ABIOTUYHUX YMHHUKIB CEPE-
TOBUIIA HA EMBPIOHAJIbHUN TA JTUMYUH-
KOBUI PO3BUTOK KE®AJII A30BO-YOPHO-
MOPCBKOTO BACEVIHY

Jocnioncerno ennus comonocmi i memnepamypu Ha
panniti oHmozeHe3 Kedani. Busieneno, w0 onmumanvhi
3HAYEHHA CONIOHOCMI 0N Hepecmy ma emOpioHANbHO20

DPO36UMKY  A3080-4OPHOMOPCVKOI  Kepani — OnU3bKi
HelimpanvHiil naasyvocmi 3annionenoi i HAGPAKAOL ikpu
i eapitoromo y mexcax 16 - 18 %o y nobana, 18 - 22 %o y
cuneing ma 17 - 20 %o y nineneaca. Onmumymu memne-
pamypu 0nst yux 6udis, 8ionosiono, cknadanu: 20 - 23 °C,
19 - 21°Ci 18 - 20 °C. Hicnst nepexody Ha 306HIUHE Xap-
Yy6aHHS Ti 36ePUleHH Memamopdosa y TUuHuHoK 106aHa
i nineHeaca BUSBAAEMbCS e8PIOIOHMHICG 00 YUHHUKIB
cepe0o8ULLa, Y CUHRINS — CMEHOOIOHMHICMb

Kmiouoei cnosa: xeganv, Helimpanvha naagy4icmo,
COTOHICMb, iKPA, AKKTIMAMUSAHM.

JI. 1. BYJUIN

BIVISHUE ABUOTUYECKUX ®PAKTOPOB CPE-
IIbI HA SMBPUOHAJIPHOE U JTNUYMHOYHOE
PA3BUTUE KE®AJIENT A3OBO-YEPOMOPCKOI'O
BACCEVTHA

Hccnedosaro enusnue coneHocmu u memnepamypul Ha
parHuil onmozenes keaneil. Bvisisnero, umo onmumarno-
Hble 3HAYEHUS CONeHOCMU OIS Hepecma U SMOPUOHATILHO-
20 pa3eUMUS A3060-4epPHOMOPCKUX Kedarneti OnusKu Heti-
MpanvHoti NAAsy4ecmu onn000meopeHHoti U Habyxulell
UKpoL U apvupyrom 6 npedenax 16 - 18 %o y nobama, 18 - 22
%o y cuneuns, u 17 - 20 %o y nunexeaca. Onmumym mem-
nepamypoL y smux 6u00s, COOMEEMCMBEHHO, COCMABIIA-
qu: 20 - 23 °C, 19 - 21 °C u 18 - 20 °C. Ilocne nepexoda Ha
BHeuIHee numanue U 3asepuieHue memamopposa y au4u-
HOK 7100aHA U NUIeH2ACA NPOSEIAEMCA I6PUOUOHINHOCID
K paxmopam cpedv, y CUHIUIIA — CHIEHOOUOHINHOCHD.

Kntouesvie cnosa: rce(jia/zu, Helimpa/zbuaﬁ nnasyvecmiv,
COMIeHOCMY, UKPA, AKKAUMAMUIAHM.
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