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Purpose. Study of changes in the main mor-
pho-biological characteristics of the European
flounder P. flesus of the Shabolatsky lagoon for
the period from 1980 to 2020.

Methodology. The study was conducted in
1980-2020 in different seasons of the year. The
material for ichthyological studies were represent-
ative samples (25-50 fish) taken from commercial
and control fishing gears.

Generally accepted methods of ichthyological
studies were used. The sex, fecundity, composi-
tion of diets and the ratio of individual food com-
ponents were determined. The age of fish was
determined using otoliths. Condition factor was
calculated based on actual data. Microsoft Excel
was used for statistical data processing.

Findings. In the 1970s and 1980s, the
European flounder of the Shabolatsky lagoon was
characterized by high growth and condition fac-
tor. After the ecological disaster in 1993, the size,
weight and condition factor of European flounder
in all age groups significantly decreased. In the
following period, the length and weight of the
flounder population in the lagoon gradually in-
creased, but they never reached those of the pre-
vious period. The variability of the length-weight
composition of the population increased, and
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Mema. [ocnidxeHHA 3MiH OCHOBHUX MOp-
¢obionoziyHuUX XapaKkmepucmuk Kambaau aaocu
Platichthys flesus LLlabonamcbko2o AumMaHy 3a
nepiod 3 1980 no 2020 pp.

MemoouKa. [ocnioxeHHs nposoounu y
1980-2020 pp. y pi3Hi ce30HU poky. Mamepiasnom
0714 ixmionoeiyHUx 00cnioHeHb cayz2ysanu pe-
npezeHmamueHi subipku (25-50 pub) 3 npomuc-
7108UX MA KOHMPOAbHUX 3HAPAOL /108Y.

Bukopucmosysanu 3a2anbHonpuliHAmMi me-
moou ixmionoziyHux 0ocnidxeHs. BusHavanu
cmame, naodvicme pub, cKkaad pauyioHie ma
CrniegiOHOWEHHS OKPemMux KOMIMOHEHMI8 iMCi.
Bik pub susHauyaau 3a omosaimamu. Ha ocHosi
akmuyHuUx OaHUX po3paxosysasu KoepiyieHmu
8zo0o08aHocMi. [nd cmamucmu4Hoi 0b6pobKu
daHux sukopucmosysanu npoepamy «Microsoft
Excel».

Pe3synomamu. Y 1970-x ma 1980-x pp. kKamba-
na 2noca LLlabonamcbKo2o AUMAHY Xapakmepu3sy-
80/10Cb BUCOKUMU MOKA3HUKAMU pocmy ma 82000-
saHocmi. lMicas ekonoeiyHoi kamacmpogu y 1993
p. po3mMipu, maca ma 820008aHiCMb 270CU YCiX
8iKOBUX 2pyrn 3HAYHO 3MeHWUnUce. Y HacmynHuli
rnepiod po3mipHO-Macosi Xapakmepucmuku norny-
Aayii Kambanau 8 AUMAHi NocMynogo 3pocmaru,
asne MaK i He 00cA2U NMOKA3HUKIi8 nonepedHbo20
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the condition factor of fish decreased. All these
changes directly depended on the state of the
feed supply, which caused changes in the com-
position of the diets of European flounder. After
1993, the diet of flounder in the lagoon changed.

Males in the lagoon reached sexual maturity
in the second year of life, females in the third or
fourth.

In the spring, mass migrations of age-0+
European flounder were observed from the sea to
the lagoon, and in early autumn, sexually mature
fish left the lagoon to the sea. Systematic migra-
tions of the European flounder suggest that today
there is no separate (isolated) lagoon population
of flounder, and the population of the Shabolatsky
lagoon is a combination of marine and lagoon
forms of flounder, the ecological and biological
features of which are formed under the influence
of the peculiarities of the lagoon ecosystem.

Originality. For the first time since 1980, the
results of a study of the European flounder from
the Shabolatsky lagoon are presented. A retro-
spective analysis of changes in the size, weight,
age, and sex composition of the population was
carried out. This assessment of condition factor,
nutritional characteristics, and fecundity of floun-
der of different size and age groups.

It is assumed that the lagoon population of
the European flounder from the Shabolatsky la-
goon today represents a combination of marine
and lagoon forms of flounder, the ecological and
biological features of which are formed mainly
under the combined influence of environmental
factors.

Practical Value. The presented ecological and
biological characteristics of the European floun-
der will allow us to objectively assess the current
state of the glossa population in the lagoon and
can be used to optimize fishing and the technolo-
gy of artificial reproduction and cultivation of this
object in mariculture.

Keywords: P. flesus, Shabolatsky lagoon,
growth, fattening, diet, fecundity, population
structure, age, sex.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

European flounder Platichthys flesus
(Linnaeus, 1758) is a boreal-Atlantic relict,
epibenthic species widespread in the seas

nepiody. 3pocna eapiabenbHicme pPO3MiPHO-Ma-
€08020 CKAAOY Monynaayii, 3mMmeHWuUAAcs 82000-
8aHicme pub. Bci yi 3MiHU npsamo 3anaexanu eio
CmMaHy Kopmogoi 6a3u, Wo cmaso npUYUHOK 3MiH
cKnady payioHie enocu. Micna 1993 p. cnekmp xu-
8/1€HHA KAMOAAU 8 NUMAHI 3MIHUBCA.

Camuyi 8 numaHi docseanu cmameegoi 3pino-
cmi Ha Opy20My poui Humms, camuuyi — Ha mpe-
moeomy—4emasepmomy.

Y secHaHull nepiod crnocmepieanuce macosi
Miepayii ybo2onimoK Kambasu 2nocu 3 Mops 8 Au-
MQH, @ Ha MOYamKy oceHi cmamego3pini pubu eu-
X00usu 3 AUMAHa 8 mope. CucmemamuyHi Mizpa-
uii 210cu 00380/190Mb NPUMYCMUMU, W0 Cb0200Hi
He icHye 8i0oKpemneHoi (i30/1b08aHOI) AUMAHHOI
nonyaauii enocu, a nonyaauis LLlaboaamcoeKko2o
AUMAHyY A8/5€ COBOI CYKYNMHICMb MOPCLKOI i nu-
MQAHHOI hopm Kambanu, ekonozo-bionoeiuHi pucu
AKOI hopmyromecs nio enausom ocobausocmeli
AUMAHHOI eKocucmemu.

Haykoea HoeusHa. Brnepwe 3 1980 pp. Ha-
sedeHo pe3ynbmamu 00CAiOHeHHA Kambanu
enocu llabonamcekozo aumary. 30ilicHeHo pe-
mpocriekmusHuUli aHani3 3MiH PO3MipHO-MACoB80-
20, 8iKOB020 Ma cmameesozo cKAady nomnynayii.
JaHo oyiHky s2zo008aHocmi, ocobausocmeli #u-
8/1eHHA, MA00040CMi Kambanu pi3HUX po3mip-
HO-8iKOBUX 2pyr.

3pobneHo npunyweHHs, Wo AUMAHHA nory-
nayia enocu LLlab6onamceKo2o AUMAHY CbO200HI
A67149€ OO0 CYKYMHICMb MOPCLKOI i AUMAHHOT
dopm Kambanu, eKkonozo-bionoeivyHi pucu AKoi
hopmytomecs 8 OCHOBHOMY 11i0 CYKYMHUM 8Mu-
B80M EKOs102IYHUX YUHHUKIB.

MpakmuyHa 3Havywjicme. [lpedcmasneHi
eK0s1020-6i0/102iYHi  XapaKkmepucmuku  2a0cu
00380/15Mb  06°€EKMUBHO  OYiHUMU  cy4acHuUl
cmaH i nonyaauii 8 AumMaHi ma moxyme bymu
8UKOpUCMAHI 08 onmumizayii npomucay i mex-
Hon02ii WMyyHO20 8i0MBOPEHHA MA 8UPOWY-
BAHHA Yb020 06°€KMa 8 MapuKynemypi.

Kntoyoei cnoea: P. flesus, LLlaboaamcoekuli
AIUMQH, picm, 820008aHiCMb, PAYiOH, M100t0-
yicms, cmpykmypa nonynayii, ikoea, cmamesa.

MOCTAHOBKA NMPOBJEMH
TA AHAJI3 OCTAHHIX
JOCJIIKEHD I MYBJIKALII

Kambana toca (piukoBa kambana) —
Platichthys flesus (Linnaeus, 1758) — 6o-
peaNbHO-aTIaHTHYHHHA PENIKT, emibeHToC-
HUH BUA, TOIIUPEHUH Yy MOPSIX MiBHIYHOL
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of the Northern Hemisphere. Distributed
in coastal brackish waters of the Atlantic
Ocean. Commercial species on the shelf of
the British Isles and Ireland, in the North,
Baltic, Barents and White Seas. Quite
abundant in the coastal zone of the Black
and Azov Seas in coastal lagoons and bays
[1-3]. Recent studies show that the current
distribution limit of the European flounder
include the northern and central regions of
Portugal [4, 5].

According to some researchers, there
were two forms of the European flounder
in the Azov-Black Sea basin in the last
century — marine and lagoon, which were
distinguished by stable morphological fea-
tures and pronounced biological features
[6].

Due to its high ecological plasticity, the
European flounder feels good both in fresh
water (enters the lower reaches of rivers)
and in water areas with salinity up to 60%o
and more, tolerates temperatures from
-0.5 to 23°C. This species leads a bot-
tom-dwelling lifestyle. Prefers sandy bot-
toms, but can also live on silty soils, even
with an admixture of hydrogen sulfide [7,
8].

The absolute fecundity of age-4-7 Eu-
ropean flounder female depending on age,
size and distribution area ranges from
41.8-47.3 to 1015-1303 thousand eggs. In
lagoon individuals, it is higher than in ma-
rine ones, which may be explained by the
increased reproductive capacity of popula-
tions that are in extreme conditions [9].

Spawning takes place in the win-
ter-spring period at water temperatures
from 67 to 11-12°C, although there is in-
formation in the literature about the spawn-
ing of the European flounder at a temper-
ature of 2-4°C. The eggs are small, pelag-
ic, and develop in the water column with
salinity from 10-12 to 50-60%o.. Unlike
the same species from the northern seas,
which is characterized by synchronous
oocyte development and single spawning,

miBKyJi. Po3moBcromkeHnii y npubepex-
HUX COJIOHYBaTUX BOJAaX ATIaHTHYHOIO
okeaHy. [IpomuciioBuii B Ha menbdi
Bpurancbkux octpoBiB Ta Ipnanaii, y ITis-
HiYHOMY, banrificekomy, bapeHiieBomy Ta
binomy mopsix. Jlocuts 4nCIIeHHA Y TIPH-
OepexHii 30HI YopHOro Ta A30BCHKOTO
MOpiB, MPUMOPCHKHX JIMMAHAX Ta 3aTOKaX
[1-3]. OctaHHi AOCIIIHKEHHS IOKa3aJIH,
I0 CYYAaCHOI0 MEXEI0 PO3MOBCIOKEHHS
IJIOCH € MIBHIYHI Ta IEHTPaJbHI palioHH
Iopryranii [4, 5].

3a JaHUMM JESKHAX JOCHITHHMKIB, B
A3zoBo-HopHOMOpChKOMY OaceiHi y MUHY-
JIOMY CTOJIITTI iICHYBaJIO JIBI ()OPMH TIIOCH
— MOpChKa Ta JIMMaHHa, SKi BiIpi3HsIIU-
cs CTIHKUMH MOP(]OJIOTIYHIMH O3HAKAMH
Ta BUPOKEHUMH OCOOIMBOCTAMHU O10JIOTi{
[6].

3aBIAKM BHCOKIM €KOJIOTIYHIN IuIac-
THYHOCTI TJI0ca ToOpe TOYYBAETHCA SK Y
IpicHiM Boi (3aXOMUTh y MOHU33S PIOK),
TaK i B aKBaTOPIisX 13 COMOHICTIO 10 60%o 1
Oinble, BUTpUMYeE Temmeparypy Big —0,5
o 23°C. Bene npumoHHHHA crocib sKHT-
1. Binnae mepeBary mimiaHoMmy JHY, ajie
MOKE JKUTH 1 Ha 3aMyJICHHUX IPyHTax, Ha-
BiTh 3 JOMIILIKOIO CIpKOBOJHIO [7, 8].

AOCOIIIOTHA IIOAI0YICTH CAMULIL TTIOCH
BIKOM 4—7 POKIB, y 3aJIeXKHOCTI BiJ BIKY,
pO3MIpiB Ta apeany pO3MOBCIOKECHHS,
konuBaeTeed Big 41,8-47,3 mo 1015,0—
1303,0 THc. iKpUHOK. Y IMMaHHUX OCOOHMH
BOHA BHIIlE, HIX Y MOPCHKHX, III0 MOXE
MOSICHIOBATHCH  ITiJIBUIIICHOIO BiJTBOPIO-
BaJIbHOIO 3/IaTHICTIO TOMYJISALIM, SIKi 3Ha-
XOMIATHCS B €KCTPEMaJIbHIX yMOBax [9].

HepecT mpoxomuth y 3UMOBO-BECHSI-
HUH TIepioJT TPH TEMITEPaTypi BOIH Big 6—7
no 11-12°C, xoua y niteparypi € BiJoMOCTi
PO HEPECT TIIocH 3a Temneparypu 2—4°C.
Ikpa npiOHa, menariuHa, pO3BUBAETHCS Y
TOBIII BOJW B aKBaTOPiSIX 13 COJIOHICTIO
Binm 10-12 mo 50-60%.. Ha BimMmiHy Bix
PIYKOBOI KaMOaJH 3 TIBHIYHUX MOPIB, sKa
XapaKTePU3YEThCS CUHXPOHHUM PO3BHUT-
KOM OOIINTIB Ta OTHOPa30BHM HEPECTOM,
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oocyte growth in the European flounder of
the Azov-Black Sea basin is asynchronous
and spawning is intermittent. During the
spawning period, the European flounder
releases 3—4 or more batches of eggs with-
in 2—4 days [9-11].

European flounder eggs are pelagic,
spherical in shape with a large fat drop-
let. The diameter of ovulated eggs is from
1.014 to 1.226 mm, while their weight is
0.565 mg. The duration of embryogenesis
of this species depends on water temper-
ature. For example, embryogenesis lasts
from 30-32 hours at a water temperature
of 9 to 11°C, and extends to 4 or even 6
days at 2—4°C [10, 11].

Depending on the temperature, the lar-
vae switch to external feeding 4-13 days
after hatching. Metamorphosis is complet-
ed in 55-60 days when the larvae reach a
length of 11.4-17.7 mm and a weight of
20.8-104.8 mg.

Larvae after switching to external
feeding and early juveniles of European
flounder feed on zooplankton. The diets
of age-0+ and 1+ fish include polychaetes,
idothea, gammarus, shrimp, and other or-
ganisms. The food of age-2 fish consists of
meiobenthos organisms, shrimp, mollusks
and fish [9, 11].

In the Azov-Black Sea basin, there are
specimens of the European flounder aged
from 4-5 (lagoons) to 10-14 years (sea),
weighing from 100-150 to 450-1017 g.

The main areas of the European floun-
der fishing in the Black Sea in 1960-1976
were the Tendra, Karkinit, Yahorlyk bays
and the coastal lagoons. Catches ranged
from 110 to 1240 tons per year [12—14].

Since the 1980s and 1990s, there have
been practically no studies of the European
flounder in the Black Sea basin. Therefore,
at present, only the above data are avail-
able, which do not provide an idea of the
current state of the European flounder pop-
ulation in the Black Sea basin and coastal
lagoons. At the same time, the European

y mtocu A30Bo-UopHOMOpPCEKOTO OacelHy
picT OOIMTIB BiOYBAETHCS ACHUHXPOHHO,
a HepecT MopIiiHuiA. Y Tepion Hepecty,
BIIPOAOBXK 2—4 ni6 mioca Bukugae 3—4 i
OinbIre TopIrii ikpu [9-11].

Ikpa mrocu menariyHa, cQepuyHOl
(bopMH 3 BETHKOIO JKHPOBOIO KpAaIuIero.
JliameTp iKpUHOK, SIKi OBYJIIOBAJIH, — BiJ
1,014 mo 1,226 mm, maca — 0,565 mr.
TpuBamicte eMOpioreHesy NbOTO BHUIY
3aJISKHUTH BiX Temmeparypu Boxu. Tak, 3a
Temmneparypu Bix 9 go 11°C embpiorenes
tpuBae Bix 30-32 rox, a 3a 2—4°C mnoaos-
KYETBCSI 10 YOTUPHOX YU HABITH IIECTH
mi6 [10, 11].

VY 3ajexHOCTI Bif TeMIeparypu, JH-
YUHKA TIEPEXOAATh HAa 30BHIIIHE >KUB-
JeHHs Ha 4—13 o0y micist BUNTyIJICHHS.
Metamopdo3 3aBepmyethcss Ha 55-60
J100y 3a TOCATHEHHS! JINYUHKAMHU JIOBXKHUHU
11,4-17,7 mm Ta macu — 20,8—104,8 mr.

JIMYMHKY micns Iepexoy Ha 30BHIIIHE
KUBJICHHS Ta PaHHSI MOJIOJb TJIOCH >KUB-
JISIThCSL 300IUIAHKTOHOM. ParfioHu nporo-
JIITOK Ta JIBOJITOK BKJIIOYAIOTH IIOJIXET,
raMapyciB, KpEeBETOK Ta iHINI OpraHi3Mu.
Ixa JIBOPIYOK CKIIQJA€ThCS 3 OpraHi3MiB
MEHOOEHTOCY, KpPEBETOK, MOIIOCKIB Ta
pudu [9, 11].

B A3zoBo-YopHoMopchkoMy OaceiiHi
3yCTPIYarOThCS OCOOMHH TJIOCH BIKOM Bij
4-5 (nmumanm) 1o 10-14 pokis (Mope), ma-
coro Bix 100-150 mo 450-1017

OCHOBHMMU paifoHaMu IPOMHCIY TJIO-
cu B YopHomy Mopi y 1960-1976 pp. Oynu
TennpiBcbka, KapkiHiTchka, Sropnuirs-
Ka 3aTOKH Ta MPHUMOPCHKI JHMaHH. YIIO-
BU KosmBanuch Bix 110 mo 1240 T Ha pik
[12—-14].

[Tounnatoun 3 1980-1990 pp. Munymno-
IO CTOJITTS, OCIiKeHHsI TIocH Y YopHo-
MOpPCbKOMY OaceifHi PaKTU4HO HE IPOBO-
ItAch. ToMy Ha 1ie# Yac HasBHI JIUIIE Ha-
BeJICHI BUIIIE JaHi, 5IKi HE Jat0Th yABJICHHS
PO Cy4YacHWH CTaH MOMYJAIIl TIOCH Y
Oacelini YopHOTO MOpsSI Ta MPUMOPCHKHUX
nuMaHax. PazoMm 3 TEM, moca 3anmrmia-
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flounder remains an important object of
fishing and aquaculture, and knowledge
of the current state of its populations and
their ecological and biological characteris-
tics is absolutely necessary for the further
development of the fisheries industry of
Ukraine.

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

In the 21st century, the hydrological
and hydrochemical regime, ecological
state and biota of the north-western part of
the Black Sea (NWBS), and especially the
Black Sea lagoons, have undergone sig-
nificant changes [16, 17]. One of the most
productive lagoons of the NWBS is Shab-
olatsky. This water body was famous for
its rich natural feed supply and favourable
conditions for feeding marine fish such as
mullets (Mugilidae), gobies (Gobiidae),
and flounder (Pleuronectidae). In some pe-
riods, due to fish ranching, it was possible
to obtain more than 150 kg/ha of market-
able products. The lagoon was home to
one of the largest and most stable natural
populations of the European flounder, the
state and features of its biology have been
presented in many scientific studies of the
last century.

In July 1992, an ecological catastrophe
was observed in the southwestern part of
the Shabolatsky lagoon, which was accom-
panied by a mass kill of aquatic organisms.
The populations of gobies and European
flounder were most affected. The negative
consequences of the environmental disas-
ter were observed in the lagoon in subse-
quent years [18, 19].

The recovery of the water body and
its hydrobiocenoses occurred slowly and
gradually. After the opening of the la-
goon-sea channels, the lagoon’s feed sup-
ply was restored for several years, and pop-
ulations of fish that permanently inhabited

€THCSI BXXIIMBUM 00’ €KTOM TIPOMHUCIY Ta
AKBAKyJBTYPH 1 3HAHHS CY4acHOTO CTaHY
il monmyJAid Ta 1X eKOJIOro-010JOTTYHUX
0COONMMBOCTEH € KOHYE HEOOXiAHUM IS
MOAAJBIIOTO PO3BUTKY puOOTOCIOnap-
CBbKOI Taly31 YkpaiHu.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMMHU. META POBOTH

Y XXI cT. TiIposoro-riapoxiMigHHUMA
PEXHUM, EKOJIOTIYHHMHA cTaH Ta Giora IiB-
HIYHO-3aXiHOi YacTHHH YOpHOrO MOps
(IT3YM) Ta 0co011BO TPUIOPHOMOPCHKUX
JIUMaHIB 3a3HAII CyTTEBUX 3MiH [16, 17].
OnHUM 13 HaWMPOAYKTUBHIIIUX JTUMAaHIB
I[13UM € Illabonarcekmii. Lls Bomoiima
CJlaBUIach 0araTol0 MPUPOAHOI KOPMO-
BOI0O 0a3010 Ta CHPHUATIMBAMH YMOBa-
MU Haryily MOPCHKHX puO — KedaiaeBux
(Mugilidae), 6uuroBux (Gobiidae) Ta kam-
6anosux (Pleuronectidae). B oxpewmi nepi-
OI¥ 32 PaxyHOK IACOBHIHOTO BHPOIIY-
BaHHS TYT BIABAJIOCH OTPHMYBATH ITOHA]
150 xr/ra ToBapHOi mpoaykiii. B mumani
MeIKajia OJHa 3 HaWOIIbIINX Ta HalicTa-
OUTHHIIIMX TPHUPOJHHUX TOMYIAIINA KaM-
0anu 1IocH, cTaH 1 0coOIUBOCTI OioJorii
SIKO1 TIPEICTaBIEHO y 06ararhb0X HayKOBHX
JTOCITI/PKEHHSIX MUHYJIOTO CTOJITTS.

VY smmHi 1992 p. B MiBICHHO-3aXiTHINA
gactuni [llaGonarcekoro nuMmaHy cro-
cTepirajiach €KoJOrivyHa KaracTpoda, sKa
CYNPOBOJI)KYBalacid MacOBOIO 3aruOesuIo
rigpoGionTiB. Haiibinbire mocTpaxnanu
nomyssimii OWykiB Ta mTiocu. HeraTtusHi
HACJIIJIKA eKOJIOT14HOI KaracTpodu crio-
CTepirajiucs B JUMaHi 1 y MOJANbLII POKH
[18, 19].

BignoBnenHs BojoiiMu Ta ii Tigpo0io-
[IEHO31B BiJI0OYBAJIOCS MOBLIEHO, TIOCTYIIO-
Bo. [licns BiAKPUTTS KaHATIB TUMaH—MOpE
MPOTSITOM JIEKIJIbKOX POKIB BiTHOBJIIOBA-
nacst KopMoBa 0a3a TuMaHny, popMyBaIHCS
momyJsiii puo, AKi MOCTIHHO MENIKAOTh
y auMaHi, OuukiB (kpymisika Neogobius
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the lagoon, gobies (round goby Neogobius
melanostomus, monkey goby Neogobius
fuviatilis, grass goby Zosterisessor ophi-
ocephalus) and European flounder were
formed. These processes were dynamic,
reversible, or sometimes irreversible in
nature. During this period, there were also
significant changes in the thermal regime
of sea waters and coastal lagoons associat-
ed with global warming [17].

Without a doubt, all this, one way or
another, affected the state of the flounder
population in the lagoon, but since the
1970s and until now, there has been no in-
formation in the literature about the Euro-
pean flounder of the Shabolatsky lagoon,
therefore, retrospective, factual material
on the state of the population of this spe-
cies and its biology, in our opinion, is in-
teresting and useful.

The aim of the work was to study
changes in the main morpho-biological
characteristics of the European flounder of
the Shabolatsky lagoon for the period from
1980 to 2020.

MATERIALS AND METHODS

Studies of the population status of the
European flounder in the Shabolatsky la-
goon were conducted in 1980-2020 in dif-
ferent seasons of the year throughout the
entire area of the water body.

During the fishing period (Septem-
ber—December), the material was obtained
from commercial fishing gears (pound nets
and gill nets), during the closed period —
from control fishing gears.

A sample of 25-50 fish selected using
the representative average sample method
was subjected to ichthyological analysis.
Generally accepted methods of ichthyo-
logical studies were used [20]. Flounder’s
diet was studied in the autumn periods of
1980, 2000 and 2020. Fish for analysis
were sampled hourly from pound and gill
nets. The removed gastrointestinal tracts
were preserved with a 4% formalin solu-

melanostomus, mmanuka  Neogobius
fuviatilis,  3eneHuaka  Zosterisessor
ophiocephalus) ta tinocu. LI nponecu
MaJM JWHAMIYHUH, 3BOPOTHIA abo iHOmi
He 3BOPOTHI# XapakTep. Y mei mepiox Bif-
Oynucst TaKoXK 3HAUHI 3MiHH TEPMAaJIbHOTO
PEKUMY BOIl MOPSI Ta IPIMOPCHKUX JIHMa-
HIB, IIOB’s13aHi 13 MI00aJbHUM MOTEILIiH-
Ham [17].

Be3 cymHiBy, Bce 1€, Tak 4Yd iHaKIIE,
BIUIMHYJIO Ha CTaH MOMYJIALIi kambanu y
JTUMaHi, ane nounHarouu 3 1970-x pp. i 1o
[LOTO Yacy B JITeparypi KOAHHUX BiJIOMO-
creil mpo miocy llabGonaTchkoro nuMaHy
HE ICHY€, TOMY PETPOCTICKTHBHHUN (PaKTHY-
HUI MaTepiali Moo CTaHy MOMYJIALIl LbO-
ro BUJIYy Ta Horo 0ioyorii, Ha Hally TYMKY,
€ IIKaBUM Ta KOPUCHUM.

Merta po6oTH ToJsTaNa y JOCTiKeHHI
3MiH OCHOBHUX MOP(H00i0NoridyHuX Xapak-
TepucTUK KambOanu rmocu [llabonarcekoro
numany 3a nepioa 3 1980 mo 2020 pp.

MATEPIAJIN TA METOAH

JlocmipkeHHsT cTaHy TOMYJIAIii TIIOCH
[ITabonarcpKoro JMMaHy MPOBOAMIU MPO-
TsiroM 1980-2020 pp. y pi3Hi CE30HU POKY
Ha BCiif akBaTOpii BOIOMMHU.

Y npomucnoBuid miepion (BepeceHb—
TPyIeHb) Marepiajl OTPUMYBAIUA 3 IMpPO-
MHCJIOBUX 3HapsiJib JIOBY (CTaBHI HEBOAM
Ta CiTKH), Y 3a00pOHHHMI TIepio] — i3 KOH-
TPOJIEHUX 3HAPSIIB JIOBY.

IxTionoriuHuii  aHaji3  MPOBOAMIN
Ha BuOIipmi i3 25-50 ocobuH puo, Bifi-
OpaHMX  METOAOM  PEIPEe3CHTaTHBHUX
cepenHix mpo6. BukopucTtoByBaym 3a-
TTBHOMIPUUHSITI METOAM IXTIOJOTIYHHX
nociimkens [20]. XKusnenns kambaiu 10-
chipkyBanu B ocinui nepiogu 1980, 2000
ta 2020 pp. Pub ans ananizy BinOupanu
LIOTOIMHHO 31 CTaBHUX HEBOJIB (Kapas)
Ta CITOK. BunaneHi NITyHKOBO-KHIIKOBI
TpakT ¢ikcyBanu 4%-m po3uyMHOM (Hop-
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tion. Otoliths were used to determine the
age of fish. To determine fecundity, fish
gonads were preserved in a Folch’s solu-
tion.

Sample processing was carried out in
laboratory conditions using generally ac-
cepted methods [20].

The condition factor was calculated
based on actual data: Fulton’s — K = W x
I x 100 and Clark’s Q =P x 1 x 100 (1 -
standard length, cm, W — total weight of
fish, g; P — weight of ungutted fish, g).

Based on the results of the analyses, the
mean length and weight of fish, the qual-
itative composition of the diets, and the
weight ratio of individual nutritional com-
ponents were calculated. Sex, fecundity of
fish and size of oocytes were determined.

Statistical processing of the study re-
sults was carried out on a PC using Mi-
crosoft Excel. The criteria for analyzing
the indicators were their mean value and
standard error (M+m), the variability in-
dex (V).

STUDY RESULTS AND THEIR
DISCUSSION

The mean length (L) of age-0+ Euro-
pean flounder in the lagoon in different
years ranged from 4.7 to 6.8 cm, age-1+
fish from 8.2 to 17.5, and age-2+ to age-3+
fish within 15.8-27.5 and 17.2-30.3 cm,
respectively (Table 1).

The mean weight of age-0+ European
flounder during the same period ranged
from 2.1 to 3.7 g, age-1+ from 33.3 to 60.5
g, age-2+ from 85.8 t0 298.0 g, and age-3+
from 135.9 to 365.7 g. Age-4+ fish caught
in 1980 and 2020 had a size of 41.0 and
38.5 cm and a weight 0f 455.5 and 405.1 g,
respectively. Fish of this age and size were
rarely found in the lagoon.

Since 1993, there has been an increase
in the variability of the length-weight com-

MautiHy. /[Jis BUSBICHHS BiKy KaMOaii BH-
KOPHCTOBYBAJIM OTOJNITH. J[JIs1 BU3HAYCHHS
IUIOMIOYOCTI ToHaau pub ikcyBamu pos-
yuHOM Domya.

Kamepansny 006pobky npo0d mpoBomu-
T B 1a0OpaTOpHUX YMOBax 3a 3arajbHo-
npUHATAME MeTonukamu [20].

JI71s1 OLIIHKY BroJOBaHOCTI KaMOallk Ha
OCHOBI (h)aKTHYHUX JIAHUX PO3PAXOBYBAIH
Koe(illieHTH BrofoBaHoCTi: DyabTOHA —
K=W x I? x 100, ta Kimapk Q =P x |?
x 100 (I — mpomucnoBa noBxkUHA, cM; W
— 3araiibHa Maca puow, T; P — maca puou
0e3 HyTpOILliB, T).

3a pesyibTaraMu aHaNi3iB poO3paxo-
BYBaJIM CEpPE/IHI MOKA3HUKH JIOBXKHHU Ta
Macu puO, SKICHHUA CKIaJ paIlioHIB Ta
CHIBBIIHOIIICHHS MacH OKPEMHUX KOMIIO-
HEHTIB )KUBJICHHs. Bu3Haganu crars, mio-
JIFOUICTh pUO Ta PO3MipU OOLUTIB.

CraructudHa 00poOKa pe3yJbTaTiB JI0-
CIiJPKEHHS 3/IiHICHIOBaIAcs Ha KOMIT 10Tepi
3 BUKOPHUCTAHHIM TNPHKIATHUX IIPOrpam
nakety «Microsoft Excel». Kpurepismu
aHallizy TOKAa3HWKIB OyiM IXHI cepemHs
BeJIMYMHA Ta cepenHe BiaxuineHHs (M+m),
Mmoka3HUK MiHIuBoCTI (V).

PE3YJIBTATU JOCJIIXEHb
TA IX OBIOBOPEHHS

Cepenns  nopxuna (L) w1poromitok
IJIOCH B JIMMaHi y pi3HI POKU KOJMBajacs
Bix 4,7 no 6,8 cM, IBOJITOK — Bix 8,2 10
17,5, a TpU- Ta YOTHPUITITOK — B MEkKax
15,8-27,5 Ta 17,2-30,3 cM BiANOBIIHO
(tabm. 1).

Cepennst Maca IbOTOJIITOK KaM0au 3a
TOW caMHUU TIepioJ] KOJMBajlach y MeEkKax
2,1-3,7, nBonitok — 33,3-60,5, TpritiTok
— 85,8-298,0, yotupmritok — 135,9—
365,7 1. I’arunitku, BunoBneHi y 1980
ta 2020 pp., mamu po3mip 41,0 ta 38,5 cm
i macy — BiamoBigHO 455,5 Ta 405,1 1.
Pubu Takoro BiKy i po3mipy 3ycTpivaiuch
y JIMMaHi 3pijKa.

[Mounnaroun 3 1993 p., crioctepiranocs
3pOCTaHHsI BapiaOelbHOCTI PO3MipHO-Ma-
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Table 1. Length and weight characteristics of the European flounder from the
Shabolatsky lagoon in the period from 1970 to 2020

Age of Years
fish 1970 | 1980 | 1993 | 2000 | 2009 2020
**Length L, cm
0+ 63 75 65 78 85 3.1
4696 5.2-10.2 1.6-10.5 27938 1.8-10.2 20125
" 164 15.5 11.0 115 12.8 14.2
172-19.2  12.4-18.6 45121 57158 75156 8.0-18.8
- 268 3.5 15.8 17.5 19.8 205
192305 185277 84-17.8 171228 125250  1238527.0
2 ~ 273 192 1.8 25.8 26.6
217377 125215 147307 155314  15833.0
4+ 41.0 38.5
*Weight, W, g
0+ 137 105 22 93 135 180
1:0-15.0 15-14.0 0797 1.0-12.5 138-18.8 1520.2
1+ 56.1 856 240 305 441 688
158:89.8 107550 138620 129675  11.4-88.0
- 297.1 285.50 71.0 112.5 170.8 206.8
100.0-400.0  95.5-317.0  25.5-117.9  453-1753 7552350  70.6-250.0
2 447.6 120.3 227.9 395.0 455.9
1584-487.5 57.5207.5 8502750 105.0-422.8 150.4-480.0
4+ - 455.5 - - - 405.1

Note. * According to Ya. I. Dimitriev [9];

** Numerator — mean value, denominator — minimum and maximum value.

position of the European flounder pop-
ulation in the lagoon. In 1980, the mean
length and weight of the European floun-
der were quite comparable with the data of
1970-1971 [9], which is associated with
a fairly stable and favourable hydrologi-
cal and hydrochemical regime and a good
state of the feed supply of the water body.
During this period, the flounder population
in the lagoon had a similar age structure.

In 1970, the share of two- and three-
year-olds was 38.5 and 20.2%, respective-
ly, and in 1980, these age groups in catches
amounted to 39.2 and 24%.

The slowest growth rates of the Euro-
pean flounder in the lagoon were record-
ed in 1993. The mean length and weight
of fish from all age groups, compared to
the previous period, decreased by 30-50%
(Table 1), as did their condition factor

COBOTO CKJIay IMOMYJALIi IIOCH Y JHMa-
Hi. Y 1980 p. cepenHst TOoBXKHMHA Ta Maca
IJIocH OyNMH IIJIKOM 3iCTaBHI 13 JNAHUMH
1970-1971 pp. [9], mo moB’si3aHO 3 J0-
CUTh CTAOUTBHUM 1 CHPHATIMBHM TiIpo-
JIOTO-T1IPOXIMIUHIM PEXHUMOM Ta T00pUM
CTaHOM KOpPMOBOi 0a3u BomoWMu. B 1ei
Nepiof MOMyIAList KaMOaTu B TMMaHi Majia
ONM3BKY BIKOBY CTPYKTYPY.

Ha gactky aBo- i Tpuiitok y 1970 p.
mpuIaaano BignosimHo 38,5 ta 20,2%, a 'y
1980 p. 1i BiKOBi I'pynH B yJIOBax CKiaja-
mm 39,2 ta 24,0%.

Haiiripimi mokasHUKH POCTY IJIOCH Y
muMaHi 3adikcoBani y 1993 p. Cepenni
po3Mipu Ta Maca puO yCiX BIKOBHX IpYII,
y TIOPIBHSHHI 3 MOMEPEeIHIM TepioaoMm,
3MeHnmuch Ha 30-50% (tabm. 1), sk 1 ix
BroJIoBaHicTh (puc. 1, 2).

ITpr4nHOIO TaKoro SIBUIIA € €KONOTid-
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(Fig. 1, 2). Ha karactpoda 1992 p., sika mpusBena 1o

The reason for this phenomenon was  MacoBoi 3aru0eni OMYKOBUX Ta KaMOaso-
the ecological catastrophe of 1992, which  Bux pu6, pyitHamii OioIeHO3iB (3HHKIN
led to the mass kill of gobies and flounder, 3apocri 30cTepu Zostera marina, Binmiva-
the destruction of biocenoses (the thickets  acs macoBa 3aru0ens MOJFOCKIB, paKoIo-

25

2,3 /
’ N\

A
21 t
19 }
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17 } -k 1+
—tee2t
175 L L 1 1 'l %3-(»\
1970-1971 1980 1993 2000 2009 2020

Years

Fig. 1. Fulton conditions factor (“K”) of the European flounder of the Shabolat-
sky estuary in 1970-2020
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Fig. 2. Clark’s condition factor (“Q”) of the European flounder of the Shabolat-
sky estuary in 1970-2020
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of eelgrass Zostera marina) disappeared,
and there was a mass kill of mollusks,
crustaceans and other benthic organisms)
in the southwestern part of the lagoon).

Starting from 2000, the mean length
and weight of the European flounder of all
age groups in the lagoon began to increase
and in 2020 the length and weight compo-
sition of flounder of the Shabolatsky la-
goon in the autumn period was comparable
to that observed in the 1980-1990s.

The condition factor of the European
flounder in the 2000s was lower than in
the previous period, as was the variability
of the length and weight characteristics of
the population (1980 — V=10-14, 1993 —
V=26-37, 2000-2020 — V=20-31).

In the following years, the lagoon eco-
system gradually recovered, and already in
2000, an increase in the abundance and bi-
omass of organisms of all links of the feed
supply was observed (Table 2).

In 1992-1994, the mean biomass of
meiobenthos organisms decreased to
4.3 g'm, macrozoobenthos to 45.3 g'm?,
and the stocks of marbled goby (Pomato-
schistus marmoratus Risso, 1810), which
is one of the components of the European
flounder diet in the lagoon, to 12.2 t.

It should be considered that the glob-
al suffocation covered approximately 2/3
of the lagoon area, namely the water area
from the village of Kurortne to the town
of Sergiivka. This is the most saline (S —
14-23%o) part of the water body, where the

MIOHHUX Ta IHIUX OCHTOCHUX OPTaHi3MiB)
y MiBJIEHHO-3aX1JIHI{ YaCTHHI JINMaHY.

[Mounnaroun 3 2000 p., cepeani pos-
MipU Ta Maca IJIOCH BCIX BIKOBUX TIPyIl y
JTUMaHi mounHae 3poctaru: y 2020 p. pos-
MipHO-MacoBuil ckman kambGamu 1llabGo-
JIATCHKOTO JIMMaHy B OCiHHIN mepion OyB
3icraBHUM 3 1980-1990-mu pp.

Bromosanicts miiocu y 2000-x pp. Oyia
HIDKYOI0, HIXK y TOIepeaHiil mepiof, K i
BapiabeNbHICTh PO3MIPHO-MAaCOBUX XapaK-
TepucTuk nomyssuii (1980 p. — V=10-14,
1993 p. — V=26-37, 2000-2020 pp. —
V=20-31).

VY HacTymHi pOKH €KOCHCTEMa JHMaHy
MOCTYIOBO BifiHOBMIIOBajacs i Bxe y 2000
p. CHOCTEpiranxocs 3pOCTaHHA YHCEIHHO-
cTi 1 GioMacu opraHi3MiB BCiX JJAHOK KOp-
MOBOI 0a3u (Tabm. 2).

Y 1992-1994 pp. cepenns Oioma-
ca OpraHi3aMiB MeHOOCHTOCY 3HHU3MIAcS
no 4,3 rxM?, Makpo3000eHTOCy — 70
45,3 rxm?, a 3amacu OW4YKa JIMCyHA JI€O-
napaoBoro (Pomatoschistus marmoratus
Risso, 1810), skwii € OAHUM i3 KOMIIO-
HEHTIB JKUBJICHHSI [IOCH y JIMaHi, — JI0
12,2 1

[lpu wpOMy ciim BpaxoBYBaTd, IO
MaciiTaOHa 3aayxa OXOIWIa NpPUOIU3HO
2/3 o TUMaHy, a caMe aKBaTopilo Bij
c. Kypoptae mo cmr CepriiBka. lle Haii-
6inpmr oconoHeHa (S — 14-23%o) yacTu-
Ha BOJIOWMH, [I¢ BIIACHE i KOHIICHTPY€ETHCS
nomynsis rocu. Haeneni B Tabmwmii 2
JIaH1 € cepeHIMU 3a JTUMaHOM (ToOTO Ta-

Table 2. The state of the feed supply of the Shabolatsky lagoon in 1950-2020 [6,

20]

Mean biomass of

Years

organisms in the lagoon

1950 — 1960 | 1980 — 1990 | 1992 — 1994 | 2000 - 2008 | 2019 - 2020

value, t

Phytoplankton, mg-m 11867.3 975.8 1054.3 5142.4 6787.4
Zooplankton, mg-m 3 1860.1 348.0 297.8 117.2 453.9
Meiobenthos, g-:m 2 21.4 11.5 4.3 5.1 5.7
Macrozoobenthos, g:m 2 335.5 193.9 45.3 194.0 205.5
*Fish with low commercial 60-120 75.4 12.2 18.5 20.0

Note. * Stocks of Pomatoschistus gobies, big-scale sand smelt (Atherina), etc.
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European flounder population is concen-
trated. The data presented in Table 2 are
average for the lagoon (i.e., covering the
southwestern (affected) and northern (un-
affected) parts of the water body). Thus,
in reality, the state of the feed supply of
the European flounder distribution area in
the lagoon was much worse, which was re-
flected in its length and weight characteris-
tics, condition factor and diet composition.

Already in 2000, thanks to the system-
atic operation of the lagoon-sea canal, the
state of the ecosystem of the Shabolatsky
lagoon significantly improved. As a result
of water exchange with the sea, the hydro-
chemical regime improved and stabilized.
Eelgrass (Zostera marina) beds along the
sea coast gradually recovered, and the bi-
omass of all components of the lagoon’s
food base increased.

All this had a positive impact on the
state of the European flounder population.
The fish length, weight, and condition fac-
tor increased, and in 2020, even age-4+ in-
dividuals were found in the catches, which
has not been observed since 1980.

The diets of age-0+ flounder of the
Shabolatsky lagoon in 1970-1971 con-
sisted mainly of polychaetes (55%) [9],
polychaetes also dominated the diet of
European flounder in 1980 (45%), but
the food spectrum also included chirono-
mids and juvenile shrimp. In the following
years, the importance of polychaetes in the
diet of flounders of this age group contin-
ues to decrease (as does their biomass in
the meirbenthos), while the importance of
chironomids and shrimp increases, which
became the main food in 2000 and 2020
(Fig. 3).

Polychaetes and idothea also predom-
inated in the diets of age-1+ European
flounder in 1970-1971, constituting more
than 20% of the diet [9].

In 1980, these components also occu-
pied a leading place in the diet of age-1+
European flounder, followed, by weight,

KHMH, IO OXOIUTIOIOTH IMiBJICHHO-3aXiTHY
(mocTpaxaany) Ta MiBHIYHY (HEMOCTpaXK-
JaJly) YacTUHH BOAONWMH. Takum UYHHOM,
peasbHO CTaH KOPMOBOI 0a3u apeaiy pos-
MTOBCIO/DKEHHS TJIOCH Y JIMMaHi OyB 3Ha4-
HO TipIIMM, IO 1 BiAOWIOCH HA 11 po3Mip-
HO-MaCOBHX XapaKTepUCTHKaX, BroJ0Ba-
HOCTI Ta CKJIJli paIfioHiB.

Boxe y 2000 p., 3aBasku cuCTeMaTHy-
Hill po0OTi KaHATy TMMaH-MOpE, CTaH KO-
cucremu 111abo1aTChKOTO TUMaHy 3HAYHO
mokpammecs. B pesynbrari BomooOMiHY
3 MOpEeM TOMNIMIIUBCSA Ta CTaOUTI3yBaBCs
rizpoximiuauii pexxnm. [Toctynoo BigHO-
BUJIKCBH 3apOCTi 30CTepH (Zostera marina)
Y3I0BX MOPCBKOi KOCH, 3pocia Oiomaca
BCIX KOMITOHEHTIB KOPMOBO1 0a3u JIMMaHy.

Bce 116 MO3UTHBHO BIUTHHYJIO HA CTaH
MoMyJsii TIOCH. 3pociu po3Mipu puo,
iXHS Maca Ta BroJoBaHicTh, a y 2020 p. B
VIOBaxX 3yCTpiYalluCs HaBITh OCOOWHH Y
Bili 4+, Joro He crmoctepiranocs 3 1980-
To p.

Pamiond 1BOroiTOK KamMOald DIOCH
[[Tabonarcekoro mumany y 1970-1971 pp.
CKIIa/IaJiiics B OCHOBHOMY 3 ToftixeT (55%)
[9], y 1980 p. Tex mepeBakanu MOJIXETH
(45%), ane Xxap4oBUH CIIEKTP BKJIIOYAB Ta-
KOX XipOHOMIJT T2 MOJIOJIb KPEBETOK. Y Ha-
CTYITHI POKM 3HAYCHHS IOJIiXET B pallioHi
IBOTOJIITOK KaMOalii MPOIOBKYBAIIO 3HU-
XKyBaTtuch (K 1 ixHsA Oiomaca y MeioOeH-
TOC1); HATOMICTh, 3POCTAJI0 3HAYECHHS Xi-
pOHOMIiZ Ta KpeBeToK, siki y 2000 ta 2020
Pp. CTallu OCHOBHOIO ket (puc. 3).

VY parionax JIBOJITOK miocu y 1970—
1971 pp. Takok TIepeBaKaU MOJIIXETH Ta
imotei, siki ckmaganu moHan 20% paiioHy
[9].

VY 1980 p. y KUBJICHHI JABOIITOK Kam-
OaJiM i KOMIIOHEHTH TaKOX IIOCIIaIu
MIPOBIJTHE MiCIle; IPyTe MicCIle Y paIlioHi 3a
MAacol0 HaJIeXXallo XipOHOMilaM Ta KpeBeT-
kaM. Y noganbimomy (2000 Ta 2020 pp.),
caMme I1i KOMIIOHEHTH iK1 CTall OCHOBHH-
mu (puc. 4).
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by chironomids and shrimp. In the future Parmtion Tpwitok rmocu B 1970-1971
(in 2000 and 2020), these food compo- pp. ckiagaBca 3 pakonoAiOHuUX (ramapu-
nents became the main ones (Fig. 4). I, igotel Ta cepoma), y 1980 p. xapdo-

The diet of age-2+ European flounderin ~ Buii cieKTp pO3LIMPUBCS, X0Ua MEPEBaXKHE
1970-1971 consisted of crustaceans (Gam-  3HaueHHS OSHTOCHHX PAKOMOMIOHHX 30€-

%
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Fig. 3. Diet composition of the age-0+ European flounder of the Shabolatsky
lagoon (1 — polychaeta, 2 — gammarids, 3 —idothea, 4 — spheroma, 5 — chironomids,
6 — mollusks, 7 — shrimps, 8 — fish, 9 — chimus)
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Fig. 4. Diet composition of the age-1+ European flounder of the Shabolatsky
lagoon (1 — polychaeta, 2 — gammarids, 3 —idothea, 4 — spheroma, 5 — chironomids,
6 — mollusks, 7 — shrimps, 8 — fish, 9 — chimus)
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marus, idothea, and spheroma); in 1980,
the food spectrum expanded, although the
predominant importance of benthic crus-
taceans remained. In 2000 and 2020, the
composition of European flounder diets in
the lagoon changed (Fig. 5).

The main food were shrimps (juveniles
and adults) and chironomids. The main

%

penitocs. Y 2000 ta 2020 pp. ckiaz pario-
HiB KaMOaJii B IUMaHi 3MiHUBCS (pHC. 5).
OCHOBHOIO TKEI0 CTaIN KPEBETKH (MO-
JIOZb Ta JIOPOCHIi 0COOMHM) Ta XipOHOMIiH.
ToI0BHUME KOMITOHEHTAMH PAI[iOHY YOTH-
puitiTok kamOanu B auMadi y 1980 p. Oynu
ramapujf, iotei, KpeBeTKH (MOJOAb Ta
JIOpOCITi 0COOMHHM) Ta XipoHOMiau (puc. 6).
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Fig. 5. Diet composition of the age-2+ European flounder of the Shabolatsky
lagoon (1 — polychaeta, 2 — gammarids, 3 —idothea, 4 — spheroma, 5 — chironomids,
6 — mollusks, 7 — shrimps, 8 — fish, 9 — chimus)

components of the diet of age-3+ flounder
in the lagoon in 1980 were gammarids,
idothea, shrimps (juveniles and adults),
and chironomids (Fig. 6).

In the diet of age-3+ European floun-
der in 2000 and 2020, along with shrimps
and chironomids, which become the
main food, the importance of fish repre-
sented by: marbled goby (Pomatoschis-
tus marmoratus Risso, 1810) (80-87%),
juvenile monkey goby (Neogobius fluvi-
atilis Pallas, 1814) (10-17%), and big-
scale sand smelt (Atherina boyeri Risso,
1810) (1-3%) increased. Up to 6.5-7.0%
of the diet mass consisted of mollusks
(Mytilaster  lineatus, Cerastoderma
glaucum, etc.).

VY >KUBJICHHI YOTUPUIITOK KamOanu y
2000 Ta 2020 pp., mopsig 3 KpeBETKaMHU
Ta XipOHOMiZaMu, sIKi CTaJld OCHOBHOIO
Kero, 3pocio 3HaUYeHHS puOw, Npen-
CTaBJIeHOI OWYKOM JIMCYHOM JIEOMapo-
BuUM (Pomatoschistus marmoratus Risso,
1810) (80-87%), Monoxat0 Ouvka mila-
Huka (Neogobius fluviatilis Pallas, 1814)
(10-17%) Ta arepunoro (Atherina boyeri
Risso, 1810) (1-3%). o 6,5-7,0% macu
pauiony ckiazainu Momtocku (Mytilaster
lineatus, Cerastoderma glaucum ToIO).

CHiBBIIHOIIEHHS CaMI(iB 1 CaMHUIbL B
ylIoBax pi3HMJIOCH B pi3HI poku. Cepen
nBomitok (1+) ta Tpummitok (2+) cammi
cknamanu Bix 54 no 63%. Y BikoBii rpymi
3+ ix yacTka He nepeBuIyBana 42%.
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Fig. 6. Diet composition of the age-3+ European flounder of the Shabolatsky
lagoon (1 — polychaeta, 2 — gammarids, 3 —idothea, 4 — spheroma, 5 — chironomids,
6 — mollusks, 7 — shrimps, 8 — fish, 9 — chimus)

The male to female ratio in catches var-
ied in different years. Among age-1+ and
age-2+ fish, males comprised 54 to 63%.
In the age group 3+, their share did not ex-
ceed 42%.

Thus, the sex structure of the European
flounder population in the lagoon resem-
bled the previous period.

In the Shabolatsky lagoon, as in oth-
er lagoons of the northwestern Black Sea
region, early sexual maturation of the Eu-
ropean flounder was observed. In 2000-
2020, males reached sexual maturity in the
second year of life (L — 11.2-12.7 cm, W
— 135-158 g), females — in the third-fourth
year (L — 14.8-15.7 cm and weight W —
177.5-202.5 g), which was comparable to
those of the spawning stock of the Europe-
an flounder population in the 1970s-1980s
[9].

In 2000-2020, in October-November,
30-42% of age-2+ females had gonads at
HI-1V, and 42-48% of age-3+ and 4+ fe-
males had gonads at IV stage of maturity.

Spawning of the European flounder in
the Shabolatsky lagoon took place in its

TakuM 9YMHOM, CTaTeBa CTPYKTypa I0-
mynsnii kamOanu y JIMMaHi Haraaysaja
ToTepeIHii mepioz.

V IllaGonaTcbkoMy JHMMaHi, SIK 1 B iH-
KX JIUMaHax MiBHIYHO-3aXigHoro [Ipu-
YOPHOMOD’S,  CIIOCTEPIra€eThCsi  paHHE
cTareBe JMJO3piBaHHA Kambaiu miocH. Y
2000-2020 pp. camIii gocsraid CTaTeBoi
3pinocTi Ha apyromy pomi xutta (L —
11,2-12,7 cm, W — 135-158 1), camuii
— Ha TpeThoMy—4eTBepTOoMy pokax (L
— 14,8-15,7 cm, W — 177,5-202,5 1),
mo Oyno 3icTaBHE 3 XapaKTEPUCTHKAMH
HEPEeCTOBOI YaCTHUHM MOMYJALIl IJIOCH Y
1970-1980-x pp. [9].

Y 2000-2020 pp., y *OBTHI—JIHCTOIIA-
i, 30-42% camunpb BIKOM 2+ MaJjd roHa-
1 Ha I11-1V, a 42-48% camunp y Bimi 3+
Ta 4+ — ronanau Ha [V cranii 3pinocTi.

Hepect miocu B IllaGonarcekomy Jiu-
MaHi BifOyBaBcs y HOro MiBJCHHO-3a-
XIZHIH 4YacTHHI, SKa XapaKTepH3YEThCS
HaWOINbIIMMU TIMOMHAMH (10 2,5 M) Ta
BHCOKOIO COJIOHICTIO (B 15 110 23-25%0).
[TounnarTh #oro y moTomy—Oepe3Hi 3a
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southwestern part, which was character-
ized by the greatest depths (up to 2.5 m)
and high salinity (from 15 to 23-25%o). The
largest and oldest brood fish start spawn-
ing in February-March at a temperature
of 5-6°C. The first-maturing and smallest
individuals are the last to spawn in March-
April at a temperature of (9-11°C).

European flounder fecundity varied
widely depending on the fish weight. Ac-
cording to Ya. I. Dimitriev [9], the absolute
fecundity of females from the Shabolatsky
lagoon with a length of 19.2 cm and a
weight of 100 g was 67.6 thousand eggs,
and in fish with a length of 30.5 cm and a
weight of 400 g - 1,302.85 thousand eggs.

In 1980, according to our data, the fe-
cundity of females weighing 165-285 g
ranged from 110.3 to 554.5 thousand eggs,
and in 2000 and 2002, age-2+ to 3+ fe-
males of similar size (155-305 g) had an
absolute fecundity of 275.5 to 786.8 thou-
sand eggs. The working fecundity of fe-
males weighing 350-365 g was from 98.5
to 117.5 thousand eggs.

The brood European flounder which
was caught by us in the Black Sea (Kerch
Strait) during the spawning period of the
1980s had mature oocytes (stage IV-V)
with a diameter of 1100-1250 microns
with a fat droplet diameter of 376-465 mi-
crons. In the European flounder from the
Shabolatsky lagoon, which was caught
during the same period, the diameter of
mature oocytes ranged from 850 to 1100
microns, and the fat droplet — from 385 to
487 microns.

The diameter of European flounder
fertilized eggs caught in the lagoon dur-
ing the spawning period varied from 750-
1250 microns, which is associated with the
participation in spawning of females with
different ages and the intermittent spawn-
ing (the size of the eggs decreases from the
first to the next batches of eggs from the
same female).

temneparypu 5—6°C HaWOUIBIII ILTiTHU-
KH cTapimoro Biky. OcTaHHIMU B Oepe3Hi—
KBiTHI mipu Temneparypi (9—11°C) mepec-
TYIOTh 0COOWHH, IO BIIEPIIE J03PiBAOThH
Ta MarOTh HAMEHII pO3MIipH.

[TnomrodicTh TJIOCH 3MiHIOBANIACh Yy
IIMPOKUX MEXaxX B 3aJIC)KHOCTI BiJl MacH
pu6. 3a manumum . 1. Jlimitpiea [9], y
[[TabonarcrkoMy TMMaHi abCOIIOTHA TUIO-
JFOYICTh CaMHIb JOBKHAHO 19,2 cM 1 Ma-
coro 100 T ckiagana 67,6 TUC. IKPHHOK, a
y pu6 nopxuHOI0 30,5 cM 1 Macoro 400 T
— 1302,85 THC. IKPUHOK.

Y 1980-x pp., 3a HAIUMH JAHWMH,
IUIOJIOYICTH CaMHULb Macor 165285 r ko-
muBastacs Bix 110,3 mo 554,5 THC. IKpHHOK,
a'y 2000-x Ta 2020-x pp. TPU—4OTHUPHIIIT-
Hi camuini 6mu3bkoro posmipy (155-305 1)
Maiu aOCONIOTHY IUIOAIOYICTh Bix 275,5
no 786,8 Tuc. ikpuHOK. PoGova rmutomro-
4icTh camMuIp Macoro 350-365 r ckinanana
Bix 98,5 mo 117,5 THC. iKpUHOK.

ILmigauky KaMOaiIy TII0CH, BHIIOBIEHOT
Hamu B YopHoMy Mopi (KepueHcbka mipo-
TOKa) y HepectoBuit mepion 1980-x pp.,
Maim 3pim oonutH (IV-V cranis) miame-
TpoM 1100-1250 MKM 3a miameTpy KHpoO-
Bo1 kparuii 376—465 mMxm. Y miocu i3 Ila-
00JIATCHKOTO JIMMaHy, BHJIOBJICHOI B TOU
caMuil TIepiof, JliaMeTp 3pUIHX OOIIMTIB
konuBaBcs Bifg 850—-1100 MkM, a )KHUPOBOT
kparuti — Bix 385 10 487 MkM.

JiameTp 3aIumiTHEHOI iKpH IJIOCH, BH-
JIOBJICHOI Y JIMMaHi B HEPECTOBHH TEePiof,
BapiroBaB y Mexax 750—1250 MkMm, 1110 110-
B’S13aHO 3 YYaCTIO Y HEPECTi Pi3HOBIKOBUX
caMUIlb Ta HWOro MOPIIHHICTIO (po3MipH
IKpH 3MEHINYIOTBCSA BiJl MEpHIoi 10 Ha-
CTYITHUX TIOPIIN IKPH Y OJIHIET 1 TiEH camoi
camwuiri).
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CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

In the 1970s and 1980s, European floun-
der of the Shabolatsky lagoon was charac-
terized by high growth rates. The mean
length of age-0+, 1+, 2+, and 3+ was 6.3-
9.1; 11.0-16.4; 15.8-26.8; 38.5-41.0 cm, re-
spectively, and the mean weight of fish of
these age groups was 5.2-18.0; 24.0-68.8;
71.0-297.1; 405.1-455.5 g, with insignif-
icant variability in the length and weight
composition and high values of condition
factor. The European flounder population in
1970-1980 was characterized by a compa-
rable age and sex structure.

After the ecological disaster in 1993, the
length, weight and condition factor of the
European flounder of all age groups signif-
icantly decreased (for older fish more than
twice). In the following period, there was a
gradual increase in the length and weight of
fish in the lagoon, but they never reached
those of the period preceding the disaster.
The variability of the length-weight compo-
sition of the population has also increased,
and the condition factor has decreased.

All these changes directly depended
on changes in the water body’s nutrient
content, composition and biomass of the
main components of the feed supply. This
is probably the reason for the changes in
the composition of the European flounder
diets. In the period after 1993, the range of
European flounder food in the lagoon has
noticeably expanded. Chironomids and
shrimps predominated in it, while fish and
mollusks in fish of older age groups.

In 20002020, males reached sexual ma-
turity in the second year of life, females in the
third-fourth year, which was comparable to
the characteristics of the spawning part of the
European flounder population in 1970-1971.

The question of the existence of a lagoon
form of European flounder is interesting. In
1979-2000, while conducting research on
the development of technology for artificial

BUCHOBKHM TA NEPCIEKTHUBH
MNOJAJIBIIOIO PO3BUTKY

VY 1970-x Ta 1980-x pp. kambaia roca
[ITabonarcpKoro JaMMaHy XapaKTepU3yBa-
Jlacsk BUCOKMMH TIOKa3HUKaMu pocty. Ce-
peIHsI TOBKHHA IBOTONIITOK, TBO- TPU- Ta
YOTHUPWIIITOK CKJIaJaJId BiAMOBITHO 6,3—
9,1; 11,0-16,4; 15,8-26,8; 38,5-41,0 cm™,
a cepelHs Maca pud IMUX BIKOBHX TPYIT —
5,2-18,0; 24,0-68.,8; 71,0-297,1; 405,1-
455,5 1, 3a He3Ha4HOI BapiabeNbHOCTI
PO3MIPHO-MACOBOIO CKIIAJy Ta BHCOKHX
MMOKAa3HUKIB BroJiloBaHocTi puo. [Tomymsiis
iocu B 1970-1980-x pp. xapakrepusyBa-
Jacs CIIBCTaBHOIO BIKOBOIO Ta CTATEBOIO
CTPYKTYPOIO.

[Ticnst exomoriunoi katactpodu, y 1993
p. pO3MipH, Maca Ta BrOJOBaHICTh IIOCU
yCiX BIKOBHX T'pyI 3HAYHO 3MCHIIMJINCH
(n7st pu6 cTapmioro Biky Oibllie HIX YIBi-
4i). B momanpmuii mepiox BimOyBamocs
MOCTYIIOBE 3POCTAaHHS PO3MIpiB Ta MacH
pub y TUMaHi, aje BOHU TaK 1 He JOCATIIH
MOKa3HUKIB Tepiomy, IO MepenyBaB Ka-
tacTtpodi. 3pociia TakoX BapiabeIbHICTD
PO3MIpPHO-MACOBOIO CKJIAy IOMYJIALIL,
3MEHIIIHMJIACs BrOJIOBaHICTh PHO.

Bci 1i 3MiHE TIPSIMO 3aJieXkaliy BiJl 3MiH
MMOKa3HUKIB KOPMHOCTiI BOIOWMH, CKJIATY
Ta 6i0Macu OCHOBHMX KOMIIOHEHTIB KOp-
MoBOi 0Oazu. Came 1ie, WMOBIpHO, CTalO
MIPUYUHOIO 3MiH CKJIaay PalioHiB IJIOCH.
B nepiox micist 1993 p. ciektp »KUBICHHS
KaMOaJli B TUMaHi TIOMITHO PO3LIUPHUBCS.
3HavyHe MicCIle B HhOMY MOCUIHA XipOHOMi-
I, KPEBETKH, a y pUO CTapIIUX BIKOBHX
rpyn — puba i MOJIFOCKH.

Y 2000-2020 pp. camiii gocsaranu cra-
TEBOT 3pLIOCTI Ha APYTOMY POIIi KUTTS, Ca-
MHUIIl — Ha TPEThOMY—4YETBEPTOMY POKaX,
1o OyJI0 3iCTAaBHUM 13 XapaKTEePUCTHKAMH
HEPECTOBOI YaCTUHH MOMYIALIl TIOCH Y
1970-1971 pp.

I[ikaBUM € MUTaHHS LIOAO iCHYBaHHS
muMaHHOT popmu miocu. Y 1979-2000 pp.,
i Yac MPOBEJCHHS HAYKOBO-IOCIIIHUX
pOOIT 13 po3pOOKH TEXHOJOTIT MTYYHOTO
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reproduction of mullet and flounder fish in
the Shabolatsky lagoon, during the opera-
tion of the catch-and-release channels, we
constantly observed the migration of Eu-
ropean flounder from the lagoon to the sea
and from the sea to the lagoon. In the spring
and summer, juvenile European flounder
of 3-7 cm long entered the lagoon in large
abundances to warmer and desalinated wa-
ter. In early autumn, migration of European
flounder (mainly fish 15-25 cm long) from
the lagoon to the sea was observed.

Similar patterns of juvenile preference
for low salinity have been noted previous-
ly [21-23]. It has been established that
age-0+ flounder chooses water areas with
higher temperature and lower salinity for
feeding [24,25], which is associated with
accelerated growth at intermediate salinity
compared to extreme salinity [25-28].

Such observations suggest that there is
no isolated lagoon population of European
flounder in the lagoon today. The European
flounder stock of the Shabolat lagoon large-
ly represents a combination of marine and
lagoon forms of flounder, the ecological
and biological features of which are formed
mainly under the influence of the peculiar-
ities of the lagoon ecosystem. This issue is
important for clarifying the current features
of the formation of local populations of Eu-
ropean flounder in the Azov-Black Sea ba-
sin and requires further research.
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BIITBOPCHHS Ke(aleBUX Ta KamOalToBUX
pu6 Ha lllaGonarcrkoMy JMMaHi, IpH Po-
00Ti 00JIOBHO-3aITyCKHUX KaHAJIB HaMU
MOCTIHO cITocTepiranacs Mirparis mIoCH
3 JIUMaHy B MOpE 1 3 MOps B TMMaH. Y Bec-
HSTHO-JIITHIN TepioJ B IMMaH Ha TEIUTIIY i
OTIPiCHEHY BOIY MacOBO 3aXOJWIIa MOJIOIb
kambanu nowxkuHo0 3—7 cMm. Ha mouarky
OCEHi crocTepiragach Mirpaiis mocu (B
OCHOBHOMY pHO JOBXHHOIO 15-25 cm) 3
JIMMaHy B MOpE.

AHanoriuHi 3aKOHOMIpHOCTI TepeBaru
HU3BKO1 COJIOHOCTI Oysv 3a3HaueHi paHi-
me [21-23]. BcraHnoBneHno, mo kambaia
O0-rpynu oOupae i Haryily akBaTopii 3
BUIIOIO TEMIIEPATYPOIO 1 HIKYOIO COJO-
HicTIO [24, 25], 10 NOB’A3aHO 13 MPHUCKO-
PEHHSIM POCTY 3a TPOMIDKHOI COJIOHOCTI
MOPIBHSAHO 3 EKCTpeMalbHOO [25-28].

Taki crmocTepexeHHS  O3BOJISIOTH
MIPUIYCTHUTH, II0 HUHI B JIMMaHi HE iCHYy€
BiJTOKpeMJICHOT (i130J1bOBAHOI) JIMMaHHOI
nonyssiii miocu. Crago kambanu 111a6o-
JIATCHKOTO JTMMaHy 3HAYHOK MIpOIO SIBIISIE
0000 CYKYITHICTh MOPCHKOI 1 JIMMaHHOT
(hopm kambaru, eKonoro-61010TivHI prUCH
sIK01 (POPMYIOTHCSI B OCHOBHOMY ITiJ] BILIH-
BOM OCOOIIMBOCTEH JIMMAaHHOI €KOCHCTe-
Mmu. lle mUTaHHS € Ba)XITHMBUM ISl 3’5ICY-
BaHHA Cy4YacHHUX OCOOIHMBOCTEH (hopMy-
BaHHS JIOKAIFHUX MOMYJSIIA IocH A3o-
Bo-YopHOMOpCHKOTO Oaceiiny i morpelye
MOJAIBIINX HOCIIIKEHD.

KOH®JIIKT IHTEPECIB

ABTOpH CTBEPAXKYIOTh, IO KOHQUIIKT
IHTepeCiB BiJICYTHIN Ha BCiX eTamax Mmpo-
BEJICHHS JOCTI/DKEHHS Ta MiATOTOBKH Ja-
HOT ImyOTiKaItii.

JXKEPEJIA ®ITHAHCYBAHHSA

PoGoTa BHKOHaHa B MeXax HayKo-
BO-JIOCHIAHOT poOoTH Kadenpu BOAHHX
OiopecypciB Ta akBakynbsTypu Onmechbko-
ro HaliOHaJNBHOTrO yHiBepcutery iMm. L. L.
MeuHuKoBa.
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