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THE RESULTS OF ZMIINY1 ISLAND (BLACK SEA)
COASTAL WATERS ICHTHYOFAUNA MONITORING IN 2016-2017

Purpose. To study the state of ichthyofauna in the Zmiinyi Island coastal waters in 2016-2017.

Methods. Standard methods of ichthyofauna sampling, determination, abundance and biomass estimation.

Results. During the period of studies, 68 species of marine, brackish-water and freshwater fish were
found in the Zmiinyi Island area belonging to 18 orders, 41 families and 55 genera. The biggest number of taxa
belongs to Perciformes order. The representatives of this order make one-half of all the species found near the
island. Indicators of ichthyofauna species diversity in the Zmiinyi Island area were gradually decreasing in the
period from 2003 to 2009. In 2015-2016 all those indicators grew significantly. Biodiversity level (Shannon
index values calculated coming out of number) in 2016 varied from 0.86 to 3.06 making in the average 2.06; in
2017 — from 2.40 to 2.54 making in the average 2.47. Minimal values of biodiversity indicators were registered
in the end of autumn and in winter, maximal — in May-June. In the Zmiinyi Island coastal waters 30.9% of all the
fishes registered in the Black Sea were found. The fishes caught near the island belonged to 5 ecological groups.
The basis of ichthyofauna in the area was formed by marine fish species — 52 species (76.5 % of the total number
of species). Most of species (54 species or 89.4%) were bottom-dwelling or near-bottom. Pelagophylic and pro-
tecting species prevailed and their numbers were almost equal (24 species or 35.3% and 23 species or 33.8%
respectively). On the type of feeding, predatory (37%) and benthos-eating (33%) species prevailed. Out of 68
species found in the island area, 16 species are included into the Red Book of Ukraine, 22 species — into the
Black Sea Red Data Book, 7 species — into the IUCN Red List. More than one-half of the species registered in
the area (36 species or 52% of all the species) have a protected status.

Conclusions. Results of analysis of biodiversity, structural characteristics and taxonomic composition of
ichthyofauna in the Zmiinyi Island coastal waters have been presented. Seasonal dynamics of its number and
biomass has been studied. The results of the analysis of some aspects of ecology and biology of the main mass
species of fish are presented. Recommendations are given to improve monitoring of the ichthyofauna of coastal
waters. Quality of bottom communities monitoring in the Zmiinyi Island coastal waters can be increased signifi-
cantly by development and implementation of non-contact low-budget video-monitoring methods to solve the
problem of fish stock and biodiversity studying in inaccessible areas. It is anticipated that the method developed
will help high precision assess of fish stock in inaccessible shelf areas where application of other methods is
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connected with technical difficulties, high cost and can lead to unreliable results. Elaboration of the method
aimed at development of video materials received computer processing algorithms will significantly simplify
analysis of the data collected.

KEYWORDS: ichthyofauna, biodiversity, abundance, biomass, Zmiinyi Island

Chuiripros C. M.}, Meninens B. .1, Adakymos O. M.}, ITinuk B. 3.1, Cuiripsos I1. M., Coatuc I. €.,
Konapesa O. I1.1, 3amopor B. B. !

Y0o0ecovxuii nayionanvnuii ynisepcumem imeni 1. I. Meunuxoea, m. Odeca, Yxpaina

PE3YJbBTATH MOHITOPUHI'Y IXTIO®AYHU NPUBEPEXHUX BOJ OCTPOBA
3MITHUI (YOPHE MOPE) V 2016-2017 PP.

Meta. BuBueHHs cydacHOTO CTaHy iXTiodayHH mpuOepeXxHHX Box ocTpoBa 3wmiinuit B 2016-2017 pp.
Metoan. CtanmapTHi METOAX BiOOpyY, BU3HAUCHHS, OLIHKK YHCEIFHOCTI 1 OioMacH ixTiodayHu.

PesyasTaTu. [IpoTsarom gocmimkeHs BUSBICHO 68 BHAIB MOPCHKHX, COJOHYBATOBOJHUX 1 TIPICHOBOIHUX
puo, mo Hanexatb 10 18 psnis, 41 ponuni, 55 poxnis. Haitbinbime 9rcio TaKCOHIB BKIIFOYAE Ps] OKYHETIONIOHIX
Perciformes. Pisenp GiopizHomaHiTTs ixtiodaynu (ingekc lllenHoHa, po3paxoBaHuil 3a uncenbHicTio) B 2016
poui konuBaBes B Mexax 0,86-3,06, B cepeanbomy ckianatoun 2,06, B 2017 — 2,40-2,54, B cepenubomy — 2,47.
MiHimMalbHi TOKa3HUKU O10pI3HOMAHITTS Bi3HAa4Y€HI B KiHIIl OCEHi i B 3MMOBHH IepioJ], MAKCUMYMH — B TPaBHi-
4yepBHi. Bcboro B npubepexxHux Boxax y o. 3MiiHuil BigzHaueno 30,9% Bin ycix BHIIB pHO, 3apeecTPOBAHUX B
YopHomy Mopi. Bunoineni y o. 3MiiHUH puOH BITHOCATHCS A0 5 ekonoriyHux rpym. OcHOBY ixTiodayHH 1bOTo
paiioHy yTBOPIOIOTH BJIaCHE MOPCHKi pubH — 52 Buau (76,5% 3arajabHOl KiJIbKOCTI BUSIBICHUX BUIIB), OiIBIIICTH
BuiB (54 Bunu — 89,4%) BenyTh NOHHHI 1 MPUAOHHUI CIIOCIO JKUTTS, Maike B PIBHIH KUIBKOCTI IIepeBaXkatoTh
nenaro¢inu i oxoponstoun (24 Bumy — 35,3% 1 23 Bumu — 33,8%, BinNOBiAHO), 32 XapaKTEpOM IKHUBICHHS
MIPOBiTHE MICIIe B PiBHIHM KUTBKOCTI 3aiiMaroTh XWKi i OeHTO(arn. 3 68 3HaiineHnx Oinst ocTpoBa BHIIB 16 BHIIB
3aHeceHi B ciucky YepBoHOI KHUTH YKpainu, 22 Buj 3aHeceHi 1o UepBoHoi kHUrH YopHOTO MOpSs, 7 BUAIB - 10
Yepsonoro crnmcky MCOII. Binbme nonosuru — 36 Buais (52,9% 3aranpHOro umcia BHIIB) 3 BHUSABICHHX y
OCTpPOBA BHUJIIB MAIOTh OXOPOHHUI CTaTYyC.

BucnoBku. HaBenerno pesynbraTu aHami3zy 0i0pi3HOMAaHITTS, CTPYKTYpHHUX XapaKTepUCTHK, TAKCOHOMI-
HOTO CKJany ixtiodhayHu mpuOEpeKHUX BOA OCTpoBa 3MiTHHMN. J[OCTIIKEHO CE30HHY AMHAMIKY YHUCEIBHOCTI i
6iomacu. HaBemeHO pe3ysIbTaTH aHai3y ASSIKHMX ACIEKTiB €KOJIOrii Ta 0i0Jorii OCHOBHHX MacOBHX BHJIIB PHO.
HaBeneno pexomennamii 1070 MOJIMIIEHHS MOHITOPHHTY ixTioayHu npuOepexHux Boi. PiBeHb sKOCTI
MOHITOPUHIOBUX JIOCIIJDKEHb JOHHHUX CIIBTOBAPHCTB NMPHUOEPEIKHUX BOJ OCTPOBa 3MiTHHMII, BKIIOYAIOYH iXTiO-
(hayHy, MO>ke OYTH 3HAYHO MiJBHUINCHHUNA y pa3i po3poOKH i 3aCTOCYBaHHS OS3KOHTAKTHUX METOIIB BiZI€OCIIOCTE-
pEeXEHb IS BHpIIICHHS MPOOJIEMH BHBUCHHS CTaHy 3amaciB puO, iX OiOpi3HOMAHITTA B Ba)XKKOIOCTYITHHX
Mmicusx. Po3BUTOK MeTOZy, CIIpSIMOBAaHHH HA CTBOPEHHS aJITOPUTMIB KOMI'IOTEPHOI 0OpOOKH OTpHMaHMX Bizeo-
MarepiaiB, T03BOJUTH 3HAYHO MOJIETIIUTH aHAJII3 OTPUMAHUX JAHHX.

KJIFOYOBI CJIOBA: ixitodayHa, 610pi3HOMaHITTS, YHCEIbHICTE, OioMaca, OCTpiB 3MiTHUIA

Cunrnpes C. M.}, Megunen B. 1.}, AGakymos A. H.}, ITnnpik B.3.}, Cunrupes I1. M.}, Coatsic I. E.2,
Konapega O. I1.1, 3amopos B. B.!

Y00eccxuii nayuonanvmwiii ynueepcumem umenu M. U. Meunukosa, 2. Odecca, Ykpauna

PE3YJBTATBI MOHUTOPUHI'A UXTHO®AYHBI IPUBPEXKHbBIX BOJ OCTPOBA 3ME-
UHBIA (YOPHOE MOPE) B 2016-2017 PP.

Heas. M3ydeHne cocTosHUS HXTHOGAYHBI B MPHOpPEKHBIX Bomax octpoBa 3MenHbd B 2016-2017 rr.
Metoasi. CtanapTHBIE METOIBI 0TOOPA, ONpPEENICHNS], OLIEHKH YHCICHHOCTH U OMoMacchl UXTHO(hayHBI.

PesyabTaThl. B TeueHne nccneioBanuii 00Hapy>keHO 68 BHIOB MOPCKHX, COJIOHOBATOBOIHBIX M MPECHO-
BOJHBIX PbIO, MpHHAAIeKammx K 18 orpsnam, 41 cemeiictBam, 55 popam. Hanbospliee 4ucino TakCOHOB BKITIO-
YaeT oTps/ oKyHeoOpasHsie Perciformes. YposeHns Ouopasnoodpasus nxtuodayssl (uaaekc llleHHoHa, paccyn-
TaHHBINA 10 yrcieHHocTH) B 2016 roxy konebancs B npenenax 0,86-3,06, B cpeqnem cocrapisis 2,06, B 2017 —
2,40-2,54, B cpenneM — 2,47. MUHUMaNbHBIE TIOKa3aTenn OMOpa3HOOOpa3ysi OTMEUEHBI B KOHIIE OCEHU U B 3UM-
HUH 1eproj, MaKCUMyMBI HHJIEKCa OMOpa3HOooOpasns ObLTH OTMEUYEHBI B Mae-HioHEe. Becero B mpuOpexXHBIX BO-
nax y o. 3mennsnii otmeueHo 30,9% oT Bcex BHIAOB pbIO, 3apeTUCTPHPOBAHHBEIX B UepHOM Mope. BruioBieHHBIE
y 0. 3MeuHbIil peIOBI OTHOCATCS K 5 3KojormdeckuM rpymmnam. OCHOBY MXTHO(hAyHBI 3TOTO paioHa oOpa3yroT
coOCTBEHHO MOpCKHe puIOBI — 52 Buaa (76,5% obmiero konnyecTBa 0OHAPY)KEHHBIX BUIOB), OOJIBIINHCTBO BH-
noB (54 Buga — 89,4%) BexyT NOHHBIM M MPUIOHHBINA 00pa3 >KM3HM, IIOYTH B PABHOM KOJIHMYECTBE IPE00IIaaloT
nenaro¢wisl 1 oxpanstomue (24 suna — 35,3% u 23 Buna — 33,8%, COOTBETCTBEHHO), IO XapaKTepy MUTAHUS
BeJyIllee MECTO B pAaBHOM KOJIMYECTBE 3aHMMAIOT XMIIHBIE ¥ OeHTO(aru. M3 68 HaiiieHHBIX Y ocTpoBa BUJIOB 16
BUJIOB 3aHeCeHbI B criucku KpacHoil kauru Yxpaunsl, 22 Buaa - B KpachHyro xaury YepHoro mops, 7 BUi0OB — B
Kpacusiit ciucok MCOII. bonee nonoBuHsl — 36 BuoB (52,9% o0miero 4ucia BUIOB) U3 OOHApYKEHHBIX y
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OCTpOBa BUAOB UMCIOT OXpaHHbIﬁ CcTaTtyc.

BoiBoapl. [Ipoananm3upoBaHo 6nopa3HooOpas3ue, CTpyKTYPHBIE XapaKTEPHUCTHKH, TAKCOHOMUIECKHH CO-
CTaB M C€30HHAS JIHAMHUKA YHCICHHOCTH M OMOMacchl MXTHO(ayHBI IPHOPEKHBIX BOJ OCTpOoBa 3MenHbIH. [Tpu-
BE/ICHBI PEKOMEHAAINH 10 yIYUIICHUI0 MOHUTOPHHTAa NXTHO(AYyHBI IPUOPEXKHBIX BOJ. YPOBEHb KadecTBa MO-
HUTOPHHTOBBIX HCCIIEAOBAHNI JOHHBIX COOOIIECTB MIPUOPEKHBIX BOA OCTPOBA 3MEHHBIH, BKIIOYast UXTHO(AYHY,
MOXET OBITh 3HAYUTEIHHO MOBBIIIEH B CIydac pa3paOOTKH M IMPUMEHEHHS OECKOHTAKTHBIX MAaJOOIOIKETHBIX
METOZOB BHICOHAOIIONCHUS ISl PEIICHHUS IPOOIEMBI H3YUCHUS COCTOSHHS 3aIlacOB PHIO, HX OHOpa3HOOOpa3us
B TPY/JIHOJOCTYITHBIX MecTax. Pa3BuTie MeTos1a, HaNpaBIEHHOE Ha CO3aHUe alrOPUTMOB KOMIIBIOTEpPHON 00pa-
OOTKH HOJIyYEHHBIX BUICOMATEPHAIIOB, II0O3BOJIHUT 3HAYUTEIHHO OOJIEIYUTh aHAIIU3 MTOJYYESHHBIX JaHHBIX.

KJIIOUYEBBIE CJIOBA: uxtnodayna, bnopasHoodpasue, YUCICHHOCTh, OnomMacca, 0CTpoB 3MEUHBIN

Introducton

The most complete ichthyofauna studies
in the north-western Black Sea were performed
by the outstanding scientists of the 19" and
20" centuries 1.M. Vidgalm, A.V. Yatsentkov-
skiy, P.Yu. Shmidt, A.N. Popov, V.A. Krotov,
D.K. Tretyakov, V.S. Chepurnov and N.S.
Burnashev, K.A. Vinogradov, F.S. Zam-
briborsch [1, 2]. First brief information on
ichthyofauna of the Zmiinyi Island coastal
waters were presented in the works by
A.D. Nordman, G.O. Solianik, A. Borza,
R. Calienescu [1, 2]. The comprehensive hy-
drobiological and ichthyological studies of the

island coastal waters were performed in 1993-
1997 by the researchers of the Institute of Bi-
ology of Southern Seas, Odessa Branch (OB
IBSS) [1]. From 2003 till present regular ob-
servations of ichthyofauna are being performed
by the staff of the Research Station «Zmiinyi
Island» of Odessa National I.I. Mechnikov
University; their results were partly described
in the papers [1, 2-9].

The purpose of the present research was
to study the state of ichthyofauna in the Zmi-
inyi Island coastal waters in 2016-2017.

Materials and Methods

The results of ichthyological observa-
tions carried out by the staff of the “Zmiinyi
Island” Research Station in 2016-2017 in the
framework of the research projects funded by
the Ministry of Education and Science of
Ukraine and the EMBLAS-II International
Project have been used. Most of ichthyological
studies (about 90.0% of fishing) were carried
out in the coastal waters of the Zmiinyi Island
at the distance of up to 5.0 km from the coast-
line (Fig. 1).

Fishing gear were set in the coastal zone
of the island, the area of which totaled to ca.
2.0 km?. Standard ichthyological fishing meth-
ods were used [10, 11]:

- gillnets and Nieman nets (length 100.0
m, mesh size 1.6-10.0 cm, material — kapron,
monofilament) at the depths 1.5-30 m, distance
from water edge 2.0 - 500.0 m. In case the nets
were set on stony substrate they were placed
under water between stones and boulders by
divers. The nets were set at 1.00-3.00 p.m. and
checked once a day;

- rectangular fish traps with openings on
each side (mesh size 0.8 cm);
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- dual trap net (length 3.0 m, mesh size
0.8 cm).

- flat-bottom fry net (diameter 1.5 m,
mesh size 0.6 cm);

- big aquarium dip-net (diameter 0.5 m,
mesh size 0.02 cm);

- hook and line gear with natural and ar-
tificial bites.

To assess fish number in the period of
studies near the island coast (depth 1.0 — 1.5
m) we have selected plots of stony substrate
(boulders) with the area of ca. 1.0 m?. In those
areas observations and catching of fishes be-
longing to families Gobiidae, Blenniidae, Go-
biesocidae, and Labridae were carried out from
12.00 to 3.00 p.m. in the days when the condi-
tions were the following: water transparency —
not less than 2.0 m, waves — under force 1, no
clouds. Underwater observations, description
of bottom relief and substrate in the areas of
ichthyological material collecting were per-
formed using diving outfit in accordance with
the methodologies [12-14].

Fish species identification was done in
field conditions using key-books [15-30]. h
taxonomy is presented in accordance with the
Black Sea Fish Check List [31].
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Notes: -5-.... -35 — isobaths with depth; F1 — F7 — ichthyological stations (depth from 5.0 to 30.0 m);
Bf1l — Bf10 — coastal ichthyological stations (depth not more than 2.0 m)

Fig. 1 — Schematic map of ichthyological stations location near the Zmiinyi Island

Ecological characteristic of species is
presented in accordance with [18-24]. Analysis
of fishing dynamics was done coming out of
size of catch per fishing effort — quantity of
individuals per one 100 m long fishing net per
day (ind/day). Full biological analysis of the
caught fish was performed according to general
methodologies [10, 11, 32]. During the analysis
we measured: general (absolute or zoological)
length (cm), commercial (standard) length (cm),
body mass (g), identified fish sex, stage of gon-
ads maturity, stomach fullness level on a scale
from 1 to 3. Digestive tracts of fish were fixed

with 4% formaldehyde for subsequent laborato-
ry study. Otholiths reading was performed to
determine fish age. Fertility was calculated us-
ing eggs quantity in the ovaries of females at 4"
and 5" stages of maturity.

Studying ichthyofauna diversity, we used
three indicators of community species composi-
tion calculated in accordance with general for-
mulas: Margalef’s species richness index [33],
Shannon index of general diversity [34] and
Pielou evenness index [35]. Indices were calcu-
lated coming out of number. Statistical pro-
cessing was performed using Excel 7.0.

Results and Discussion

General characteristics of fish habitat.
As a biotope characteristics determine species
omposition and structure of the organisms
forming biocoenoses around the island, we
identified four main biotopes depending on
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bottom substrate type based on results of the
studies carried out from 2003 to 2017 [1, 2, 9
36, 37]: stones and boulders; mixed substrate;
sand, shelly ground; sand, shelly ground and
silt. The areas covered by those substrates
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where different in size: stones and boulders —
ca. 0.2 km? mixed substrate — ca. 0.1 km?,
sand and shelly ground — ca. 0.2 km,, sand,
shelly ground and silt — ca. 1.5 km? [1, 2].
Right near the island (depth of ca. 8.0 m)
stones and boulders can be found. The highest
number of taxa was registered there (33 to 37),
as well as maximal number of benthic organ-
isms. The most mass species, mussel, forms a
mussel biocoenoses typical of the Black Sea
coastal areas (M. galloprovincialis —up to 100%
of surface coverage) with a respective composi-
tion of different crustaceans, polychaetes, bryo-
zoans, actiniae and many other invertebrates.
This substrate is notable for the highest macro-
phytes biomass. All that attracts lot of different
fish species, especially juveniles during feeding
period. The state of the bottom areas covered
with stones and boulders could be considered
satisfactory during 2016-2017. Insignificant
local fish-kill phenomena were only registered
in summer of 2016 in the deepest areas between
stones where water mixing is weak in the peri-
ods of windless conditions.

Mixed substrate found at the depth of
8.0-12.0 m near the island consists of boulders
lying separately on soft soil (sand, shelly
ground). There 11 to 34 macrozoobenthos taxa
were registered, as well as numerous macro-
phytes and fish. No fish-kills were found at
those areas in 2016-2017.

Analysis of the materials collected from
the depth of 12.0 to 37.0 m has shown that
sand and shelly ground (45.0%) and shelly
(47.0%) substrate dominate in the studied areas
around the island. Share of silty and silt and
shelly ground substrate is insignificant — 3.0
and 5.0% respectively. Sand and shelly ground
where we previously (2003-2005) observed
biocoenoses of mussels M. galloprovincialis
were located within the depth range of 12.0 —
20.0 m. The substrate formed by soft soils -
sand, shelly ground and silt was found at the
depths exceeding 20.0 m. On sand and shelly
ground 19 - 35 taxa of benthos were found. On
softer soils benthos was more diverse (9 to 16
taxa) and its biomass was insignificant. Bio-
coenoses of those biotopes were exposed to the
most significant changes. The kill phenomena
typical of the north-western Black Sea were
observed in those bottom areas quite regularly.
We have to underline that mussel biocoenoses
previously found on soft substrate were practi-
cally destroyed by predatory mollusc Rapa
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whelk; recently Rapa whelk individuals dis-
tributed significantly in the coastal areas near
the island. As the result of its negative impact
the bottom area with dense aggregations of
mussels shrunk from 78 Ha in 2004-2005 to 19
Ha in 2010-2014, at that the total biomass of
macrozoobenthos decreased from 8300 t to
3700 t [39]. No kill phenomena were observed
on soft soils in 2016-2017. Visual observations
at the depth of 15.0-20.0 m registered different
species of crabs and other crustaceans quite
often, which evidenced the satisfactory state of
soft soil biocoenoses.

General ichthyofauna characteristics.
Species composition and biodiversity of ich-
thyofauna. During the period from 2003 to
2017, 68 species of marine, brackish-water and
freshwater fish were found in the Zmiinyi Is-
land area belonging to 18 orders, 41 families
and 55 genera (Table 1).

In the period from April to December
2016, around 50 fish species were registered in
the island coastal waters; during 2 months
(May and June) of 2017 — 37 species (Table 1).

Out of 68 species of marine, brackish-
water and freshwater fish, the biggest number
of taxa belong to Perciformes order. Half of all
the species found near the island are the repre-
sentatives of this order (Tables 2, 3).

Analysis of the results received in April-
December 2016 and May-June 2017 had
shown that the level of ichthyofauna biodiver-
sity (Shannon index calculated coming out of
number) varied in 2016 from 0.86 to 3.06 mak-
ing in average 2.06, in 2017 — 2.40-2.54, with
average value 2.47 (Fig. 2).

Minimal indicators of biodiversity were
registered in the end of autumn and in winter
when most of fishes migrated for wintering to
deep areas and the thermophilic species mi-
grated to the coasts of the Crimea, Georgia and
Turkey. Maximums of biodiversity index were
registered in May-June — the period when
many different fish species came to the island
coastal zone to spawn, as well as in October —
the period of feeding and winter migration for
many ichthyofauna species.

Ichthyofauna structure. Fishes caught
near the Zmiinyi Island belong to 5 ecological
groups. The basis of ichthyofauna in the area is
formed by sea fish — 52 species or 76.5% of all
the species found (Table 4).

Other groups in the island coastal waters
are presented by lower number of species:
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Table 1
Taxonomic composition of the Zmiinyi Island coastal ichthyofauna: ecological characteristics,
protection status and occurrence of species

Ecological | Protec- Occurrence of species
Taxa charac- tion 2003-17 2016 2017
teristics | status IV-V | VI-VIL [ IX-XL [ XIL| V| VI
Squalidae
- I; M; P;
Squalus acanthias L., 1758 ov 1R ++ ++ - ++ ++ - -
Rajidae
Raja clavata L., 1758 L M; NB; 1R ++ ++ - - - ++ ;
LPsp
Dasyatidae
Dasyatis pastinaca (L., I; M; NB; i ) ] ] ]
1758) Ov * t
Acipenseridae
Acipenser stellatus Pallas, 1II; M; 1R; 2R; 4 i i i ) ] ]
1771 NB; Lp 3R
A. gueldenstaedtii I, M; 1R; 2R; 4 i i i ) ] ]
Brandt et Ratzeburg, 1833 NB; Lp 3R
III; M; . i i i i ) ]
Huso huso (L., 1758) NB: Lp 1R; 3R +
Engraulidae
Engraulis encrasicolus (L., Ar D
1758) I; M; P; Pf ++ ++ ++ ++ ++ | ++ | ++
Clupeidae
Alosa maeotica (Grimm, 1II; M; P; i ] ] ]
1901) pf ++ ++ +
Sprattus sprattus (L., 1758) | I; M; P; Pf ++ +4* +4* +4* - + +*
Cobitidae
Misgurnus fossilis (L., IV; S; B; N ) ] ] ] ] ]
1758) Pp
Cyprinidae
Carassius gibelio (Bloch, IVv;S; N ) ] ] ] ] ]
1782) NB; Pp
: . Vv;S;
Rutilus rutilus (L., 1758) NB: Pp + - - - - - -
Siluridae
Silurus glanis L., 1758 IV; S; B; + - - - - - -
Bnp
Salmonidae
Salmo labrax Pallas, 1814 m;ag; P; 1R; 3R + - + - - - ;
Phycidae
Gaidropsarus P
mediterraneus (L., 1758) I; S; B; Pf ++ ++ ++ ++ ++ |+ |+t
Gadidae
Merlangius merlangus I; M; NB; ++ | ++
euxinus (Nordmann, 1840) Pf i i i = o« *
Ophidiidae
Ophidion rochei Muller, IS B: Pf oy oy o o e | T
1845 > * *
Mugilidae
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Ecological | Protec- Occurrence of species
Taxa charac- tion 2003-17 2016 2017

teristics status IV-V | VI-VIL | IX-X1| X1 |V | VI
Liza aurata (Risso, 1810) I; M; P; Pf ++ ++* ++ ++ - +* O]+
L. haematocheila (Tem- R ) Hok } ; } *
minck et Schlegel, 1845) L M; P; P i i *
Atherinidae
Atherina pontica L M; Py * - +
(Eichwald, 1831) Pp ™ A A B o
Belonidae
Belone belone euxini I; M; P; ) * * ; . *
Gunther, 1866 Pp 2R ++ * i ’
Gasterosteidae
Gasterosteus aculeatus I; S; NB; + * ) . - - -
L., 1758 Bnp
Syngnathidae
Hippocampus hippocampus | I; S; NB; i * * * ) 3 t+
(L., 1758) Ce 2Ri 3R i ' o ++ *
Nerophis ophidion L; S; NB; 2R + ) . ; - - -
(L., 1758) Ce
Syngnathus abaster I; S; NB; } * . N - *
Risso, 1827 Ce 1R * ’ ’
S.acus L., 1758 L S; NB; + - +* - - - -

Ce

S. tenuirostris I; S; NB; . } . - - - -
Rathke, 1837 ce |RR| ¢
S. typhle L., 1758 S ¥ i - N
S. variegatus Pallas, 1814 L SC;:SB; 3R + - - - - - -
Scorpaenidae
Scorpaena porcus L., 1758 I(Lsp)gf 2R ++ ++ ++ ++ S I
Triglidae
Chelidonichthys lucernus e D .
L. 1758 I;S;B; Pf | 2R; 3R + - - - - - -
Pomatomidae
Pomatomus saltatrix Ar D
(L., 1766) 1 M P P T i o BN I N
Carangidae
Trachurus mediteraneus Ar D
ponticus Aleev, 1956 L M; P; P ++ ) ++ ++ ] 1t
Sparidae
Diplodus annularis I; S; NB; 2R + ) ) ) ) ) i}
(L., 1758) Pf
Centracanthidae
Spicara flexuosa LS; Py + + - - - - +
Rafinesque, 1810 Bnp
Centrarchidae
Lepomis gibbosus IV; S; + ) ) ) ) ) i}
(L., 1758) NB; Bnp
Sciaenidae
Sciaena umbra L., 1758 L SE}\IB; 3R + - - - - - -
Umbrina cirrosa [; S; NB; - - - - -
(L., 1758) Pf SR " *
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Ecological | Protec- Occurrence of species
Taxa charac- tion 2003-17 2016 2017
teristics | status IV-V | VIV [ IX-XL [ XIL| V| VI
Mullidae
MuI_Ius barbatus ponticus I S: B: Pf 2R . r r - i U
Essipov, 1927 T
Pomacentridae
Chromis chromis I; S; NB; i . i i i i
(L., 1758) Bnp 3R " "
Labridae
Symphodus cinereus I; S; NB; -
(Bonnatterre, 1788) Bnp i i i o " o
S. ocellatus (Forsskal, I; S; NB; - * - i i *
1775) Bnp 2R " i " " *
I; S; NB; ) ) ) ) ) -
S. tinca (L., 1758) Bnp 2R ¥ *
Ammodytidae
Gymnammodytes cicerellus I; S; B; * . * i i ++
(Rafinesque, 1810) Psp i " i i *
Trachinidae
Trachinus draco L., 1758 I; S; B; Pf 2R + - + + - + +
Uranoscopidae
Uranoscopus scaber P
L. 1758 I; S; B; Pf 2R + + + + - + +
Blenniidae
Aidablennius sphynx I; S; B; - - o | T | A | HE
(Valenciennes, 1836) Bnp 2R i i i i * * *
Parablennius LS B
sanguinolentus (Pallas, ,Br’l ’ ++ ++ ++ ++ +* |+ |+t
1814) P
P. tentacularis (Briinnich, I; S; B; *
1768) Bnp ++ ++ ++ ++ + ++ | ++
P. zvonimiri L; S; B; - - * i * *
(Kolombatovic, 1892) Bnp * * * * T
Salaria pavo (Risso, 1810) I;Bsr;]f; 2R + - +* +* - +* | 4
Callionymidae
Callionymus risso D i i i i i i
Lesueur, 1814 L S; B; Pf 3R *
Gobiidae
Aphia minuta I, M; P; - i * i i i
(Risso, 1810) Pp * * *
Benthophilus nudus II; S; B; 4 i i i i i i
(Berg, 1898) Bnp
Gobius niger L., 1758 I;Bsr;u?; ++ ++* ++* e ol I S S +*+
[;S; B; * * *
G. paganellus L., 1758 Bnp 3R + - + + - - +
Mesogobius I S: B:
batrachocephalus ’Bn’ ’ 2R ++ ++ ++ ++ + ++ |+t
(Pallas, 1814) P
Neogobius cephalargoides II; S; B; + i i i i i i
Pinchuk, 1976 Bnp
N. melanostomus IL; S; B;
(Pallas, 1814) Bnp ++ ++ ++ ++ ++ ++ ++

85




Visnyk of V. N. Karazin Kharkiv National University series «ECologyy , 2020, Issue 23

Eco|ogica| Protec- Occurrence of species
Taxa charac- tion 2003-17 2016 2017
teristics status IV-V | VI-VIII | IX-XI | XII | V VI

N. ratan II; S; B; - " * ) < | Tt
(Nordmann, 1840) Bnp 2R i " i i i *
Proterorhinus marmoratus IL; S; B; i - x i i -
(Pallas, 1814) Bnp 2R " i "
Scombridae
Sarda sarda (Bloch, 1793) | I; M; P; Pf 2R - - +* - - -
Gobiesocidae
Diplecogaster bimaculata I; S; B; 3R i +* * i i i
(Bonnaterre, 1788) Bnp
Lepadogaster candollii I; S; B; - - < | « | Tt
Risso, 1810 Bnp 3R i i i T« | T
Scophthalmidae
Psetta maeotica oD - i -
(Pallas, 1814) I; S; B; Pf ++ ++ + ++ ++ +
Pleuronectidae
Platichthys flesus luscus o D
(Pallas, 1814) L 8; B; Pf " - - St
Bothidae
Arnoglossus kessleri o D i - * i i i
Schmidt, 1915 LS;B;Pf ) 3R * *
Soleidae
Pegusa lascaris R i i i i
(Risso. 1810) I; S; B; Pf 2R + +
Bcezo 30 68 32 39 38 14 25 35

Notes: Ecological and faunistic characteristics of species: | — marine; Il — brackish-water; Il —

anadromous; 1V — freshwater (including semi-anadromous); M — migratory; S — sedentary; B — bot-
tom-dwelling; P — pelagic, NB — near-bottom; Pf — pelagophyl; Pp — phytophyl; Lp — lithophyl; Psp —
psammophyl; LPsp — lithopsammophyl; Ce — carrying eggs; Ov — ovoviviparous; Bnp —building nests
and protecting eggs. Protection status: 1R — [IUCN Red List; 2R — Black Sea Red Data Book; 3R — Red
Book of Ukraine. Occurrence of species: — species not found, + — rare species, ++ — common and mass
species, * — species registered by visual observation.

brackish-water species — 8.7%, freshwater
species — 7.4%, anadromous species — 7.4%.

Most of species (54, or 89.4% of spe-
cies) are bottom-dwelling and near bottom.
The group of pelagic fish is represented by
much lower number of species (14, or 20.6%
of species).

As to spawning habits, pelagophyls and
protecting species equally dominate in the
island coastal waters (24 species or 35.3% and
23 species or 33.8% respectively). The quanti-
ty of phytophyls, lithophyls, psammophyls and
lithopsammophyls is insignificant, their shares
are, respectively, 8.8; 5.9; 1.5 and 1.5%. Seven
species of Syngnathidae family (10.3%) lay
eggs in brood pouch. Two species (2.9%),
dogfish and chuco, are ovoviviparous. On
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feeding habits, predatory and benthos-eating
species equally dominate, comprising one-half
of all the species found in the area. The share
of the rest of species is much smaller.

Analysis of the mass species number and
biomass, size, age and sex composition and
feeding habits of mass species had shown the
following. During the year 2016 (from April to
December) the following species prevailed in
the catches in the Zmiinyi Island coastal zone:
anchovy (36.7%), sea scorpion (16.2%), horse
mackerel (12.7%), round goby (11.5%) and
whiting (9.6%). The share of other species was
insignificant and made 0.02 — 2.8% (Table 5).

Anchovy formed significant aggrega-
tions in the island area during winter migra-
tions December (86.0% of total number caught
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Table 2
Ranking of the Zmiinyi Island coastal waters ichthyofauna orders on the number of taxa

Ranking of orders (n = 18) on the number of taxa
Number of Number of Number of
Order families Order genera Order species
n % n % n %
Perciformes 16 | 39,0 | Perciformes 24 | 43,6 | Perciformes 31 | 45,6
Pleuronectiformes 4 9,8 | Pleuronectiformes 4 7,3 | Syngnathiformes 7 10,3
Clupeiformes 2 4,9 | Clupeiformes 3 5,5 | Pleuronectiformes 4 5,9
Cypriniformes 2 4,9 | Cypriniformes 3 5,5 | Clupeiformes 3 4,4
Gadiformes 2 4,9 | Syngnathiformes 3 5,5 | Cypriniformes 3 4,4
Rajiformes 2 4,9 | Acipenseriformes 2 3,6 | Acipenseriformes 3 4,4
Scorpaeniformes 2 4,9 | Gadiformes 2 3,6 | Gadiformes 2 2,9
Gobiesociformes 2 3,6 | Gobiesociformes 2 2,9
Rajiformes 2 3,6 | Mugiliformes 2 2,9
Other 11 orders Scorpaeniformes 2 3,6 Rajiformes 2 2,9
represented by one | 11 | 26,8 Scorpaeniformes 2 2,9
family each Other 8 orders Other 7 orders repre-
represented by one 8 14,5 .
family each sented by one species | 7 10,3
each
Total 41 | 100,0 | Total 55 | 100,0 | Total 68 | 100,0
Table 3

Ranking of the Zmiinyi Island coastal waters ichthyofauna families on the number of taxa

Ranking of families (n = 41) on the number of taxa Ranking of genera (n = .55)
On the number of species
Number of Number of Number of
. . : Genus -
Family genera Family species species

n % n % n %
Gobiidae 6 10.9 Gobiidae 9 13.2 | Syngnathus 5 7.4
Blennidae 3 55 Syngnathidae 7 10.3 | Neogobius 3 4.4
Syngnathidae 3 55 Blennidae 5 7.4 | Parablennius 3 4.4
Acipenseridae 2 3.6 Acipenseridae 3 4.4 | Symphodus 3 4.4
Clupeidae 2 3.6 Clupeidae 2 2.9 | Acipenser 2 2.9
Cyprinidae 2 3.6 Cyprinidae 2 2.9 | Gobius 2 2.9
Gobiesocidae 2 3.6 Gobiesocidae 2 2.9 | Liza 2 2.9
Sciaenidae 2 3.6 Labridae 3 4.4

Mugilidae 2 2.9
Other 33 fami- Sciaenidae 2 2.9 | Other 48 genera
lies represented 33 60.0 Other 31 fami- represented by 1 48 70.6
by 1 ' i species each
y lies represented 31 45.6 p
genus each by 1 species :
each

Total 55 100.0 | Total 68 100.0 | Total 68 100.0
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Fig. 2 — Shannon index H (In) of species diversity (out of number) of the Zmiinyi Island coastal
waters ichthyofauna in 2016-2017

Table 4

Ecological and zoogeographical characteristics of the Zmiinyi Island coastal
waters ichthyofauna

Ecological and
Ecological and zoogeo- | No. of zoogeographic No. of
graphic characteristics | species % characteristics species | %
Marine 52 76.5 | Pelagophyls 24| 35.3
Brackish-water 6 8.7 | Protecting 23| 338
Anadromous 5 7.4 | Phytophyls 6 8.8
Freshwater 5 7.4 Lithophyls 4 5.9
Total 68 100.0 | Psammophyls 1 1.5
Migratory 19 27.9 | Lithopsammophyls 1 15
Sedentary 49 72.1 | Ovoviviparous 2 2.9
Total 68 100.0 | Carrying eggs 7] 103
Bottom-dwelling 30 44.1 | Total: 68 | 100.0
Near-bottom 24 35.3
Pelagic 14 20.6
Total 68 100.0

during the period of fishing). The biggest
number of sea scorpion individuals was caught
in summer months and in September during its
spawning. Maximal catches of horse mackerel
and round goby took place in May during
spawning migration of those species. Highest
number of whiting (cryophilous species) was
caught in December 2016.

Like in previous years, the most signifi-
cant on biomass were catches of demersal spe-
cies sea scorpion and round goby. Out of the
group of pelagic species, anchovy and horse
mackerel prevailed in catches. In 2017 (May-
June), as well as in 2016, round goby (38.76%)
and horse mackerel (37.15%) dominated in
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catches in number. Catches of combtooth
blenny were relatively high (7.63%). Share of
other species was insignificant and made from
0.1to0 2.31% (Table 6).

Pelagic fish species. During the period
of studies, 2 years’ old individuals of anchovy
and silverside were most often found in the
catches near the island, 2-3 years’ old horse
mackerel, 1 year old bluefish. Average values
of general length and weight, as well as inten-
sity of feeding (total index of stomach fullness,
TISF) for anchovy, silverside, bluefish and
horse mackerel are presented in Table 6. Sex
ratio (males:females) of these species in the
catches was 1.2:1.0; 1.0:1.5; juv and 1.0:1.3
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Table 5

Relative number of representatives of the Zmiinyi Island coastal waters ichthyofauna
in the period from April to December 2016

Month Total Per-

Specise Num centa

v Vv VI VI VI IX X Xl Xl Ib:é' ge, %

En. encrasicolus 0,0 4,2 1,8 0,7 5,6 0,1 0,0 15 86,0 2197 36,7
S. porcus 1,0 5,7 136 | 208 | 326 | 236 | 0,0 1,8 0,9 971 16,2
T. m. ponticus 0,0 50,2 38,9 1,3 3,7 3,8 1,6 0,5 0,0 761 12,7
N. melanostomus 19 | 614 10,3 0,9 2,0 2,3 0,0 2,9 1,0 689 11,5
M. m. euxinus 9,4 6,6 0,2 0,0 0,0 0,0 0,0 8,5 75,3 575 9,6
P.sanguinolentus 18 71,9 3,6 1,2 0,6 3,0 0,0 1,8 0,0 167 2,8
S. cinereus 1,8 | 431 | 20,2 55 8,3 21,1 | 0,0 0,0 0,0 109 1,8
U. scaber 0,9 22,0 26,6 35,8 8,3 6,4 0,0 0,0 0,0 109 1,8
M. b. ponticus 09 | 92,6 6,5 0,0 0,0 0,0 0,0 0,0 0,0 108 1,8
G. mediterraneus 6,9 | 43,7 23,0 0,0 0,0 0,0 0,0 17,2 9,2 87 15
m{trachocephalus 1042 29 | 29 | 290 | 00 |00 132 | 265 | 68 | 11
A. pontica 12 | 500 | 214 9,5 7,1 0,0 0,0 0,0 0,0 42 0,7
P. saltatrix 0,0 0,0 0,0 0,0 241 | 310 | 41 34 0,0 29 0,5
L. aurata 0,0 0,0 0,0 0,0 80,0 20,0 | 0,0 0,0 0,0 15 0,3
P. flesus luscus 00 | 615 0,0 0,0 0,0 0,0 00 | 231 15,4 13 0,2
T. draco 0,0 0,0 55,6 22,2 11,1 11,1 | 0,0 0,0 0,0 9 0,2
P. maeotica 0,0 | 50,0 0,0 0,0 0,0 25,0 | 0,0 | 25,0 0,0 8 0,1
S. acanthias 17 16,7 0,0 0,0 0,0 0,0 0,0 | 333 33,3 6 0,1
A. immaculata 60 0,0 0,0 0,0 0,0 20,0 | 0,0 | 20,0 0,0 5 0,1
P. lascaris 0,0 80,0 0,0 0,0 0,0 0,0 0,0 20,0 0,0 5 0,1
S. flexuosa 0,0 0,0 100,0 | 0,0 0,0 0,0 0,0 0,0 0,0 5 0,1
D. pastinaca 0,0 0,0 0,0 0,0 100 0,0 0,0 0,0 0,0 3 0,1
S. sprattus 33 66,7 0,0 0,0 0,0 0,0 0,0 0,0 0,0 3 0,1
R. clavata 0,0 | 100,0 | 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1 0,02
S. labrax 0,0 0,0 100,0 0,0 0,0 0,0 0,0 0,0 0,0 1 0,02
S. umbra 0,0 0,0 0,0 0,0 0,0 100 | 0,0 0,0 0,0 1 0,02

respectively. Intensity of feeding of all the four
species was rather high in the island area; the
share of individuals with empty stomach did
not exceed 25.0%. The highest values of TISF
were registered during autumn feeding period
(Table 7).

The diet of anchovy in the Zmiinyi Is-
land coastal waters comprised organisms be-
longing to 15 taxa. The most significant for the
diet appeared to be mysids, rotifers, zooplank-
ton crustaceans Copepoda and planktobenthos
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organisms: Polychaeta and amphipods. As we
know, under conditions of zooplankton short-
age anchovy feed on phytoplankton. During
the period of studies near the Zmiinyi Island,
the share of phytoplankton in food boluses of
anchovy made 3.8 to 78.0% of its total mass.
Most often phytoplankton organisms were
registered in anchovy bowels in winter. Silver-
side diet comprised 17 of food objects. In the
diet dominated polychaetes, amphipods, my-
sids. Plankton crustaceans played significant
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Table 6

Relative number of ichthyofauna representatives (%) in the Zmiinyi Island coastal waters in
May-June period of 2016 and 2017

Ilepuoa uccaenoBaHuii

Species 2016 2017
v | v | Noof % Vv vi | o of %
A. pontica 70,0 | 30,0 30 1,48 0,0 100,0 1 0,10
En. encrasicolus 70,2 | 29,8 131 6,44 90,9 9,1 11 1,10
G. mediterraneus 65,5 | 34,5 58 2,85 78,3 21,7 23 2,31
L. aurata 0,0 0,0 0 0,00 0,0 100,0 1 0,10
M. barbatus 935 | 65 107 5,26 10,3 89,7 39 3,92
M. batrachocephalus 93,3 6,7 30 1,48 76,9 23,1 13 1,31
M. merlangus euxinus | 97,4 2,6 39 1,92 0,0 0,0 0 0,00
N. melanostomus 856 | 144 494 24,30 78,2 21,8 386 38,76
P. flesus luscus 100,0 | 0,0 8 0,39 100,0 0,0 1 0,10
P. lascaris 100,0 | 0,0 4 0,20 0,0 0,0 0 0,00
P. maeotica 100,0 | 0,0 4 0,20 100,0 0,0 2 0,20
P. sanguinolentus 95,2 4,8 126 6,20 94,7 53 76 7,63
R. clavata 100,0 | 0,0 1 0,05 100,0 0,0 1 0,10
S. acanthias 100,0 | 0,0 1 0,05 0,0 0,0 0 0,00
S. cinereus 68,1 | 31,9 69 3,39 52,2 47,8 23 2,31
S. flexuosa 100,0 | 0,0 5 0,25 0,0 0,0 0 0,00
S. labrax 0,0 |100,0 1 0,05 0,0 100,0 1 0,10
S. porcus 29,4 | 70,6 187 9,20 23,1 76,9 13 1,31
S. sprattus 100,0 | 0,0 2 0,10 100,0 0,0 1 0,10
T. draco 0,0 |100,0 5 0,25 12,5 87,5 8 0,80
T. mediteraneus 56,3 | 43,7 678 33,35 0,0 100,0 370 37,15
U. scaber 453 | 54,7 53 2,61 154 84,6 26 2,61
Table 7

Size and mass characteristics, Total Index of Stomach Fullness (TISF) of four pelagic fish

species in the Zmiinyi island coastal waters

Period of studies

Fish species (age) Parameters
spring 0CeHb 0CeHb spring

L,cm 11,6+0,1 10,9+0,3 11,6+0,3 10,5+0,1

E. encrasicolus (2) m, g 9,56+0,3 8,1+0,8 11,3+0,6 9,2+0,2
TISF, %000 59,2+11,7 67,6+£37,2 30,774 10,645,1
L,cm 7,6+0,2 8,8+0,3 - -

A. pontica (2) m, g 3,1+0,2 4,9+0,6 - -
TISF, %000 101,3+22.4 126,5+47,8 - -
L,cm - 19,7+0,4 18,7+0,3 -

P. saltatrix (1) m, g - 79,6+4,3 67,0+3,9 -
TISF, %000 - 104,2+15,2 | 216,9+22. 4 -
L,cm 15,6+0,3 17,0+0,4 14,1+0,1 -

T. m. ponticus (3) m, g 37,0£2.4 475441 25,7+0,9 -
TISF, %000 208,1+31,5 241,0+67,2 186,3+34,3 -

Notes: L — general length, m — mass of fish, n — number of individuals, TISF — total index of

stomach fullness.
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role in the diet of this species in the island
coastal waters. According to the data received
during summer period of 2009, in the diet of
the studied silverside individuals prevailed
copepods making up to 45.0% of food bolus
mass.

The share of pelagic larvae of decapods,
molluscs and polychaetes was insignificant.
Comparative analysis of anchovy and silver-
side diet in the Zmiinyi Island coastal waters
showed low similarity of food objects’ species
composition between these fish species (Index
of Taxonomic Similarity ITS — 39.1%).

On the other hand, high values of the
ITS Index (70.0 %) evidenced similar food
preferences of the two fish species compared,
which was expressed in intensive consumption
of polychaetes by both species. The spectrum
of bluefish diet in the island coastal waters was
presented by 8 objects. Fishes dominated in
food boluses: anchovy, horse mackerel, silver-
side, sprat and whiting. In the island coastal
waters, remaining of Palaemon elegans was
also found in the stomachs of bluefish. The
study established that the diet of horse macke-
rel comprised organisms belonging to 16 taxa.
Near the island, horse mackerel was feeding
mainly on fish. Polychaetes and crustaceans

Amphipoda, Isopoda also played a significant
role in the diet. In food boluses of big individ-
uals the juveniles of the same species were
found; the significance of juveniles in the diet
of big fishes was quite high (Index of Relative
Significance (IRS) — 295.9-492.1%). The val-
ues of Index of Food Similarity (70.4%) and
the Index of Taxonomic Similarity (50.0%) of
food objects in the diet of horse mackerel and
bluefish were quite high, which showed similar
diet of those two species.

The results received by us coincide with
the data from literature, according to which
anchovy and silverside were mainly zooplank-
ton-eating species with wide food spectrum
comprising meroplankton and planktobenthos
organisms. Under the current conditions con-
nected with growth in number and distribution
of comb jelly Mnemiopsis leidyi A. Agassiz,
1865, which undermined the food basis of
plankton-eating fish, significance of benthos
organisms for zooplankton-eating fish diet will
increase. The main role in the diet of horse
mackerel and bluefish is played by different
fish species, both in the Zmiinyi Island area
and in other parts of the Black Sea. Near the
island, horse mackerel also consumes actively
amphipods and polychaetes.

Table 8

Size and mass characteristics of three bottom-dwelling fish species in the Zmiinyi Island
coastal waters for the entire period of studies

. Age, years
Species Sex Parameters 1019 229 3 (34) 4 (4% 5 (51)

g Gen. length, cm 18,0+£0,3 | 22,4+0,2 | 24,9+0,3 26,9+0,6 -

S Males Mass, g 51,743,2 | 102,3+£3,2 | 135,8+7,5 | 167,0+10.4 -

= Number of fish, ind 48 111 25 7 -

5 Gen. length, cm 18,5+0,3 | 22,8+0,1 | 24,9+0,2 28,2+0,4 28,6+0,9

GE) Females | Mass, g 60,0+3,2 | 112,3+1,5 | 137,1+2,7 | 208,4+12,0 | 209,8+9,3

0] Number of fish, ind 65 374 179 33 4
Gen. length, cm 9,9+0,2 12,7+0,4 14,1+0,1 16,3+0,2 17,5+0,5

9 Males Mass, g 26,3+1,6 | 48,9+0,9 | 64,8+1,1 92,1+2,7 109,6+3,5

g Number of fish, ind 45 126 125 42 14

S Gen. length, cm 10,4+0,2 | 12,840,2 | 14,502 | 16,9+04 | 19,5+0,4

@ Females | Mass, g 27,913 | 52,542,2 | 76,7+3,9 | 113,3+2.5 | 174,5+1,6
Number of fish, ind 45 43 41 22 12

3 Gen. length, cm - 14,5+0,4 17,0+0,5 18,2+0,3 -

S Males Mass, g - 54,512 | 82,1427 98,9435 -

§ Number of fish, ind - 30 35 30 -

E Gen. length, cm - 12,0+0,3 15,1+0,4 16,3+0,5 -

= Females | Mass, g - 359424 | 65,4+2.8 74,5428 -

e Number of fish, ind - 25 30 30 -
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Bottom-dwelling fish species. Silver
rockling Gaidropsarus mediterraneus (L.,
1758). The basis of silver rockling catch was
formed by individuals of general body length
of 23-24 cm. Maximal value of general length
for males (age 4+) was 34.2 cm, mass — 210.0
g; for females (age 4+) — 33.0 cm and 367.0 g
respectively (Table 8).

Analysis of Index of Relative Signifi-
cance (IRS) of silver rockling food objects
showed that its main food comprised crusta-
ceans — representatives of Gammaridae (Table
9). The lowest intensity of silver rockling
feeding was registered in summer period; its
General Index of Stomach Fullness (GISF) was
177 to 280%0. In winter this parameter was
reaching 326-414%u0, in spring varied from
287 to 350%u0. The changes in this parame-
ter’s values reflect activeness of food con-
sumption by fish in different seasons. In No-
vember — December and April — May silver
rockling individuals consumed more food to
restore energy spent for breeding and winter-
ing. Silver rockling diet comprised organisms
belonging to 35 taxa. Crustaceans were repre-
sented by the highest number of species — 16.

Polychaeta Nereis diversicolor and 5
mollusc species were also found; among those
musels Mytilus galloprovincialis, dominant
species in the benthos of the area, prevailed.
Out of vertebrates, 12 fish species were found,
most of them bottom-dwelling (80.3%).

Not less important food objects for silver
rockling were shrimps and crabs, as well as
fishes Blenniidae, Gobiidae and Gadidae. Sec-
ondary food objects were other crustaceans
(isopodes and crabs) and fishes (sprat, cling-
fish). Mussel was accidental food. Cases of
cannibalism happen with silver rockling. We
registered mass cases of cannibalism in this
species in 2004, which probably was connect-
ed with increase in its number and, as the re-
sult, growth of tension inside the species.

Sea scorpion Scorpaena porcus L.,
1758. Sea scorpion parameters varied within
the following limits: minimal general length of
males and females in the age of 1 — 6.9 and 5.7
cm, mass — 9.0 and 9.2 g respectively. Maxi-
mal values in the age of 5 — 20.5 and 23.7 cm,
160.3 g and 339.5 g respectively (Table 7).
Intensity of sea scorpion feeding during
spawning period (end of May — mid-July) was
low, General Index of Stomach Fullness
(GISF) made 103-149%q00. More than half of
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individuals did not feed during those months.
In August, when reproduction period ended,
increase of feeding activeness was observed
(GISF — 283-349%0). The highest feeding
intensity (537%q00) Was registered in September
— early October. In the period of studies food
spectrum of sea scorpion in the Zmiinyi Island
area comprised food objects that belonged to
25 taxa. Decapodes were represented in the
diet by highest number of species (7 species).
Secondary role was played by mass fish spe-
cies — representatives of Blenniidae and Gobi-
idae families (3 and 4 species respectively).
Nereis and mussels were found in insignificant
quantity (Table 8).

Combtooth blenny Parablennius san-
guinolentus (Pallas, 1814). Mean value of gen-
eral length of the individuals caught near the
Zmiinyi Island was 14.6+1.9 cm, mass —
54.242.2 g, the biggest length and mass — 17.5
cm and 93.0 g respectively. In the diet of the
studied combtooth blenny individuals 21 mac-
rophyte species were found (Chlorophyta — 12,
Rhodophyta — 8 u Phacophyta — 1), which
made ca. 50.0 % of all microalgae species
known for the island coastal waters. On the
frequency of occurrence in food boluses of
combtooth blenny the most mass were: Clado-
phora hutchinsii (50.0%), Ceramium sili-
guosum var elegans (30.0%), Cladophora
laetevirens, Ulothrix implexa, Callithamnion
corymbosum (20.0%). The rest of algal species
were found in individual cases. Besides, dia-
toms of 35 species were found in food boluses
of combtooth blenny (ca. 30.0% of all the dia-
toms known for the island area), as well as
crustaceans (Gammarus gen. sp.) and molluscs
(juveniles of Mytilus galloprovincialis).

Round goby Neogobius melanostomus
(Pallas, 1814). Individuals with general length
of 12.0-18.2 cm dominated in catches. At that,
mass of fish did not exceed 99.0 g (Tabe 7).
Males in the age 4+ reached maximal size.
Their biggest length and mass were 19.1 cm
and 106.7 g (Table 7). General Index of Stom-
ach Fullness (GISF) of individuals varied from
120.0 to 597%y0. In spring the GISF values
were within 180-323%g00. Quantity of fish with
empty stomachs made 45%. The maximal val-
ues of GISF were registered in autumn —
597%000; percentage of individuals with empty
stomach was 20%. The spectrum of round
goby diet in the Zmiinyi Island coastal waters
was represented by food objects belonging to).
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Table 9

Mean IRS values (%) of food objects of silver rockling, sea scorpion and round goby in the
Zmiinyi Island coastal waters

Food object G. mediterraneus S. porcus N. melanostomus
Nematoda gen. sp. - - 18
Oligochaeta gen. sp. - - 17
Nereis diversicolor 399,1 209,6 76,7
Balanus gen. sp. 16,8 - 71,7
Stenothoe monoculoides 86,3 - -
Corophium gen. sp. 88,5 - -
Gammarus gen. sp. 2883,0 535,8 54,2
Sphaeroma gen. sp. 194,7 50,4 1,7
Idotea baltica basteri 17,9 11,4 -
Palaemon elegans 624,1 1985,1 13
Crangon crangon 233,0 4617,0 -
Pisidia longimana 449 - -
Macropipus arcuatus 64,9 97,0 16,4
Carcinus mediterraneus 8,2 - -
Eriphia verrucosa 179,5 - -
Xantho poressa 547,1 815,8 65,8
Pilumnus hirtellus 87,7 262,7 -
Pachygrapsus marmoratus 86,4 46,0 -
Reptantia gen. sp. 1174 162,4 30,5
Rissoa gen. sp. - - 679,6
Hydrobia gen. sp. 80,4 - 27,1
Nana donovani 1,2 - -
Modiolus adriaticus - - 6,2
Mytilaster lineatus 0,2 - 255,7
Mytilus galloprovincialis 50,5 4,2 14976,8
Cerastoderma gen. sp. 20,5
Mollusca gen. sp. 104,3 - 4,7
Sprattus sprattus phalericus 355,7 - 93,1
Engraulis encrasicholus 9,2 - -
Gaidropsarus mediterraneus 222,1 55,9 -
Ophidion rochei - 1,8 -
Hippocampus guttulatus - 106,2 -
Aidablennius sphynx 78,8 95,8 -
Parablennius sanguinolentus 119 - -
Parablennius zvonimiri - 2,8 -
Parablennius tentacularis 282,0 17,6 -
Blenniidae gen. sp. 64,4 25,6 19,6
Mesogobius batrachocephalus - 21,7 -
Neogobius melanostomus 1722 235,7 -
Gobius niger 140,0 76,3 -
Gobiidae gen. sp. 154,9 1037,6 -
Proterorhinus marmoratus - 24,3 -
Lepadogaster candollei 24,7 - -
Pisces gen. sp. 88,0 435,3 11,3
Hxpa pvio + - +
Bcero nuieBbIx KOMKOB, IIT. 420 186 120
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Note: + — presence of a food object in the diet; - — absence of a food object from the diet.



Visnyk of V. N. Karazin Kharkiv National University series «ECologyy , 2020, Issue 23

Table 10
Protected fish species in the Zmiinyi Island coastal waters
Species Protection S;/QCE]BE‘\’/' OB (Zamo- ZMN (2003-
status 2006) rov, 2010) 2017)

Acipenser gueldenstaedtii Brandt et 1R; 2R; 3R + + +
Ratzeburg, 1833

Acipenser stellatus Pallas, 1771 1R; 2R; 3R + + +
Aidablennius sphynx (Valenciennes, 2R + i +
1836)

Arnoglossus kessleri Schmidt, 1915 3R + - +
Belone belone euxini Gunther, 1866 3R + + +
Callionymus risso Lesueur, 1814 3R + - +
Chromis chromis (L., 1758) 3R + - +
Diplecogaster bimaculata (Bonnaterre, 3R + i +
1788)

Diplodus annularis (L., 1758) 2R + - +
Gobius paganellus L., 1758 3R + - +
Hippocampus hippocampus (L., 1758) 2R; 3R + + +
Huso huso (L., 1758) 1R; 3R + + +
Lepadogaster candollii Risso, 1810 3R + - +
Mesogobius batrachocephalus (Pallas, 2R 4 4 +
1814)

Mullus barbatus ponticus Essipov, 1927 | 2R + + +
Neogobius ratan (Nordmann, 1840) 2R - + +
Nerophis ophidion (L., 1758) 2R + + +
Pegusa lascaris (Risso, 1810) 2R + + +
Proterorhinus marmoratus (Pallas, 1814) | 2R + + +
Raja clavata L., 1758 1R + - +
Salaria pavo (Risso, 1810) 2R + - +
Salmo labrax Pallas, 1814 1R; 3R + + +
Sarda sarda (Bloch, 1793) 2R + - +
Sciaena umbra L., 1758 3R + + +
Scorpaena porcus L., 1758 2R + + +
Squalus acanthias L., 1758 1R + + +
Symphodus ocellatus (Forsskal, 1775) 2R + - +
S. tinca (L., 1758) 2R + +
Syngnathus abaster Risso, 1827 1R + + +
Syngnathus tenuirostris Rathke, 1837 2R; 3R - - +
Syngnathus typhle L., 1758 2R + + +
Syngnathus variegatus Pallas, 1814 3R + - +
Trachinus draco L., 1758 2R + + +
Chelidonichthys lucernus L., 1758 2R; 3R + + +
Umbrina cirrosa (L., 1758) 3R + - +
Uranoscopus scaber L., 1758 2R + + +

Notes: SA — Sevastopol Area, OB — Odessa Bay, ZMN — Zmiinyi Island coastal waters, 1R — IUCN
Red List; 2R — Black Sea Red Data Book; 3R — Red Book of Ukraine; - — species not found.
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Table 11

Ecological and zoo-geographical characteristics of ichthyofauna in the Black Sea areas

Ecological Sevastopol area (Boltachev, | Odessa bay (Zamorov Zmiinyi Island coastal
and zoo- 2006) etal., 2016) waters (2003-2017)
geograph_icgl No. _ No. _ % No. _
characteristics of species % of species of species %
Bottom-dwelling 44 40,7 23 44,2 30 44,1
Near-bottom 33 30,6 14 26,9 24 35,3
Pelagic 31 28,7 15 28,8 14 20,6
Total 108 100,0 52 100,0 68 100,0
Pelagophyls 44 40,7 23 44,2 24 35,3
Protecting 41 38,0 15 28,8 23 33,8
Phytophyls 7 6,5 4 7,7 6 8,8
Lithophyls 4 3,7 4 7,7 4 5,9
Psammophyls 1 0,9 0 0,0 1 15
Lithopsammophyls 1 0,9 0 0,0 1 15
Ovoviviparous 3 2,8 2 3,8 2 2,9
Carrying eggs 7 6,5 4 7,7 7 10,3
Total 108 100,0 52 100,0 68 100,0
Marine species 92 85,2 36 69,2 52 76,5
Brackish-water 6 5,6 8 15,4 6 8,8
Anadromous 6 5,6 6 11,5 5 7.4
Freshwater 4 3,7 2 3,8 5 7,4
Total 108 100,0 52 100,0 68 100,0
Migratory 34 31,5 19 36,5 19 27,9
Sedentary 74 68,5 33 63,5 49 72,1
Total 108 100,0 52 100,0 68 100,0
h
i g
&
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n| d
|
2
] &
O
] T T T
RBU BSRDB IUCH RL Species having a
protected status, total
O Sevastopol ares 0 Cdess 3 bay & Zmiimy |5 land coss Blwaters

Fig. 3 — Share of protected species in the species composition of ichthyofauna of different Black Sea
areas (RBU — Red Book of Ukraine, BSRDB — Black Sea Red Data Book, IUCN RL — I[UCN Red List)
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22 taxa (Table 8). Molluscs and crustaceans
were represented by highest number of species in
round goby diet (8 and 7 species respectively).
During the period of studies selectivity
of silver rockling diet reflected in preference of
small crustaceans belonging to families Gam-
maridae and Sphaeromatidae; the values of
Selectivity Index (SI) of those species made up
to 21.8 and 18.0%, respectively. Besides, silver
rockling consumes actively the most mass fish
species, for example, electivity for blennies
was 15.6%. Maximal values of Selectivity
Index of sea scorpion are for shrimp (up to
24.7%), Xantho (up to 18.2%) and Pilumnus
(up to 14.2%), as well as polychaetes (23.1%),
Sphaeroma (16.8%) and Idothea (11.4%). Food
activeness of round goby is first of all aimed at
consumption of Mitylus and Mytilaster. Selec-
tivity indices in respect of those molluscs were
maximal during the entire period of study and
made 16.1 and 22.0%. Comparative analysis of
bottom-dwelling fish diet in the Zmiinyi Island
coastal area showed that the studied species
had both similar and specific features in food
preference. The highest values of Index of
Food Similarity (IFS) and Index of Taxonomic
Similarity (ITS) were obtained from compari-
son between the diets of silver rockling and sea
scorpion (IFS — 19.6-59.4%, ITS — 21.1-
50.0%). Variations of those values appeared to
be quite significant and evidently are direct
consequence of changes in number of both the
studied fish species and benthos organisms.
Protected and rare species. Out of 68
fish species found near the island, 16 species
were entered into the Red Book of Ukraine
[38], 22 — into the Black Sea Red Data Book
[31], 7 species — into the IUCN Red Data List
[39]. In other words, 36 species, which means
more than half of all the species found near the
island (52.9% of all species) have a protection
status (Table 10). Most of them, first of all
sturgeons, are rare species for the Black sea

and now can be found only episodically. Other
species: Belone belone euxini, Hippocampus
hippocampus, Lepadogaster candollii,
Mesogobius batrachocephalus, Mullus barba-
tus ponticus, Uranoscopus scaber are common
in the island coastal waters; Scorpaena porcus
periodically forms mass aggregations.

Comparative analysis of fish communi-
ties structural characteristics in the areas of
Sevastopol, Odessa bay and the Zmiinyi Island
shows relatively similar features, which can be
explained by similar conditions in the com-
pared areas (Table 11).

Composition of ichthyofauna in Odessa
bay and the Zmiinyi Island coastal waters is
very similar (Index of Taxonomic Similarity,
ITS — 0.7). Some difference in number of spe-
cies found in two those areas are partly ex-
plained by the fact that near the island more
diverse fishing gear was used (gillnets, traps,
fry nets, dip-nets, hook and line gear, mid-
water trawl), while in Odessa Bay only stake
nets ad hook and line gear were used. Peci-
formes order was represented by biggest num-
ber of taxa in both areas. Most of fishes found
in catches belonged to marine species — bot-
tom-dwelling or near bottom. Anadromous and
brackish-water species were represented in
Odessa bay to the fullest extent possible. In the
island coastal waters less representatives of
those groups were found due to hydrological
features of the two compared areas — the island
coastal areas are more influenced by marine
water masses. It should be pointed out that the
shares of rare and protected fish species in
Odessa bay and in the island area were practi-
cally similar during the period of study (Fig.
3). So, despite insignificant difference in num-
ber of species found and prevalence n number
of some ichthyofauna representatives, fish
communities of the areas compared have sub-
stantial similarity.

Conclusions

Summing up, we have to point out the
following. The Zmiinyi Island is a unique natu-
ral complex, the only rock formation of the
north-western Black Sea shelf. Diversity of
hydrology and hydrochemistry, substrates
(from loose to hard), relatively big depth in
that part of the sea (30 m and more) and a
number of other features have caused forming
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of specific biocoenoses characterized by high
diversity of species, biomass and productivity.

Organisms of water fauna, first of all fish, in
the island coastal waters have diverse ecologi-
cal, biological and zoo-geographic characteris-
tics. Influenced by both natural and anthropo-
genic factors, the structural and functional
features of the Black Sea ecosystem are chang-
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ing on large shelf areas including the Zmiinyi
Island area. However, the results of our stidies
have shown that the island coastal waters are
the most environmentally healthy districts of
the north-western Black Sea containing reserve
genetic fund due to which restoration of ich-
thyofauna takes place in the areas that have
suffered full or partial suffocation of fish and
other organisms.

Altogether 68 fish species were found
near the Zmiinyi Island in 2016-2017, which
made 30.9% of all the fishes registered in the
Black Sea. The fishes caught near the island
belonged to 5 ecological groups. The basis of
ichthyofauna in the area was formed by marine
fish — 52 species (76.5 % of the total number
of species). Most of species (54 species or
89.4%) were bottom-dwelling or near bottom.
On the mode of reproduction, pelagophylic and
protecting species prevailed (24 species or
35.3% and 23 species or 33.8% respectively).
On the type of feeding, predatory and benthos-
eating species took the lead.

All the species registered belonged to 18
orders, 41 families and 55 geners. The biggest
number of taxa belonged to Perciformes order,
the representatives of which made one-half of
all the species found near the island. The level
of ichthyofauna species diversity (Shannon
index values calculated coming out of number)
in 2016 varied from 0.86 to 3.06 making in the
average 2.06; in 2017 — from 2.40 to 2.54 mak-
ing in the average 2.47. Minimal values of
biodiversity indicators were registered in the
end of autumn and in winter, maximal — in
May-June.

Out of 68 species found in the island ar-
ea, 36 species (52% of all the species) have a
protected status: 16 species are included into
the Red Book of Ukraine, 22 species — into the

Black Sea Red Data Book, 7 species — into the
IUCN Red List.

As the development of fish populations’
dynamics theory is one of the most urgent tascs
of modern ichthyology, experimental determi-
nation of such characteristics as fish number
and species distribution is of first-rate im-
portance. Standard stock assessment methods
based on calculation of number using comput-
ed coefficients of mortality, capture level or
the respective coefficients of fishing gear per-
formance and capture level, according to our
data, do not work in the areas inaccessible for
commercial fishing. Therefore, the results of
such calculations will be incorrect. Hence, it
becomes evident that there is a need to develop
new economically efficient methods of moni-
toring and assessment of number and stock of
bottom-dwelling and near bottom fish and
other hydrobionts in the hard-to-reach areas
were standard methods cannot be used. We
believe that one of the most advanced way to
study the condition of fish stock and fish bio-
logical diversity is application of non-contact
automatic video-monitoring methods and de-
velopment of computer processing algorithms
for the video materials received. This will help
to increase significantly economic feasibility
and accuracy of data.

Ichthyological observations in the Zmi-
inyi Island coastal waters in 2016-2017 were
performed in the framework of Odessa Nation-
al LI. Mechnikov University’s research pro-
jects with financial support from the EM-
BLAS-II International Project. In the work we
used the materials collected in 2003-2015 dur-
ing the research activities carried out with fi-
nancial support of the Ministry of Education
and Science of Ukraine and the EnviroGRIDS
and PERSEUS International Projects.
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