Vestnik zoologii, 48(5 ): 457-466, 2014
DOI10.2478/vz00-2014-0054

DE GRUYTER
OPEN

UDC 594.1:591.157(262.54+560.6)

CONCHOLOGICAL VARIABILITY

OF ANADARA INAEQUIVALVIS (BIVALVIA, ARCIDAE)
IN THE BLACK-AZOV SEA BASIN

V. V. Anistratenko!, O. Yu. Anistratenko’? I. A. Khaliman?

ISchmalhausen Institute of Zoology, NAS of Ukraine,
vul. B. Khmelnitskogo, 15, Kyiv, 01601 Ukraine
E-mail: anistrat@izan.kiev.ua

2Institute of Geological Sciences of NAS Ukraine,

O. Gontchar str., 55-b, Kyiv, 01601 Ukraine
E-mail: anistrat@rambler.ru

*Tavrichesky State Agrotechnological University,

B. Khmelnitsky str., 18, Melitopol, 72319 Ukraine
E-mail: khali@ukr.net

Conchological Variability of Anadara inaequivalvis (Bivalvia, Arcidae) in the Black-Azov Sea Basin.
Anistratenko, V. V., Anistratenko, O. Yu., Khaliman, I. A. — An alien species in the Black Sea and the
Sea of Azov — Anadara inaequivalvis (Bruguiere, 1789) — was recently discovered to have a wide range
of shell variability. From the investigated samples (over 900 valves) six basic types of the shell commissural
opening were defined; they are not, however, discrete conditions. The presence of intermediate variants
reveals a gradual (continuous) character of the shell variability and indicates that all the samples investi-
gated belong to the same species. The variation of some other Anadara characteristics is also discussed,
including: quantity and ornamentation of the ribs on the surface of the valves, quantity of chevrons on
the ligament area, shape of the hinge plate and quantity of hinge teeth. A comparison of conchological
characteristics of Anadara from the Black-Azov Sea Basin with A. inaequivalvis from southeast India
shows that ranges and patterns of shell variability of Azov-Black Sea Anadara correspond to variability of
A. inaequivalvis from this species type locality — Coromandel Coast of India.
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Konxonormueckas nsmeHunBocTb Anadara inaequivalvis (Bivalvia, Arcidae) B A3oBo-YepHOoMOpckoM
6acceitne. AHucrparenko B. B., Auucrparenko O. Y0., Xanuman V. A. — TlokasaH LIMPOKUIL [jya-
[1a30H M3MEHYUBOCTY pakoBUHbI Anadara inaequivalvis (Bruguiere, 1789) — Bupa-BceneHIa B A30Bo-
YepromopckoM Gacceite. B nsyuentnom marepuarne (6omee 900 CTBOPOK) BBIfie/IeHbI 6 OCHOBHBIX (OpPM
KOMICCYPaJIbHOTO IIPOCBETA PAKOBUHDI, KOTOPbIE, OJJHAKO, HE AB/IAIOTCA AMCKPETHBIMU COCTOAHMUAMM.
Hanuyne HpOMe)KyTO‘{HbIX BAapMAHTOB CBUAETEIbCTBYET O TIJTaBHOM (HereprBHOﬂ) N3MEHYNBOCTU U
IIPVMHAIESKHOCTU BCEX I/I3y‘{eHHI)IX HOHYHHHMIZ K OJIHOMY BUIy. O6CY)KJ13.€TCH BapblIpOBaHME HEKOTO-
PBIX IPYTMX NPUSHAKOB PaKOBUHBI Anadara: KOMM4eCcTBO ¥ CKY/IbIITUPOBAaHHOCTb PEbep Ha MOBEPXHO-
CTU CTBOPOK, KOIMYECTBO IEBPOHOB Ha JINTAaMEeHTHOM Iiomjagke, (bopMa 3aMOYHOTI'O KpasA 1 KOINIECTBO
3y60B 3amka. ComocTaBeHne MOPQOIOTNIECKNX XapaKTePUCTUK PaKOBUHBL Anadara us Uépuoro n
A3soBckoro Mopeit 1 A. inaequivalvis U3 10T0-BOCTOUHOJ VIHIUM IOATBEP>KAET, YTO TPAHMIIBI M XapaK-
Tep M3MEHYMBOCTY MOJIIIOCKOB pojia Anadara, 06MTalOMMX B a30BO-4ePHOMOPCKOM bacceliHe, BIIOTHE
COOTBETCTBYIOT M3MEHUMBOCTI A. inaequivalvis us tnmosoit MecTHOCT — KopomaHzenbckoro mobepe-
Xbs VIHpum.

Kniwouessie cnoBa: Bivalvia, Anadara, mopdonorus pakosutsi, YépHoe Mope, A30BCKOe MOpe.
Introduction

Over 40 years ago in the Mediterranean Sea at the Italian coast off Ravenna a new alien bivalve mollusk
of the genus Anadara Gray, 1847 has been registered. The species got into adjacent areas soon (Ghisotti,
1972; Rinaldi, 1972; Ghisotti, Rinaldi, 1976; Nolf, 2010). Mollusks of this group belong to the family Arcidae
Lamarck, 1809 (subfamily Anadarinae Reinhart, 1935) and are, mainly, inhabitants of the tropical and
subtropical seas.
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It is considered that in the Black Sea this mollusk was found for the first time in 1981 in coastal areas of
Bulgaria and on a shelf of Romania (Zolotarev, Zolotarev, 1987). However, according to data published by
M. I Kiseleva (1992), the first finding of this species in the Black Sea should be dated 1968, i. e. practically the
same time as that in the Adriatic Sea. It is possible that introduction of Anadara could happen independently to
different basins and/or different sites within the same basin suitable for its habitation. The colonization history
of the Black-Azov Sea Basin by this mollusk was reviewed previously (Anistratenko, Khaliman, 2006); so far
Anadara inhabits in the Black Sea along the entire coast (Sahin et al., 2009), and in the Sea of Azov it occupied
its southern, western and partially northern sectors (Anistratenko et al., 2011).

In the majority of publications (Rinaldi, 1985; Poppe, Goto, 1993; Anistratenko, Khaliman, 2006; Sahin et al.
2009; Finogenova, 2011) the Mediterranean Anadara as well as those in the Black Sea and the Sea of Azov is assigned
to A. inaequivalvis (Bruguiére, 1789). Meanwhile, recent substantial data on conchology of A. inaequivalvis from
the southeast coast of India, a district close to the type locality of the species concerned (Lutaenko, 2006), were
published. Comparison of some conchological characters of Anadara from the Mediterranean and the Black Seas
makes the author to doubt on the belonging of these mollusks to the true A. inaequivalvis.

The solution of the problem of Anadara species identification that immigrated to the Mediterranean Basin
depends on the study of the variability of its shell in new to this species conditions, in particular. As far as it can
be concluded from the publications, the majority of Anadarinae are not well studied in this respect (Lutaenko,
1993, 2006). Only few works are devoted to variability of Anadara, for instance, in the northwestern part of the
Sea of Japan (Lutaenko, 2002).

The present study focuses on shell variability of Anadara inhabiting the Black-Azov Sea Basin. For
comparison, the materials by K. A. Lutaenko (2006) on conchology of A. inaequivalvis and some related
nominal species of Anadara from the southeast India are discussed.

Material and methods

Material for the present study was collected from coastal casts of the Black Sea and the Sea of Azov from
1989 to 2012 (fig. 1). The Black Sea material is presented by 17 specimens from the coast of the Caucasus near
Pichory village (Gali District, Abkhazia), three specimens are from the settlement Chakvi (Adzharia); about
800 valves were collected within the borders of cordon “Morskoy” of the Black Sea Biosphere Reserve (BSBR,
Golopristan’ District, Kherson Region, Ukraine). The main material from the Sea of Azov (about 500 speci-
mens) was collected along the sea side of Fedotova Spit (Kirillovka settlement, Akimovka District, Zapori-

Fig. 1. Localities in the Black Sea and the Sea of Azov where the samples were collected: 1 — Cordon “Morskoj”,
the Black Sea Biosphere Reserve (BSBR), Gola Prystan District, Kherson Region, Ukraine (46°07 ‘54" N, 32°13°39"
E, 2011 and 2012, coll. V. V. Anistratenko and O. Yu. Anistratenko); 2 — Fedotova Spit in the vicinity of Kirillovka
settlement, Akimovka District, Zaporizhzhya Region, Ukraine (46°19°40" N, 35°20°03" E, 2005, 2006, 2012, coll.
V. V. Anistratenko, O. Yu. Anistratenko and I. A. Khaliman); 3 — Yurkino settlement, Lenino District, Crimea,
Ukraine (45°25°24" N, 36°33°15" E, October 12, 2003, coll. V. V. Anistratenko and O. Yu. Anistratenko); 4 —
Pichory village, Galy District, Abkhazia (42°26°57" N, 41°32"30" E, June 22, 1989, coll. V. V. Anistratenko); 5 —
Chakvy settlement, Adzharia (41°44°05" N, 41°43°57" E, June 21, 1989, coll. V. V. Anistratenko).

Puc. 1. Mecra cbopa marepuana B YépHoM 1 A30BCKOM MOpAX: I — KOpHOH «Mopckoit», YepHOMOpPCKMit
6uocdepHblit 3ar0BefHUK, [omonpucTancKuit p-H, XepcoHcKas 06/, YkpanHa (46°07°54" N, 32°13°39" E,
2011 u 2012 rr., c6op B. B. Auncrparenko, O. ¥0. Auncrparenko); 2 — PeforoBa Koca Bosse noc. Kupu-
JIOBKa, AKMMOBCKUII p-H, 3armopoyckas 0671., YkpanHa (46°19°40” N, 35°20°03" E, 2005, 2006, 2012 rr., c6op
B. B. Anucrparenxo, O. 0. Anucrparenko, /1. A. Xamuman); 3 — noc. FOpxuno, Jlennnckuii p-H, AP Kpbim,
Vkpanna (45°25'24" N, 36°33°15" E, 12 ok1s16ps 2003 1., c6op B. B. Anucrparenko, O. F0. AuucrpareHko);
4 — c. ITnyopu, Tamuiickmit p-u, Abxasus (42°26°57" N, 41°32°30" E, 22 ntons 1989 r., cbop B. B. Anucrpa-
TeHKo); 5 — moc. Yaxsu, Ampkapus (41°44°05" N, 41°43°57" E, 21 utons 1989 r., cbop B. B. AnucrpaTeHko).
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zhzhya Region, Ukraine), about 50 other specimens came from the Sea of Azov coast of the Kerch Peninsula
(Yurkino settlement, Lenino District, Crimea, Ukraine). Additionally, some specimens from coastal area of
the Kerch Strait were studied, namely, from Tuzla Spit, Ak-Burun Cape and Opuk Cape, kindly provided by
Yu. V. Vernigorova and T. V. Shevchenko (Institute of Geological Sciences of NAS of Ukraine, Kyiv).

Shell shape variability of Anadara inaequivalvis was estimated based on a variety of an outline joining, i. e.
of a shell’s commissural opening. For this purpose we specially selected and studied 508 discrete valves (259 left
and 249 right) from the BSBR and 400 valves (200 left and 200 right) from the Fedotova Spit (all collected in
2012). In specimens with two valves, only one of them was considered, thus, each valve considered has to be
considered as an individual specimen. Comparison of the shell shape was carried out as follows. On a transpar-
ent plastic plate an outline of commissural opening of the valve enclosed below was drawn by a marker. Each
of subsequent valves was compared to the received contour leveling them on hinge plate. If contours do not
coincide (excepting the sizes), a new contour from a different specimen was drawn. In case of an intermediate
form a valve was sorted to the closest of the basic types.

Beside the shell shape we analyzed variability of some other parameters: a number of radial ribs on the
surface of valves and their ornamentation, a quantity of chevrons on the ligament area, a shape of the hinge
plate and a number of hinge teeth.

Length of shells was determined on graph paper, their thickness was measured by caliper at the middle
part of the ventral edge. Lock studying and calculation of a number of ribs and chevrons was carried out with an
optical stereomicroscope MBS-9. Photos of shells are taken with “Canon Power Shot SX 120” camera.

Results and discussion

According to our observations Anadara inaequivalvis in the Black-Azov Sea Basin
possesses wide variability of a shell (fig. 2). Various degree of variability is characteristic for
its shell shape and thickness, shape of the hinge plate, number, shape and the relative size
of hinge tooth, quantity and surface texture of the radial ribs, prevailing color of the shell
and other features.

The most indicative, in our opinion, is the analysis of variability of a shell shape,
whereas other properties in a context of this research are considered to be minor and are
discussed in fewer details.

Usually the conchological variability is estimated with the aid of a verbal description
and/or quantitative parameters. However, in most cases the patterns and limits of shell vari-
ability can be exhibited with images much more clearly. In the research presented we used a
visually selected set of the main types of outline of Anadara shell valves joining (= locking)
which is called here “forms” (fig. 3). Numbering of these forms, i. e. certain types of a con-
tour of the shell commissural opening is selected arbitrarily and used only to substitute the
subjective verbal equivalents, such as “orbicular”, “ovate-trapezoid”, “rounded-tetragonal”,
etc. However, in the discussion of qualitative and quantitative characteristics of particular
forms we are compelled to use also similar statements (see below).

Within the studied samples of Anadara from the Black-Azov Sea Basin we define six
basic types of the shell commissural opening (fig. 3). The form 4 exhibits the highest rate
of occurrence, whereas extreme forms occur rarely. Comparison of two large samplings of
the Black and the Azov seas (see Material and methods) shows that in both localities the
form 4 predominates, being the first dominant; the second dominants are forms 2 and 1
at the Azov Fedotova Spit and forms 2 and 3 at the BSBR. Occurrence frequency of other
forms in both samplings differs considerably (fig. 4). We explain this as follows. The domi-
nant form, i. e. the form 4 (non-equilateral trapezoid), represents a basic conchological
morphotype, generated here on the basis of initially introduced individuals whereas other
forms are its morphological (autochthonous) variants. The relations between all defined
forms can be expressed schematically (fig. 5) in two morphological ranges. The first range
4-2-1-3 reflects a gradual reduction of shell height and its relative lengthening; in the
form 3 it combines with rounding of anterior edge and elongation of posterior one. The
second line 4-6-5 demonstrates a transition from the basic morphotype 4 to the form 6
by shortening of posterior edge (the contour of commissural opening comes nearer to an
equilateral trapezoid) and further to the form 5, an opening of which is almost roundish
caused by subsequent increasing of relative height of a shell. Herewith a hinge plate in form
5 is considerably shortened that makes it markedly arcuate.
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Fig. 2. Shells of A. inaequivalvis from the Black Sea (G-L) and the Sea of Azov (A-F): A-F — specimens from
the northwestern part of the Sea of Azov (Fedotova Spit); G-L — specimens from the northwestern part of the
Black Sea (Cordon “Morskoj”, the BSBR). A, C, E, G, I, K — inner side of the valves; B, D, F, H, ], L — outer side
of the same specimens.

Puc. 2. PakoBunsl A. inaequivalvis n3 YépHoro 1 A30BCKoro Mopeit: A-F — 9K3eMIUIAPBI € CeBepO-3aIaHOT0
nobepexba AzoBckoro Mopsa (Peportosa Koca); G-L — 9K3eMIUIAPHI € CeBepHOTO nobepexxpbsas YépHoro Mops
(xoppoH «Mopckoit», UB3). A, C, E, G, I, K — BHYTpeHH:A cTOpoHa cTBOpok; B, D, F, H, ], L — HapyxHas
CTOPOHA TeX XK€ IK3eMIIIAPOB.

It should be stressed that forms discussed here can not be considered as discrete states,
and no taxonomic status might be assigned to them. Although the intermediate variants make
an insignificant part of the material studied, their existence evidences a smooth (continuous)
variability. Existence of transitional forms allows to consider Anadara successfully making
them at home in the Black and the Sea of Azov belonging to one species with wide morpho-
logical variability but not to several distinct “narrow” species. It corroborates with extremely
low probability of invading into the Mediterranean basin (one-time occasion or repeatedly in
to the Adriatic, the Black Sea and the Sea of Azov), 2-3 allied but different species of Anadara.
Finally, a dispersion of domination order of conchological morphotypes revealed in the com-
pared samplings of A. inaequivalvis means an independent existence of these populations and
only reflects particular characteristics of local conditions of their habitation.

Dimensional characteristics of A. inaequivalvis shell occurring in the Adriatic Sea and
in the Black-Azov Sea Basin differ significantly. The length of this species shell in the Adri-
atic Sea reaches up to 70-75 mm, maximally even 80 mm (Rinaldi, 1985). The mollusks liv-
ing in the Black Sea and in the Sea of Azov are much smaller (Anistratenko et al., 2011). The
largest shell from our materials is of 65.0 mm length (table 1), but quantitatively dominate
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Fig. 3. Basic forms of the shell shape i. e. commissural opening in A. inaequivalvis from the Black Sea and
the Sea of Azov. A, B — form 1; C, D — form 2; E, F — form 3; G, H — form 4; I, ] — form 5; K, L — form 6.
All specimens — from the BSBR. Numeration is selected arbitrarily, explanations see in the text.

Puc. 3. OcHoBHBIe POPMBI KOMICCYPAIBHOTO IIPOCBETa PAKOBMHBI A. inaequivalvis u3 YépHoro n A30BCKOTO
Mopeii Ha IipuMepe paBoii cTBopku. A, B— ¢opma 1; C, D — dopma 2; E, F — dopma 3; G, H — popma 4; I, ] —
¢dopma 5; K, L — dopma 6. Bee axsemmsipsr us Ub3. Hymeparyst opm IpousBoibHast, HOSCHEHVSI B TEKCTE.

Black Sea, Sea of Azov,
BSBR. cordon “Morskoj” ) Fedotova Spit

Form 4 Form 4

162 (41%) ronn g

16 (4%)

Form 3
70 (14%)

Form 2
74 (15%

Form 1
40 (8%)

Form 3

1 Form 1
19 (5%)

2%) 81 (20%)

Form 2
89 (2

Fig. 4. A ratio of basic types of the shell shape in A. inaequivalvis from the Black Sea and the Sea of Azov. Enu-
merated forms correspond to those in the text discussed; the first symbol specifies an absolute number of valves
in the sample, the second symbol means a percentage share of this form in the sample.

Puc. 4. CooTHOIIEHVe OCHOBHBIX BAPUAHTOB M3MEHUMBOCTY PAKOBMHBI A. inaequivalvis B mpobax 13 YépHoro u
Asosckoro Mopeit. HymepoBaHHbBIe (hOPMBI COOTBETCTBYIOT TAKOBBIM, 00CYX/IaeMbIM B TeKCTe; IepBast 1mdpa 060-
3HavaeT abCOIOTHOE KO/IMYECTBO CTBOPOK JAHHOIT GOPMBI B IIpobe, BTopast — O/ 3TOi (GOPMBI B IPOLIEHTAX.
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Table 1. Morphological characters of the shells A. inaequivalvis from the Black Sea and the Sea of Azov
(dimensions are given in millimeters)

Ta6nuua 1. Mopdonornyeckie XapakTepuCTUKU paKoBUH A. inaequivalvis u3 YépHoro u A30BCcKOro
Mopeii (TMHeITHbIe MPOMEPHI IPUBEJEHbI B MIIIIMETPax)

Left/Right | Morpho- Length Number Number Thickness Number
N valveg t Ie) of of the shell | of radial ribs | of chevrons | of the shell wall of teeth
(L/R) thyepshell mean mean mean mean mean
(min-max) (min-max) (min-max) (min-max) (min-max)

Cordon “Morskoj”, the Black Sea Biosphere Reserve, Gola Prystan District, Kherson Region, Ukraine

13 R 1-6 38.5(20-53) 34.1(32-36) 1.9 (1-3) 1.9 (1.0-2.6) 44.2 (39-50)
7 L 1,3,4,5 37.6(10-57) 33.4(30-35) 1.9 (0-3) 1.9(0.4-2.5)  43.3 (27-55)
Coast of the Caucasus near Pichory Village, the Black Sea (Gali district, Abkhazia)

6 R 2,4,6  350(22-48) 34.6(33-36) 1.5 (1-2) 1.6 (1.0-2.1) 46 (35-53)
7 L 2,4,6 347 (22-52) 34.7(32-36) 1.6 (1-3) 1.7(12-2.3)  45.9 (40-53)
Fedotova Spit near Kirillovka settlement, the Sea of Azov (Akimovka District, Zaporozh’e Region, Ukraine)
13 R 1-4,6  34.1(23-43) 32.2(31-35)  1.4(1-2) 1.5(1.1-2.1)  40.5 (32-51)
18 L 1-4,6  355(26-45) 32.5(31-34)  1.4(1-2) 1.9(1.3-2.9)  40.4 (32-48)
Coast of the Kerch Peninsula, the Sea of Azov (Yurkino settlement, Lenino District, Crimea, Ukraine)

1 L 2 65 34 4 3.1 56
Kerch Strait, Tuzla Spit (Crimea, Ukraine)
R 2 48 34 2 1.6 46
2 L 2,4 54.5 (53-56) 33.5(33-34) 2 2.25(2.1-2.4) 48 (46-50)
Kerch Strait, Ak-Burun Cape (Crimea, Ukraine)

2 R 2,3 39.5 (38-41) 34 2 1.5(1.4-1.6) 44 (38-50)
2 L 4 49.5(49-50) 34 (33-35) 2 (1-3) 2.45(2.3-2.6)  48.5 (45-52)
Kerch Peninsula, Opuk Cape, the Black Sea (Crimea, Ukraine)

5 R 1-4 52.4 (47-56)  35(33-37) 2.4 (1-3) 23(2.0-2.7)  49.4 (43-56)

L 1,2,4  50(33-61) 33.6(33-35)  2.3(1-3) 23(1.3-3.0)  50.1 (46-54)

valves reaching about 40 mm in length. Meanwhile, according to K. A. Lutaenko (2006)
maximum length of A. inaequivalvis shell in the southern India is 66 mm which is compa-
rable to that of the Black Sea Anadara.

Among the other features of Anadara shell, number of radial ribs on surface of valves,
number of chevrons on a ligament area, hinge plate shape, number and peculiarities of
hinge teeth location have essential value for the correct specific identification (table 1).
Also, one of the determinative features of anadarins is valve-inequality; at least, in the fig-
ures of Anadara inaequivalvis group presented in works of J. Chemnitz and L. Reeve, this
character is expressed distinctly (Lutaenko, 2006: 113, fig. 5). It is significant that inequival-
vity in Anadara individuals from the Black and the Azov Seas is barely visible — a ventral
spacing between the valves of adult specimens does not exceed 2 mm (fig. 6, C-F).

The number of radial ribs on valve surface of the specimens studied varied from 30 to
36. Some distinctions of this characteristic were revealed in shells from different localities
(table 1). Upon the average the shells from the Black Sea bear 1-2 ribs more than those from
the Sea of Azov and possess somewhat wider limits of variation of this character (fig. 7).

As our material shows, the sculpture of ribs — their granularity in the middle and
the anterior parts of the shell is more developed on the left valve (fig. 6, A, B). However,
the right valves also have the expressed rugosity of ribs formed by thin transversal ribs.
Perfectly smooth look only ribs of the valves worn enough. On a photo of A. inaequivalvis
shells from the southern India provided by K. A. Lutaenko (2006: table 6, A, B, E, F) the
surface of ribs is absolutely lacking rugosity; the author of the article draws attention to this
fact also in the text (Lutaenko, 2006: 114).



463

Conchological Variability of Anadara inaequivalvis...

shell shortening

OO

shell elongation

Fig. 5. Morphological ranges of basic types of the shell shape in A. inaequivalvis from the Black-Azov Sea Basin.
Outlines of the shell commissural opening are given in the same scale. The form 4 is defined as initial for all

other modifications presented.

Puc. 5. Mopdomorudeckne psifibl OCHOBHBIX GpopM A. inaequivalvis us AsoBo-HepHomopckoro 6accerina. KoH-
TYPBI KOMICCYPa/IbHOTO IIPOCBETa PAKOBUHBI IIPUBEIEHBI K OffHOMY MaciuTady. Popma 4 orpefienieHa B Kade-
CTBE UCXOJHOI [T BCEX OCTANbHBIX BAPMAHTOB M3MEHIMBOCTIL.

There are 1 to 4 chevrons on a ligament area of Anadara from the Black-Azov Sea Ba-
sin; usually two of them are available. The number of chevrons partly depends on the shell
size though this dependence apparently is not a direct one. Thus, a specimen of 65 mm
length has four chevrons while the majority of valves of different size classes have either 1
or 2 chevrons (table 1). No any correlation between the number of chevrons and the mor-
photype of the commissural opening was registered.

Hinge plate of Anadara studied is almost straight, only specimens with relatively short-
er shell (forms 5 and 6) possessed the plate in a shape of a slightly curved arch (see above).
The number of hinge teeth of equally-sized shells (i. e. having the similar age) is not con-

Fig. 6. Morphology of the shell A. inaequivalvis from the Black-Azov Sea Basin: A, B — left valve with well-
sculptured radial ribs (Caucasus coast near Pichory village, Abkhazia); C-F — inequivalvity in adult shells:
C, D — specimen from the Sea of Azov, Fedotova Spit, E, F — specimen from the Black Sea, cape Opuk. Arrows

indicate the line of valves occlusion.

Puc. 6. Mopdonorus pakoBunsl A. inaequivalvis u3 AzoBo-YepHoMmopckoro 6acceiina: A, B — yeBast cTBOpka
C XOPOIIIO BBIPAKEHHOIT CKY/IBIITYPOIT Ha MOBEPXHOCTU pafMaIbHbIX pébep (mobepexxbe Kaskasa y c. ITnaopun,
Ab6xasusi); C-F — HepaBHOCTBOPYATOCTb B3pOC/IBIX pakoByH: C, D — ak3eMmisap u3 AsoBckoro mops, Peno-
ToBa Koca, E, F — sksemmAp n3 Y€pHoro mops, M. Omyk. CTpesku MOKa3bIBaOT IMHIIO CMBIKAHNA CTBOPOK.
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1 . - Black Sea =

- Sea of Azov

T

h

Number of specimens

30 31 32 33 34 35 36
Number of ribs
Fig. 7. The number of radial ribs in A. inaequivalvis from the Black Sea and the Sea of Azov.

Puc. 7. KonuuectBo pagnanbHbix pébep A. inaequivalvis ns YépHOro 1 A30BCKOTO MOPpEIL.

stant; the increase of the shell size usually led to the increase of the number of teeth. Thus,
the shell 10 mm long was supplied with 27 teeth, lock of the shell 35-40 mm long bore from
37 to 49 teeth, and in specimens with length over 45 mm we registered from 44 to 56 teeth
(table 1). On hinges of the Sea of Azov specimens (and more rarely those of the Black Sea)
some anomalies of teeth were revealed: on posterior edge, and sometimes on anterior edge
of the teeth the series up to 2-3 teeth merged in one tooth (fig. 2, G); also teeth of irregular
shape as calluses, instead of normal plates were sometimes observed.

In addition, judging by the illustrations presented by K.A. Lutaenko (2002: 38, fig. 5),
variability of the shell shape of A. inaequivalvis from the Holocene deposits of Peter the
Great Bay (northwestern Sea of Japan) demonstrated similar patterns with those revealed
in the Black-Azov Sea Basin (data presented here).

Comparison of morphological types of Anadara shells from the Black Sea and the Sea
of Azov on the one side, and A. inaequivalvis inhabiting the southeast India on the other
side, shows the following : the most “popular” morphotype among the Anadara from the
Black-Azov Sea Basin (form 4) demonstrates a strong resemblance to A. inaequivalvis of
Coromandel Coast of India. All images of this species shells from the type locality given by
K. A. Lutaenko (2006, phototable 3, E-I; phototable 6, A-H,) fit well to variability limits of
Anadara from the Black Sea and the Sea of Azov. Shells of A. inaequivalvis from Romania
(Lutaenko, 2006, phototable 11, E-H) by a contour of commissural opening also correspond
well to the form 4; and shells from the Adriatic Sea (Lutaenko, 2006, phototable 11, A-D)
correspond to the form 1. Concerning the number of a shell radial ribs A. inaequivalvis
from southern India, bearing from 31 to 36 and usually 33-35 (Lutaenko, 2006), does not
exceed variability limits of this character in mollusks from the Black and Azov seas (table 1;
fig. 7).

Thereby, a conspecifity of at least one of alien Anadara nominal species known in the
Mediterranean Basin (Morello, Solustri, 2001; Morello et al., 2004 for records of Anadara
demiri in the Adriatic Sea) to A. inaequivalvis can be considered as properly grounded. To
verify this decision more data on variability of this species within its native area are to be
obtained as well as the molecular and genetic analyses are to be completed.

Conclusion

The present study shows a wide morphological variability of A. inaequivalvis shell
characters in the Black-Azov Sea Basin, i. e. far beyond of this species native area. Thereby,
the invader species realizes its adaptive abilities and apparently grow roots here in the newly
occupied region of the World Ocean.
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The existence of intermediate forms proves a smooth (continuous) variability of the
shell and belonging of all the studied populations to the same species. Revealed distinctions
in a quantitative ratio of morphotypes in compared samples of A. inaequivalvis mean
independent existence of these populations and reflect particularities of local living
conditions.

From the taxonomic point of view the data obtained probably allow to identify
Anadara inhabiting the Black-Azov Sea Basin as A. inaequivalvis, since they correspond
to A. inaequivalvis from the type locality. For more tenable decision the molecular and
genetic analyses of as more as possible number of Anadarinae species should have a
crucial importance.
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