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Evidences of Multicomponent Structure of the Migratory Stock and Morphological Distinctions of Shads
from the Genus Alosa (Clupeaformes, Alosiinae) of the Sea of Azov. Mezhzherin S. V., Vernygora O. V. —
Migratory stocks of shads passing through the Kerch strait during their seasonal migrations consist of three
groups of specimens, that can be identified based on the number of gill rakers on the first arch. These
are so called Kerch shad 4. maeotica (50.2 %), Pontic shad A. immaculata (48.7 %) and Caspian shad
A. caspia (1.1 %). This ratio of species in the region remains stable for the last 60 years. Populations of
Kerch and Pontic shads have similar age structure and sex ratio with a shift toward females 52—54 %.
Specimens of A. maeotica have greater linear size and weight than those of A. immacuta, that indicates
higher growth rate of the former. Analysis of 26 body measurements shows definite differences between
these shads in their absolute features, there are also some differences in the proportions of the head.
Nevertheless, degree and reproducibility of interspecific differences during various periods of time, do
not allow for the reliable discrimination of specimens of these species assumed by some researchers.
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JIoKa3aTeibCTBA MHOTOKOMIIOHEHTHOCTH CTPYKTYPbI MUTPALIMOHHOTO CTaAa U MOpdoiornyeckne 0co0eHHO-
cTi my3aHkoBbIx cenbjeii (Clupeaformes, Alosiinae) AzoBckoro mopsi. Mexokepun C. B., Bepauropa O. B. —
MurpaluoHHbIe CTaja My3aHKOBBIX CEJIbACH, MPOXOIsIlUe B MEPUOA CE30HHBIX MUTpalUil yepe3
KepuyeHCcKuMii IPOJIMB, COCTOAT U3 0COOE TPEX TPYII, KOTOPble MOXHO MACHTU(MUIIMPOBATD 110 YUCITY
sKabepHBIX THIUMHOK Ha 1-if gyre. DTo Tak Ha3biBaeMasi KepueHcKast celibib, A. maeotica (50,2 %), yep-
HOMOPCKO-a30BCcKasl ceblib, A. immaculata (48,7 %), v ny3aHoK, A. caspia (1,1 %). Takoe cooTHOIIe-
HHME MEXIy STUMM BUAAMU B PErvoHe OCTaéTcsi CTaOMJIbHBIM Ha TPOTSDKEHUM MOCIeAHuX 60 Jer.
TMonynsiumMmu KepyeHCKO U YePHOMOPCKO-a30BCKOM CeJblieil UMEIOT OMHAKOBYIO BO3PACTHYIO CTPYK-
TYpPY ¥ COOTHOILIEHKE I10JIOB, IIPA KOTOPOM CaMKH COCTaBISIOT 52—54 %. Ocobu A. maeotica OTIM4a0T-
cs1 oT A. immaculata GOMBIIIMU JTMHEHHBIMUA pa3MepaMy U Maccoii, YTO CBUIETEIBCTBYET O Gojiee BHICO-
KOM TeMIle uX pocra. Mcroab3oBaHue 26 MpoMepoB Tejla MOKa3bIBAET OMPEACIEHHbIE PA3TNIMs MEXKIY
STUMU CEJIBASIMM 110 aOCOTIOTHBIM TIPU3HAKAM, TAaKXe OTMEUAIOTCS] HEKOTOPbIE Pa3InyMsl U B MPOTIOP-
LMsIX To10Bbl. TeM He MeHee MacluTab M HU3Kasl BOCIPOM3BOAMMOCTb MEXBUAOBBIX PA3IMYUil B pa3-
Hble TIEPUOJIbI HE TIO3BOJISIIOT HAIE)XHO TMCKPUMUHUPOBATH 0CO0CI 3THX MPeIroiaraeMbIX HEeKOTOPbI-
MM UCCIIEIOBATE/ISIMA BUJIOB.

Kio4yeBbie CJIOBa: YePHOMOPCKHUE Celbau, Alosa, CTpyKTypa cTaga, MOp(OMETpHsI, SKOMOPQBI.

Alosa shads traditionally attracted attention of ichthyologists of the Black Sea and Sea of Azov. And that
is not accidental, because this is one of the most valuable commercial groups of fish in the region. Numerous
scientific studies were done on this group of fish, including those dealing with problems of systematics.
Nevertheless, there are still some disputable questions including the species composition of the genus Alosa Linck,
1790 in the Black sea and Sea of Azov. Many researchers (Knipovitch, 1923; Tret’yakov, 1947; Ambroz, 1956;
Pavlov, 1959a, 1959 b; Vinogradov, 1960; Vasil’eva, 1996) stated that there were three species of shads in the
Black Sea and Sea of Azov: Alosa immaculata E. T. Bennett, 1835, A. maeotica (Grimm, 1901), and A. caspia
(Eichwald, 1838). Others (Vladimirov, 1961; Svetovidov, 1964) argued that there were only A. immaculata and
A. caspia present, uniting A. maeotica and A. immaculata into one species. Moreover, in some publications few
unidentified species were added to the last two species of shads, based on the single catches of individuals that
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differed in their morphology and electrophoresis specters (Svetovidov, 1964; Mezhzherin, Fedorenko,
Dobrovolov et al., 2012).

Lately the idea about the identity of the three proposed species of the genus Alosa in the Azov-Black sea
basin became widely accepted. These results are based on the genetic analysis at the level of allozyme mark-
ers as well as on the DNA sequencing of anadromous and resident shads of the Atlantic that did not show any
clear differences among species and forms (Boisneau et al., 1992; Bentzen et al., 1993; Faria et al., 2006; Bowen
et al., 2008). Consequently, these three species should only be considered ecomorphs. Herewith, 4. immacu-
lata — large anadromous form with 40 to 60 gill-rakers that spawns in rivers; A. maeotica — large shad (20 to
49 gill rakers) that, unlike A. immaculata, spawns in brackish waters of the Sea of Azov; and A. caspia — res-
ident small shad with number of gill rakers varying in the range from 60 to 80. Presence of both anadromous
and resident ecomorphs is common for species of the Holarctic, and special morphological and genetic anal-
yses (Ferguson et al., 1978. Hecht et al., 1987, Ostbye et al., 2005) have showed that just like shads these eco-
morphs have different number of gill rakers and size, whereas anadromous forms are significantly larger then
resident forms, even though they are genetically identical to each other.

It is known that shads with fewer number of gill rakers, identified as A. maeotica, are only abundant in
the Sea of Azov (Pavlov, 1959 a). Detailed morphological analysis, not only of the recent years (Fedorenko,
2006; Mezhzherin, Fedorenko, 2007), but also of the first half and middle of the XX century (Pavlov, 1959 a,
1959 b), has showed that shads with less than 36 gill-rakers are almost absent in the basins of the Danube, Dnepr,
and Dnester rivers, meaning that A. maeotica is tightly connected to the Sea of Azov. Based on the number of
gill-rakers this shad can be clearly distinguished not only from the species of the Danube, Dnepr, and Dnester
stocks, but also from so called Don shads that spawn in the Don river. Therefore, even if A. maeotica is not a
separate species, it can still be considered an independent unit of reproduction and feeding. Nevertheless, Kerch
(Azov) shad and Pontic shad that spawns in the Don river are still not differentiated not only in commercial
catches, but also during the period of feeding, and therefore the ratio of Kerch shad in the Sea of Azov is unknown.
The question about the degree of differences of other morphological characteristics between these two forms
remains unclear. Available comparative morphological descriptions of shads were made according to the stan-
dards of 50s of the XX century, and therefore require revision and specification according to the modern stan-
dards of statistical analysis.

Material and methods

Present research was based on the series of shad samples collected from commercial catches in the peri-
od from December 2009 to May 2011 in the Kerch strait near the station Zavetnoe. Samples, total of
623 specimens, were collected evenly throughout the seasons.

Besides the biological analysis: determining of size-weight values, sex, and age; the latter was done accord-
ing to the method specific for shad (Miklashevskaia, 1953); the detailed morphological analysis of all fish was
performed. The scheme of 26 body measurements was used for this purpose (Pavlov, 1953 a): Smith’s length
(L), maximum body height (H), minimum body height (%), antedorsal distance (D), postdorsal distance (pD),
anteventral distance ( V), anteanal distance (A), distance between pectoral and ventral fins ( P-V), distance between
ventral and anal fins (V-A4), length of caudal peduncle (p/), length of dorsal fin base (/D), height of dorsal fin
(hD), length of anal fin base (/4), height of anal fin (4A4), length of pectoral fin (/P), length of ventral fin
(1V), length of the upper lobe of caudal fin (/C_1), length of the lower lobe of caudal fin (/C_2), head length
(HL), head height (Hh), snout length (ae), eye diameter (gh), postorbital distance (fd), upper jaw length (ak),
lower jaw length (a/), head width (wi). Indexation of body and fin measurements was done relatively to the
body length, and indices of head measurements were calculated relatively to the head length. Besides that, num-
ber of gill-rakers on the first arch (sp. br.) was counted for each fish.

Statistical analysis of the material was performed using the Statistica V.6 package.

Results and discussion

Number of gill rakers on the first arch in the total sample of shads varied from 25
to 75, with the distribution being quite uniform without any definite modal value (fig.
1). Therefore, based on this feature, three species can be identified among the studied
fish. Individuals with number of gill rakers from 26 to 40 should be considered A. maeot-
ica (313 specimens, 50.2 %), from 40 to 60 — A. immaculata (304 specimens, 48.7 %),
and more than 60 — A. caspia (7 specimens, 1.1 %). Worth to mention that there is no
hiatus between groups of shads identified as A. maeotica and A. immaculata. That means,
that despite decrease of the number of individuals with 39—40 gill ra-kers, this feature
cannot be used for the differentiation of these two ecomorphs. Unreliability of this fea-
ture for the differentiation of so called marine and anadromous forms has been mentioned
previously (Vladimirov, 1961). The fact that specimens with less than 39 gill-rakers are
absent in the Dnepr and lower Danube rivers (fig. 1) gives a reason to consider shads
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with a small number of gill-rakers to be specific to the Sea of Azov. This means that more
than a half of the shad stock in the Sea of Azov is formed of the Kerch shad that appar-
ently spawns in the Sea of Azov. It should be emphasized that the same ratio of this species
was present in catches in the Kerch strait during the late 40s of the XX century, found
in Pavlov’s works (Pavlov, 1959 a). Nearly the same ratio of Azov shads in the previous
catches was noted by other authors (Sirotenko, 1966).

Comparison of biological characteristics of A. maeotica and A. immaculata (table 1)
shows that A. maeotica has slightly larger size and body weight, while these two groups
of shads have the same mean age value, and this proves greater growth rates of A. maeot-
ica. There is also no difference in the condition of the two species, estimated with Fulton’s
condition coefficient (1.32 + 0.013 and 1.31 + 0.014 for A. maeotica and A. immacula-
ta respectively). Sex ratio is nearly equal, slightly shifted toward females (table 1).

Specimens with more than 60 gil rakers were identified as A. caspia, but apparent-
ly this group included both A. caspia and A. immaculata with a big number of gill ra-kers.
This idea is supported by extremely high individual variations of the size and age values
of some specimens.

Comparison of the mean values of individual body measurements revealed highly sig-
nificant differences of a number of characteristics, with A. maeotica always having greater
values than A. immaculata, and that is quite natural because the former shads are larger
than the latter (table 2). Range of variability of some characteristics that differ with a high
level of significance overlap for the two species and thus none of the characteristics can
be used for the clear differentiation of A. maeotica and A. immaculata. In regard to indices,
these species are much less different in their body proportions and only some head indices
are significantly different. Particularly, A. maeotica has relatively greater snout length, eye
diameter, length of lower jaw, and head width. However, in this case as well, variation
of these indices of the two species overlap and therefore cannot be used to obtain reli-
able diagnostics of the individual specimens of A. immaculata and A. maeotica.

Insignificance of morphological differences between A. maeotica and A. immacula-
ta is also supported by multidimensional analysis. When using the factor analysis, almost
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Fig. 1. Distribution of number of gill rakers on the first arch in shads of the genus Alosa: row-1 — Azov shads
(Kerch strait, 2009—2011s), row-2 — Danube shad (2005-2008s); row-3 — Dnepr shads after: Ambroz, 1956
(1937).

Puc. 1. Pacripenenenue my3aHKOBBIX celibleil pona Alosa o uuciy kabepHbIX THIMMHOK Ha TIEPBOi ayre: psi
1 — azoBckas cenbab (Kepuenckuii mponus, 2009—2011-e rr.); psa 2 — ayHaiickas cenbab (2005—2008-¢ 1T );
psii 3 — IMHENpOBCKas cenbab mo: Ambroz, 1956 (1937 r.).



e-63 S. V. Mezhzherin, O. V. Vernygora

Table 1. Basic biological characteristics of shads identified to species based on the number of gill rakers on the
first arch

Taonuna 1. OcHoBHbIE OMOJIOTHYECKHE NOKA3ATEIM Y Celibeil, ONpenéieHHbIX 10 BUIA, MO YUCTY XKa0epHbIX
THIYMHOK HA MEPBOii ayre

Characteristic | N | M | min | max | m

26—40 (A. maeotica)

Age 294 3.37 1 6 0.05

L, cm 313 24.7 107 324 0.23

P, g 313 222.85 10 550 4.88

9, % 277 0.52 0.03

41—60 (A. immaculata)

Age 278 3.38 1 6 0.06

L, cm 304 23.8 105 303 0.27

P, g 304 201.68 8 398 5.37

9, % 253 0.54 0.03
61-75 (A. caspia)

Age 9 2.88 1 5 0.40

L, cm 9 16.9 140 287 0.17

P, g 9 76.67 22 320 31.9

0, % 7 0.57 0.19

Table 2. Mean values (M) and their standard errors (SE), minimum (min) and maximum (max) values of char-
acteristics, and statistical significance (p) calculated by one-way ANOVA for the two supposed species of shads
Tadnuna 2. Cpennue 3uauenusi (M) u ux cranpaprias ommdka (SE), MuHumaibHble (min) M1 MaKCHMAJIbHbIE
(max) 3HaYeHUs1 MPU3HAKOB M CTeNEHb A0CTOBEPHOCTH (P) pasimumii cpeaHux no Kpurepuio (one-way ANOVA)
JUIS IBYX NpeAnosiaraeMpIX BUIOB ceJibaeil

. A. immaculata A. maeotica
Characteristic - - p
M | min | max | SE M | min | max | SE
sp. br. 46.3 41 75 0.29 35.8 27 40 0.17 0.000000
H, mm 59.5 20 90 0.88 62.6 21 95 0.80  0.009080
h, mm 17.5 6 26 0.24 18.3 6 24 0.21  0.005030
aD, mm 112.0 44 144 1.31 117.2 48 161 1.15 0.003090
ID, mm 31.2 13 44 0.38 32.7 12 47 0.34 0.005003
hD, mm 28.6 9 42 0.40 30.4 12 42 0.36  0.001081
IA, mm 35.9 14 47 0.42 37.5 15 50 0.37 0.006249
hA, mm 15.8 5 24 0.22 16.7 5 28 0.21 0.002177
IC 1, mm 47.2 22 64 0.51 49.2 20 65 0.45 0.004003
IC 2, mm 54.1 28 68 0.56 56.1 25 74 0.50 0.007656
HL, mm 54.1 24 69 0.57 56.1 24 77 0.49 0.007931
ae, mm 14.8 4 21 0.20 15.8 4 22 0.18  0.000188
gh, mm 9.8 3 15 0.16 10.7 3 15 0.15 0.000035
pl, mm 31.2 11 43 0.39 32.9 13 45 0.34 0.000886
wi, mm 10.2 2 16 0.19 11.1 2 17 0.17  0.000284
al, mm 10.8 8 15 0.09 10.3 8 16 0.09 0.000303
ae/HL, % 27.1 16 34 0.18 28.0 15 33 0.18 0.000639
gh/HL, % 17.9 10 25 0.18 18.8 10 25 0.17  0.000224
al/HL, % 57.4 37 71 0.27 58.5 48 73 0.27 0.002590
wi/HL, % 18.4 7 26 0.23 19.4 7 27 0.20 0.000669

complete overlapping of scatter plots of 4. maeotica and A. immaculata specimens in the
space of the first two factors obtained from the analysis of the variability of 25 body indices
(fig. 2) is observed. Moreover, discriminant analysis shows that accuracy of identifying
individual specimens by a complex of indices is only 63 % (table 3), that does not meet
the level of interspecific morphological differentiation.
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Fig. 2. Scatter plot of the two species of shads in the space of two principal components based on 25 body and
head indices (Factor-1 — 28 % of the total variability, Factor-2 — 13.5 %).

Puc. 2. PaccenBaHue oTaeNbHBIX 0COOEH BYX BUIOB Iy3aHKOBbBIX B MPOCTPAHCTBE MEPBbIX ABYX IJIABHBIX KOM-
MOHEHT 10 25 uHaekcaM TyJjoBuila u rojosbl (Factor-1 — 28% o6iueit usmenunBoctu; Factor-2 —13,5%).

Previously, researchers have noted that differentiation of Don and Kerch shads based
on their body measurements is not reliable and stable. Particularly, the artificia-lity of
differentiation between A. maeotica and A. immaculata is supported by the fact that dif-
ferences of body indices between Kerch (marine) and Don (anadromous) shads of the
sea of Azov were significantly smaller than between populations of marine shads with a
small number of gill rakers, identified as A. maeotica, in different parts of the Azov-Black
Sea basin, Danube region of the Black sea and the Sea of Azov in particular (Pavlov,
1959). Researchers of that time explained this paradox by close similarity of the feeding
conditions of anadromous and marine shads in the Sea of Azov. Thus number of gill rak-
ers on the first arch has always been the only feature for identifying A. maeotica and A.
immaculata. However distribution of the number of gill rakers in the samples of shads is
quite uniform without any hiatus and therefore decision to draw a line between species
at the mark of 40 gill-rakers would be rather disputable.

Differences of body indices between A. maeotica and A. immaculata are not stable in
time and probably depend on the individual researcher doing the measurements. Analysis

Table 3. Classification matrix of the discriminant analysis of shads of the Sea of Azov, based on 25 body and
head indices (rows — observed classification, columns — expected)

Tadnuna 3. Knaccupukanuonnas MaTpuua JMCKPUMMHAHTHOTO AHAJIM3A MY3aHKOBBIX Celiblell A30BCKOro Mopsi
10 25 WHIEKCaM TYJIOBHIIA W TOJIOBbI (10 psAIaM — Ha0moaaeMas KiacCu(MKaus, M0 CTOJIOMKAM — OXKHIAeMast)

Species | % | A. maeotica A. immaculata
A. maeotica 67.1 210 103
A. immaculata 60.3 121 184

Total 63.7 331 287
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Table 4. Comparison of a number of morphological features between shads of the modern stocks and those of
the 40—50s of the XX century

Tao6auna 4. CpaBHHTE/IbHASL XAPAKTEPUCTHKA Psina MOPGOMETPHYECKHX MAPAMETPOB CeJibeil COBPEMEHHOr0 CTaaa
u no marepuasam 40—50-x rogos XX cr.

A. maeotica A. immaculata
Characteristic, % 2009/2011 40-50s XX ¢. * 2009/2011 40-50s XX c. *
(except L)
M | m M m M | m M m
L, cm 24.7 0.23 20.8 0.26 23.8 0.27 20.1 0.17
al/L 10.3 0.09 12.1 0.08 10.8 0.09 12.0 0.13
hD/L 12.2 0.07 12.5 0.08 12.0 0.08 12.2 0.1
hA/L 6.7 0.06 6.2 0.06 6.6 0.06 5.9 0.11
IP/L 13.8 0.06 — — 13.9 0.07 15.4 0.17
V/L 8.8 0.04 — — 8.9 0.05 9.5 0.07
IC_I/L 19.9 0.07 19.0 0.08 20.0 0.07 19.0 0.11
IC 2/L 22.7 0.07 20.7 0.07 22.9 0.08 20.7 0.11
Hh/HI 81.7 0.3 70.0 0.21 82.3 0.36 72.0 0.48
fd/HI 58.5 0.19 53.3 0.14 57.9 0.20 54.5 0.27
ak/HI 50.1 0.16 46.0 0.16 49.6 0.18 46.1 0.24
al/Hl 58.5 0.27 59.9 0.14 57.4 0.27 60.0 0.24
wi/Hl 19.4 0.21 16.4 0.13 18.4 0.23 15.97 0.16

* According to P. 1. Pavlov (Pavlov, 1959 a).

of the modern material showed the maximum differences between the two species in al/HI,
wi/HI, fd/HI, Hh/HI ratios (tables 2, 4), with A. maeotica having greater values of the first
three indices and lower value of the last index. While in the samples of shads collected
50—60 years ago, differences between these species were much less and were observed for
different indices and for the same indices had different direction (table 4). Significant changes
of morphological features have also occurred during the compared period of time. Not only
has the size of fish become larger, but also a number of body proportions has changed,
especially: al/HI, ak/HI, wi/HI, and fd/HI. Moreover, these changes have occurred par-
allel of the same indices and in the same degree in the stocks of Azov and Don shads.

Thus, the present research provides evidences that, indeed, there are shads with a
small number of gill rakers in the Sea of Azov that some researchers have viewed as a
separate species A. maeotica and that has currently disappeared in the North-Western region
of the Black Sea. Just as 50—60 years ago this form comprises about a half of all shads.
Morphological analysis of a number of indices showed that plastic features of individu-
al specimens identified as A. maeotica and A. immaculata had only slight differences and
nature of these differences was not stable in time and space.
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