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APPLICATION OF ESTERASE POLYMORPHISM TO SPECIFY POPULATION GENETIC
STRUCTURE OF ENGRAULIS ENCRASICOLUS (PISCES: ENGRAULIDAE)
IN THE BLACK AND AZOV SEAS

Genetic structure of anchovy populations was studied using genetic-biochemical markers. Anchovy samples col-
lected between 1980 and 2006 from different Black Sea regions (off the Bulgarian, Turkish, Ukraine, and Georgian
coasts) as well as from the Sea of Azov were analyzed. Three methods of electrophoresis were applied: starch gel
electrophoresis, vertical polyacrylamide electrophoresis, and isoelectric focusing on thin polyacrylamide ampholine
gel plates. On the base of long-term monitoring of allelic frequencies of the polymorphic non-specified esterases loci
(EST-1* and EST-2*), wintering migration of Azov anchovy may have alternative routs along the western Black Sea
coasts. Typical Azov anchovy winter together with the Black Sea anchovy form the mixed populations along the
Ukrainian, Georgian, and Turkish Black Sea coasts. Azov anchovy was also registered along Bulgarian coast during
the second part of May and July. The results allow supposing the north-western Black Sea as complementary spawn-
ing areas of Azov anchovy.
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The Azov anchovy (Engraulis encrasicolus maeoticus)
and Black Sea anchovy (Engraulis encrasicolus ponti-
cus) are considered as two subspecies (races) [1]. Fur-
ther using genetic biochemical markers allowed finding
out significant differences between them. Dobrovolov
[10] identified Black Sea and Azov races of anchovy on
the base of general muscle proteins and lactate dehy-
drogenase analyses. Kalnina and Kalnin [15] studied
European anchovy biochemical polymorphism and
found out significant differences between two races in
the allele frequencies. Kalnin and Kalnina [16] exam-
ined introgressive hybridization of two anchovy races in
the Black Sea and the Sea of Azov analyzing genetic
frequencies of isocitratedehydro-genase and esterase by
electrophoresis in PAAG. Dobrovolov [9, 10, 12],
Ivanova and Dobrovolov [14] studied the phylogenetic
relationship between E. encrasicolus from the Atlantic
Ocean, the Black Sea, and Sea of Azov using allozyme

analyses. Long-term monitoring of genetic biochemical
markers proved existence of two anchovy populations
(visiting) in Bulgarian waters [11]. Erdogan et al. [13]
studied genetic variations of E. encrasicolus from the
Black, Marmara and Aegean Seas using allozyme and
morphologic analyses. Based on polymorphism of gen-
eral muscle proteins, Bat et al. [4] investigated popula-
tion structure of anchovy from some regions of the
Black Sea and established two sub-populations (western
and eastern). Zuev et al. [25] studied fish otoliths shapes
and indicated two statistically dissimilar forms of an-
chovy wintering at the south-western coastal waters off
Crimea.

Anchovy from the Sea of Azov and the Black
Sea undertake long migration within the both basins.
Azov anchovy usually spend spring, summer and early
autumn in the Sea of Azov, where spawn and then
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accumulate lipid reserve. After temperature decline, it
starts wintering migration to the Black Sea. The main
migration routes of the Azov anchovy to the place of
winter depends on wind direction and pass either along
Caucasus or Crimean coasts. In April — May Azov an-
chovy go back to the Sea of Azov [20].

The Black Sea anchovy is distributed over the
whole Black Sea during spawning and feeding period
[6]. In October — November, under the temperature de-
cline, Black Sea anchovy migrates to the wintering
grounds approaching warmer Turkish or Georgian
coasts and forms dense wintering concentrations [20].
In spring, Black Sea anchovy move back to the northern
Black Sea. The Azov and Black Sea anchovy migration
route often overlapping and both anchovy also may
winter in mix populations together.

The aim of the study is to clarify population
structure of anchovy in the different regions of the
Black Sea and the Sea of Azov and to specify their mi-
gration routes using unspecified muscle esterase poly-
morphism as genetic-biochemical markers.

Material and Methods. Anchovies were
caught by the fishing vessels or by trap-nets in different
Black Sea regions along Bulgarian (Kavarna, Varna,
Byala, Sozopol), Turkish (Samsun and Sinop), Ukrain-
ian (Sevastopol), and Georgian (Poti) coasts and in the
Sea of Azov (Jurkino and Kerch strait) between 1980
and 2006. The fish were frozen immediately after catch-
ing and delivered to the laboratory in portable refrigera-
tors or in dry ice for further muscle esterase analysis. In
total, 2091 samples from 21 catches were analyzed.
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The system for decoding nonspecific muscle
esterase of anchovy, different from the schema pre-
sented by Kalnin et al. [17], was proposed. Three meth-
ods of electrophoresis were applied in this study: starch
gel electrophoresis, vertical polyacrylamide electropho-
resis, and isoelectric focusing on thin polyacrylamide
ampholine gel plates.

Proteins from dorsal muscle were separated by
horizontal starch gel electrophoresis according to
Smithies [23] with Dobrovolov’s modifications [8]. The
visualization of nonspecific esterases was made using
Fast Red TR. Buffer systems were elaborated by Clay-
ton and Gee [5] and Dobrovolov [9]. Vertical poly-
acrylamide electrophoresis was carried out after
Truveler and Nefedov [24]. Isoelectric focusing (IEF)
on thin polyacrylamide Ampholone gel with pH gradi-
ents between 3.5-10.0 with the equipment of LKB
(Stockholm, Sweden) was used. The proteins were
stained with Commassie Brilliant Blue R-250.

Gene frequencies of the polymorphic loci were
calculated using the Hardy-Weinberg equilibrium. Cal-
culation of indices of genetic similarity and genetic dis-
tance were performed after Nei [19].

We used here the nomenclature of loci and al-
leles following the recommendation of Shaklee et al.
[21]. The ratios between Azov and Black Sea anchovy
populations assuming their mechanical mixing were
calculated using estimating Altukhov’s formula [2].

Results and discussion. Ten zones with
esterase activity in anchovy muscles were visual-
ized on the starch gel electrophoregrams (Fig. 1

and 2).

Fig. 1 Electrophoregrams on starch gel of non-
specified muscle esterase of anchovy from the
Black Sea. Polymorphism with null alleles in
EST-1* and EST-2*: AA u AO and OO pheno-
types, O — origin.

Puc. 1 Dnexrpodoperpammsl HecTICITUPHUIHBIX
3CTEPa3 MBILII XaMChl U3 YEpHOro Mops Ha Kpax-
ManpHOM Tene. [lommMophusM ¢ Hymb-aiiensaMu
B EST-1* u EST-2*: aa, a0 u 00 — ¢derotumsl, O —
cTapr.

There were two polymorphic zones in
the anodal part which are coded from two
loci (EST-1* and EST-2*). Polymorphism of
both esterase loci in anchovy from different
Azov and Black Sea areas were observed,
and gene frequencies were calculated (Table

1).
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Table 1 Gene frequencies of non-specified muscle esterases loci (EST1* and EST2*) in anchovy from different regions of the Black Sea and the Sea of Azov (N —
number of the samples; B — Black Sea anchovy, A — Azov anchovy, and B/A — mechanical mixing populations
Ta6m. 1 YacToTsI reHOB HECTIEIM(UIHBIX 3CTepa3 MbIil JoKycoB (EST1* u EST2*) y xamchr u3 pazinnaubix paitonoB UépHoro u Azosckoro mopeii (N — kosde-
cTBO Tpob, B — uepHOMOpCKast xamca, A — a30BCKas xamca, B/A — MexaHH4YeCcKH CMEIIaHHbIE TTOMYIIAINN

The Black Sea The Sea of Azov
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s 5| 8| 8| 8| 8| 5| 2| 8| 3| 8| S| 8| 8| S| 2| & S| 5| §| ¢
> =3 = o o o
3
EST-1*a 0598 0.619 0.696 0.604 0.600 0.779 0.850 0.757 0.766 0.703 0580 0.640 0.703 0.790 0.568 0.720 0.704 0.790 0.783 0.799 0.757
EST-1*0 0.402 0.381 0.304 0.396 0.400 0.221 0.150 0.243 0.224 0.297 0.420 0.360 0.297 0.210 0.432 0.280 0.296 0.210 0.217 0.201 0.243
EST-2*a 0.143 0126 0.114 0.143 0.126 0.061 0.026 0.093 0.100 0.117 0120 - 0119 0.053 0.169 0.109 0.116 0.084 0.080 0.082 0.035
EST-2*0 0.857 0.874 0.886 0.857 0.874 0.939 0.974 0907 0900 0.883 0.880 - 0.881 0947 0.831 0.891 0.884 0.916 0.920 0.918 0.965
N 68 160 102 102 85 68 135 34 80 68 102 85 102 68 102 102 229 136 85 74 102
Popula-
fions: B B/A B B A A A A B/A B B B/A A B B/A B/A A A A A
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Fig. 2 Electrophoregrams of non-specified muscle esterase of anchovy from the Black Sea on vertical polyacryla-
mide electrophoresis (A), and isoelectric focusing (B). Polymorphism with null alleles in EST-1* and EST-2*: AA u

AO and OO phenotypes, O — origin.

Puc. 2 Dnextpodoperpammsl Hecienn(UIHBIX 3CTEPa3 MBIIII] XaMChl H3 YEPHOTO MOPS: B BEPTHUKAIEHOM IIOJIHAK-
punamunHoM Tene (A) u m3odnmektpudeckoM QokycupoBanun (B). [Momumopdusm ¢ Hyms-amnensmu B EST-1* u

EST-2*: aa, a0 u 00 — pernorunsl, O — cTaprT.

The EST-1* locus was polymorphic in all
samples. Allele frequencies on EST-1*0 which was
typical for Black Sea anchovy populations ranged
0.350 to 0.440 while for the same allele in Azov
anchovy ranged 0.150 to 0.250. The EST-2* locus
had two allele system of inheriting in the popula-
tions analyzed with null allele and polymorphism
was found in all samples. In this locus, null allele
was most often presented. Alternative allele EST-
2*a frequencies ranged from 0.120 to 0.169 and
0.020 to 0.100 for the Black Sea and Azov an-
chovy, accordingly. Intermediate values of the fre-
guencies of EST-1*0 and EST-2*a, were accepted
as a mechanical mixed population of two subspe-
cies.

According to allelic frequencies (Table 1),
typical Azov anchovy were found in November
and January in the Bulgarian Black Sea coast
(Varna, Byala, and Sozopol) as well as near the
Turkish coast (Sinop) in the end of November
(Fig. 3).

Pure Black Sea anchovy population was
found also during winter in the same Bulgarian
areas and near Sinop and Samsun (Turkey). Me-
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chanical mixed populations of Azov and Black Sea
anchovy with intermediate value of the gene fre-
quencies were established off Kavarna (Bulgaria),
Sinop (Turkey), and Sevastopol (Ukraine) as well
as near Poti (Georgia) during winter months (Table
1, Fig. 3). Using our data of allelic frequencies of
esterase loci and Altukhov’s formula [2], the pro-
portion of each population in the mixed pool were
estimated (Table 2). The results showed that the
share of the Azov sea fish in all mixed populations
was about 50 %. Spatial overlapping as well as
mixed schools of Azov and Black Sea anchovy
populations during winter are known long ago [2,
3, 7, 18]. However, according to Chashchin [6],
during wintering migration, the fish of Azov popu-
lation, which mingled with Black Sea anchovy in
the almost equal share, moved frequently in east-
ern direction along Caucasus coast and reach
Georgian and Turkish waters.

The presence of Azov anchovy near Bul-
garian Black Sea coast, which was shown in our
study, allows presuming that Azov anchovy may
also take the alternative route to wintering areas in
western direction (Fig. 4).
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Fig. 3 Detection of Azov anchovy (1), Black Sea anchovy (2), and their mixed populations (3) in different sampling
locations in the Black Sea and the Sea of Azov on the basis of allelic frequencies of EST-1*0 and EST-2*a loci

Puc. 3 O6napyxeHue a3oBckoi xamchl (1), 4epHOMOpPCKON XaMchI (2) ¥ MX CMEIIaHHBIX nomyisuuu (3) B pa3nnd-
HBIX paiioHax UépHoro m A30BCKOro MOpeii 1o yacToTam ajuienei jokycoB EST-1*0 u EST-2*a

Table 2 Shares of Azov anchovy in mechanical mixing populations in the Black Sea regions estimated from gene
frequencies of esterases loci (EST1* and EST2*) using Altukhov’s formula [2]

Tabi. 2 OTHOCHTENBHEIE J0JIN a30BCKOM XaMCHI B MEXaHHYECKH CMEIIaHHBIX nonysinusax B paﬁOHaX I‘IépHOl“O MOps,
paccuMTaHHbBIe TI0 YacTOTaM JIOKycoB 3ctepas (EST1* u EST2*) ¢ npumenennem popmyisr Antyxosa [2]

Bulgarian coast Turkish coast Ukrainian coast Georgian coast
31.05.1982, 09.11.2005, | 17.11.2006, 06.04.2006, 17.11.1988,
Kavarna Sinop Sinop Sevastopol Poti
EST-1*0 0.475 0.436 0.436 0.343 0.431
EST-2*a 0.623 0.670 0.699 0.555 0.656
Average value 0.549 0.553 0.568 0.449 0.544
N 102 68 102 102 229

Fig. 4 Generalized scheme of wintering migration of Azov and Black Sea anchovies: main migration routes of Azov
anchovy (1), Black Sea anchovy (2) after [6, 22], and alternate migration route of Azov anchovy (3) and mechanical
mixed populations on wintering grounds according to our data

Puc. 4 O0001mEnHas cxemMa 3MMOBaJIbHONW MUIPAlMK a30BCKOI M YePHOMOPCKOM XaMChl: OCHOBHBIE ITyTH MHIpali
a30BcKkoit (1) u uepHOMOpPCKO# (2) xamchl 1o [6, 22], ¥ anbTepHATHBHBIN MyTh MUTPAIIMH a30BCKOM Xxamchl (3) u Me-
XaHUYCCKN CMCIIAHHBIC MMOITYJIAIMU Ha MECTaX 3UMOBKHU COIIACHO HAIUM JJaHHBIM
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The Azov anchovy spring migration back
to the Sea of Azov begins in the mid of April and
is over by the end of May [6]. We found out these
months typical Azov anchovy in Kerch Straight
(Table 1, Fig.3). We also registered typical Azov
anchovy along Varna coast and in mixed popula-
tion with Black Sea anchovy along Kavarna in
April and even in July (Fig. 3, Table 1). It is possi-
ble to assume that the Azov anchovy, which win-
tered along the southern part of Crimea Peninsula,
may take alternative migrating route: it may direct
in spring not to the Sea of Azov, but to the north-
western or western Black Sea in the areas with
lower salinity. That could be the reason why typi-
cal Azov anchovy were registered during spawning
period in the western Black Sea (in front of Varna
coast).

Thus the data for gene frequencies of po-
lymorphic esterase loci, verify the existence of two
anchovy subspecies (races). The following hy-
pothesis was proposed. We supposed that before
last opening of Bosphorus, the frequency of EST-
1*a in the Azov sea anchovy was close to the fixa-
tion (close to 1) and respectively the frequency of
the alternative allele EST-1*o was very low (close
to the null). After supposed introgerssive hybridi-
zation with Black Sea anchovy the frequencies of
the first allele decreased from 1.00 to 0.757-0.799
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and respectively the alternative allele frequency
increased up to 0.150-0.250. If the monitoring of
gene frequencies of the mentioned locus continued
and increasing of the frequencies of null allele in
Azov anchovy will be detected, that could be fea-
ture for estimation of the intensity of interrace hy-
bridization.

Conclusions. Long-term monitoring of al-
lelic frequencies of polymorphic esterases loci
were applied to distinguish Azov and Black Sea
anchovy. The results allowed us to suppose the
winter migration of Azov anchovy along the Bul-
garian Black Sea coast. The new data were pre-
sented on Azov anchovy wintering along the Turk-
ish Black Sea coast. In the Sinop area, the both
anchovy races wintered together. Mechanical
mixed populations of two subspecies were proved
in the areas off Sevastopol, Kavarna, Sinop, and
Poti. Spawning of Azov anchovy in the western
part of the Black Sea was presumed.
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3acrocyBannsi mojaiMopdizmy ecTepa3 y OoCHiIKeHHAX mnomyiasinifiHo-reHeTn4yHoi cTpykrypu Engraulis
encrasicolus (Pisces: Engraulidae) y YopHomy Ta A3oBcbkomy mopsx. I1. I1. IBanosa, 1. C. To6posoJios, JI.
Bar, A. €. Kineiic, B. M. Hikonbcskuii, T. B. FOnboBa, A. M. lllenkuna, I'. €. Illyrsman. I'enetuuny cTpykTy-
py nonyisuii kamcu (E. encrasicolus) anarmizysainu i3 3aCTOCYBaHHSIM IeHETHKO-6ioXiMiYHHUX MapkepiB. Byio mpo-
aHaii3oBaHo 1692 3pa3kiB kamcH 3 pi3HHX paifoHiB HopHOro Mops - 6utst 6eperiB bonrapii, Typeuunnu, Ykpainu ta
I'py3ii i 399 3pa3zkiB 3 A30BCBKOTO MOp4, 3i0panux B mepio 3 1980 mo 2006 poku. Tpu MeToam enekTpodopesy 0y-
JIM 3aCTOCOBaHI y IIbOMY JIOCII/KEHI: eleKTpodope3 B KpaxMalbHOMY Tefli, BEpTUKAILHHUHN eJleKTpodopes y motiak-
PUIIAMHIHOMY TeJi, i30eNeKTpruuHe (POKYCYyBaHHS Ha IUIACTHHAX 3 MoJiakpuiiaMuz aMm(ponrnHOBIM reneM..Ha ocHOBI
JIOBTOCTPOKOBOTO MOHITOPHHTY YacTOT ayelieid osiMopduux sokycis (EST-1 * and EST-2 *) necnerudiunmx ecre-
pa3 OyI1o MoKa3aHo, 110 3UMYBaIbHA MIrpallis a30BCHKOI KaMCH MOJKE 3IICHIOBATUCS Y3IOBXK 3aX1THOTO Y30epesKs
YopHoro mopsi. ['enetnyHi nani nokasanu, mo 60iist 6eperie Cunona (TypeddnHa) nopsj 3 4OpHOMOPCHKOIO 3UMYBa-
Ja 1 a30BCchKa KaMmca. 3MilllaHi momyJisiiii nux pub mix yac 3uMiBiii Oysiu BUSBJICHI siK y OeperiB Ykpainu, Tak i ['py-
3ii. A30BChKa KaMmca, opsij 3 YOpHOMOPChKOT Oysia BusiBiicHa Oitst OGeperiB bosrapii Takox y apyTiii MOJ0OBHUHI TPaB-
Hs 1 uepBHIi. ['eHeTHYHI MapKepH JO3BOJISIOTh MPUITYCTUTH, 110 PO3MHOKEHHSI a30BCHKOT KAMCH MOXKE 3JIIHICHIOBaTH-
Cs B MIBHIYHO-3aXiHIM YaCTHHI MOPSI.

Kiro4oBi ciioBa: a30Bcbka Ta YOPHOMOpPCHKA KaMca, TEHETUYHI MapKepH, eNeKTpoQopes, i30eNeKTpruIHe POKYCy-
BanHA (IE®D), MirpamiifHi MUIsIxy.
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P. P. lvanova, I. S. Dobrovolov, L. Bat, A. E. Kideys, V. N. Nikolsky et al...

IIpumeHenue moauMop@du3Ma crepas B HCCJAeJOBAHUSX MOMY ISINUOHHO-TeHETHYECKOil cTpYKTYpsI Engraulis
encrasicolus (Pisces: Engraulidae) B Uépuom u Azosckom mopsix. I1. I1. UBanosa, U. C. IoGposoJios, JI. bar,
A. J. Kuneiic, B. H. Hukoasckuii, T. B. FOuéBa, A. M. Hlenkuna, I'. E. llyasman. [eHeTHIECKYIO CTPYKTYPY
nonymsmit xameet (E. encrasicolus) ananusupoBani ¢ IpHMEHEHHEM T€HETHKO-OMOXUMHIECKUX MapKepoB. BhiTo
mpoaHaTu3upoBano 1692 obOpasma XaMCcHl U3 Pa3MUYHBEIX paiioHoB YEpHOro mops — y OeperoB bomrapuu, Typrmn,
VYxpanns! u ['py3un u 399 o6pasua u3z AzoBckoro mopsi, cobpannsix ¢ 1980 mo 2006 rr. Tpu meTona snexkrpodopesa
OBUTH HCTIONB30BaHBl B 3TOM HCCIIEIOBAHUM: 3IEKTPOGOpe3 B KpaxMalIbHOM TeJle, BEPTHUKAIBHBINA MMOIHAKPHIaMUA-
HBII 3eKkTpodopes, H303JIeKTpuIeckoe (HOKyCHPOBAHUE Ha IUIACTHHAX C MoJIHakpuiaamun amdonnHoBoM rene. Ha
OCHOBE JIOJITOCPOYHOT0 MOHHUTOPHHTA YaCTOT ajuiesell moauMopdHbIx okycos (EST-1* and EST-2*) necnienndude-
CKHX 3CTE€pa3 IOKa3aHo, YTO 3UMOBaJIbHasd MUI'palus a30BCKOM XaMCBHI MOJKET OCYIIECTBJIATLECA BAOJIb 3allalHOIoO
mobepexbst UépHoro Mopsi. ['eHeTHUeCKHe NaHHbBIe MoKa3anu, 4to y oeperoB Cunona (Typius) Hapsay ¢ Y4epHOMOP-
CKOM 3UMOBaJa U a30BcKas xamca. CMenIaHHble MOIJISIIUY 3TUX PHIO BO BpeMs 3MMOBKH OBIIIM OOHapy»KEeHBI KaK y
OeperoB Ykpaunsl, Tak u [py3un. A3oBckas xamca, Hapsay ¢ YepHOMOpPCKOW, oOHapyxeHa y OeperoB Bonrapun
TaK)ke BO BTOPOH IOJIOBUHE Mas M WIOHE. | eHeTHuecKre MapKephl MO3BOJISIOT MPEAIIONIOKHUTh, YTO pa3MHOKEHHE
A30BCKOM XaMCBhl MOXKET OCYIIIECTBIISITHCS B CEBEPO-3aI1aTHON JacTH MOPSL.

KnroueBble ciioBa: A30BCcKas U YEPHOMOpPCKas XaMca, TeHETHYECKHE MapKephl, 3IeKTpodopes, H30NICKTPUIECKOe
(oxycupoBanue (UD®D), MUTpallHOHHBIE ITyTH.
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